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CHANGE INFORMATION 

This handbook is subject to continuous change or revision, on a priority basis, 
to reflect current Lunar Module or mission changes, or to improve content or 
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Effective Pages, and the following means: 

Record of Publication: The publication date of each basic issue and each change 
issue is listed below as a record of all editions. 

Page Change Date: Each page in this handbook has space for entering a change 
date. The latest publication date will be entered in this space each time a page 
is changed from the basic issue. 

COMMENTS 

NASA Comments: NASA comments or suggested changes to this handbook should 
be directed to M. E .  Dement, Flight Crew Support Division, Spacecraft Operations 
B ranch, Building No. 4, MSC 2101 Webster Seabrook Road, Houston, Texas 77058. 

GAC Comments: GAC comments or suggested changes to this handbook should be 
directed to the Product Support Department, LM Publications Section. 
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SECTION 1 

SPACECRAFT 

This section includes descriptions of the LM, the LM - SLA - S- IVB connections , the 
LM- CSM interfaces, and LM stowage provis ions. The Apollo- Saturn space vehicle configuration is 
shown in figure 1- 1. 

1.1 LM CONFIGURATION. (See figure 1-2 . )  

The L M  is des igned for manned lunar landing missions. It consists of an ascent stage and a 
descent stage; the. stages are joined together at four interstage fittings by explosive nuts and bolts. 
Subsystem continuity between the stages is accomplished by separable interstage umbilicals and hard
line connections. 

I 

Both stages function as a s ingle unit during lunar orbit, until separation is required. Stage 
separation is accomplished by explosively severing the four interstage nuts and bol� , the interstage 
umbilicals , and the water lines. All other hardlines are disconnect�d automatically at stage separation. 
The ascent stage functions as a single unit to accomplish rendezvous and docking with the CSM . The I 
overall dimensions of LM are gi¥en in figure 1- 3. Station reference measurements (figure 1-4) are 
established as follows: 

1.2 

1.  2.1 

• The Z- and Y-axis station reference measurements (inches) start at a point where 
both axes intersect the X-axis at the vehicle vertical centerline : the Z-axis extends 
forward and aft of the intersection; the Y-axis , left and right. The point of inter
section is established as zero. 

• The +Y- axis measurements increase to the right from zero; the -Y- axis measure
ments increase to the left. Similarly , the +Z - and - Z- axis measurements increase 
forward (+Z) and aft (- Z) from zero. 

• The X-axis station reference measurements (inches) start at a design reference 
point identified as station +X200. 000. This reference point is approximately 128 
inches above the bottom surface of the footpads (with the landing gear extended) ; 
therefore, all X-axis station reference measurements are +X- measurements . 

ASCENT STAGE. 

GENERAL DESCRIPTION. 

The ascent stage, the controi center and manned portion of the LM, accommodates two 
astronauts . It comprises three main sections : the crew compartment, midsection, and aft equipment 
bay . The crew compartment and midsection make up the cabin, which has an approximate overall 
volume of 235 cubic feet. The cabin is climate controlled, and pressurized to 4. 8±0. 2 psig. Areas 
other than the cabin are unpressurized. 

1. 2. 2 STRUCTURE. (See figure 1- 5.) 

The ascent stage has six struc tural areas : crew compartment, midsec tion, aft equipment 
bay , thrust chamber assembly (TCA) cluster supports , antenna supports , and thermal and micro
meteoroid shield. 

CONFIGURA TION 
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Control and Display Panels. (See figure 1-7. ) 

The crew compartment has 12 control and display panels: two main display panels 
( 1  and 2) that are canted forward 10° ,  two center panels (3 and 4) that slope down and aft 45° towards 
the horizontal, two bottom side panels (5  and 6), two lower side panels (8 and 12), one center side panel 
( 14), two upper side panels (11 and 16), and the orbital rate display - earth and lunar (ORDEAL) panel 
aft to panel 8 .  

Panels 1 and 2 ar e  located on each side of the front face assembly centerline, at eye level . 
Each panel is constructed of two 0 .  015-inch-thick aluminum-alloy face sheets, spaced 2 inches apart 
by formed channels. The spacer channels are located along the sheet edges; additional channels, inboard 
of the edge channels, reinforce the sheets. This forms a rigid box-like construction with a favorable 
strength-to-weight ratio and a relatively high natural frequency. Four shock mounts support each panel 
on the structure . Panel instruments are mounted to the back surface of the bottom and/or to the top 
sheet of the panel. The instruments protrude through the top sheet of the panel . All dial faces are 
nearly flush with the forward face of the panel . Panel 1 contains warning lights, flight indicators and 
c ontrols, and propellant quantity indicators . Panel 2 contains caution lights, flight indicators and 
c ontrols, and Reaction Control Subsystem (RCS) and Environmental Control Subsystem (ECS) indicators 
and controls.  

Panel 3,  immediately below panels 1 and 2, spans the width of these two panels .  Panel 3 
contains the radar antenna temperature indicators and engine, radar, Spl!-Cecraft stability, event timer, 
RCS and lighting controls. 

Panel 4 is centered between the flight stations and below panel 3 .  Panel 4 contains attitude 
c ontroller assemb�y (ACA) and thrust translation controller assembly (TTCA) controls, inertial 
subsection indicators, and LM guidance computer (LGC) indicators and controls. Panels 1 through 4 
are within easy reach and scan of both astronauts .  

Panel 5 and 6 are in  front of the flight stations at astronaut waist f.eight. Panel 5 contains 
lighting and mission timer controls, engine start and stop pushbuttons, and the X-translation pushbutton. 
Panel 6 contains abort guidance controls. 

Panel 8 is at the left of the Commander's  station. The panel is canted up 15°  from the 
I horizontal; it contains controls and displays for explosive devices, audio controls, and heater controls . 

Panel 11,  directly above panel 8, has five angled surfaces that contain circuit breakers . 
Each row of c ircuit breakers is canted 15°  to the line of sight so that the white band on the circuit 
breakers can be seen when they open. 

Panel 12 is at the right of the LM Pilot's station. The panel is canted up 15 ° from the 
horizontal; it contains- audio, communications, and communications antennas controls and displays . 

Panel 14, directly above panel 12, is canted up 36. 5° from the horizontal . It contains 
controls and displays for electrical power distribution and monitoring. 

Panel 16, directly above panel 14, has fo1,1r angled surfaces that contain circuit breakers. 
Each row of c ircuit breakers is canted 15°  to the line of sight so that the white band on the circuit 
breakers can be seen when they open. 

The ORDEAL panel is immediately aft of panel B. It contains the controls for obtaining 
LM attitude, with respect to a local horizontal, from the LGC . 

1 .  2 .  2 . 1 .  2 Forward Hatch. (See figure 1-8. ) 

The forward hatch is in the fron1:4ace assembly, just below the lower display panels . The 
hatch is approximately 32 inches square; it is hinged to swing inboard on quick-release hinge pins 
when opened. A cam latch assembly holds the hatch in the closed position; the assembly forces a lip, 
around the outer circumference of the hatc h, into a preloaded elastomeric silicone compound seal that 
is secured to the LM structure . Cabin pressurization forces the hatch lip further into the seal, ensuring 
a pressure-tight contact. A handle is provided on both sides of the hatch, for latch operation. To open 
the hatch, the cabin must be completely depressurized by opening the cabin relief and dump valve on the 
hatch. When the cabin is completely depressurized, the hatch can be opened by rotating the latch handle . 
A lockpin in a plate over the latch can be withdrawn to release the latch in an emergency. The cabin 
relief and dump valve can also be operated from outside the LM. 

ASCENT STAGE 
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C rew Comparbnent. (See figures 1-5 and 1-6.)  

The crew comparbnent is the frontal area of  the ascent stage; it  is 92 inches in diameter 
and 42 inches deep. This is the flight station area; it has control and display panels,  armrests, body 
restraints, landing aids , two front windows, a docking window, and an alignment optical teles cope (AOT).  
Flight station centerlines are 44 inches apart; each astronaut has a set  of  controllers, and armrests. 
Circuit breaker, control, and display panels are along the upper sides of the compartment. Crew pro
vis ion storage S!Jd.Ce is beneath these panels. The main control and display panels are canted and cen
tered between the astronauts to permit sharing and easy scanning. An optical alignment station, between 
the flight stations , is used in conjunction with the AOT. A portable life support SJ[Stem ( PLSS) donning 
station is also in the center aisle, slightly aft of the optical alignment station. 

The crew comparbnent shell is cylindrical and of semimonocoque construction. It is a 
fus ion-welded and mechanically fastened assembly of alum inum- alloy sheet and machined longerons . 
The shell has an opening for the docking w indow , above the Commander's flight station. The front face 
assembly of the crew compartment has two triangular windows and the forward hatch. Two large struc
tural beams extend up the forward side of the front face assembly ; they support the struc tural loads 
applied to the cabin structure. The lower ends of the beams support the two forward interstage mounts; 
the upper ends are secured to additional beam structure that extends across the top of the crew compart
ment shell and aft to the midsection structure. The crew comparbnent deck measures approximately 
36 by 55 inches. It is constructed of aluminum honeycomb bonded to two sheets of aluminum alloy . Non
flammable Velcro pile strips, which contact hooked Velco material on the astronaut boots, are bonded to 
the deck surface. Handgrips , recessed in the deck, aid the astronauts during egress and ingress through 
the forward hatch. Perforated glass-reinforced plastic covers the ceiling above the flight stations. A 
handrail , with five green radio luminescent disks attached to it, is bolted to the left- hand structural beam 
of the front face assembly . 

THERMAL AND 
MICROMETEOROID SHIELD 

CREW COMPARTMENT 

Figure 1- 5 .  Ascent Stage Structure Configuration 

ASC ENT STAGE 

TCA CLUSTER SUPPORTS 
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PANEL � 
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Figure 1 -7 .  Cabin Interior (Loold.ng Forward) 

Windows. (See figures 1- 9 and 1- 1 0 . ) 

WINDOW 
AND SHADE 

SlOE� 

PANEL 1 6  

PANEL 1 2  

Two triangular windows in the front face assembly provide visibility during descent, ascent, 
and rendezvous and docking phases of the misswn. Both windows have approximately 2 square feet of 
viewing area; they are canted down to the s ide to permit adequate peripheral and downward visibility .  A 
third (docking) window is in the curved overhead portion of the crew compartment shell, directly above 
the Commander's flight station. This window p rovides visibility for docking maneuvers. All three w in
dows consist of two separated panes , vented to space environment. The outer pane is made of Vycor 
glass with a thermal (multilayer blue- red) coat tng on the outboard surface and an antireflective coating 

ASC E NT STAGE 
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on the inboard surface.  The inner pane is made of strucr: · :-al glass . It is sealed with a Raco seal (the 
docking window inner pane has a dual seal) and has a def:._: coating on the outboard surface and an anti
reflective coating on the inboard surface . Both panes an- bolted to the window frame through retainers . 

All three windows are electrically heated to -�·;·event fogging. The heaters for the 
C ommander's front window and the docking window receh their power from 1 1 5 -volt a-c bus A and the 
C ommander's 28 -volt d-e bus, respectively. The heate r ·.-r the LM Pilot ' s  front window receives power 
from 1 1 5 -volt a-c bus B .  The heater power for the Conr , .,_r,der ' s  front window and the docking window 
is routed through the AC BUS A :  C DR WIND HTR and HE. 0 .. TERS: DOCK WINDOW circuit breakers, 

• respectively; for the LM Pilot's front window, through tn.- A.C BUS B: SE WIND HTR circuit breaker. 
These are 2-ampere c ircuit breakers, on panel 1 1 .  The > . .  mperature of the windows is not monitored 
with an indicator ; proper heater operation directly affect.- · rew visibility and is therefore visually 
determined by the astronaut s .  When c ondensation or frc,, ,_ appears on a window, that window heater is 
turned on . It is turned off when the abnormal condition G : :�:tppear s .  When a window shade is closed, 
that window heater must be off . 

I 1 . 2 . 2 . 2  Midsection. (See figures 1 -5 and 1 - 1 1 . ) 

The midsection structure is a ring-stiffenec ,· :: m imonoc oque shell . The bulkheads consist 
of aluminum-alloy, chemically milled skin with fusion-weh:.t'-l longerons and machined stiffeners . The mid
section shell is mechanically fastened to flanges on the majo: tructural bulkheads at stations +Z 2 7 .  00 and 
-Z 27 . 00 . The crew compartment shell is mechanically sect:. d l o an outboard flange of the +Z2 7 .  00 bulkhead. 
The upper and lower decks ,  at stations +X2 94 .  643 and +X23:J . JO, respectively, are made of aluminum-alloy, 
integrally stiffened and machined. The lower deck provides · :-uctural support for the ascent stage engine. 
The upper deck provides structural support for the doc kin:: · �mel and the overhead hatch .  

Two main beams running fore and aft, integ · with those above the crew compartment, 
are secured to the upper deck of the midsection; they SUP'· .. , the deck at the outboard end of the docking 
tunnel. The aft ends of the beams are fastened to the aft - kllead ( - Z 2 7 .  000), whic h has provisions for 
bolting the tubular truss members that support both aft i: · siage fittings . Ascent stage stress loads 
applied to the front beam are transmitted through the tw( .illl S on the upper deck to the aft bulkhead, 
and, through the aft interstage support members, to the nr�s . The combination of beams, bulkhead, 
and truss members forms a cradle around the ca.Qin as s ·  iy; it takes up all the stress loads applied 
to the ascent stage . Two c anted beam assemblies, secUl  t o  the bottom of the lower deck and to the 
forward and aft bulkheads, form the ascent stage engine partment. The engine support ring truss 
members are bolted to the lower dec k. 

A SC E NT s·: 
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Figure 1- 9. Front Window 
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Figure 1- 10.  Docking Window 
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T he right side of the midsection cont ains :N>r;t of the ECS c ontrols and �oat of the heat 
transport section water glycol plumbing . Valves for or•.· r ation of the ECS equipment are readily 

1 accessible from t he crew compartment . T he left side ' :  ( i:e midsection contains flight data file, 
a portable life support system (PLSS) , and other crp ·,,· :··rovisions stowage . Guidanc e, Navigation 
and Control Subsystem (GN&CS) electronic units that du . , c ,, require access by the astronauts are located 
on the midsection aft bulkhead . T hese units include a L �! p1idance comi7-1ter, a coupling data unit, a 
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power and servo assembly, and a signal conditione r assembly. nCS propellant tanks are installed be
tween the midsection bulkheads, on each side , external to the basic structure of the midsection. The 
ascent engine propellant tanks are mounted in the midsection, beneath the RCS tanks. 

A ring at the top of the ascent stage is compatible w ith the clamping mechanisms in the 
C M .  This ring is concentric with the X- axis , which is also the nominal centerl ine of thrust of the ascent 
and descent engines. The drogue portion of the docking mechanism is secured below this ring during 
the docking operation to mate with the C M- mounted probe. It is also stored in this area when storage is 
required out of the crew compartment. 

1 . 2 . 2 . 2 . 1 Docking Tunnel (See figure 1 - 11 . )  

The docking tunnel, at the top centerline of the ascent stage , is 32 inches in diameter and 
1 6  inches long. The lower end of the tunnel is welded to the upper deck s tructure; the upper end is 
secured to the main beams and the outer deck. The tunnel is used for transfer of astronauts and equip
ment to the LM from the CM and for transfer of the LM astronauts and equipment to the CM. This 
tunnel is compatible with its counterpart in .the C M  wheiJ. in the docked configuration; it allows for as tro
naut transfer,  without exposure to space, in a pressurized or unpressurized extravehicular mobility 
unit (EMU) . 

1 . 2 . 2 . 2 . 2 Overhead Hatch. (See figure 1- 12 . ) 

The overhead hatch is directly above the ascent engine cover , on the X- axis . Provis ions 
for c rew transfer through this hatch are based upon a head-first passage. Handgrips in the aft section 
of the docking tunnel aid in crew and equipment transfer. An off- center latch adjacent to the forward 
edge of the hatch, can be operated from either s ide of the hatch. The hatch is opened from within the 
cabin by rotating the handle approximately 90 o counterclockwise; by turning the handle 90 o clockwise ,  to 
open the hatch from outside the LM. A maximum torque of 35 inch- pounds is required to disengage the 
latching mechanism to open the hatch. The hatch is secured closed by rotating the handle in the oppos ite 
direction. The hatch has a preloaded elastomeric s ilicone compound seal mounted in the ascent stage 
structure. When the latch is closed, a lip near the outer c ircumference of the hatch enters the seal, 
ensuring a pressure- tight contact. Normal cabin pressur ization forces the hatch lip into its seal. To 
open the hatch, the cabin must be depressurized through the cabin relief and dump valve; the latch is 
then unfastened. 

DOOR HANDlE CABIN 
RELIEF AND DUMP 

VAlVE HANDLE 

F igure 1 - 1 2 .  Overhead Hatch 

ASC E NT STAGE 

HATCH 
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Aft Equipment Bay. (See figure 1- 5 . ) 

The aft equipment bay , aft of the - Z27. 000 bulkhead, is unpressurized. The main support
ing structure of the bay consists of tubular truss members bolted to the aft side of the - Z27. 000 bulk
head. The truss members , used in a cantilever type of construction, extend aft to the equipment rack. 
The equipment rack assembly is constructed of a series of vertical box beams,  supported by an upper 
and lower Z-frame. The beams have integral cold rails that transfer heat from the electronic equip
ment mounted on the equipment racks. The cold rails are mounted vertically in the s tructural frame, 
which is supported at its upper and lower edges by the truss members. A water-glycol solution (coolant) 
flows through the cold rails.  

Two oxygen tanks and two gaseous helium tanks are secured with supports and brackets to 
the truss members, the - Z27. 000 bulkhead, and the equipment rack. Support mountings and brackets 
are secured to the aft side of the - Z27. 000 bulkhead, for valves , plumbing, wiring, ECS components , 
and propellant tanks that do not require a pressurized environment. 

1.2. 2. 4 Thrust Chamber Assembly Cluster Supports . (See figure 1- 5.) 

Aluminum-alloy tubular truss members for external mounting of two forward thrust cham
ber assembly (TCA) clusters are bolted to both s ides of the front face assembly and to the crew compart
ment shell. Aluminum.:.alloy tubular truss members for external mounting of two aft TCA clusters are 
bolted to the upper and lower corners of the equipment rack assembly and to the - Z27. 000 bulkhead. 

1 . 2. 2. 5  Antenna Supports. (See figure 1- 5 . ) 

The ascent stage provides mounting accommodations for an S-band steerable antenna, two 
VHF antennas, two S-band in-flight antennas, and a rendezvous radar antenna. The S-band steerable 
antenna has tubular truss members; the main truss is mounted on top of the right side of the midsection. 
One VHF antenna is mounted on the top left side of the stage, forward of the +Z27. 00 bulkhead; the 
other one is mounted on the top right s ide, aft of the - Z27. 00 bulkhead. One S-band in-flight antenna is 
mounted on the front face assembly; the other one, on the aft equipment bay rack. The rendezvous 
radar antenna is mounted on the upper beams of the crew compartment. 

1.2.2. 6 Thermal and Micrometeoroid Shield. (See figure 1- 5 . ) 

The entire ascent stage structure is enveloped w ith a thermal and micrometeoroid shield, 
which combines either a blanket of multiple layers of aluminized polyimide sheet (Kapton H-film) and 
aluminized polyester sheet (mylar) with a sandwich of inconel skin, inconel mesh and nickel foil or a 
polyimide blanket with a single sheet of aluminum skin. The blanket panels, formed in various shapes 
and s izes , consist (outboard to inboard) of 15 layers of 0 . 0005- inch- thick H-film , 10 layers of 0 . 00015-
inch- thick mylar, and a single layer of 0.  0005- inch- thick H-film. In a few ascent stage areas that have 
different thermal- protection requirements , the number of layers in a blanket panel varies sl ightly. Out
board to inboard, the sandwich comprises a 0. 001 5 -inch-thick inconel skin and one or more layers of 
inconel mesh alternated w ith 0 .  0005- inch- thick nickel foil. The number of inconel mesh and nickel foil 
layers in a sandwich and the thickness of the aluminum skin vary considerably at different areas of the 
vehicle , depending on the duration and intensity of RCS thruster plume impingement at those areas . The 
combined thermal and micrometeoroid shield is mounted on low-thermal-conductive supports (standoffs) ,  
which keep it at least 2 inches from the main structure. Where subsystem components are mounted 
external to the ascent stage basic structure,  the standoffs are mounted to aluminum frames that sur
round the components . The aluminum or inconel�skin (the outermost material) serves as a m icro
meteoroid bumper; the sandwich and blanket material serve as thermal shielding. Where the blankets 
meet, the mating edges are sealed with mylar tape. Vent holes are provided in the blanket. 

The aluminized mylar blankets insulate the structure against temperatures up to +350 o F. 
On the TCA support truss members , which are subjected to temperatures in excess of +350 o F due to 
engine radiation, an additional 20 layers of H-film are installed. H-film has an insulating capabil ity up 
to +1 , 000 ° F .  Additional H-film blankets are also used m other areas of the ascent stage that will be 
subjected to temperatures in excess of +350 ° F. Dur ing earth prelaunch activities , various components 
and areas of the ascent stage must be readily access tble. Access panels in the outer skin and insulation 
provide this accessibility. 

ASC ENT STAGE 
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GENERAL DESCRIPTION. 

The descent stage is the unmanned portion of the LM. The descent stage structure provides 
attachment and support points for securing the LM within the spacecraft Lunar- Module adapter (SLA). 

1. 3. 2 STRUCTURE . (See figure 1 - 13 . )  

The descent stage is c onstructed of aluminum-alloy , chemically milled webs. It consists 
of two pairs of parallel beams arranged in a cruciform, with a deck on the upper and lower surfaces. 
The beam webs are at s tations +Y27. 000, -Y27. 000 , +Z27. 000, and - Z27 . 000. The lower deck is at 
station +X13 1 . 140 ;  the upper deck, at station +X196. 000. The ends of tre beams are closed off by end 
closure bulkheads at stations +Z81 . 000 , - Z8 1. 000 , +Y8 1 . 000, and -Y8 1 . 000. Joints are fastened with 
standard mechanical fasteners. A four-legged truss (outrigger) at the ends of each pair of beams serves 
as a support for the LM in th·� SLA and as the attachment point for the main strut of the landing gear. 
The outriggers are constructed of tubular aluminum alloy.  Fittings on the +Y27 . 000 and -Y27 . 000 beams, 
at station +Z65. 906, serve as the forward attachment points for the ascent stage . Fittings on the -Z27.  000 
beam , at stations +Y65. 000 and -Y65. 000, serve as the aft attachment points for the ascent stage. 

Compartments L :med by the descent stage structural arrangement house equipment re
quired by LM subsystems. The center compartment houses the descent stage engine, which is supported 
by eight tubular truss members secured to the four corners of the compartment and by the engine gimbal 
ring. Descent engine oxidizer tanks are housed in the fore and the aft compartments between the 
+Y27. 000 and - Y2 7. 000 bc:.ms; descent engine fuel tanks , between the +Z27. 000 and - Z27. 000 beams in 
the side compartments . 

QUADRANT -4 

Figure 1 -1 3 .  Descent Stage Structure Configuration 

DESC ENT STAGE 
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OUTRIGGER (-4) 

JOOlMl0-3 

I 

I 

Mission LM Basic Date 1 February 1 970 C hange Date __ 1::__A_..p'-r...:il'-1=-9_7-=1'---__ Page __ 1_-_1 5  ____ I 



LMA790 -3-LM 
APOLLO OPERATIONS Hi\ 

SPACECRAFT 

The areas, between the main beams, that gh 
referred to as quadrants. Quadrant 1 is formed by the inte :
quadrant 2 by the -Z27 . 000 and -Y27 . 000 beam s, quadrant 
and quadrant 4 by the +Z 27 . 000 and +Y27 . 000 beam s .  

I Quadrant 1 has mounting provisions for a Lu, 
m ent Transport System (METS) and also has a high-pressur• 

Quadrant 2 houses an ECS water tank and AI" 

I (ALSE P) . A c osmic ray experiment package is mounted ad): 
the ALSE P is mounted adjacent to the ALSEP, but outside t;  
m eteoroid shield. A landing radar antenna is supported ext 
lower deck. C omponents for the landing radar are mountea 

Quadrant 3 houses supercritical helium and ;; 
control assembly of the GN&C S, an ECS gaseous oxygen ta11 

I Quadrant 4 houses EDS c omponents (umbilic;' 
pyro relay box) , an EC S water tank and gaseous oxygen tan!-; 

I propellant quantity gaging system ( PQGS) . A modified ME5. 

I Five E PS batteries, two ECA' s ,  and a batter 
on the -Z bulkhead. 

Fill and drain ports and vents for the fuel, o 
tanks are e xternal to the descent stage outer skin . The de6 . 
meteoroid shield, the landing gear, and an egress platform _  
of the RCS downward-firing thrusters from the descent staL 

I Two deflectors are shorted to provide clearance for the LH 
respectively. The supporting trusses for these deflectors • 

L 3 . 2 . 1 Thermal and Micrometeoroid Shield. 

The entire descent stage structure is envelo1 
whic h c ombines multiple layers of aluminized mylar and H -· 
In areas where m icrom eteoroid protection is required, on�� 
used as skin. T he shield is mounted on low-thermal-c ondu 
inch away from the m ain structure . A titanium blast shielc', 
engine c ompartment, above the thermal shield, deflects the 
the desc ent engine c om partment . 

The bottom of the descent stage, and the eng 
temperatures due to r adiation from the desc ent engine . A ' 
blanket of alternate layers of nickel foil and Fiberfax outsiL 
the bottom of the descent stage from engine heat . A titanh.: · 
layers of nickel foil and Fiberfax under an outer blanket of 
flange -like ring of c olumbium backed with a fibrous insulaL 
extension and joined to the base heat shield by an annular b •  
arrangement permits engine gimbaling, but prevents engin• 

1 .  3 .  2 .  2 Landing Gear . (See figure 1 - 14 . )  

The landing gear provides the impact attenu:; 
surface, prevents tipover, and supports the L M  during lun·c 
attenuated to load levels that preserve the structural integr c 
stowed in a retracted position; it remains retracted until tr. 
DE PLOY switch on panel 8 .  The landing gear uplocks are 
deploym ent m ec hanism extend the landing gear . Once exte 
in place by two downloc k  mec hanisms . 

The landing gear is of the c antilever type : i:  
outriggers that extend from the ends of the descent stage s· 
front, rear and both sides of the L M .  Each leg assembly c 
secondary struts, an uplock assembly, two deployment anc! 
The left, right and aft footpad each have a lunar -surface s 
forward leg assembly. 

DESC E NT STAG 
I Page. _ __,1=--...!1�6:.__ ____ Miss ion L M  Basic Date 1 f"n b :  

)QOK 

' descent stage its octagon shape are 
,ion of the +Z 27 . 000 and -Y27. 000 beams ,  
the -Z27 . 000 and + Y27 . 000 beams, 

\oving Vehicle (LRV) or a Mobile Equip
eous oxygen disconnect .  

·unar surface experiment packages 
to the ALSE P .  A fuel c ask for use with 

zadrant thermal blanket and micro-
- lly on additional structure below the 

'le -Y27 . 000 beam . 

�nt helium tanks, the descent engine 
nd interstage hardiine disconnects . 

Jle cutter, pyro relay battery, and 
.vaste management container, and the 
mounted externally to quadrant 4 .  

1trol relay assembly are mounted 

· er, helium, water, and gaseous oxygen 
stage includes a thermal and micro-

:rur plume deflectors, to divert the plume 
�e truss m ounted to the descent stage . 
• adrant 1) and the MESA (quadrant 4),  
been modified. 

·ith a thermal and micrometeoroid shield, 
with an outer skin of 0 . 002 -inch H -film . 

· r of black-painted 0 .  00125 -inc h inconel is 
supports, which keep it at least one-half 

!ll'ed to the upper side of the desc ent 
.:nt engine exhaust out of, and away from 

ompartm ent, are subjected to very high 
heat shield, composed of titanium with a 

:1d a blanket of H-film inside, protects 
ield with a thermal blanket of multiple 

�m protects the engine c ompartment. A 
:; attached directly to the engine nozzle 
· s  of 2 5-layer H -film . This bellows 
t from leaking into the engine compartment . 

required to land the LM on the lunar 
.iy and lunar launc h. Landing impact is 
· the L M .  At launch, the landing gear is 
:nmander operates the L DG  GEAR 
�xplosively released and springs in the 

each landing gear assembly is locked 

ists of four leg assemblies c onnected to 
iral beam s .  The legs extend from the 
s of a primary strut, a footpad, two 
'lock mechanism, and a truss assembly . 

probe . A ladder is affixed to the 
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1. 3. 2. 2. 1 Primary Strut. 
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Figure 1- 14. Landing Gear 

The upper end of the primary strut attaches to the descent stage outrigger fitting; the lower 
end has a ball joint support for the footpad. Crushable aluminum honeycomb inside the primary strut is 
used as the shock-absorbing medium. The primary strut absorbs compression loads only. 

1 . 3 . 2 . 2. 2 Footpad. 

The footpad assures minimal penetration of the lunar surface. It has a diameter of 37 
inches and can pivot at the end of tlu! primary strut. A lunar- surface sensing probe is attached to each 
footpad except the forward one. 

1. 3. 2. 2. 3 Secondary Struts. 

The outboard end of each secondary strut attaches to the primary strut; the inboard end , 
to the deployment truss. The secondary struts contain crushable aluminum honeycomb for shock 
attentuation. These struts absorb compression and tension loads. 

1 .  3. 2 .  2. 4 Uplock Assembly. 

The uplock assembly for each landing gear assembly comprises a fixed link and an explosive 
cutter device containing two end detonator cartridges . The fixed link, attached between the descent stage 
structure and the primary strut, restrains the landing gear in its retracted (stowed) position. The cutter 

DESC ENT STAGE 
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device is pinned to the fixed link. Setting the LDG GEAH DEPLOY switch to FIRE activates the 
electrical circuit that fires the high- explosive charge in t f:,! end detonator cartridges .  The resulting 
detonations impel cutter blades that sever the fixed link, f''�rmitting the deployment mechanism to fully 
extend the landing gear. E ither cartridge supplies suffi( l • ' :tf energy to sever the fixed links. 

1 . 3 . 2 . 2 . 5 Deployment and Downlock Mechanism. 

Each deployment and downlock mechanism 1 :·vo for each landing gear assembly) consists of 
two spring-loaded devices and connecting linkage ,  which ,1cpl.oy and then lock the landing gear. 

The deployment portion of the mechanism C<>nsi sts of a spring and linkage (a link and a cam 
idler crank). The linkage is attached between descent st age structure and the landing gear deployment 
truss .  One end of the spring is attached to the linkage; ty·, ,: o ther end is coiled around a roller attached 
to descent stage s tructure. After the uplock assembly fL>�ed l.ink is severed, the spring coils up , pulling 
on the linkage and indirectly on the deployment truss to f•Jll.y deploy the landing gear. 

The downlock portion of each deployment anc: downlock mechanism cons ists of a spring
loaded latch (with an integral cam follower) attached to descent stage structure, a latch roller on the 
deployment truss ,  and two independent electrical switch£.':> in a s ingle cas e .  When the landing gear is 
retracted, the latch is held open because the cam followe:· rf:sts on the cam of the cam idler crank. As 
the landing gear deploys ,  the cam rotates and, at full deployment, the cam follower drops off the cam 
ramp, allowing the spring to snap the latch over the latch roller. This secures the roller against a 
stop on the structure. Simultaneously with the latching motion, the electrical switches are actuated. to 
change the LDG GEAR D EPLOY talkback from a s triped m a gray indication. The indication, reflecting 
the deployed and locked gear condition occurs if at least one of the two sw itches in each downlock device 
has actuated. An external visual indication that the landing gear is deployed and locked is also pro
vided. A red luminescent stripe is painted on the lock lat;::h and on the deployment truss .  These stripes 
become aligned when the landing gear assemblies are down a nd locked. The str ipes can be seen, day or 
night, from as far away as 100 feet; they serve as an indication that can be checked from the CM. 

1. 3. 2 .  2.  6 Lunar-Surface Sensing Probe. 

T he lunar-surface sensing probe attached to the left, right, and aft landing gear footpads i s  
an electromechanical device. T h e  probes are retained in the stowed position against the primary strut 
until landing gear deployment. During deployment, mechanical interlocks are released, permitting spring 
energy to extend the probes below the footpad. At lunar c<mtact (just before landing gear impact) , two 
mechanically actuated switches in each probe energize the LUNAR CONTACT lights to advise the crew to 
shut off the descent engine. Each probe has two indicator plates, which, when aligned, indicate that the 
probe is fully extended. 

1 .  3. 2 .  2 .  7 Ladder. 

The ladder affixed to the primary strut of the forward leg assembly has rungs and railings . 
It extends from the forward end of the platform to the end of the strut' s  outer cylinder. The ladder is 
used to climb to and from the· hatch during extravehicular activity on the lunar surface. 

1. 3. 2. 3 Platform. 

The external platform, on the LM centerlini:' i mmediately below the forward hatch., provides 
the astronauts with work space for handling eqJi.pment, ar.n ai.ds ingress to and egress from the LM. 
The platform is approximately 3 feet square ; it is attache •;. to the descent stage structure. 

1. 4 LM - SLA - S-IVB CONNE CTIONS. 

At earth launch, the LM is within the S LA, .. : . ich is connected to the S-IVB booster. The 
S LA has an upper section and a lower section. The outrh:p rs, to which the landing gear is attached, 
provide attachment points for securing the LM to the SLA l · · wer section. The LM is mounted to the S LA 
support structure on adjustable spherical seats at the ape:; '>f each of the four outrigger s ;  it is held in 
place by a tension holddown strap at each mounting point. F cfore the LM is removed, the upper section 
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of the SLA is explosively separated into four segments. These segments, which are hinged to the lower 
section, fold back and are then forced away from the SLA by spring thrusters. The LM is then explo
sively released from the lower section. 

1. 5 LM-CSM INTERFACES. 

A ring at the top of the ascent stage provides a structural interface for j oining the LM to 
the CM. The ring, which is compatible with the clamping mechanisms in the CM, provides structural 
continuity. The drogue portion of the docking mechanism is secured below this ring. The drogue is 
required during docking operations to mate with the CM-mounted probe. See figure 1 - 1 5  for orientation 
of the LM to the CSM. 

1 .  5. 1 C REW TRANS FE R TUNNEL. 

The crew transfer tunnel (LM-CM interlock area) is the passageway created between the 
LM overhead hatch and the CM forward pressure hatch when the LM and the CSM are docked. The 
tunnel permits intervehicular transfer of crew and equipment without exposure to space environment. 
The tunnel and the LM are pressurized from the CM. 

1 .  5. 1 .  1 . Final Docking Latches. 

Twelve latches are spaced equally about the periphery of the CM docking ring. They are 
placed around and within the C M  tunnel so that they do not interfere with probe operation. When 
secured, the latches ensure structural continuity and pressurization between the LM and the CM, and 
seal the tunnel interface. 

CREWMAN OPTICAL 
ALI<•NI¥\CN I SIGHT 

LM ACQUISITION 
AND ORIENTATION 

LIGHT (TYP) 

LM COAS LINE 
OF SIGHT POST 

PITCHOVER POSITION 

STAN DOFF CROSS AND 
ALIGNMENT STRIPS 

(LM - ACTIVE DOCKING 
ALIGNMENT TARGET) 

Figure 1- 1 5 .  LM-CSM Reference Axes 
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An electrical umbilical , in the LM portion of the tunnel , is connected by an astronaut to 
the C M. This connection can be made without drogue rem·.>val . 

1 .  5. 1 .  3 Docking Hatches. 

The LM has a single docking (overhead) hatch; the CM has a single ,  integral , forward 
hatch. The L M  overhead hatch is not removable . It is hinged to open 75°  into the cabin. 

1 .  5. 1 .  4 Docking Drogue. 

The drogue assembly is a conical structure with provisions for mounting in the LM portion 
of the c rew transfer tunnel. The drogue may be removed from either end of the crew transfer tunnel 
and may be temporarily stowed in the CM or the LM, during Service Propulsion System (SPS) burns. 
One of the three tunnel mounts contains a locking mechanism to secure the installed drogue in the tunnel. 

1 .  5. 1. 5 Docking Probe. 

The docking probe provides initial CM-LM coupling and attenuates impact energy imposed 
by vehicle contact. The docking probe assembly consists of a central body, probe head, capture latches, 
pitch arms, tension linkages, shock attenuators, a support structure, probe stowage mechanism, , probe 
extension mechanism, probe retraction system, an extension latch, a preload torque shaft, probe 
electrical umbilicals, and electrical circuitry. The assembly may be folded for removal and stowage 
from either end of the transfer tunnel. 

The probe head is self-centering. When it centers in the drogue the three capture latches 
automatically engage the drogue socket. The capture· latches can be released by a release handle on 
the C M  side of the probe or by depressing a probe head release button from the LM side , using a special 
tool stowed on the right side stowage area inside the cabin. 

1 .  5. 1 .  6 Docking Aids. 

Visual alignment aids are used for final alignment of the LM and CSM, before the probe 
head of the CM makes contact with the drogue. The LM +Z-axis will align 50° to 70° from the CSM 
- Z-axis and 30° from the CSM +Y-axis. The CSM position represents a 180° pitchover and a counter
clockwise roll of 60° from the launch vehicle alignment configuration. 

An alignment target is recessed into the LM so as not to protrude into the launch con
figuration clearance envelope or beyond the LM envelope. The target, at approximately stations 
-Y 46. 300 and - ZO. 203, has a radioluminescent black standoff cross having green radioluminescent disks 
on it and a circular target base painted fluorescent white with black orientation indicators. The base is 
17.  68 inches in diameter. Crossmembers on the standoff cross will be aligned with the orientation in
dicators and centered within the target circle when viewed at the intercept parallel to the X-axis and 
perpendicular to the Y -axis and Z-axis. 

1 . 6 STOWAGE PROVISIONS. 

The L M  has provisions for stowing crew personal equipment. The equipment includes such 
items as the docking drogue; navigational star cffarts and an orbital map, umbilicals, a crewman's 

I medical kit; a lunar extravehicular visor assembly (LEV A) for each astronaut, a special 
multipurpose wrench (tool B); spare batteries for the P LSS packs, and other items. For a 
detailed list of crew personal equipment, refer to paragraph ?.. 1 1 .  

STOWAGE PROVISIONS 
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Table 2. 1 - 1 .  Contr11l F kctrnnic's St'etion - �ummar.v of Modes nf Attitude Conlrol (cont) 

M o de Pmntwns !)'i gnal� Control Control Damping Control Bemarks 
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.
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Same as for automatic mode 
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'l'able 2. 1 - 1 .  Cuntrul Llcctrumc:; Sl't:liUn - SU!JI Ill:.tl") uf i\lvde� ul AtlituJl' Control 
--�-------� -- - -------- r--------------,--·--------- -·-- ---,--

::,Witches and 
Po::; ilion:; 

MODE CONTHOL: PGNS sw -
AUTO 
GUID CONT sw - PGN.S 
ATTITUDE CONTHOL: HOLL, 
lJITl: H ,  and YAW sw -
MODE CONT (normally) 

1\tOIJt-: C0NTBUL: PGN� �\' -
ATT HOLD 
Uti I l l CUNT ::." - p(;N:-; 
AT'I'!T l l l l l  l 'O:\TIHll. :  JWI.l.,  
l'IT C I I ,  and Y A \\i ow -
MUIH t ' U N T  (norm.t U y )  
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ATT IIOI.IJ  

GU LU CONT M., - AGS 
ATTITUDE CUNTHUL HOLL, 
PITC H ,  and YAW BW -
MODE CONT 

Gui dance 
Signa It> 

Automatic �:�tccrin� 
and tru.nslalion are 
p�rformed by LGC 
command!> to Jet 
driv er B .  

StaiJi ! i t.ati(•ll t ti  
a�.:c.:umvli :;hed by 
I .GC t:otmn:ilu.J� 
tu JCl driver:;. 

Autumahc :,leering 
::>tgn al B from AUS 
are ::;ent to C t·:s tu 
commaJul t:haugc� 
in Ll\1 attitude. 

Aul.om ati..: sla
Lilit .• ttitm ::;Jg:nal.:., 
which ltlatnlain 
Ll\1 attitude. 

MaJJual Atti tudl' 
Contrl,l 

N/A 
(See remark:; 
for manual 
ovcrr ldt!) 

AttihHk rate 
l'CliH III:ttld:> arc 
proput·tiullal to 
/\.('A clb-.plan·
m cnl. I.J\1 atti 
tude i ::;  hd.t to 
valut•  \\ht�n Al'A 
! 1:1  t'cturncd to 
dctcut. 

N/ A 
(Sec I'CilWr!-::i 
fo .. manu:LI 

ovl!r ric.Jc) 

Applied >tlltludc 
rat(.• eotntnands 
are prop,,l'twnal 
to ACA d.i:>place
ment . LM alti
tude is held to 
aL-q ui red value 
when ACA is re
turned to detent. 

MOUE CONTHOL: AGS :;"" - 1  Abort guidance J ABlrun aut com-
AUTO or ATT HO LD �ignals interrupt�! mands angular 
GU ID CONT sw - AGS on tndivh.lual-axis acci:!leration 
ATTITUDE CONTHOL: B OLL , basis. through low-
PIT C I I ,  and YAW ::;w - fr t..'"qucncy puls-
l'l! LSL (Sl·lcclcd un i udiv idua l- ing of thruster:. 

--� _.�t.� ba :;�---- _____ --·���------ J.�� o Jl'lS ) , 

M an ual 'l' ran�l ab un 
Cuntrul 

Linear translation uf 
l . M !Jy un-;uu.J-o[f 
flrin� of ttu·usters 
wht.>n TTCA is moved 
out of detent 

Linear tr:m:.l.1tiun of 
Lt-.1 b} un-and-off 
fi t· ing uf thru:.tct·:. 
wh(.•n TT!'A h ;  moved. 

Linear tr..ur�\al!IJII uf 
l.M by un- and-uf{ 
firi ng uf thruster::. 
when TTl' A is  nmved. 

'J'r·an::. lilhun l'Uin
lll;Htd� alom� I.M 
axts h} on-aml-oJ[ 
firing of thruster s 
when TTCA is 
moved out of 
detent 

Translation �.:om
munds along LM 
axes Ly on-and-off 
firing of thrusters 
when TTCA i s movcJ 
out of detent 

A ttl tude 
IJalllJHllg 

Acl:ulllpil�hcd 
i n  LGC 

r\CCOillJl(i.:.hcd 
Ill LGC 

Hate g}TU 
signa l � �um
mcd wttlt 
::>lt'l' l'ing 
::.ignals 

[{a ll' �)'I"U 
:-.il{nab ::.um
!llt<d with 
sl.:tbiliza.tion 
:;tgnalti 

Nu rate damp
ing 111 a...'d s 
st!lected 

_ _  _j___ __ 

�.ngwc Gwll..�;.d 
ContTul 

Pill:h .wd rull gun!Jal 
conunamb f rum LGC 
aP}.lltt!d to DFCA 

l'ltt·h <.�nd roll  g11nLa\ 
�.:unnnand � ln.rH LCC 
ajJpli t..'l.l to lH CA 

l'ttch <�.nd J'()H 1-!, l l l t b:..tl 
c onHu and.:. derived 
frum ATCA summed 
errur channel:. 

Pitch and roll !!,lfll La l 
t'UinllHUHb dt:r!Vl'd 
from ATCA :.urnmed 
error channels 

No AG� control 

Hem ark:, 

All thru:.t..t:r cumtll.tlld� [rum J..GC go 
dl n:cth lu p n m a r �  tJrt:anrpltfl e r :; .  
Attitude control (uncllun lti  o\'er
nddt"ll b_\ operating ACA tu hardover 
!lOStllon, thereby c:nmmandmg on
.tnd-of[ four- jtt operation through 
:;ecundar y �:oils of thruster solenutd 
valve:::.. � x-a,.i.s translation 1s 
ubtatnt!d by commanding fuu r-jf:t 
opera tion dtl't:L'l tu IIC S :.-eccmdar1 

�.: ui l � , lH vre::.::.wg 'X THAt-;SL 
pu:.hLutlun on pantd S. 
S<.tntt..> d ::i  fur autumatJc OJU\h: (i'C!\:, 
cuntr•,J J .  !\luun1um 1m pubc mtxlt: 
� ::> made availaldl· IJ1 cuternr� cutii
J I\,ifld 111tu IJSKY. In l/11.:. lilOli(.· , l .l;l 
�.:ullllllo.�Lit.l� "Ill' HCS pul�c t:a�.:h lllllt: 
ACA 1 :.  lllu\"t!d past L 5- num mal l 1 
1rum ddcnt. 

:\ll thru:.tct· conunanJ::; gu through 
A'ICA )ct :.cle�.:t logtc and PHi\1, Atti
tude control functiOn is o\'ernddcn b} 
ope rating .-\CA. to hardover po:;ittoll, 
the reb� cum mandmg on-.-nd-off four
jet operauon through seconda ry coil � 
uf thru::;ter ::.olenoid valve::; and I.Jypass
ing jet select logic, PRM's, and Jet 
drivers . .,. X-axis translation is obtained 
by commandwg luur-jetupetMdltun dtrt:cl 
tu H<'A :;c<.:undary ('(Jib, by prel:l::;lll� 
· X  THA :--oS l .  J•LI:.hbuttun <! ur .f. )t:t (J\'
t·ratluo uu !'>lllj.\lc .Ddti IJal:ill:i upttoual 

fut· pi tc h or roll and X- translattun ., tlh 
nu M I'� po'>' er. High and low gam rate 

1 depend:. on a:;�.:enl/c.Jesctnt condlttun. 

S..cmt: a:. for autumatrc mWc (AGS 
('ont rul ) .  Hrgh and lo., gam rate 
de1M:mb un asc�nt/de::.cent �.:ondJtJun. 

Same a:. for autom&tic mode 
(AG!::i control) 
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2. 1 .  3. 5 

LMA790 - 3 - L �  
APOL LO OPERATIONS 

SUBSYSTEMS D. 

General Operation of the Coutrol Electronics 

T he PGNS, in conjunction with the CES, prov: 
tion, and descent or ascent propulsion maneuvers. Autonu 
with manual inputs. As backup for PGNS control, the AGS, 
if the P GNS malfunctions. Table 2. 1 - 1  contains a summar . 

2. 1 .  3. 5. l Attitude Control. (See figure 2. 1 - 1 7. ) 

LM attitude is controlled by X, Y, and Z axes 
automatic, attitude hold, pulse, direct, and hardover (man�. 
modes are selected with the MODE CONTRO L :  P GNS or A1 
ATTITUDE CONT RO L :  RO LL, PITCH ,  and YAW switches . 

Automatic Mode. The automatic mode provides fully autom 
the LGC generates the required thruster commands and ro; 
ATCA provide thruster. on and off commands to selected RC 
the abort guidance mode, roll, pitch, and yaw attitude errr1 � 
the ATCA. These e rror signals are passed through limite:
from the RGA, demodulated, passed through selectable deac 
PRM's and j et driver amplifiers, which fire the RCS j ets. 
to correct the attitude errors. In the primary and abort gu· 
attitude control about all three LM axes by initiating hardor 

Attitude Hold Mode. This is a semiautomatic mode, in wh! 
change at an angular rate proportional to ACA displace men� . 
detent (neutral) position. In the primary guidance mode, r:< 
ment are sent to the LGC . The LGC operates on these con: 
in the ATCA to command rotation rates by means of the thr" · 

neutral position, LM rotation stops and the LGC maintains � 
with the ACA in the neutral position, LM attitude is held by 
is moved out of the detent position, the attitude error signai 
mands proportional to ACA displacement are processed in t: 
the desired vehicle rate is achieved. When the ACA is retu · 
reduced to zero and the AGS holds the LM in the new attituc•: 

DBOOK 

; on • 

.• .utomatic control of LM attitude, transla
'�ontrol can be overridden by the astronauts, 
>plemented by manual inputs, can be used 
the CES modes of attitude control. 

. �ere are five modes of attitude control : 
•verride) . The automatic and attitude hold 
'.\'itch ; the pulse and direct modes, with the 

attitude control. During PGNS control, 
them to the ATCA. The jet drivers in the 

:imary solenoids for attitude changes. In 
!;Jlals are generated in the AGS and sent to 

:>d then are combined with damping signals 
. ::d circuits, jet select logic circuits, 
, .. jet select logic determines which jets fire 
:> :::e modes, the astronaut can override . 
.-:ommands with the ACA. 

:·�ther astronaut can command an attitude 
: .. M attitude is held when the ACA is in the 
:ommands proportional to ACA displace

:lds and provides signals to the j et drivers 
·:rs. When the ACA is returned to the 
aew attitudE>. In the abort guidance mode, 

. ws of AGS erro r  signals. When an ACA 
:·om the AGS are set to zero. Rate com
ATCA, and the thruste rs are fired until 

. :i to the detent position, the vehicle rate is 

Pulse Mode. The pulse mode (minimum impulse control) is · ' iected by a DSKY entry (verb 76) when the 
P GNS is in control and operating in the attitude hold mode. �• minimum impulse control, the LGC 
commands a minimum i mpulse burn for each movement of ti .I,CA beyond 2. 5° of the detent position. 
The ACA must be momentarily returned to the detent positi<· ::.etween each impulse command. T he 
maximum rate at which minimum impulses can be commandc :.s approximately five per second. In this 
mode, the astronaut performs rate damping and attitude ster· : "4t. When the AGS is in control, the pulse 
mode is an open-loop mode. It is selected on an individual- , s (roll, pitch, and yaw) basis by setting 
the appropriate ATTITUDE CONT RO L  switch (ROLL, PITCH :::- YAW) to P U LSE. When the pulse mode 
is selected, automatic attitude control about the selected axi : lS disabled and a fixed train of pulses is 
generated when the ACA is displaced. To change attitude in : .. ; s  mode, the ACA must be moved past 2. 5 o  
from detent; this commands acceleration about the selected ... ·.::s. To terminate LM rotation, an opposite 
accele ration about the same axis must be commanded. 

Direct Mode. The direct mode is also an open-loop acceler 
axis basis by setting the appropriate ATTITUDE CONTROL : 
Automatic AGS attitude control about the selected axis is di!' 
are routed to the RCS secondary solenoids when the ACA is 
tinuously until the ACA is returned to the detent position. 

. m mode. It is selected on an individual 
· : tch (ROLL, PITCH or YAW) to DIR. 
! •.'<! and direct commands to two thrusters 

· ; •laced 2. 5° . The thrusters fire con-

Hardover Mode. In an eme rgency, the ACA can be displace · · the maximum limit (hardover position) 
to command an immediate attitude change about any axis. T .  · displacement applies signals directly to 
the RCS secondary solenoids to fire four thrusters. This n� . .  · :1v er can be implemented in any attitude 
control mode. 
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Initial conditions for AGS operation require that the AGS STATUS switch be set to STANDBY , I· then to OPE RATE .  T he time between closing the circuit breakers and setting the A GS  STATUS switch to 
OPE RATE should be 40 minutes ; for at least the last 25 minutes ,  the switch should be set to STANDBY. 
Degraded performance is available after 1 0  minutes in the standby mode. When the AGS STATUS switch 
is set to O F F ,  the AEA has no functional capability. After 20 seconds in the standby mode, the AEA can 
accept the CDU zero signal and integrate the P GNS Euler angle changes. Complete AEA capability is 
afforded when the switch is set to OPERATE. In the operate mode, the AEA enters a core-priming 
routine that ensures that the memory is properly magnetized. 

AGS operations are performed mainly through two DEDA addresses : 400 and 4 1 0 .  (Refer 
to Apollo Operations Handbook, Volume II, paragraph 4. 4 for AGS selector logic list. ) Address 400 is I 
the AGS sub mode selector; address 4 1 0, the guidance routine selector. The selected routine is computed 
eve ry 2 seconds, regardless of the submode selected. The AGS does not respond to orient the LM in 
accordance with the routine selected, unless DEDA address 400 (mode selector) is set to +00000 (attitude 
hold), +1 0000 (guidance steering), or +20000 (Z-axis steering). 

When the LM is under full AGS control, the engine-on signal cannot be generated unless the 
guidance steering submode is selected. The engine-on signal is automatically generated after ullage has 
been sensed for three (DEDA-accessible constant) consecutive computer cycles (2 seconds per cycle) . 
The AGS recognizes ullage to have occur red when the average acceleration in the +X-direction exceeds 
0. 1 fps 2. (The average acceleration is DEDA-accessible. ) The ASA (containing the accelerometers) 1s 
located ahead of the center of gravity (in the +X-direction) . Therefore, LM rotations cause sensed 
accelerations in the -X-direction. For this reason, LM rotations cannot cause the AGS to sense that 
ullage has occurred. 

When the LM is not under full AGS control (neither the ABORT nor ABORT STAGE push
button has been p ressed, or the MODE CONTROL: AGS switch is not set to AUTO, or the GUID CONT 
switch is not set to AGS) , the AGS issues engine commands (on or oft) that duplicate actual engine 
operation. 

Under full AGS control, the ascent or descent engine is automatically commanded off when 
the velocity to be gained in the +X- direction is less than the nominal ascent engine thrust decay velocity 
and if the total velocity to be gained is less than a prescribed threshold (a D E DA-accessible constant 
currently set at 1 00 fps) . This dual check maintains the engine on if an abort occurs during powered 
flight with the LM incorrectly oriented for the abort maneuver and the velocity to be gained large 
(greater than the 1 00 - fps threshold) . 

When the velocity to be gained (LM under full AGS control) is less than 1 5  fps and the sensed 
thrust acceleration level in the +X-direction is greater than 0. 1 fps2, the desired thrust direction is fixed 
in inertial space (a form of attitude hold) . If this were not done, the LM desired attitude might go 
through an undesirably wide excursion in an attempt to achieve perfect velocity cutoff conditions. Large 
variations near the end of a maneuve r  are undesirable. The velocity cutoff errors incurred by fixing the 
desired attitude before engine cutoff are small. After the maneuver is completed, small cutoff errors 
can be removed (if desired) by the axis-by-axis velocity trim capability of the AGS. 

T he descent stage is staged {when the AGS is in control) by pressing the ABORT STAGE 
pushbutton. T he staging sequence begins only when engine- on commands are issued. During a thrusting 
maneuver, the staging sequence begins immediately upon pres sing the ABORT STAGE pushbutton (assum
ing that all panel controls that transfer control of the LM to the AGS have been set properly) . The AGS 
senses sufficient average thrust acceleration throughout the staging maneuver to maintain ullage. When 
the AGS receives verification from the CES that the ascent engine is on, the AGS automatically enters the 
attitude hold submode. After a prescribed interval, between zero and 1 0  seconds (DEDA -controlled, 
presently set at 1 second) , the AGS automatically enters the normal guidance steering submode. 

When the P GNS controls the LM {GUID CONT switch set to P GNS) , the AGS is in the followup 
mode. Manual control of the LM by the astronauts (MODE CONT ROL :  PGNS switch set to ATT HO LD, 
attitude controller out of detent) also causes the followup signal to be routed to the AGS. In the followup 
mode, the AGS follows the P GNS by routing engine commands (on or oft) in acco rdance with ascent or 
descent engine operation and provides zero attitude control error signals. The AGS provides attitude 
e r ror signals (corresponding to the AEA guidance solutions) for the FDAI ' s when the P GNS is in cont rol ,  
the MODE CONTRO L :  P GNS switch is set to AUTO , the ATTITUDE MON switch is set to AGS, and the 
RATE/E RR MON switch is set to LDG RDR/CMPT R. 
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Figure 2. 1 - 14.  Abort Guidance Path - Simplified Block Diagram 

The abort guidance path operates in the automatic mode or the attitude hold mode. In the 
automatic mode, navigation and guidance functions are controlled by the AGS;  stabilization and control 
functions, by the CES. In the attitude hold mode, the astronaut uses his ACA to control vehicle attitude. 
The ACA generates attitude-rate, pulse, direct, and hardover commands. The attitude-rate and pulse 
commands, AEA error signals, RGA rate-damping signals, and TTCA translation commands are applied 
to the ATCA. The ATCA processes these inputs to generate thruster on and off commands. 

In the attitude hold mode, pulse and direct submodes are available for each axis. The pulse 
submode is an open-loop attitude control mode in which the ACA is used to make small attitude changes 
in the selected axis. The direct submode is an open-loop attitude control mode in which pairs of thrusters 
are directly controlled by the ACA. The astronaut can also control vehicle attitude in any axis by moving 
the ACA to the hardover position. In addition, the astronaut can override translation control in the 
+X-axis with a +X-axis translation pushbutton. Pressing the pushbutton fires all four +X-axis thrusters. 

2. 1 .  3. 3 
� 

General Operation of Primary Guidance and Navigation Section. (See figure 2. 1 - 1 5. )  

This discussion of PGNS operation is limited to astronaut interface with the PGNS, because 
P GNS operation is dependent upon the LGC program in process and upon the mission phase. The astro
naut can perform optical sightings, monitor subsystem performance, load data, select the mode of 
operation, and, with the aid of the PGNS, manually control the LM. The program to be performed by 
the LGC is selected by the astronaut or initiated by the LGC. 

The DSKY enables the astronaut to communicate with the LGC and perform a variety of tasks 
such as testing the LGC, entering voice link data, and commanding IMU mode switching. The hand con
trollers permit manual changes or computer-aided manual changes in attitude or translation. The P GNS 
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the IMU. Using inputs from the LR, IMU ,  RR, TTCA' s ,  and ACA ' s ,  the LGC solves guidance, navigation, •. stee ring, and stabilization equations necessary to initiate on and off commands for the descent and ascent 
engines ,  throttle commands and trim commands for the descent engine, and on and off commands for the 
thrusters. 

C ontrol of the vehicle, when using the primary guidance path, ranges from fully automatic to 
manual. The primary guidance path operates in the automatic mode or the attitude hold mode. In the 
automatic mode, all navigation, guidance, stabilization, and control functions are controlled by the LGC. 
When the attitude hold mode is selected, the astronaut uses his ACA to bring the vehicle to a desired 
attitude. When the ACA is moved out of the detent position, proportional attitude- rate or minimum 
impulse commands are routed to the LGC. The LGC then calculates steering information and generates 
thruster commands that correspond to the mode of operation selected via the DSKY. These commands 
are applied to the primary preamplifiers in the ATCA, which routes the commands to the proper thruster. 
When the astronaut releases the ACA, the LGC generates commands to hold this attitude. If the astro-
naut commands four-jet direct operation of the ACA by going to the hard over position, the ACA applies I 
the command directly to the secondary solenoids of the corresponding thruster. 

In the· automatic mode, the LGC generates descent engine throttling commands, which are 
routed to the descent engine via the DECA. The astronaut can manually control descent engine throttling 
with his TTCA. The DECA sums the TTCA throttle commands with the LGC throttle commands and 
applies the resultant signal to the descent engine. T he DECA also applies trim commands, generated by 
the LGC ,  to the GOA ' s  to provide trim control of the descent engine. The LGC supplies on and off com
mands for the ascent and descent engines to the S&C control assemblies. T he S&C control assemblies 
route the ascent engine on and off commands directly to the ascent engine, and the descent engine on and 
off commands to the descent engine via the DECA. 

In the automatic mode, the LGC generates +X- axis translation commands to provide ullage. 
In the manual mode, manual translation commands are generated by the astronaut, using his TTCA. 
These commands are routed, through the LGC, to the ATCA and on to the proper thruster. 

2 .  1. 3 .  2 Abort Guidance Path. (See figure 2. 1 - 14. ) 

T he abort guidance path comprises the AGS, CES, and the selected propulsion section. The 
AGS performs all inertial navigation and guidance functions necessary to effect a safe orbit or rendezvous 
with the CSM. The stabilization .and control functions are performed by analog computation techniques, 
in the C ES. 

T he AGS uses a strapped-down inertial sensor, rather than the stabilized, gimbaled sensor 
used in the IMU. T he ASA is a strapped-down inertial sensor package that measures attitude and acceler
ation with respect to the vehicle body axes. The ASA-sensed attitude is supplied to the AEA, which is a 
high-speed, general-purpose digital computer .that performs the basic strapped-down system computations 
and the abort guidance and navigation steering control calculations. The DEDA is a general-purpose 
input-output device through which the astronaut manually enters data into the AEA and commands various 
data readouts. 

T he CES functions as an analog autopilot when the abort guidance path is selected. It uses 
inputs from the AGS and from the astronauts to provide the following : on, off, and TTCA throttling com 
mands for the descent engine ; gimbal commands for the GDA ' s  to control descent engine tri m ;  on and off I 
commands for the ascent engine ; sequencer lo!iJi,c to ensure proper arming and staging before engine 
startup and shutdown ; on and off commands for the thrusters for translation and stabilization, and for 
various maneuvers ; j et- select logic to select the proper thrusters fo r the various maneuver s ;  and modes 
of vehicle control, ranging from fully automatic to manual. 

T he astronaut uses the TTCA to control descent engine throttling and translation maneuvers.  
T he throttle commands, engine on and off commands from the S&C control assemblies ,  and trim com
mands from the ATCA are applied to DECA. The DECA applies the throttle commands to the descent 
engine , the engine on and off commands to the des cent engine latching devi ce, and the trim commands to 
the GOA ' s .  The S&C control assemblies receive engine on and off commands for the descent and ascent 
engines from the AEA. As in the primary guidance path, the S&C control assemblies route des cent engme 
commands to the DECA and apply ascent engine on and off commands directly to the ascent engine. 
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GN&CS - CS Interface. 

T he Communications Subsystem (CS) interfaces directly with the GN&CS when the astronaut 
uses a push-to-talk switch on his ACA. When the switch is pressed, the ACA issues a d- e signal that 
enables an audio center in the signal -processor assembly of the VH F/ AM communications. This 
enabling signal allows the audio signals from the microphones to be processed by the CS. Automatic re
mote control of the LGC is provided through use of a digital uplink assembly (DUA) . U plink commands 
from MS FN, processed by the DUA, are used for program control. The CS interfaces indirectly with the 
GN&CS, using VH F/AM communications for voice uplink commands. It also interfaces with a tone 
generator in the C ES. The generator, enabled by a command from the master alarm circuit of the 
Instrumentation Subsystem (IS) , issues a 1 -kc tone to the astronaut headsets as an indication of a sub
system malfunction. 

2. 1 . 2. 6 GN&CS - EDS Interface. 

I 

T he GN&CS interfaces with the Explosive Devices Subsystem (EDS) by supplying a descent 
engine on signal to the supercritical helium explosive valve and an ascent engine on signal , which initiates 
the staging sequence. When the descent engine is operated for the first time, the MASTER ARM switch 
(panel 8) is set to ON so that the supercritical helium explosive valve is blown when the descent engine on I 
signal is issued. All other normal pressurization and staging sequences are initiated by the astronauts. 

During an emergency situation, the ABORT STAGE pushbutton when pushed, shuts down the 
descent engine and pressurizes the APS ,  blowing the helium tank explosive valves that are selected by the 
ASC He SEL switch (panel 8) . After a time delay, the GN&CS generates an ascent engine on signal which 
initiates the staging sequence as the ascent engine begins to fire. Upon completion of staging, a stage 
status signal is routed from the E DS deadface switch to the ATCA and to the LGC . This signal automati
cally selects the power deadband for RCS control during ascent engine operation. 

2. 1 .  2. 7 GN&CS - IS Interface.  

T he Instrumentation Subsystem (IS) senses GN&CS physical status data, monitors the 
GN&CS equipment, and performs in-flight checkout. The data signals are conditioned by the signal
conditioning electronics assembly (SCEA) and supplied to the pulse-code- modulation and timing 
electronics assembly (PCMTEA) and the caution and warning electronics assembly (CWEA) . The 
PCMTEA changes the input signals to a serial digital form for transmission to MSFN. The C WEA checks 
the status of the GN&CS by continuously monitoring the information supplied by the SCEA. When an out
of-limits condition is detected by the CWEA, the CWEA energizes one or more of the caution and warning 
lights associated with the GN&CS. 

The LGC interfaces directly with the IS to supply a 1 .  0 24 - mc primary timing signal for the 
PCMTEA. This timing signal is used in generating timing and sync signals required by other sub
systems. The IS supplies the LGC with telemetry data start and stop commands and sync pulses for 
clocking out telemetry data. It also supplies the AEA with telemetry stop commands and sync pulses. 

2. 1. 3 FUNCTIONAL DESC RIPTION. 

T he GN&CS comprises two functional loops, each of which is an independent guidance and 
control path. The primary guidance path contains elements necessary to perform all functions required 
to complete the lunar mission. If a failure occurs in this path the abort guidance path can be substituted. 

� 

2. 1 .  3. 1 P rimary Guidance Path. (See figure 2. 1 - 13. ) 

T he primary guidance path comprises the PGNS, CES, LR, RR, and the selected propulsion 
section required to perform the desired maneuvers. The C ES routes flight control commands from the 
P GNS and applies them to the descent or ascent engine, and/or the appropriate thrusters. 

T he IMU, which continuously measures attitude and accele ration, is the primary inertial 
sensing device of the vehicle. The LR senses slant range and velocity. The RR coherently tracks the 
CSM to derive LOS range, range rate , and angle rate. The LGC uses AOT star-sighting data to align I 
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Throttle commands to the descent engine are generated automatically by the LGC under 
I program control, or manually with a TTCA. The TTCA can be used to override LGC throttle commands. 

The AGS cannot throttle the descent engine. Throttle commands cause the throttle actuator of the 
descent engine to change the position of the flow control valves and vary the injector orifice of the 
engine. Changing the position of the flow control valves changes the quantity of fuel and oxidizer metered 
into the engine and thus changes the magnitude of engine thrust. 

The GN&CS generates trim commands to tilt the descent engine to control the direction of 
the thrust vector. The descent engine is tilted about the LM Y -axis and Z-axis to compensate for the 
offset of the center of gravity due to fuel depletion during descent engine operation. The thrust vector is 

I controlled by the LGC with the aid of two GDA 's.  The GDA 's are pinned to the descent engine and the 
LM structure along the Y-axi.s (roll) and Z-axi.s (pitch). When actuated, the GDA's extend or retract a 
screwjack-actuated arm that tilts the engine to attain the desired thrust vector. Thrust vector control 
for the ascent engine is achieved through firing of selected upward-firing TCA 's .  

2 .  1 .  2 .  2 GN&CS - RCS Interface. 

The GN&CS provides on and off commands to the 1 6  TCA's (referred to as thrusters or j ets) 
to control LM attitude and translation. In the primary mode of operation (PGNS in control) , the LGC 
generates the required commands and sends them to the proper jet drivers in the C ES. The jet  drivers 
send selected on and off commands to the RCS primary solenoids. In the secondary mode of operation 

I (AGS in control), the AGS supplies the CES with attitude errors. The ATCA in the CES uses these 
inputs to select the proper thruster for attitude and translation control. 

I The thrusters are controlled manually with an ACA and a TTCA. The ACA pro-
vides attitude commands and the TTCA provides translation commands to the LGC during the 
primary mode of operation and to the ATCA during the secondary mode of operation. The ACA 
ca.ri fire the thrusters directly during the pulse, direct, and hardover modes, bypassing the LGC or AEA, �· 

I and the ATCA. The four downward-firing thrusters may be fired by pressing the +X TRANSL pushbutton 
(panel 5) . T he on and off commands supplied to the thruster take the form of a step function. The dura
tion of the signal determines the firing time of the selected thruster, which ranges from a pulse (less than 
1 second} to steady-state (1 second or longer) . 

E ach thruster contains an oxidizer solenoid valve and a fuel solenoid valve which, when open, 
pass propellant through an injector into the combustion chamber, where ignition occurs. Each valve 
contains a primary (automatic} solenoid and a secondary (direct) solenoid, which open the valve when 
energized. On and off commands from the ATCA are applied to the primary solenoids ; the direct 
commands are applied to the secondary solenoids. 

2. 1 . _2. 3 GN&CS - EPS Interface. 

The Electrical Power Subsystem (EPS} supplies primary d-e and a-c power to the GN&CS. 
This power originates from six silver- zinc batteries (four in the descent stage and two in the ascent 

I stage). An additional battery has been added in the ascent stage for LM 10 and subsequent. The descent 
batteries feed power to the buses during all operations , before staging. Immediately before staging 
occurs, ascent battery power is switched on and descent battery power is terminated. A deadface relay 
circuit deadfaces the descent batteries when normal staging occurs. Under emergency conditions, when 
the ABORT STAGE pushbutton is pressed, a pow�r switchover command, which initiates deadfacing 
automatically, is routed to the E PS. The 28-volt d-e battery power is routed through an inverter to pro
vide 1 1 5 -volt, 400-cps ac to the GN&CS equipment. Refer to paragraph 2. 1 .  3 .  6 for a functional descrip
tion of power distribution. 

2. 1 .  2. 4 GN&CS - ECS Interface. 

The Environmental Control Subsystem (ECS) provides thermal stability for the temperature-1 sensitive electronic equipment of the GN&CS. The electronic equipment (except the IMU) is mounted on 
cold plates and rails through which ECS coolant (ethylene glycol-wate r s·olution) is routed to remove heat. 
To cool the IMU, the coolant flows through its cas e .  The heat that is removed from the equipment i s  
vented overboard by the ECS sublimators. 
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this involves setting the ENG ARM switch to the desired position. Depending on the switch I 
setting, a discrete is generated in the CES to enable the START pushbutton (panel 5) for ascent engine 
operation or to operate actuator isolation valves for descent engine operation. Under abort or emergency 
conditions, the ABORT and ABORT STAGE push buttons (panel 1 )  are used to perform the arming function. I 

When the PGNS is in control, on and off commands are generated automatically by the I LGC under program control, or manually with the START pushbutton (panel 5 )  and stop push-
buttons (panels 5 and 6). With the AGS in control, on and off commands are generated automatically by 
the AEA (an abort guidance computer) under specific routines, or manually with the START and I 
stop pushbuttons. The on and off command.tl actuate pilot valves, which hydraulically open or 
close the fuel and oxidizer shutoff valves.  Under emergency conditions, the ascent engine ignition 
sequence may also be automatically completed through use of the ABORT STAGE pushbutton. If I 
the ascent engine-on command from either computer is lost, a memory circuit in the CES keeps issuing 
the command to the ascent engine. 

The descent engine receives on and off commands, throttle commands, and trim commands 
from the DECA. The ignition sequence commands for the descent engine are generated automatically I 
or manually in a manner similar to that of the ascent engine. On and off commands are routed from 
either computer (dependent on the guidance mode selected) ,  or the START and stop pushbuttons, through 
the DECA to actuate the descent engine pilot valves.  
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The IMU axes are defined by the three gimbal axes. These axes are designated as outer 
gimbal axis (OGA) , middle gimbal axis (MGA) , and inner gimbal axis (IGA) . The gimbal axes are defined 
when the gimbal angles are 0° ; they are as follows: the OGA is parallel to the X-axis, the MGA is paral
lel to the Z -axis, and the IGA is parallel to the Y -axis. The axes of the IMU stable member are parallel 
to the vehicle axes and the gimbal axes when the gimbal angles are 0° .  

Inertial Reference Integrating Gyro Axes. The inertial reference integrating gyro (IRIG) axes, designated 
Xg, Yg, and Zg, are parallel to the LM vehicle axes. If the attitude of the stable member is changed with 
respect to inertial space, the gyro senses the change about its axis and provides an error signal to the 
stabilization loop of the IMU. 

Pulse Integrating Pendulous Accelerometer Axes. The pulse integrating pendulous accelerometer (PIPA} 
I axes, designated Xa, Ya, and Za, are parallel to the LM body-axes. Velocity changes are measured 

along the PIP A axes. 

2. 1. 1 .  5. 4 Alignment Optical Telescope Axes. (See figure 2. 1 - 1 2 . )  

I The AOT is mounted to the navigation base so that the AOT shaft axis is parallel to 
the X-axis. The telescope LOS is approximately 45 o above the vehicle Y - Z  plane. The AOT LOS 
is fixed in elevation and movable in azimuth to six detent positions. These detent positions are 
selected manually by turning a detent selector knob on the AOT; they are located at 60 o intervals. All 
six positions (forward, right, right rear, rear, left rear, and left) are used for star sightings. The 
forward (F),  or zero, detent position places the LOS in the X-Z plane, looking forward and up as one 
would look from inside the LM. The right (R) and right rear (RR) detent positions place the LOS 60° and 
1 20° , respectively, to the right of the X-Z plane. Similarly, the left (L) and the left rear (LR) detent 
positions place the LOS 60° and 1 20° , respectrrely, to the left of the X- Z plane. The rear (CL) detent 
position places the LOS in the X-Z plane, looking aft as one would look from inside the LM. In addition, 
the C L position (180° from the F position) is the stowage position. . Each position maintains the LOS at 
4 5° from the LM + X-axis. 

2. 1. 2 

2. 1. 2. 1 

SUBSYSTEM INTERFACES. (See figure 2. 1-2. ) 

GN&CS - MPS Interfaces. 

The GN&CS provides a sequence of commands to the Main Propulsion Subsystem (MPS) to 
control the ascent and descent engines. For ignition to occur, the engine must first be armed. Normally, 
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The ATCA routes the RCS thruster on and off commands from the LGC to the thruste rs, in 
the primary control mode. During abo rt guidance control, the ATCA acts as a computer in determining 
which RCS thrusters are to be fired. 

2. 1 . 1 . 3 . 4 Rate Gyro Assembly. 

The RGA supplies the ATCA with damping signals to limit vehicle rotation rates and facili
tates manual rate control during abort guidance control. 

2. 1. 1 .  3. 5 Descent Engine Control Assembly . 

The DECA processes engine-throttling commands from the astronauts (manual control) and 
the LGC (automatic control), gimbal commands for thrust vector control, preignition (arming) commands, 
and on and off commands to control descent engine operation. 

The DECA accepts engine-on and engine -off commands from the S&C control assemblies, 
throttle commands from the LGC and the TTCA, and tri m commands from the LGC or the ATCA. 
Demodulators, comparators, and relay logic circuits convert these inputs to the required descent engine 
commands. The DECA applies throttle and engine control commands to the descent engine and routes 
trim commands to the gimbal drive actuato rs. 

2 .  1.  1.  3.  6 Gimbal Drive Actuators. 

The GDA 's,  under control of the DECA, tilt the descent engine along the pitch and roll axes 
so that the thrust vector goes through the LM center of gravity . 

2 . 1 . 1 . 3 . 7 Ascent Engine Arming Assembly. 

The AEAA p rovides a means of arming and firing the ascent engine unde r remote control. 
Under remote control, MSFN can select PGNS or AGS control of ascent engine firing through uplink com
mands processed by the Communications Subsystem. The AEAA performs this function by duplicating 
the functions of the E NG ARM and GUID CONT switches (panel 1 ) ,  using relay logic.  

2 .  1 .  1 .  3 .  8 S&C Control Assemblies. 

The three S&C control assemblies are similar assemblies. They process, switch, and/or 
distribute the various signals associated with the GN&CS. 

2. 1. 1. 4 Orbital Rate Display - E arth and Lunar. 

The ORDEAL provides an alternative to the attitude display, in pitch only. When selected, 
the ORDEAL produces an FDAI display of computed local vertical attitude during circular orbits around 
the earth. 

2. 1. 1. 5 LM Vehicle, and Guidance, Navigation, and Control Subsystem Axes. (See figure 2. 1 - 1 1 . ) 

Several sets of axes are associated with the LM and the GN&CS. E ach set is a three-axis, 
right- hand, orthogonal coordinate system. Figure 2. 1 - 1 1  shows the relationships of various sets of axes 
when the IMU gimbal angles are 0 ° .  

2 .  1 .  1 .  5 .  1 LM Vehicle Axes.  

T he X-axis positive direction is  through the ove rhead hatch ; the Z-axis positive direction is 
through the forward hatch. T he Y -axis is perpendicular to the X - Z  plane. 

2. 1. 1. 5. 2 Navigation Base Axes. 

The navigation base (NB) is mounted to the LM structure so that a coordinate system is 
formed by its mounting points. The YNB axis is parallel to the vehicle Y - axis. The XNB axis is parallel 
to the vehicle X-axis. The ZN B axis is perpendicular to the XNB-YNB plane and parallel to the vehicle 
Z -axis. 
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2. 1 .  1. 3. 2 Thrust/T ranslation Controller Assemblies. (See figure 2. 1 - 10. ) 

The TTCA's control LM translation in any axis ;  they are functionally integrated translation 
and thrust controllers. The astronauts use these assemblies to command vehicle translations by firing 
RCS thrusters and to throttle the descent engine between 10% and 92. 5% thrust magnitude. The con
trollers are three-axis, T-handle, left-hand controllers, mounted with their longitudinal axis approxi 
mately 4 5 °  from a line parallel to the LM Z-axis (forward axis}. 

A lever on the right side of the TTCA enables the astronaut to select either of two control 
functions : (1) translation control in the Y-axis and Z-axis, using the RCS thrusters, and descent engine 
throttling to control X-axis translation and (2) translation control in all three axes ,  using the RCS thruste rs.  
Due to the TTCA mounting position, vehicle translations correspond to astronaut hand movements when 
operating the controller. Moving the T -handle to the left or right commands translation along the Y -axis. 
Moving the T-handle inward or outward commands translation along the Z-axis. Moving the T-handle 
upward or downward commands translation along the X-axis, using the RCS thrusters, when the select 
lever is in the down position. When the lever is in the up position, upward or downward movement of the 
TTCA increases or decreases, respectively, the magnitude of descent engine thrust. Regardless of the 
select lever position selected, the TTCA can command translation along the Y -axis and Z-axis, using the I 
RCS thrusters. 

2. 1. 1. 3.  3 Attitude and T ranslation Control Assembly . 
.. 

Th� ATCA controls vehicle attitude and translation by issuing on-off commands to the RCS 
thrusters. In primary guidance control, attitude and translation commands are generated by the LGC 
and applied directly to j et drivers within the assembly. In the abort guidance path, the ATCA receives 
translation commands from a TTCA, rate-damping signals from the RGA, and attitude rate commands 
and pulse commands from the ACA. The ATCA combines attitude and translation commands in its logic 
network to select the proper thruster to be fired for the desired translation and/ or rotation. 
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T he guidance computational section provides traj ectory computation and selection, steering 
computation, and midcourse- co rrection computation. This computational section receives data relating to 
the CSM state vector and the L M  state vector from the LGC in other external source through the AGS input 

I selector logic. The state vector is the vehicles attitude and velocity for a given mission time. Body
referenced stee ring errors are received from the stabilization and alignment computational section, for 
trajectory co mputation. The LM abort guidance problem consists of solving the equations of the selected 
guidance maneuve r, including steering, attitude, and engine control computations. Outputs of the guidance 
computational section, through the output select logic circuits, include engine on and off signals to the 
CES, and velocity to be gained (selectable by DEDA readout) .  

· 

2. 1 .  1 .  3 C ontrol Electronics Section. (See figure 2. 1 - 8. ) 

T he C ES processes attitude and translation signals when ope rating in the primary guidance 
mode or the abort guidance mode. 

When operating in the primary mode, the CES converts RCS commands to the required 
electrical power to operate the RCS solenoid valves. The CES accepts disc rete (on and off) descent 
engine gimbal commands and, upon receipt of an on command, causes the descent engine to move about 
its gimbal axis. The C ES accepts LGC and manual engine on and off commands and routes them to the 
MPS to fire or stop the descent or ascent engine. The CES accepts LGC and manual thrust commands to 
throttle the descent engine ( 1 0% to 92.  5% of maximum thrust) . The CES also provides manual attitude 
and translation commands to the LGC. 

When operating in the abort guidance mode, the C ES accepts attitude error signals from the 

I AGS , or manual attitude rate commands from the attitude hand controller or rate-damping signals from a 
gyro assembly, and fires the RCS thrusters to achieve attitude control. The CES accepts manual transla
tion commands and fires the appropriate thrusters to accelerate the LM in the desired direction. The 
CES automatically gimbals the descent engine for trim control in accordance with signal polarity. The 
CES accepts AGS and manual engine on and off commands and routes them to the descent or ascent engine. 
The CES accepts manual throttle commands to control descent engine thrust and accepts manual rota-

1 tiona! , low-amplitude acceleration, open-loop commands. 

T he CES comprises two attitude controller assemblies (ACA' s) ,  two thrust/translation con
troller assemblies (TTCA' s) ,  an attitude and translation control assembly (ATCA) , a rate gyro assembly 

I (RGA), descent engine control assembly (DECA), two gimbal drive actuators (GOA 's) ,  an ascent engine 
arming assembly (AEAA), and three stabilization and control (S&C) control assemblies .  

2 .  1 .  1 .  3 .  1 Attitude C ontroller Assemblies. (See figure 2. 1 - 9 . )  

T he ACA' s  are right-hand pistol grip controllers, which the astronauts use to command 
changes in vehicle attitude. Each ACA is installed with its longitudinal axis approximately parallel to the 
X-axis. Each ACA supplies attitude rate commands proportional to the displacement of its handle, to the 
LGC and the ATCA; an out-of-detent disc rete each time the handle is out of its neutral position; and a 
followup disc rete to the AGS each time the controller is out of detent. A trigger-type push-to- talk switch 
on the pistol grip handle of the ACA is used for communication with the CSM and ground facilities. 

As the astronaut uses his ACA, his hand movements are analogous to vehicle rotations. 
Clockwise or counterclockwise rotation of the controller commands yaw right or yaw left, respectively. 
Forward or aft movement of the controller comrftands vehicle pitch down or up, respectively. Left or 
right movement of the controller commands roll left or right, respectively. 

T he ACA's are also used in an inc remental landing point designator (LPD) mode, which is 
available to the astronauts during the final approach phase. In this mode, the angular error between the 
designated landing site and the desired landing site is nulled by repetitive manipulation of an ACA. LPD 
signals from the ACA are directed to the LGC , which issues commands to move the designated landing 
site incrementally along the Y - axis and Z - axis. 
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The ASA consists of three strapped-down pendulous accelerometers,  three strapped- down 
gyros , and associated electronic ci rcuitry. The acceleromete rs and gyros (one each for each vehicle 
axis) s ense body -axis motion with respect to inertial space. The accele rometers sense accele ration 
along the vehicle orthogonal axis .  The gy ros and accele rometers a r e  securely fastened t o  the vehicle X ,  
Y ,  and Z axes s o  that motion along or around one o r  more axi s is sensed by one or more gyros or 
accele romete rs. 

2. 1. 1.  2. 2 Data Entry and Display Asse mbly. (See figure 2. 1 - 7. )  

T he DEDA (panel 6) is used by the ast ronauts to select the desi red mode of operation, inse rt the I 
desired targeting paramete r s ,  and monitor related data throughout the mis sion. E ssentially,  the DEDA 
cons ists of a control panel to which electroluminescent displays and data ent ry pushbuttons are mounted 
and a logic enclosure that houses logic and input- output ci rcuits. 

2.  1. 1.  2. 3 Abort E lectronics Assembly. 

T he AEA is a general-purpose,  high-speed, 4, 09 6 - word digital computer that performs 
basic strapped-down guidance system calculations and the abort guidance and navigation stee ring calcula
tions . The c omputer uses a fractional two ' s  complement, parallel arithmetic section, and parallel data 
transfer.  The AEA has th ree software computational sections: stabilization and alignment, navigation, 
and guidance .  

T he stabilization and alignment co mputational section computes stabilization and alignment 
on gene ration of mode signals by the DEDA. These mode signals (attitude hold, guidance steering, 
Z -axi s stee ring, P GNS -to-AGS alignment, lunar align, gy ro and accelerometer calibration, and body
axis align) dete rmine the operation of the stabili zation and alignment computational section in conjunction 
with the navigation and guidance computational sections. The body- referenced steering e rror signals and 
total attitude sine and cosine signals are used to control the FDAI. Direction cosine data are routed to 
the navigation computational s e ction, where they are used in computing lateral velocity and ine rtial 
acceleration data. 

The navigation c omputational section uses accele rometer inputs received from the ASA . via 
AEA input logic circuits, to calculate LM position and velocity in the inertial reference frame. T he 
navigation c omputational section supplies total velocity , altitude, and altitude - rate data, and lateral 
velocity data in the LM reference frame , to the output logic ci rcuits.  Velocity data are routed to the 
DEDA, altitude - rate data are routed to the ALT RATE indicator {panel 1 ) ,  and lateral velocity data are I routed to the X-pointe r indicators (panels 1 and 2 ) .  Velocity and position data are routed to the guidance 
computational section, for computing LM o rbital parameters. 

OPERATOR ERROR 
STATUS LIGHT (WHITE) 

KEYBOARD SWITCHES 
(MOMENTARY PUSHBUTTON$) 

ADDRESS INDICATOR 

OAT A INDICA TOR 
(CODE OR READOUT) 

•�SJ+--+-----� MOMENTARY CONTROL 

Figure 2. 1 - 7. Data Entry and Display Assembly - Pictorial 
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TEMPERATURE PROGRAM COMPUTER ACTIVITY 
GIMBAL LOCK CAUTION LIGHT CONDITION LIGHT STATUS LIGHT VERB CODE PROGRAM NUMBER 

(YELLOW) (YELLOW) (YELLOW) (GREEN) DISP\.A Y DISP\.A Y 

VERB PUSHBUTTON 

Not•• 
All pushbutton switches, induding 
numerical keyo { 0 thru 9) and + and -
keyo. are momentary pushbuttons. 

Figure 2. 1 - 5. Display and Keyboard Assembly 

DATA DISPlAY (REGISTER 1) 

DATA DISPlAY (REGISTER 2) 

DATA DISPlAY (REGISTER 3) 

CLEAR DATA PUSHBUTTON 

ENTER DATA PUSHBUTTON 

PROCEED PUSHBUTTON 

The AGS provides steering commands for three steering submodes :  attitude hold, guidance 
steering, and acquisition steering. The attitude hold submode maintains the vehicle attitude that exists 
when the submode is entered. In the guidance steering submode, the AEA generates attitude commands I 
to orient the LM X-axis so that it lies along the direction of the thrust vector. In the acquisition steering 
submode, the AEA generates attitude commands to orient the LM Z-axis along the estimated line of sight I 
(LOS) between the LM and CSM. 

The AGS outputs an engine-on or engine-off command during all thrusting maneuvers. If the 
PGNS is in control, the command is a followup of the signal produced by the PGNS. If the AGS is in control,� 
the engine-on command can be routed only after the appropriate switches are set and the ullage maneuver 
has been performed. When proper velocity-to-be-gained are achieved, an engine-off command is issued. 

The AGS uses RR angle information and accepts range and range-rate information from the 
RR for updating LM navigation so that the LM Z-axis is toward the CSM, or for midcourse correction . .  
These data are manually inserted into the AEA by the astronaut by using the DEDA. 

The AGS automatically aligns the strapped-down inertial system of the ASA by computing 
the direction cosines that relate the LM body axes to the desired inertial coordinate system. It also 
provides in-flight gyro and accelerometer ca,libration to compensate for fixed non-g gyro drift, and 
telemetry data for MS FN through the IS. 

2. 1. 1. 2. 1 Abort Sensor Assembly. 

The ASA, by means of gyros and accelerometers, provides incremental attitude information 
around the vehicle X, Y, and Z axes and incremental velocity changes along the vehicle X, Y, and Z axe s. 
Data pulses are routed to the AEA, which uses the attitude and velocity data for computation of steering 
errors. The ASA is mounted on the navigation base above the astronauts ' heads, between the crew com
partment and the thermal and micrometeoroid shield. 
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Figure 2. 1-4. Alignment Ontical Telescope 

2. 1 .  1. 1. 10  Display and Keyboard. (See figure 2. 1- 5. ) 
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I Through the DSKY, the astronauts can load information into the LGC, retrieve and display 
information contained in the LGC, and initiate any program stored in memory. The astronauts can also 
use the DSKY to control the moding of the ISS. The exchange of data between the astronauts and the LGC 
is usually initiated by an astronaut; however, it can also be initiated by internal computer programs. 

The DSKY is located on panel 4, between the Commander and LM Pilot and above the for
ward hatch. The upper half is the display portion; the lower half comprises the keyboard. The display 
portion contains five caution indicators, six status indicators, seven operation display indicators, and 
three data display indicators. These displays provide visual indications of data being loaded in the LGC, 
the condition of the LGC, and the program being used, The displays also provide the LGC with a means 
of displaying or requesting data. 

2. 1 .  1 .  2 Abort Guidance Section. (See figure 2. 1 - 6. ) 

T he AGS consists of an abort sensor assembl:' (ASA) , abort electronics assembly (AEA) , 
and a data entry and display assembly (DEDA) . The ASA p.:· rforms the same function as the IMU ; it 

I establishes an inertial reference frame. The AEA, a high- c;;>eed, g�neral-purpose digital computer, is 
the central processing and computational device for the AG:). The DEDA is the input-output device for 
controlling the AEA. 

Navigation is performed 1# the AGS through tr;:�gration of the equations of motion and 
substitution of instantaneous LM velocity for the variables . The AGS decodes the PGNS downlink data 
to establish LM and CSM position, velocity, and associate�: �ime computations. This info

.
rmation is 

used to initialize or update the AGS navigational computatlo; ' ·> upon command from the DEDA. The AGS 
solves the guidance problems of five distinct guidance rout! c· · s :  orbit insertion, coelliptic sequence 

I initiate, constant delta ( � )  altitude , te rminal phase initiate- �nd change in LM velocity (external �V) .  
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2. 1 .  1 .  1 .  4 Pulse Torque Assembly. 

The PTA supplies inputs to, and processes outputs from, the inertial components in the ISS. 

2. 1. 1. 1. 5 Power and Servo Assembly. 

The PSA contains power supplies for generation of internal power required by the PGNS, 
and servomechanisms and temperature control circuitry for the I MU.  

2. 1 .  1 .  1 .  6 Signal C onditioner Assembly. 

T he SCA provides an interface between the PGNS and the Instrumentation Subsystem (IS) . 
The SCA preconditions PGNS measurements to a 0- to 5-volt d-e format before the signals are routed to 
the IS. 

2 .  1. 1. 1. 7 Alignment Optical Telescope. (See figure 2. 1 -4. ) 

The AOT, an L- shaped periscope, is used by the astronaut to take angular measurements of 
celestial objects. These angular measurements are required for orienting the platform during certain 
periods while the vehicle is in flight and during prelaunch preparations while on the lunar surface. 
Sightings taken with the AOT are transferred to the LGC by the astronaut, using the CCRD assembly. 
This assembly also controls the brightness of the telescope reticle pattern. 

2. 1 .  1 .  1. 8 Computer Control and Reticle Dimmer Assembly. (See figure 2. 1 - 5. ) 

The CCRD assembly is mounted on an AOT guard. The MARK X and MARK Y pushbuttons are 
used by the astronauts to send discrete signals to the LGC when star sightings are made. The REJECT 
pushbutton is used if an invalid mark has been sent to the LGC. A thumbwheel on the assembly adjusts 
the brightness of the telescope reticle lamps. 

2. 1. 1. 1 .  9 LM Guidance Computer. 

The LGC is the central data-processing device of the GN&CS. The LGC ,  a control computer 
with many of the features of a general-purpose computer, processes data and issues discrete control sig
nals for various subsystems. As a control computer,  it aligns the IMU stable platform and provides RR 
antenna drive commands. The LGC also provides control commands to the LR and RR, the ascent and 
descent engines,  the RCS thrusters, and the cabin displays. As a general-purpose computer, it solves 
guidance problems required for the mission. In addition, the LGC monitors the operation of the PGNS. 

The LGC stores data pertinent to the ascent and descent flight profiles that the vehicle must 
assume to complete its mission. These data (position, velocity, and trajectory information) are used by 
the LGC to solve flight equations. The results of various equations are used to determine the required 
magnitude and direction of thrust. The LGC establishes corrections to be made. The vehicle engines are 
turned on at the correct time, and steering commands are controlled by the LGC to orient the vehicle to a 
new trajectory, if required. The ISS senses acceleration and supplies velocity changes, to the LGC,  for 
calculating total velocity. Drive signals are supplied from the LGC to the CDU and stabilization gyros in 
the ISS to align the gimbal angles in the IMU. Position signals are supplied to the LGC to indicate I attitude changes .  

T he LGC provides antenna-positroning signals to the RR and receives, from the RR channels 
of the CDU, antenna angle information. The LGC uses this information in the antenna-positioning calcula
tions. During lunar-landing operations, star-sighting information is manually loaded into the LGC, using 
the DSKY. This information is used to calculate IMU alignment commands. The LGC and its programming 
help meet the functional requirements of the mission. The functions performed in the various mission 
phases include automatic and semiautomatic operations that are implemented mostly through the execution 
of the programs stored in the LGC memory. 
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T he optical subsection (OSS) is used to determine the position of the vehicle using a catalog 
of stars stored in the computer and celestial measurements made by an astronaut. The identity of 
celestial obj ects is dete rmined before earth launch. The AOT is used by the astronaut to take direct 
visual sightings and precise angular measurements of a pair of celestial obj ects. The computer sub
section (CSS) uses this data, along with prestored data, to compute position and velocity and to align the 
inertial components. T he OSS consists of the AOT and a eomputer control and reticle dimmer (CC RD) 
ass e mbly. 

T he CSS , as the control and data-processing center of the vehicle, performs all the guidance 
and navigation functions neces sary for automatic control of the flight path and attitude of the vehicle. For 
these functions , the GN&CS uses a digital computer. The computer is a control computer with many of 
the features of a general-purpose computer. As a control computer, it aligns the stable platfor m ,  and 
positions both radar antennas. It also provides control commands to both radars, the ascent engine, the 
descent engine, the RCS thrusters, and the vehicle cabin displays. As a general-purpose compute r,  it 
solves guidance problem s  required for the mission. The CSS consists of a LM guidance computer ( LGC) 
and a display and keyboard (DSKY) , which is a computer eont rol panel. 

2.  1 .  1 .  1 .  1 Navigation Base. 

T he navigation base is a lightweight (approximately 3 pounds) mount that supports , in 
accurate alignment, the IMU , AOT , and an abort sensor as sembly (ASA) . 

2. 1 .  1 .  1 .  2 Inertial Measurement Unit. 

T he IMU is the primary inertial sensing device of the vehicle. It is a three-degree - of
freedo m ,  stabilized device that maintains an orthogonal, inertially referenced coordinate syste m for 
vehicle attitude control and maintains three accelerometers in the reference coordinate system for 
accurate measurement of velocity changes. The IMU contains a s table platfo rm, gyroscopes, and 
acceleromete rs necessary to establish the inertial reference. 

The stable platform serves as the space- fixed refe rence for the ISS. It is supported by 
three gimbal rings (outer ,  middle, and inne r) for complete freedom of motion. Three Apollo ine rtial 
reference integrating gyroscopes (IRIG' s) sense attitude c hant�es ; they are mounted on the stable platfo rm, 
mutually perpendicular. The gyros are fluid- and magnetically- suspended, single-degree- of-freedom 
types.  They sense displacement of the stable platform and generate er ror signals proportional to dis 
placement. T hree pulse integrating pendulous accelerometers (PIPA ' s) (fluid- and magnetically - su s 
pended devices) sense velocity changes. 

2 .  1. 1. 1 .  3 C oupling Data Unit. 

T he CDU converts and transfers angular information between the GN&CS hardware. The unit 
is an electronic device that perform s  analog- to-digital and digital-to- analog conversion. The C DC 
processes the three attitude angles associated with the inertial reference and the two angles associated 
with the RR antenna. It consists of five almost identical channels : one each for the inner, middl e ,  and 
outer gimbals of the IMU and one each for the RR shaft and trunnion gimbals. 

T he two channels used with the RR interface between the RR antenna and the LGC. T he LGC 
calculates digital antenna position commands before acquisition of the CSM. These signals , conve rted to 
analog form by the C DU ,  are applied to the antQDna drive meel1anism to aim the antenna. Analog 
tracking - angle information, converted to digital form by the unit, is applied to the LGC. 

The three channels used with the IMU provid.:, int erfaces between the IMU and the LGC and 
between the LGC and the AGS. Each of the three IMU gimbal angle resolvers provides its channel with 
analog gimbal- angle signals that represent vehicle attitude. 'fhe C DU converts these signals to digital 
for m  and applies them to the LGC. The LGC calculates attitude or translation commands and route s 
them through the CES to the proper thruster. The C DU C<•nve rts attitude error signals to 800- cps analog 

I s ignals and applies them to the flight director attitude indkato r (FDA!). Coarse- and fine -alignment 
commands gene rated by the LGC are coupled to the IMU th r·JU{�h the CDU. 
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The PGNS provides the navigational data required for vehicle guidance. These data include 
line-of-sight (LOS) data from an alignment optical telescope (AOT) for inertial reference alignment, sig
nals for initializing and aligning the AGS, and data to the astronauts for determining the location of the 
computed landing site. 

The AGS is primarily used only if the PGNS malfunctions. If the PGNS is functioning 
properly when a. mission is aborted, it is used to control the vehicle. Should the PGNS fail, the lunar 
mission would have to be aborted; thus, the term "abort guidance section. " Abort guidance provides only 
guidance to place the vehicle in a rendezvous trajectory with the CSM or in a parking orbit for CSM-active 
rendezvous. The navigation function is performed by the P GNS and the Radar Subsystem, but the naviga
tion information also is supplied to the AGS. In case of a PGNS malfunction, the AGS uses the last navi
gation data provided to it. The astronaut can update the navigation data by manually inserting RR data 
into the A GS .  

T h e  A GS  is used as backup for the P GNS during a vehicle mission abort. It determines the 
vehicle trajectory or trajectories required for rendezvous with the CSM and can guide the vehicle from 
any point in the mission, from separation to rendezvous and docking, including ascent from the lunar 
surface. It can provide data for attitude displays, make explicit guidance computations, and issue com
mands for firing and shutting down the engines. Guidance can be accomplished automatically, or man
ually by the astronauts, based on data from the AGS. When the AGS is used in conjunction with the CES, 
it functions as an analog autopilot. 

The AGS is an inertial system that is rigidly strapped to the vehicle rather than mounted on 
a stabilized platform. Use of the strapped-down inertial system, rather than a gimbaled system, offers 
sufficient accuracy for lunar missions, with savings in size and weight. Another feature is that it can be 
updated manually with radar and optical aids. 

The CES processes Reaction Control Subsystem (RCS) and Main P ropulsion Subsystem 
(MPS) control signals for vehicle stabilization and control. To stabilize the vehicle during all phases of 
the mission, the CES provides signals that fire any combination of the 16 RCS thrusters. These signals 
control attitude and translation about or along all axes. The attitude and translation control data inputs 
originate from the PGNS during normal automatic operation, from two hand controllers during manual 
operations, or from the AGS during certain abort situations. 

T he CES also processes on and off commands for the ascent and descent engines and routes 
automatic and manual throttle commands to the descent engine. Trim control of the gimbaled descent 
engine is also provided to assure that the thrust vector operates through the vehicle center of gravity. 

These integrated sections (PGNS, AGS, and CES) allow the astronauts to operate the vehicle 
in fully automatic, several semiautomatic, and manual control modes. 

2. 1. 1. 1 P rimary Guidance and Navigation Section. 

The PGNS includes three major subsections : inertial, optical, and computer. (See figure 
2. 1 - 3. ) Individually or in combination they perform all the functions mentioned previously. 

The inertial subsection (ISS) establishes the inertial reference frame that is used as the 
central coordinate system from which all measurements and computations are made. The ISS measures 
attitude and incremental velocity changes ,  and a5sists in converting data for computer use, onboard dis 
play, or telemetry. Operation is started automatically by a guidance computer or by an astronaut using 
the computer keyboard. Once the ISS is energized and aligned to the. inertial reference, any vehicle 
rotation (attitude change) is sensed by a stable platform. All inertial measurements (velocity and attitude) 
are with respect to the stable platform. These data are used by the computer in determining solutions to 
the guidance problems. The ISS consists of a navigation base, an inertial measurement unit (IMU) , a 
coupling data unit (CDU) , pulse torque assembly (PTA) , power and servo assembly (PSA), and signal 
conditioner assembly (SCA). 
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GUIDANCE ,  NAVIGATION ,  AND CONT ROL SUBSYSTEM. 

INT RODUCTION. 

The primary function of the Guidance, Navigation, and Control Subsystem (GN&CS) is 
accumulation, analysis, and processing of data to ensure that the vehicle follows a predetermined flight 
plan. The GN&CS provides navigation, guidance, and flight control to accomplish the specific guidance 
goal. To accomplish guidance, navigation, and control, the astronauts use controls and indicators that . 
interface with the various GN&CS equipment. (See figure 2. 1 - 1 . ) Functionally, this equipment is con- I 
tained in a primary guidance and navigation section (PGNS) , an abort guidance section (AGS) , and a con-
trol electronics section (CES) . (See figure 2. 1 -2. ) 

The PGNS provides the primary means for implementing inertial guidance an(i optical navi
gation for the vehicle. When aided by either the rendezvous radar (RR) or the landing radar (LR) ,  the 
P GNS provides for radar navigation. The P GNS, when used in conjunction with the CES, provides auto
matic flight control. The astronauts can supplement or over ride automatic control, with manual inputs. 

T he P GNS acts as a digital autopilot in controlling the vehicle throughout the mission. Nor
mal guidance requirements include transferring the vehicle from a lunar o rbit to its descent profile, 
achieving a successful landing at a preselected or c rew- selected site, and performing a powered ascent 
maneuv e r  that results in terminal rendezvous with the CSM. 
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Priority Control. The priority control establishes a processing priority for operations that are performed 
by the LGC. Priority control is related to the sequence generator in that it controls the instructions to 
the LGC. The priority control processes input- output information and issues order code and instruction 
signals to the sequence generator and a 12-bit addresses to the central processor. 

The priority control consists of start, interrupt, and counter ins truc tion control circuits .  The start 
instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power 
failure occurs, or if the interrupt instruction control is not functioning properly . The LGC is initialized 
with the start order code s ignal, which not only commands the sequence generator to execute the start 
instruction, but resets other c ircuits . When the s tart order code s ignal is being used, issued, a stop 
s ignal is sent to the timer. This signal s tops the time pulse generator until all essential circuits have 
been reset and the start instruction has been initiated by the sequence generator. 

The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt 
order code s ignal to the sequence generator, and the 12- bit address to the central processor. There are 
10 addresses, each of which accounts for a particular function that is regulated by the interrupt instruc
tion control. The interrupt instruction control links the DSKY, telemetry , and time counters to the 
program. The interrupt addresses are transferred to the central processor by read control pulses from 
the sequence generator. The input-output c ircuits are the source of the DSKY, telemetry , and time 
counter inputs. The interrupt instruction control has a built-in priority chain which allows sequential 
control of the 10 interrupt addresses. The decoded addresses from the central processor control the 
priority operation. 

The counter instruction control is s imilar to the interrupt instruction control in that it units input-output 
functions to the program. It also supplies 12-bit addresses to the central processor and instruction sig
nals to the sequence generator. The instruction s ignals cause a delay (not a interruption) in the program 
by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the 
central processor by read control pulses. The counter instruction control also has a built- in priority of 
the 29  addresses it can supply to the central processor. The priority is also controlled by decoded 
counter address s ignals from the central processor. The counter instruc tion control contains an alarm 
detector, which produces an alarm if an incremental pulse is not processed properly. 

Input- Output Interfaces. The input interface receives s ignals from the PGNS and other sources . (Refer 
to table 2. 1-3. ) These s ignals are conditioned and isolated by the input interface before they are routed 
into the LGC logic circuitry. The output interface conditions and isolates the LGC output signals before 
routing them to their assigned destinations. The input and output circuits of the LGC include storage and 
gating devices, which are referred to as input-output channels . 

Most input and output channels are flip-flop registers. Certain discrete inputs are applied to individual 
gating circuits, which are part of the input channel s tructure.  Input data are applied directly to the input 
channels; there is no write process as in the central processor. However , the data are read out to 1 
the central processor under program control. The input logic circuits accept inputs that cause interrupt 
sequences within the LGC. These incremental inputs (acceleration data from the PIPA's ,  etc) are applied 
to the priority control c ircuits and, subsequently to associated counters in erasable memory . 

Outputs from the LGC are placed in the output channels and are routed to specific systems through the 
output interface circuits . The operatioq is identical with that in the central processor. Data are written 
into an output channel from the write lines and read out to the interface circuits under program control. I The downlink word is also loaded into an output channel and routed to the IS by the downlink c ircuits. The 
output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuous outputs, 
since the logic is specifically powered during normal operation of the LGC and during standby. 

Channel No. 1 .  This channel is the L- register of the LGC.  

Channel No. 2 .  This channel is the quotient (Q) register of the LGC . 

Channel No. 3 .  This channel is the high-order scaler. The channel furnishes a 14- bit 
positive number whose least s ignificant bit has a weight of 5 .  12 seconds. The maximum content of the 
register is 23 .  3 hours.  
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Priority Control. The priority control establishes a processing priority for operations that are performed 
by the LGC . Priority control is related to the sequence generator in that it controls the instructions to 
the LGC. The priority control processes input- output information and issues order code and instruction 
s ignals to the s equence generator and a 12- bit addresses to the central processor. 

The priority control consists of s tart, interrupt, and counter instruction control circuits . The start 
instruction control circuit initializes the LGC if the program works itself into a trap, if a transient power 
failure occurs , or if the interrupt instruction control is not functioning properly. The LGC is initialized 
with the start order code s ignal, which not only commands the sequence generator to execute the start 
instruction, but resets other circuits . When the s tar t  order code s ignal is being used, issued, a s top 
s ignal is sent to the timer. This signal s tops the time pulse generator until all essential circuits have 
been reset and the start instruction has been initiated by the sequence generator. 

The interrupt instruction control forces execution of the interrupt instruction by sending the interrupt 
order code signal to the sequence generator, and the 12-bit address to the central processor. There are 
10 addresse s ,  each of which accounts for a particular function that is regulated by the interrupt instruc
tion control. The interrupt instruction control links the DSKY, telemetry , and time counters to the 
program . The interrupt addresses are transferred to the central processor by read control pulses from 
the sequence generator. The input- output c ircuits are the source of the DSKY, telemetry , and time 
counter inputs . The interrupt instruc tion control has a built- in priority chain which allows sequential 
control of the 10 interrupt addresses. The decoded addresses from the central processor control the 
priority operation. 

The counter instruction control is s im ilar to the interrupt instruction control in that it units input- output 
functions to the program. It also supplies 12-bit addresses to the central processor and instruction s ig
nals to the sequence generator. The instruction s ignals cause a delay (not a interruption) in the program 
by forcing the sequence generator to execute a counter instruction. The addresses are transferred to the 
central processor by read control pulses. The counter ins truction control also has a built- in priority of 
the 2 9  addresses it can supply to the central processor. The priority is also controlled by decoded 
counter address s ignals from the central processor. The counter instruction control contains an alarm 
detector, which produces an alarm if an incremental pulse is not processed properly . 

Input- Output Interfaces. The input interface receives s ignals from the PGNS and other sources . (Refer 
to table 2. 1-3. ) These s ignals are conditioned and isolated by the input interface before they are routed 
into the LGC logic circuitry. The output interface conditions and isolates the LGC output s ignals before 
routing them to their assigned des tinations. The input and output circuits of the LGC include s torage and 
gating devices , which are referred to as input- output channels. 

Most input and output channels are flip- flop registers . Certain discrete inputs are applied to individual 
gating circuits, which are part of the input channel s tructure. Input data are applied directly to the input 
channels; there is no write process as in the central processor. However, the data are read out to 1 
the central processor under program control. The input logic circuits accept inputs that cause interrupt 
sequences w ithin the LGC. These incremental inputs (acceleration data from the PIPA ' s ,  etc) are applied 
to the pr iority control c ircuits and, subsequently to associated counters in erasable memory . 

Outputs from the LGC are placed in the output channels and are routed to specific systems through the 
output interface c ircuits . The operatioq is identical with that in the central processor. Data are wr itten 
into an output channel from the write lines and read out to the interface c ircuits under program control. I The downlink word is also loaded into an output channel and routed to the IS by the downlink c ircuits. The 
output timing logic gates synchronization pulses (fixed outputs) to the PGNS. These are continuous outputs , 
since the logic is specifically powered during normal operation of the LGC and during standby. 

Channel No . 1 .  This channel is the L- register of the LGC. 

C hannel No. 2 .  This channel is the quotient {Q) register of the LGC. 

Channel No . 3. This channel is the high-order scaler. The channel furnishes a 14- b it 
positive number whose least s ignificant bit has a weight of 5 .  12 seconds . The maximum content of the 
register is 23.  3 hours . 
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processor, where it is decoded and processed. A number of key codes are required to specify an address 
or a data word. The program initiated by a key code also converts the information from the DSKY key
board to a coded display format. The coded display format is transferred by another program to an 
output channel of the LGC and sent to the DSKY for display. The display is a visual indication that the key 
code was properly received, decoded, and processed by the LGC. 

Timer. The timer generates the timing signals required for operation of the LGC. It is the primary 
source of timing s ignals for all subsystems. 

The master clock frequency , generated by an oscillator, is applied to a clock divider logic circuit. The 
clock divider logic divides the mas ter clock frequency into gating and timing pulses at the basic clock 

I rate of the LGC (1 ,  024 kpps). This basic clock rate is also applied to a scaler and a time pulse generator. 
The scaler further divides the output of the clock divider logic into pulses and s ignals which are used for 
gating, for generating rate s ignal outputs , and for accumulating time. The time pulse generator produces 
a recurring set of time pulses which define a spec ific memory cycle during which access to memory and 
data flow take place within the LGC. 

Sequence Generator. The sequence generator executes the instruc tions stored in memory , processes 
instruction codes and produces control pulses that regulate data flow of the LGC . The control pulses 
control the operations assigned to each instruction and the data stored in memory . 

The sequence generator consists of an order code processor, a command generator ,  and a control pulse 
generator. The sequence generator receives order code s ignals from the central processor and priority 
control. These s ignals are coded by the order code processor and supplied to the command generator. 
Another set of control pulses are used for gating the order code s ignals into the sequence generator at the 
end of each ins truction. The command generator decodes the input s ignals and produces instruction 
commands which are supplied to the control pulse generator. 

The control pulse generator receives 12 time pulses from the timer. These pulses occur in cycles and 
are used for producing control pulses in conjunction with the instruction commands . There are f ive types 
of control pulses: read, write, test, direct exchange ,  and special purpose. Information in the central 
processor is transferred from one register to another by the read, write, and direct exchange control 
pulses. The spec ial purpose control pulses regulate the operation of the order code processor. The test 
control pulses are used within the control pulse generator. Branch tes t  data from the central processor 
change the control pulse sequence of various functions. 

Central Processor. The central processor performs all arithmetic operations required of the LGC, 
buffers all information coming from and going to memory , checks for correct parity on all words coming 
from memory , and generates a parity bit for all words written into memory . The central processor 
consists of flip-flop registers; write, clear, and read control logic; write amplifiers; a memory buffer 
register; a memory address register; a decoder; and parity logic. 

Primarily , the central processor performs operations dictated by the basic instructions of the program 
stored in memory . Communication within the central processor is accomplished through write ampli
fiers. Data flow to or from memory to the registers , between individual registers, or into the central 
processor from external sources. Data are placed on the write lines and are routed to a specific register 
or to another part of the central processor under control of the write, clear, and read logic. This logic 
accepts control pulses from the sequence generator and generates s ignals to read the contents of a 
register onto the write lines and to write the contents into another register of the central processor or 
another area of the LGC .  The particular memory location is specified by the contents of the memory 
address register. The address is fed from the write lines into this register, the output of which is 
decoded by the address decoder logic. Data are subsequently transferred from memory to the memory 
buffer register. The decoded address outputs are also used as gating functions w ithin the LGC . 

External inputs through the write amplifiers include the contents of the erasable and f ixed memory bank 
registers, all interrupt addresses from priority control, control pulses associated with specific arithme
tic operations , and the start address for an initial start condition. Information from the input and output 
channels is placed on the write lines and routed to specific des tinations within or external to, the central 
processor. 
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The time 6 ,  5 ,  3 ,  and 4 interrupt conditions are internal interrupts initiated by the LGC. 
The first key interrupt is initiated when a DSKY pushbutton is pressed. A mark s ignal, indicating a 
s ighting, initiates the second key interrupt. The uplink interrupt indicates completion of an uplink word. 
The radar interrupt is generated when a complete radar work is received. As the ACA is moved out of 
detent the hand controller interrupt is initiated. 

Before a priority program can be executed, the current program must be interrupted. The 
contents of the program counter and any intermediate results contained in the central processor should 
be preserved. The prio rity control produces an interrupt request s ignal, which is sent to the sequence 
generator. The s ignal, ac ting as an order code , executes as instruction that transfers the contents of the 
program counter and any intermediate results to m e mory. The interrupt request s ignal also transfers 
the priority program address from priority control to the c entral processor and, then, to m emory through 
the write lines. As a result, the first basic instruction word of the priority program is entered into the 
c entral processor , from memory , and execution of the priority program begins . The las t instruction of 
each priority program restores the LGC to normal operation, provided no other interrupt request is 
present, by transferring the previous contents of the program counter and intermediate results from their 
storage locations in memory back to the central processor. 

Data pertaining to the flight, which include real time, acceleration, and IMU g imbal angles , 
are s tored in memory locations called counters. The c ounters are updated as soon as new data becomes 
available .  Data inputs to priority control are called incremental pulses. Each incremental pulse pro
duces a counter address and a priority request. The priority request signal is sent to the s equence 
generator as an order c ode . The control pulses produced by the s equence generator transfer the counter 
address to memory through the write lines of the central processor. The control pulses also enter the 
contents of the addressed counter into the central processor. 

Real tim e ,  which is used in solving guidance and navigation problems , is maintained within 
the LGC, in the main time counter of memory . The main time counter provides a 745 . 6 5 - hour (approxi -, 
mately 3 1  days) clock. Incremental pulses are produced in the timer and sent to priority control to 
increase the main time counter. The LGC clock is synchronized with ground elapsed time (GET) which 
is "time zero" at launch. The LGC time is trans mitted once every second by downlink operation for com
parison with the G ET of MSFN. 

Incre mental transmissions occur in the form of pulse bursts from the output channels to 
the CDU, the gyro fine alignment electronics , and the radars . The numbe r of pulses and the time 
at which they occur are controlled by the LGC program. Discrete outputs originate in the o utput channels 
under program control. These outputs are sent to DSKY and other subsystems. A continuous pulse train 
at 1 .  0 2 4  me or iginates in the tim ing output logic and set as a synchronization s ignal to the tim ing elec
tronics asse mbly in the IS. 

The uplink word from MSFN via the digital uplink assembly (DUA) is supplied as an incre
mental pulse to priority control. As this word is rece ived, priority control produces the address of the 
uplink counter in memory and requests the s equence generator to execute the instructions that perform 
the serial- to-parallel conversion of the input word. When the convers ion is completed, the parallel word 
is transferred to a s torage location in memory by the uplink priority program. The uplink priority 
program also retains the parallel word for subsequent downlink transmiss ion. Another program converts 
the parallel word to a coded display format and transfers the display information to the DSKY. 

The downlink operation of the LGC is asynchronous w ith respect to the IS. The IS supplies 
all the timing s ignals necessary for the downlink operation. (Refer to paragraph 2. 1 .  2 for interface 
discus s ion. ) 

Through the DSKY, the as tronaut can load information into the LGC ,  retrieve and display 
information contained in the LGC , and initiate any program s tored in memory. A key code is ass igned 
to each keyboard pushbutton. When a DSKY pushbutton is pressed, the key code is produced and sent to 
an input channel of the LGC. A signal is also sent to prior ity control, where the s ignal produces the 
address of a pr ior ity program stored in m emory and a priority request signal. The prio rity request 
s ignal is sent to the sequence generator.  This results in an o rder code and initiates an ins truction for 
interrupting the program in progress and for executing the key inter rupt No . 1 pr io rity program s tored 
in memory . This program transfers the key code temporarily s tored in an input channel ,  to the c entral 
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flight data that are displayed to assist the astronaut during various phases of the mission are as follow s :  
total LM attitude, attitude errors , altitude and altitude rate, forward an d  lateral velocities, and percen
tage of descent engine thrust commanded by the LGC. 

Total attitude is generated from the IMU gimbal angles. With the ATTITUDE MON switch 
(panel 1) set to PGNS, the IMU gimbal angles are routed to the gimbal angle sequencing transformation 
assembly (GASTA) . The GASTA transforms the gimbal angles into signals of the proper configuration of 
total attitude. The total attitude signals are applied to the FDA! sphere for direct astronaut readout. The 
FDAI also displays roll, pitch, and yaw rates and errors. The FDA! rate ilidicators monitor the rate of 
change of angular position. When the RATE/ERR MON switch (panel 1) is set to LDG RDR/CMPTR, the 
FDAI error indicators indicate the deviation between the programmed and actual attitude. The FDA! rate 
indicators are fed from the C ES rate gyro s ;  the pitch, yaw, and roll attitude errors are supplied from the 
LGC through the C DU .  

The astronauts can select the LR, P GNS, or A GS  a s  the source for the altitude an d  altitude
rate parameters. When the MODE SEL switch is set to PGNS, the LGC calculates altitude and altitude 
rate, but issues signals for display of either altitude or altitude rate. Altitude and altitude rate are not 
displayed simultaneously. These signals are routed through the RNG/ALT MON switch (panel 1) to the 
ALT and ALT RATE indicators (panel 1). 

Forward and lateral velocities are displayed on the X-pointer indicator. The indicator 
receives velocity signals from the LGC via the C DU when the MODE SEL switch is set to PGNS. The 
LGC calculates the velocities from its stored information and from information received from the LR 
The LGC feeds the calculated data to the CDU for digital-to-analog conversion before display. The 
X-POINTER SCALE switch (panel 3) selects the scale of the indicator. The type of velocity and the 
scale selected are indicated by illuminated placarding on the borders of the X-pointer indicator. 

T he amount of descent engine throttling, as commanded by the LGC, is routed to the C ES. 
The CES sends this command to the THRUST indicator (panel 1) and to the descent engine. The THRUST 
indicator also displays the amount of thrust sensed at the engine thrust chamber,  so that a comparison 
can be made. 

P GNS vehicle control includes interfacing for attitude and translation control and for pro
pulsion control (descent and ascent engine) . C ommands from the LGC are routed through the CES to the 
RCS thrusters and to the ascent and descent engines for proper flight control. 

2. 1. 3. 4 General Operation of Abort Guidance Section, (See figure 2. 1 - 16. ) 

C ontrol of the LM by the AGS depends on the settings of various cabin switches and on DEDA 
entries. Attitude control, using the RCS, must be under mode control [ROLL, PITCH, and YAW 
ATTITUDE CONTROL switches (panel 3) set to MODE CONT.] 

For the AGS to effect guidance steering (not merely attitude hold) and engine control, the 
GUID CONT switch must be set to AGS and the MODE CONTROL: AGS switch must be set to AUTO. For 
nominal DPS operation, the ENG ARM switch is set to DES and the engine START pushbutton is pressed. 
For abort DPS operation, the ABORT pushbutton (panel 1) is pressed to arm the descent engine. Ascent 
engine operation is similar to descent engine operation, except that the ENG ARM switch is set to ASC. 
For APS operation in abort situations, with the descent stage attached, the ABORT STAGE pushbutton 
(panel 1) is pressed to arm the ascent engine .... 

The MODE SE L, ATTITUDE MON, and RATE/ERR MON switches (panels 1 and 2) are used 
to monitor AGS maneuvers. When these switches are set as indicated in figure 2. 1 - 1 6 ,  the FDAI' s 
X-pointer indicators, and the ALT and ALT RATE indicators display the information required to monitor 
AGS operations. 

The AGS STATUS switch (panel 6) provides power to the AGS when the AC BUS B :  AGS and 
STAB/CONT : ASA and AEA circuit breakers are closed. With the AGS STATUS switch set to OFF, 
closing the ASA circuit breaker causes the ASA to be in a temperature-controlled condition. Closing the 
AEA circuit breaker causes power to be applied to the AEA. Closing the AGS circuit breaker applies 
1 5 -volt (rms) , 400-cps power to the AGS power supply. 
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2 . 1 . 3. 5. 2 T ranslation Control. (See figure 2 . 1 - 17 . ) 

Automatic and manual translation control are available in all three axes, using the RCS. 
Automatic control consists of thruster commands from the LGC to the jet drivers in the ATCA. These 
commands are used for translations of small velocity increments and for ullage settling before ascent or 
descent engine ignition after coasting phases. Manual control in the primary guidance mode consists of 
on and off commands from a TTCA, through the LGC. to the primary preamplifiers. In the abort guid
ance mode, only manual control is available. Control consists of on and off commands from a TTCA to 
the jet selected logic in the ATCA. The voltage is sufficient to satL .lte the PRM' s and provide control 
of the thrusters. RCS thrust (+X-axis) is available when the +X TR!\.NSL pushbutton is pressed. The 
secondary solenoids of the four downward-firing thrusters (BID, A2D, B3D, A4D) are energized as long 
as the +X TRANSL pushbutton is pressed. 

2.  1. 3 .  5. 3 Descent Engine Control. (See figure 2.  1 - 1 8 . ) 

Descent engine control accomplishes major changes in LM velocity. 

Ignition and Shutdown. Descent engine ignition is controlled by the PGNS and the astronaut through the 
CES. Before ignition, the engine must be armed by setting the ENG ARM switch (panel 1) to DES. This 
J.ction sends an engine arm discrete to the LGC and to the S&C control assemblies. Engine-on commands 
from the LGC or AGS are routed to the DECA through the S&C control assemblies. When it receives the 
engine arm and start discretes from the S&C control assemblies, the DECA commands the descent engine 
on. The engine remains on until an engine-off discrete is initiated with either stop pushbutton (panels 5 
and 6) . An engine-off discrete is generated when the .l V reaches a predetermined value. The astronauts 
can command the engine on or off, using the engine START (panel 5) and stop pushbuttons. 

Throttle Control. Descent engine throttle (thrust) can be controlled by the PGNS and/or the astronauts. 
Automatic throttle (increase/decrease) signals from the LGC are sent to the DECA. The analog output of 
the DECA controls descent engine thrust from 10% to maximum thrust (92. 5%) .  In the automatic mode 
(THR CONT switch set to AUTO) , the astronauts can use the TTCA' s to increase descent engine thrust. 
When the THR CONT switch is set to MAN, the astronaut has complete control over descent engine thrust. 
If a TTCA is used for throttle control, X-axis translation capability is disabled. 

T rim Control. Descent engine trim is automatically controlled during the primary guidance and abort 
guidance modes,  to compensate for center-of-gravity offsets during descent engine operation. In the 
primary guidance mode, the LGC routes trim on and off signals in two directions, for each gimbal axis,  
to the DECA. These signals operate power control circuitry, which drives the GOA's. In the abort 
guidance mode, Y- and Z-axis signals that drive the GOA's are routed from the ATCA to the DECA. The 
GOA's  tilt the descent engine along the Y-axis and Z - axis a maximum of +6° or -6° from the X-axis. 
GOA's  are activated during periods when descent engine is armed. 

2. 1. 3. 5. 4 Ascent Engine C ontrol. (See figure 2. 1 - 19 . ) 

Ascent engine ignition and shutdown can be initiated by the PGNS, AGS, or the astronaut. 
Automatic and manual commands are routed to the S&C control assemblies. These assemblies provide 
logically ordered control of LM staging and engine on and off commands. The S&C control assemblies 
provide a positive command for fail-safe purposes if the engine-on command is interrupted. In the event 
of an abort stage command while the descent engine is firing, the S&C control assemblies provide a time 
delay before commanding LM staging and ascent engine ignition. The time delay ensures that descent 
engine thrusting has completely stopped before the LM is staged. 

2 .  1 .  3. 6 Power Distribution. (See figure 2. 1 - 20. ) 

Each section of GN&CS receives its power independently of the other sections, from the 
CDR's and the LMP ' s  buses through the circuit breakers on panels 1 1  and 1 6, respectively. The flight 
displays associated with the GN&CS receive power from CDR's a-c and d-e buses. When power is sup
plied to a particular display, a power-on indicator is energized. For the X-pointer, THRUST, RANGE, 
and RANGE RATE indicators, the power-on indicator 1S a lamp ; for the FOAl 's .  talkbacks are used. The I 
MISSION TIMER and the E VENT TIMER do not have power-on indicators. 
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PGNS Power Distribution. 

The LGC receives 28-volt d-e primary power from the PGNS: LGC/DSKY circuit breaker. 
I The primary power is used by power supplies within the LGC to develop +14- and +4-volt d-e power. 

These outputs are used for logic power within the LGC. The +14-volt d-e power supply also provides an 
input to the DSKY power supplies. The +4-volt d-e power supplies (2) of the LGC provide power for the 
standby and operate modes of LGC operation. 

The standby mode of operation is initiated by pressing the PRO pushbutton on the DSKY, 
after keying the appropriate setup command (verb-noun combination) . During standby, the LGC is put 
into a restart condition and the +4- and +14-volt d-e supplies are switched off. This places the LGC in 
a low-power mode in which only the LGC timer and a few auxiliary assemblies are operative. The DSKY 

I power supply receives +28- and +14-volt de and an 800-pps sync from the LGC. The power supply de
velops 275-volt, 800-cps power for the DSKY electroluminescent displays. 

I 

The power and servo assembly (PSA) receives input power from the PGNS: LGC/DSKY, 
IMU STBY, and IMU OPR circuit breakers. The input voltage is 27. 5±2. 5 volts de, with transient limits 
between 24. 0 and 31 .  8 volts de. In addition to the d-e input from the EPS, the PSA power supplies re
quire clock pulses (800 pps, 3. 2 kpps, and 25. 6 kpps) from the LGC. The PSA power supplies are as 
follows: 

• 28-volt, 800-cps, ± 1% power supply 

• 28-volt, 800-cps, 0 ° ¢  , ± 5% power supply 

• 28-volt, 800-cps, -90° ¢ , ± 5% power supply 

• - 28-volt d-e power supply 

• 28-volt, 3, 200-cps power supply 

The 800-cps power supplies provide the PGNS with 1%, 5% -90° ¢ , and 5% 0° </> power. The 
I 28-volt, 800-cps, 1% power supply provides the IMU resolver excitation, servoamplifier demodulator 

reference, a reference signal to the FDAI' s, a reference to the coupling data unit, RR resolver excitation, 
and ACA excitation. The 28-volt, 800-cps, 5% power supply provides the -90° and 0° excitation power for 
the gyro wheels,  the IMU blowers, PIP fixed heater power, and bias heater power. The - 28-volt d-e 
power supply provides negative d-e inputs to the a-c amplifiers used in the inertial loops and power to the 
three gimbal servoamplifiers in the stabilization loops and to the pulse torque assembly power supply to 
generate - 20 volts de for use in accelerometer loops. The 28-volt, 3, 200-cps power supply provides the 
IMU with 28-volt power, which is then reduced through a transformer to 2- and 4-volt levels. The power 

1 supply provides excitation voltages (2 and 4 volts) for signal ducosyn signal-generator excitation and for 
magnetic suspension winding excitation for the torque and signal ducosyns of the !RIG' s and PIPA's. The 
3, 200-cps output is also used as a reference for the demodulator of the gimbal servoamplifier in all 
modes of operation, except the coarse-alignment mode. 

The pulse torque assembly (PTA) derives input power from the PSA when the IMU operate 
command is generated. The PTA power supply is synchronized by a 1 2. 8-kpps clock pulse from the LGC. 

I The PTA power supply provides +20 volts de to the three binary current switches in the PIPA loops and 
+120 volts de to the binary current switch and Q-c differential amplifier in the fine-alignment electronics 
associated with the stabilization loops of the IMU. The PTA also provides three separate +28-volt d-e 
precision voltage references to each of the three PIPA d-e differential amplifiers. 

The CDU power supplies (+4 and +14 volts de) receive 28 volts, 800 cps, and +28 volts de I (IMU operate signal) from the PSA, and a sync pulse from the LGC. The power supplies provide a reg
ulated output voltage for use in the CDU logic circuitry. Under full load conditions , the +4-volt d-e power 
supply is required to provide +4 volts de ±1 %, at 2. 5 to 3.  0 amperes. 
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The signal conditioner assembly (SCA) receives its operating power from the PSA. The I· operating power includes IMU operate and IMU standby +28 volts de used for B+ voltage in the SCA 
circuits, and reference voltages consisting of 800-cps and 3, 200-cps 1% feedback voltage from the IMU. 
Three additional reference voltages (2. 5 volts de for bias, an 800-cps square wave, and a 3 ,  200-cps 
square wave) are generated in the SCA. 

The AOT receives 1 1 5  volts ac for illumination of the reticle, from the AC BUS A and the 
AC BUS B :  AOT LAMP circuit breakers. The heaters in the AOT receive power from the CDR' s d-e 
bus through the HEATERS: AOT circuit breaker. 

2. 1. 3. 6. 2 AGS Power Distribution. 

All power (ac and de} required by the ASA is provided by the ASA power supply, which 
receives 28-volt d-e power from the STAB/CONT : ASA circuit breaker (panel 1 6) .  The power supply 
provides regulated 28 volts de for current regulators, + 1 2  volts de to bias amplifiers in the accelerom
eters, +4 volts de for use in a frequency countdown subassembly and the gyros, - 1 2  volts de for use in 
the gyros, - 6  volts de for use as bias for the gyros, and -2 volts de for use as bias in the frequency 
countdown subassembly. A-C voltages are provided for the accelerometer gyros and pulse torquing 
servoassemblies by 28-volt, 800-cps inputs from the ATCA. 

The AEA uses two power supplies. One operates in the standby and operates modes. It 
supplies power to clock countdown circuits and for the three integrating registers of the input-output 
subassembly. The other power supply operates in the operate mode and supplies power to the remainder 
of the AEA. These power supplies receive 28-volt d-e power from the ST AB/CONT : AEA circuit 
breaker (panel 16} and 1 15-volt, 400-cps power from the AC BUS B: AGS circuit breaker (panel 1 1} .  
They also receive 28-volt, 800-cps power from the ATCA power supply for synchronization. The operate 
power supply provides - 2, +4, +6, +13. 5, +14,  - 13. 5, and -18  volts de. 

The DEDA operating power consists of +4 and -2 volts de supplied by the operate power 
supply of the AEA. 

2.  1. 3.  6. 3 CES Power Distribution. 

The C DR's and LMP 's 28-volt d-e buses and the CDR's 1 1 5-volt a-c bus supply power to the 
CES. The ACA receives 28-volt d-e power from the CDR's bus for two-jet direct control through the I STAB/CONT: ATT DIR CONT circuit breaker. D-C excitation from the ATCA is used by the ACA to 
generate pulse commands. Proportional rate commands are generated from a 28-volt, 800-cps signal 
from the ATCA. This input signal to the ACA is also used by the TTCA during AGS control, for gene r-
ation of throttle commands. During PGNS control, the PSA supplies the excitation voltage for the TTCA. 
The TTCA receives ±1 5 volts de via an S&C control assembly from the ATCA power supply for the gener
ation of translation commands. The STAB/CONT : ATT DIR CONT circuit breaker also provides power 
for the secondary coils of the TCA's during the direct mode and when the +X TRANSL pushbutton is used. I 

The ATCA primary power supply receives 28 volts de from the LMP' s bus through the I 
STAB/CONT: ATCA circuit breaker. When the ATCA/AGS circuit breaker is on and GUID CONT switch 
is set to AGS and the MODE CONTROL: AGS switch is set to ATT HOLD or AUTO, the thruster drivers 1 
are enabled. When the BAL CPL switch is set to ON , the 28 volts from the circuit breaker enables the 
four upward-firing thrusters. Power from the circuit breakers is also used to test the RGA, using the 
GYRO TEST switches (panel 3). 

The ATCA primary power supply provides regulated +15 ,  - 1 5 ,  and +4. 3 volts de for the 
ATCA and other GN&CS equipment, and + 6  and -6 volts de for the ATCA only. The power supply is 
synchronized by a 1 .  6-kpps signal (square wave) to generate a regulated 28-volt, 800-cps , 1• output 
and a regulated, isolated, 28-volt, 800-cps , 30 output for RGA gyro spin motor excitation. Single 
phase is also supplied for AEA signal reference excitation. If the synchronizing pulses are lost, the power 
supply runs free at 800 cps ±1%. Another ATCA power supply uses the 2 8-volt d-e input to generate re-
dundant -4.7 volts de for use within the ATCA, for j et solenoid driver bias . Also, 28-volt, 800-cps 1 
power is supplied to the RR as "backup" power and to the IS and the rate displays as reference. 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
Mission LM Basic Date 1 February 1970 Change Date 1 5  June 1 970 Page_--=2�·.;;.1_-.:.43=-----



LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

The STAB/CONT : DECA PWR circuit breaker supplies +28 volts de to the descent engine 
control circuit in the DECA. When the descent engine is armed, this input power is routed to the actua
tor isolation valves of the descent engine. The power supply of the DECA consists of a reference power 
, c1pply and an auxiliary power supply. The reference supply receives + 1 5  and - 1 5  volts de from the 

. 3 -volt d-e ATCA power supply. D-C active regulators in the reference supply convert the +15 and -1 5 
, olts de to +6 and - 6  volts de, respectively. The 6-volt outputs of these regulators are very stable ; they 
are used as a source for a voltage divider, which supplies the reference voltages to the comparators. 

T he auxiliary power supply receives 400-cps power from the CDR's a-c bus through the AC 
BUS A: DECA GMBL circuit breaker. The power supply rectifies and filters the a-c power to supply 
+22 and - 22 volts de for the DECA manual throttle circuit and +22 volts de for the power failure time
delay circuit. During an ATCA power failure, the auxiliary power supply provides +6 volts de to the 
descent engine control circuit and enables full thrust of descent engine. In addition, + 22- and -22-volt 
d-e reference voltages are used for a power failure monitor circuit in the DECA. The +15- and -15-volt 
d-e inputs to the reference power supply are also connected with the +22- and - 22-volt d-e inputs, 
respectively, to supply the manual throttle circuit if the 22-volt d-e supplies fail. 

Power from the ST AB/CONT : DES ENG CONT circuit breaker enables the engine control 
circuits in the DECA. This power is interrupted when the ABORT STAGE pushbutton is used or when the 
ABORT or STOP pushbuttons are used. The STAB/CONT : ENG START OVRD, AE LD (2) , ABORT 
STAGE (2) ENG ARM, and DES ENG OVRD circuit breakers are used in conjunction with the relay logic 
of the DEC.\ and S&C control assemblies to accomplish ascent or descent engine control. 

The GASTA receives 1 1 5  volts ac from the CDR's a-c bus through the AC BUS A: GASTA 
circuit breaker and 28 volts de from the CDR's d-e bus through the FLIGHT DISPLAYS :  GASTA circuit 
breaker. These two inputs energize the computer servo in the GASTA. 

2. 1. 3. 6. 4 ORDEAL Power Distribution. 

The ORDEAL receives 1 1 5  volts ac from the CDR's a-c bus through the AC BUS B :  ORDEAL 
circuit breaker and 28 volts de from the CDR's d-e bus through the FLIGHT DISPLAYS : ORDEAL circuit 
breaker. The 1 1 5-volt a-c power lights the ORDEAL panel and drives the resolvers. The d-e power is 
used for switching. 

2. 1. 3. 6. 5 800-cps Synchronization Loop. (See figure 2. 1-21 . ) 

Because the CES uses 800-cps analog signals as a reference, the various assemblies must 
be synchronized. In the primary guidance mode, the ACA's and TTCA's receive 28-volt, 800-cps 

I signals from the PSA of the PGNS. The proportional attitude commands to the LGC are either 
in phase or 1 80 o out of phase with this 800-cps signal . In the abort guidance mode, the ACA's and 
TTCA ' s  receive 28-volt, 800-cps signals from the ATCA. The proportional attitude commands fed back 
to the ATCA are now synchronized with the ATCA power supply. The AGS and RGA receive 28-volt, 1 800-cps signals from the ATCA ; their outputs, returned to the ATCA, are synchronized. The FDAI's also 
receive the 800-cps synchronization voltage to properly display the RGA signals. In turn, the ATCA it
self is synchronized to the clock (1 , 600 pps) of the PCMTEA; however, it can run free as its own source 
should this synchronizing pulse be lost. 

2. 1. 4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. 

2. 1. 4. 1 Primary Guidance and Navigation !ection - Inertial Subsection. 

The ISS comprises the navigation base (NB) , IMU, the coupling data unit (CDU) , the pulse 
torque assembly (PTA), the power and servo assembly (PSA), and the signal conditioner assembly (SCA) . 
(See figure 2. 1 - 22. ) 

ISS operation can be initiated automatically by the LGC, or manually by the astronaut using 
DSKY entries to command the LGC to select the various operating modes. The ISS status or mode of 
operation can be displayed on the DSKY, as determined by a computer program. The IMU furnishes the 
inertial reference; it consists of a stable member with three degrees of freedom, stabilized by three inte
grating gyros. The stable member must be aligned with respect to the reference coordinate system each 
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time the ISS is powered up. The stable member must be realigned during flight because it may deviate 
from its alignment, due to gyro drift. Also, the crew may desire a new stable member orientation. The 
alignment orientation may be that of the CSM or that defined by the thrusting programs within the LGC. 
Sighting of two stars is required for in-flight fine alignment. The stable member is aligned after the LGC 
processes sighting data that have been combined with the known IMU angles and supplies gyro-torquing 
signals to the IMU. 

Once the ISS is energized and aligned to an inertial reference, LM rotation is about the gim
baled stable member ,  which remains fixed in space. Resolvers, mounted on the gimbal axes, act as 
angle- sensing devices and measure LM attitude with respect to the stable member. These angular mea- I 
surements are displayed to the astronaut by the flight director attitude indicator (FDAI), and angular 
changes of the inertial reference are sent to the LGC. 

Desired LM attitude is calculate!! in the LGC and compared with the actual gimbal angles. A 
difference between the actual and calculated angles results in generation of attitude error signals, by the 
ISS channels of the C DU ,  which are sent to the FDAI for display. These error signals are used by the 
digital autopilot program in the LGC to activate RCS thrusters for LM attitude correction. Attitude error 
is displayed by the FDAI error needles. LM acceleration due to thrusting is sensed by three PIPA's , 
which are mounted on the stable member with their input axes orthogonal. The resultant signals (velocity 
changes) from the accelerometer loops are supplied to the LGC, which calculates the total LM velocity. 
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Figure 2. 1 - 22. Inertial Subsection - Functional Diagram 

Navigation Base. (See figure 2. 1 - 23 . ) 

The navigation base is a lightweight mount that supports, in critical alignment, the IMU , 
ASA, and AOT. It consists of a center ring with four legs that extend from either side. The IMU is 
mounted to the ends of one side of the four legs. The AOT and the ASA are mounted to the opposite ends 
of the legs. The navigation base is bolted to t� LM structure above the astronauts ' head, with three 
mounting pads on the center ring. An electrical grounding strap is attached to the center ring and to the 
LM structure. 

2. 1. 4. 1. 2 Inertial Measurement Unit. (See figure 2. 1 - 24. ) 

The IMU uses three Apollo 25-inertial reference integrating gyros (!RIG' s) to sense changes 
in stable member orientation, and three 16-pulse integrating pendulous accelerometers (PIP A ' s) to sense 
velocity changes. The 25-IRIG's are fluid- and magnetically -suspended, single-degree-of-freedom 
gyros with a 2. 5-inch-diameter case. The 16-PIPA's are fluid- and magnetically- suspended, pendulum
type devices with a 1. 6-inch-diameter case. The IMU gimbals consist of an outer gimbal mounted to the 
case, a middle gimbal mounted to the outer gimbal, and an inner gimbal (stable member) mounted to the 
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middle gir:�l:lal, All three gimbals are spherical, have 360 degrees of freedom, and are positioned by 
torque m' . :-s. The IMU also consists of a failure-detection assem .md a temperature control assem-
bly. The , omplete IMU weighs ar:. ··roximately 42 pounds. 

Inertial Reference Integrating Gyros. The !RIG's are the sensing elements of the IMU stabilization loo:1. 
The three gyros are mounted on the stable member, with their input axes mutually perpendicular. An:, 
change in the attitude of the LM changes the attitude of the stable member and is sensed by one or more 

I of the gyros. The gyros convert this displacement into an error signal, which is amplified and fed to the 
IMU gyro-torquing loop. The gyro-torquing loop repositions the stable member until this error signal is 
nulled and the original attitude of the stable member is reestablished. 

The gyros tend to maintain their attitude with respect to inertial space. If a gyro is forced to rotate about 
I the input axis (which is perpendicular to the wheel spin axis) ,  it responds with a torque about the out

put axis (which is perpendicular to the spin and input axes) .  The spin axis is displaced from its normal 
(null) alignment with the spin reference axis by an amount equal to the angle through which the output axis 
has rotated. The spin reference,  input, and output axes are always mutually perpendicular. 

The construction of the miG's is similar to that of conventional s ingle-degree-of-freedom gyros . The 
miG's consist of a wheel assembly , spherical (sealed) float, cylindrical case ,  single generator ducosyn, 

I and torque generator ducosyn. The gyroscopic wheel, mounted within the sealed float on a shaft per
pendicular to the axis of the float, spins on preloaded ball bearings . The wheel is driven by a 
hysteresis synchronous motor in an atmosphere of helium, which prevents corrosion of the ferrous parts 
and provides good transfer of heat. The helium in the float is at ·a pressure of one-half atmosphere. The 
torque generator ducosyn is mounted on one end of the float shaft; the s ignal generator ducosyn is mounted 
at the other end. 

The space between the float and the case is filled with a suspension and damping fluid. This fluid is 
maintained at the same density as the float, thereby suspending the float with respect to the case and re
moving the friction between the float pivot and bearing. The fluid density is kept equal to the density of 
the float by maintaining the gyro and its fluid at the proper temperature. The fluid also damps the float 
oscillations with respect to the case .  The space immediately surrounding the float is entirely filled with 
fluid. Most of the nonfunctional space within the gyro case is consumed by damping blocks which assist 
in the t::ontrol of the damping coefficient. 

The ducosyns consist of a separate magnetic suspension assembly and a separate transducer microsyn 
mounted as a single unit. Each ducosyn contains two separate stators , which are mounted to the case, 
and two separate rotors , which are mounted on a common ring on the float assembly . The signal gen
erator ducosyn is mounted, in the miG's ,  on the positive output-axis end of the float to provide magnetic 
suspension. The transducer microsyn provides an electrical analog signal proportional to the position of 
the float. A torque generator ducosyn is mounted on the negative output-axis end of the float to provide 
magnetic suspension. The transducer microsyn converts an electrical error signal into torque about the 
output axis. The miG magnetic suspension assembly and the primary of the s ignal generator require 
4- volt, 3 , 200- cps , single- phase excitation. In addition to the magnetic and fluid suspension, the miG's 
have a set of pivots and bearings on the output axis. 

Pulse Integrating Pendulous Accelerometers . The PIPA's are the sensing elements of the IMU acceler
ometer loops. The three accelerometers are mounted with the !RIG' s  on the stable member, with their 
input axes mutually perpendicular. Any change in LM velocity is sensed by one or more of the acceler
ometers . The PIPA's  route the change in velocity through the accelerometer loops to the LGC. The 
LGC , in turn, issues accelerometer drive s ignals to torque the PIPA's back to their null position. 

The PIPA is basically a pendulum- type device consis ting of a cylinder with a pendulous float pivoted with 
respect to a case. The axis of tne pivot defines the output axis . The space between the pendulous float 
and the case is filled with fluid. A signal generator ducosyn is mounted on the positive end of the output 
axis to provide magnetic suspension and output signals indicative of rotational position of the float. A 
torque generator ducosyn also acts as a transducer to convert torque signals, in the form of electrical 
pulses , into mechanical torque about the output axis . A 2- volt rms , 3, 200-cps , 1 q, excitation is required 
for the PIPA magnetic suspension and the primary winding of the signal generator. 
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The float body is a cylinder of beryllium, which is fitted to a shaft on which the float pivots. The rotors 
of the ducosyns are mounted on the ends of the float body . The complete float assembly is in the main 
housing assembly and the space serves as both a fluid suspension for the float and as a viscous damping 
gap for the fluid. The main housing contains a bellows assembly to take up the expans ions and contrac
tions of the fluid during heating. The end hous ings contain the ducosyn stators and the pivot bearing. 
The magnetic suspension units have tapered stator poles and a tapered rotor so that magnetic suspension 
forces are developed in both the axial and radial directions. The main housing assembly is completely 
covered by a cas e ,  which provides magnetic shielding and hermetically seals the unit. Heating coils 
between the main hous ing and case heat the suspension fluid to the proper temperature .  All electrical 
s ignals are routed through the torque generator end of the case. 

When an acceleration is sensed along the input axis of the accelerometer, the float rotates from the null 
position. This rotation is sensed by the s ignal generator ducosyns . The reference exc itation voltage of 
the signal generator is synchronized with the LGC clock, which is the reference for all GN&CS and loop 
timing. 

The output of the secondary of the s ignal generator ducosyn consists of two amplitude- modulated, sup
pressed- carrier s ignals : one of zero phase; the other, 7T phas e .  These two 180 ° out-of-phase signals 

I 

are phase- shifted 45 o from the reference exc itation (by the effect of a resistor in series with the secondary I 
w inding) and amplified by a preamplifier mounted on the stable member. 

Inner Gimbal Assembly. The inner gimbal (IG) , referred to as the stable member, is free to rotate 360 o 

about its axis. The stable member is machined from a solid block of cold-pressed and sintered beryl
lium; holes for mounting the ffiiG ' s , PIPA ' s  and the associated electronics are bored in the block. The 
s table member inputs and outputs are routed through a 40- contact slipring on each end of the inner gimbal 
axis (IGA ) .  Angular data are transmitted by multispeed transmitter resolvers (1X and 16X) , which 
supply 800- cps s ignals to the CDU' s .  A gyro error resolver , mounted on the negative end of the IGA , is 
used in the stabilization loop to transform gyro error into gimbal axis error. A d- e torque motor, 
mounted on the positive end of the axis , is used in the stabilization loop to position the stable member. 

Middle Gimbal Assembly . The middle gimbal (MG) is suspended by two intergimbal assemblies inside the 
outer gimbal. The MG supports the inner gimbal. Each intergimbal assembly provides 360 degrees of 
freedom. Howeve r ,  to avoid gimbal lock, rotation is restricted w ithin +85 o and -85 o. Each intergimbal I assembly contains a duplex-pair ball bearing (one fixed; one floated) and a 40- contact slipring for routing 
electrical inputs and outputs. A multispeed transmitter resolver, .nounted on the negative end of the 
middle gimbal axis (MGA), transmits angular data. A d-e torque motor is mounted on the opposite end 
of the axis. 

Outer Gimbal Assembly . The outer gimbal (OG) is similar to the MG ; it is suspended inside the supporting 
case by two intergimbal assemblies. Each intergimbal assembly provides 360 degrees of freedom for the 
outer gimbal axis (OGA). Each intergimbal assembly contains a duplex-pair ball bearing (one fixed, one I 
floated) , and a 50- contact slipring for routing electrical inputs and outputs. A multispeed transmitter 
resolver (1X and 1 6X) is mounted on the negative end of the OGA. A d- e torque motor is mounted on the 
opposite end of the axis. Two thermostatically controlled axial-flow blowers mounted in the outer gimbal 
walls move air from the vicinity of the middle gimbal to the walls of the case, where heat is carried 
away by water-glycol solution circulating through passages in the case. 

IMU Case. The IMU case is a spherical enclosure,  which supports the inne r ,  middle, and outer gimbals. 
The outside diameter of the case is approximately 1 2 . 5 inches. The walls of the case contain coolant 
passages through which a water- glycol soluti� is circulated to dissipate heat generated by inertial 
components and electronic modules. Two quick- disconnect fittings connect the coolant passages to the 
primary coolant loop of the ECS heat transport section. 

IMU Temperature Control Assembly. (See figure 2. 1 - 25. ) The IMU temperature control assembly 
maintains the temperature of the three !RIG' s  and three PIPA' s within required limits during IMU 
standby and operating modes. The assembly supplies and removes heat, as required, to maintain IMU 
heat balance with minimum power consumption. Heat is removed by convection, conduction, and radia
tion. The natural convection, used during the IMU standby mode, is changed to blower-controlled forced 
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convection during IMU operating modes. Forced convection between the middle gimbal and the water
glycol-cooled gimbal case is shown in figure 2. 1 - 26. The IMU is sealed to maintain internal air pressure 
at 1 atmosphere to provide the required natural and forced convection. The temperature control assem
bly consists of a temperature control circuit, a blower control circuit, and ·a temperature alarm circuit. 

The temperature control circuit applies the required nominal heat (+.130 °  ± 4  °F) to the inertial components. 
This circuit includes six !RIG end-mount heater!!') three PIPA end-mount heaters, a temperature control 
thermostat assembly mounted on the stable member, two stable member heaters, an anticipator heater, 
and a temperature control module that turns the heaters on and off, as necessary. There are three addi
tional PIPA end-mount heaters;  these are not controlled by the control module, but operate continuously 
when 28-volt, 800-cps !RIG power is applied. P ower for the other heaters is 28 volts de. 

The blower control circuit removes heat, as required, to maintain heat balance. This circuit includes a 
blower control thermostat assembly mounted on the stable member, two axial blowers mounted on the 
outer gimbal, and a blower control module that turns the blowers on and off, as necessary. The blowers I are turned off when temperature exceeds +13 9 ° ± 0. 2 °F; they do not operate during the IMU standby mode. 
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The temperature alarm circuit monitors the temperature control assembly . The alarm circuit contains an alarm thermostat !or hl�h- temperature sensing (>+134 o :.:0. 2 o F), an alarm thermostat for low-temper- I ature sensmg ( <+ 126 ±0. 2 F), and a temperature alarm module that provides a discrete to the LGC durmg normal- temperature operation (+126 o to +134 o :.:0. 2 o F). When an out- of-limit temperature occurs the TEMP light on the DSKY goes on. 

IMU Failure-Detection Assembly. The IMU failure-detection circuits monitor the 800-cps phase B power 
supply, 3, 200-cps power supply, inner gimbal servo error, middle gimbal servo error, and outer gimbal 
servo error. When a malfunction occurs, the failure-detection circuits provide an IMU failure signal to 
the LGC . The LGC processes the failure signal and routes it through the DSKY as an ISS warning indica
tion to the warning indicators on panel 1. An IMU temperature out-of-limit condition routes a signal 
through the LGC to the DSKY to turn on the TEMP condition indicator. 

2. 1 .  4. 1. 3 C oupling Data Unit. (See figure 2. 1 - 27. ) 

The CDU performs analog-to-digital conversion, digital-to- analog conversion, moding , and 
failure detection. It is a sealed container , which encloses 34 modules of 10 types. The 10 types of 
modules make up five almost identical channels : one each for the inne r ,  middle, and outer gimbals and 
one each for the RR shaft and trunnion gimbals. Several CDU modules are shared by all five channels. 

Analog-to-Digital C onversion. Analog signals are received by the CDU from the IMU or the RR 1X and 
1 6X resolvers. The magnitude of these signals is indicative of the degree of angular displacement. 

The five channel inputs are phase-shifted and attenuated by the switching logic and coarse-fine mixing 
circuit. The s ignals are used as an input to an error-detector circuit. The error detector monitors the I 
phase and amplitude of the 800-cps error output of the mixing and attenuation circuit. The phase of the 
signal determines whether the digital signal to be generated is positive or negative. The amplitude of the 
s ignal determines whether the digital pulses , equivalent to 20 arc s econds of gimbal displacement, are 
generated at 800 pps or 12. 8 kpps. The digital pulse train is the input to a 16- bit binary read counter.  

� 

The r ead counter, with binary stages designated as 20 to 2 15 , counts the pulse train generated by the rate 
select and up-down logic circuitry . The 20 (least significant) bit output is transmitted to the LGC as a 
gimbal angle change ( � 6c) equivalent to 40 arc seconds. This is the only information pertaining to gimbal 
angles or angle changes that is transmitted from the CDU to the LGC. During the ISS coarse-alignment 
mode of operation, a �6g of 1 60 arc seconds per pulse is transmitted from the 22 output stage to the error 
counter of the CDU. The two stages (20 and 25) and the remainder of the read counter permit accumula
tion of the gimbal angle , with the least s ignificant bit equivalent to 20 arc seconds of gimbal angle and the 
most significant bit (21 5) e quivalent to 1 80 o of gimbal displacement. The read counter can accumulate a 
total gimbal angle of 359 o 59'40 ' .  The contents of the read counter are not accessible for readout or dis
play at any time. 
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The primary function of the read counter is to provide the incremental 1/1 angles to be used in the coarse-
1 fine mixing and switching logic for mechanization of the trigonometric identity sin (8 - 1/1) .  When the read 

counter has accumulated value �/!equal to the angle ¢>, the input to the error detector is nulled and the read 
counter does not receive additional input pulses until a change in gimbal angle occurs. During certain 
ISS modes of operation, the read counter receives a reset pulse that sets the counter to zero. 

This command is generally given when the system is energized, to permit the gimbals and the read 
counter to come into agreement with each other before using the gimbal angle information stored in the 
computer. 

Digital-to-Analog Conversion. The error counter, a nine-bit (20 to 28) counter, is used primarily in the 
conversion of digital data to its analog equivalent. With only one exception, coarse alignment, the error 
counter is operated solely from �GC input data. Each pulse into the error counter, whether from the 
LGC or from the read counter, is equivalent to 160 arc seconds of gimbal angle displacement or attitude 
error. The counter must be enabled by an error-counter enable discrete from the LGC. When attitude 
error is to be displayed, the counter accumulates the pulse train from the LGC and maintains that value 
until the LGC either counts the value down or removes the error-counter enable discrete. In the coarse
alignment mode of operation, the read counter, as it accumulates increasing gimbal angles due to a coarse 
repositioning of the gimbal, can cause the contents of the error counter to decrease toward zero. 

When the binary stages of the error counter are switched, switches in the 800-cps ladder network of the 
digital-to-analog converter are opened or closed. As the ladder switches are closed, an 800-cps analog 
signal, whose amplitude is proportional to the contents of the error counter and whose phase is deter
mined by a positive or negative value stored in the error counter, is generated in the digital-to-analog 
converter. If the LGC moding control has selected a coarse-alignment or attitude error display mode, 
the 800-cps signal is used without conversion to de, If the error counter contents are indicative of an 
LGC-calculated forward and lateral velocity signal, the 800-cps, 0- or rr -phase signal is converted from 
ac to de for use as a display drive signal. 

Moding. The moding section of the CDU receives the following discretes from the LGC : 

e ISS CDU zero 

• ISS error-counter enable 

• RR CDU zero 

• RR error-counter enable 

• ISS coarse alignment 

• Display inertial data (DID) . 

I The DID command is routed to the LGC and the CDU moding section by setting the MODE SEL switch to 
PGNS. The LGC discretes are buffered and processed, by the moding section, to the proper logic levels 
and timing for use in other sections of the CDU. The CDU zero discrete resets the read counter to zero. 
Upon termination of the discrete, the read counter again accumulates the number of pulses equivalent to 
the actual gimbal angle. The CDU zero discrete, besides being used in the CDU, is sent to the AGS to 
initialize the PGNS angle input registers and �tart accumulation of PGNS alignment signals. 

Failure Detection. Failure-detection circuits monitor CDU circuitry for malfunctions. The failure
detection circuits monitor ISS CDU channel performance and RR CDU channel performance ; they operate 
identically for both. Upon detection of an out-of-tolerance condition, an ISS CDU failure or RR CDU 

I failure discrete is issued to the LGC. The ISS C DU failure discrete causes the LGC to issue a failure dis
crete to the caution and warning electronics for display. A RR CDU failure discrete causes the TRACKER 
condition indicator on the DSKY to go on. 
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Pulse Torque Assembly. 

The PTA consists of 17 electronic modular subassemblies mounted on a common base. 
There are four binary current switches. One furnishes torquing current to the three !RIG's and the other 
three furnish torquing current to the three PIPA's. The four d-e differential amplifier and precision 
voltage reference subassemblies regulate torquing current supplied through the binary current switches. 

The three a-c differential amplifier and interrogator subassemblies amplify accelerometer 
signal generator signals and convert them to plus and minus torque pulses. The gyro calibration module 
applies plus or minus torquing current to the !RIG's when commanded by the LGC. The three PIPA cali
bration modules compensate for the differences in inductive loading of accelerometer torque generator 
windings and regulate the balance of plus and minus torque. A pulse torque isolation transformer couples 
torque commands, data pulses, interrogate pulses , switching pulses , and synchronizing pulses between 
the LGC and PTA. Power for the other 16 subassemblies is supplied by the pulse torque power supply. 

2. 1. 4. 1. 5 Power and Servo Assembly. 

The PSA provides a central point for the PGNS amplifiers, modular electronic components, 
and power supplies. The PSA is on the cabin bulkhead behind the astronauts. It consists of 14 subas
semblies mounted to a header assembly. Connectors and harnesses are integral to the header assembly. 
A thin cover plate, mounted on the PSA, hermetically seals the assembly. During flight, this permits 
pressurization of the PSA to remain at 1 5  psi. 

The three gimbal servoamplifiers supply the torquing signals for the IMU gimbals. IMU 
moding is accomplished by the relay module. A -28-volt d-e power supply supplies power to the gimbal 
servoamplifiers and pulse torque power supply. The PSA contains one amplifier and one automatic 
amplitude control, filter, and multi vibrator subassembly for the 3 ,  200-cps , 1% power supply. The ampli
fier supplies 28 volts , 3, 200 cps, to the ducosyn transformer on the stable member and to the gimbal 
servoamplifiers; the automatic amplitude control, filter, and multivibrator subassembly regulates ampli
fier operation. 

An amplifier and an automatic amplitude control, filter and multivibrator subassembly is 
also associated with the 800-cps power supply. This amplifier supplies 28 volts, 800 cps, for IMU re
solver excitation and provides a reference signal for an 800-cps, 5% amplifier, which in turn provides a 
reference for another 800-cps, 5% amplifier. These two amplifiers, 90° apart in phase, supply 28 volts, 
800 cps, for the lMU blowers, gyro wheels, and the PIPA heaters. The IMU load compensation subas
sembly provides power-factor correction for 800-cps, 1%, and 5% supplies. The 28-volt IMU operate 
power from the CDR's 28-volt d-e bus is filtered by the PGNS supply filter subassembly. 

I 

The IMU auxiliary subassembly indicates to IS an out-of-tolerance condition of 3, 200-cps; I the 28-volt, 800-cps, 1%; and the 28-volt, 800-cps, 5%; and the gimbal error signals;  provides IMU 
turn-on moding discretes; and indicates IMU temperature out-of-tolerance condition to GSE through the 
umbilical of the launch tower (LUT). 
2. 1. 4. 1. 6 Signal Conditioner Assembly. 

The SCA preconditions PGNS measurements to a 0- to 5-volt d-e format before the signals 
are routed to the IS. There are three types of SCA output signals: PB, PU, and PD. The PB type 
are preconditioned analog signals derived from a bipolar signal. The PU type are preconditioned analog 

signals derived from a unipolar signal. The 1?D type are preconditioned bilevel discretes. The PB type 
identifies signals that are referenced to the 2. 5-volt d-e bias supply. The SCA consists of four signal
conditioning modules, which are listed, with signal description and telemetry number, in table 2. 1 - 2. 
The SCA is mounted piggyback on the PSA. 

The gimbal resolver signal-conditioning module conditions the inner, middle, and outer 
gimbal resolver sine and cosine signals. 

The IRIG and PIPA signal-conditioning module conditions the inner, middle, and outer 
gimbal !RIG error signals and the X - ,  Y-, and Z-PIPA error signals. This module also generates a 
3 , 200-cps, square-wave reference signal required to operate the SCA circuits. 
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Table 2. 1 - 2 .  Signal Conditioner Assembly - Signal-Conditioning Modules 

Signal-Conditioning 
Module 

Gimbal resolver 

IRlG and PIPA 

CDU, PIPA temper
ature, and 2.  5 -vdc 
bias 

Radar resolvers and 
120-volt PIPA supply 

Signal Description 

Sine of IG 1X resolver output 

Cosine of lG lX resolver output 

Sine of MG lX resolver output 

Cosine of MG 1X resolver output 

Sine of OG 1X resolver output 

Cosine of OG 1X resolver output 

IG IRlG error 

MG IRlG error 

OG IRIG error 

X-PIPA signal generator output 

Y-PIPA s ignal generator output 

Z - PIPA signal generator output 

3, 200 cps, 2 8-volt supply 

Pitch CDU digital-to-analog output 

Yaw CDU digital-to-analog output 

Roll CDC digital-to-analog output 

IMU standby/ off 

PIPA temperature 

LGC operate 

PCM 2. 5-vdc TM bias 

IMU 2 8-volt, 800-cps, 1 '7c 
Sine of RR shaft lX resolver output 

Cosine of RR shaft lX resolver output 

Sine of RR trunnion lX resolver output 

Cosine of RR trunnion lX resolver output 

1 20-vdc pulse torque reference 

Teleme try 
No. 

GG2 1 12 V  

GG2 1 1 3 V  

GG2 142V 

GG2143 V 

GG2 1 72 V  

GG2 1 73 V 
GG2 107V 

GG2 1 3 7 V  

GG2 1 6 7 \' 

GG2001 V 

GG2021 V 

GG2041 V 

GG1331  V 

GG22 1 9 V  

GG2249V 

GG22 79V 

GG1513X 

GG2300T 

GG1523X 

GG1 1 10 V  

GG12 01  V 

GG33 04 V 

GG3 3 05 V 

GG3324V 

GG3 3 2 5 V  

GG1040V 

The CDU, PIPA temperature, and 2. 5-volt d-e bias signal-conditioning module conditions 
the pitch, roll, and yaw CDU digital-to-analog converter outputs, the PIPA temperature sensor signal, 
ISS 28-volt standby power, and 800-cps 1% amplifier output. This module also supplies the 2. 5-volt d-e 
bias for the bipolar measurements. 

T he radar resolvers and 1 20-volt PIPA supply signal-conditioning module conditions the sine 
and cosine signals from the shaft and trunnion lX resolvers of the RR antenna assembly, and the 1 20 -volt 
output of the pulse torque power supply. This mOdule also supplies an 800-cps, square-wave reference 
signal to the SCA circuits. 

2. 1. 4. 1. 7 Inertial Subsection - Functional Loops, 

There are seven functional loops : three stabilization loops, a gyro-torquing loop, and three 
accelerometer loops. The three stabilization loops maintain the stable member rotationally fixed with 
respect to inertial space. The stable member is used as the reference to maintain the orientation of the 
accelerometers with respect to the inertial frame of reference and as an attitude reference for the LM. 
The gyro-torquing loop permits introduction of external driving signals into the stabilization loops during 
closed-loop conditions. The three accelerometer loops measure the acceleration of the stable member 
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along three orthogonal axes and integrate these data to determine velocity. The LGC uses the velocity 
data to compute LM trajectory. The accelerometer loops also generate torquing signals for torquing t·e 
PIPA ' s  back to a null position after sensing an acceleration. 

Stabilization Loops . (See figure 2. 1 - 28. ) When the stabilization loops hold the stable member inertia: 
referenced . any movement of the stable member is sensed by one or more of the three !RIG's.  This re
sults in an !RIG-signal-generator , 3,  200-cps , error-signal output, which is proportional to the rotation of 
the gyro about its input axis . This error signal is then amplified by a preamplifier, which is an integral 
part of the IRIG assembly. The Y -gyro error signal passes directly to the associated gimbal servoampli
fier through the normally closed contacts of the coarse-alignment relay . The X- and Z-gyro error signals 
are resolved about the IGA by the gyro error resolver before being introduced to the assoc iated gimbal 
servoamplifier s .  The servoamplifier current output is fed to the appropriate gimbal torque motor to re
store the stable member to its original reference position. As the stable member is returned to its origi
nal reference position , the movement sensed by the !RIG is opposite in direction but equal in magnitude to 
the disturbance input; the result is precession of the float. Due to precession, the float returns to its null 
position. Because no signal-generator output is then present, the loop is nulled and no further drive sig
nals are applied until another disturbance is introduced. 

Resolution of the X- and Z -gyro error signals is required because motion about the MGA or the OGA, with 
the stable member at some angle other than 0 ° ,  is sensed by the X-gyro and Z-gyro. The resolver then 
sums the components of gyro error that lie along the MGA or OGA and directs the gyro errors to the ap
plicable gimbal servoamplifier .  

When the stabilization loops are initially energized . the stable member is referenced to the L M  axes by 
driving the gimbals with an error signal inserted at the coarse-al ignment input to the gimbal servoampli
fiers (coarse-alignment relay energized) . U a specific inertial reference is desired, the stable member 
is aligned to the desired orientation , using the stabilization loops . The alignment is accomplished in two 
steps: coarse-alignment moding and fine-alignment moding. During coarse alignment, the gyro error sig
nals are disconnected from the gimbal servoamplifiers.  Instead , 800-cps error signals are injected 
through the coarse-alignment relay to torque the gimbals to approximately the desired position. For fine 
alignment of the stable member, the coarse-alignment relay is deenergized and gyro error signals are 
injected in the loops for additional gimbal torquing. The gyro error signals are generated by torquing the 
IRIG ' ,, with pulses originating at the LGC and processed through the pulse torque or fine-alignment elec
tronic:s loop. The stable member is then aligned and the stabilization loops hold it in this final position. 

Gyro- Torquing Loop. (See figure 2. 1 - 28. ) Using a torque generator to torque the !RIG floats , it is pos
sible to drive the IMU gimbals to new positions . This permits fine alignment of the stable member to a 
desired reference with considerable accuracy. When gyro torquing is required during the fine-alignment 
mode of operation , the LGC issues pulses , which are controlled by program 52 , that: 

• Enable the torquing electronics 

• Select the gyro to be torqued 

• Select the direction of torquing 

• Control the amoupt of torque applied . 

The three !RIG's are sequentially torqued by the LGC during fine alignment; it is possible for all three 
gyros to be controlled through one set of torq�ing electronics .  The torquing electronics consists of a 
gyro calibration module , a binary current switch, a d-e differential amplifier and precision voltage refer
ence module, and a pulse torque power supply module. 

Basically, the gyro-torquing loop operates by applying a constant current to the torque windings in the 
!RIG. When torque pulses and gyro select pulses are initiated by the LGC, a constant direct current is 
applied to an !RIG and the float is torqued a specific amount ; a specific amount of IMU gimbal rotation is 
provided. The number or torque (set) pulses applied to the current switch determines how long the torqu
ing current is applied. The gyro select pulses enable a switching network (in the gyro calibration module) , 
which closes a current path through a specific winding in a specific gyro for positive or negative torquing 
of the float. Before and after torquing, the LGC issues no-torque (reset) pulses to the current switch, 
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which enables constant current to flow along a dummy path external to the HUG' s. This reduces transients 
when torquing is initiated. The torquing loop is enabled by an LGC command, which energizes a relay to 
apply power to the loop. The constant- current supply consists of the d-e differential amplifier, the pulse 
torque power supply, and a current regulator in the binary current switch. 

Accelerometer Loops. (See figure 2. 1 - 28. ) The three accelerometer loops are identical. The pulse 
torque power supply provides +20, - 20 ,  and + 1 20 volts de and +28 volts de, regulated, to all the loops. 

The PIPA signal generator outputs are two 3 , 200-cps error signals , which are of opposite phase and pro
portional to the rotation of the pendulum about its output axis . These error signals are amplified by the 
preamplifier and . then, routed to the a-c differential amplifier . There. the two signals are summed; the 
resultant is amplified and . then, phase split. The two resulting signals are of opposite phase;  they are 
fed to the interrogator circuitry , which determines the direction of pendulum movement and generates 
positive or negative commands indicative of the direction of movement. The interrogate and switching 
pulses from the LGC are used to generate the positive or negative torque pulses to the binary current 
switch. 

The binary current switch uses the interrogator outputs to generate torquing current (to torque the pendu
lums back to null) and pulses that represent velocity changes . The velocity pulses are generated by pro
viding data pulses from the LGC such that the velocity outputs are positive or negative increments of ve
locity. The torquing current is generated in a manner similar to that used in the gyro-torquing loop. The 
constant-current supply consists of a d-e differential amplifier and precision voltage reference and a cur
rent regulator . Constant current is supplied to the binary current switch. A positive or negative input 
command turns on the positive or negative current switch, routing a positive or negative torque signal to 
the torque windings in the PIPA. The torquing current is fed to the PIPA torque generator through a load
balancing network in the calibration module. This ensures that for a given amount of torquing current an 
equal amount of torque is developed in the positive or negative direction. 

When the accelerometer loops operate,  a certain amount of PIPA torquing occurs at all times,  even during � 
periods of no acceleration. This torquing continuously moves the pendulums an equal amount in the posi-
tive and negative directions; as a result, an equal amount of positive or negative veloc ity pulses are sent 
to the LGC . When an acceleration is sensed, more of one type of pulse is generated . This unbalance 
produces either positive or negative � V pulses , which are routed to the LGC PIPA counter to be accumu-
lated as LM velocity changes . 

2. 1. 4. 1. 8 Inertial Subsection - Modes of Operation. (See figure 2. 1 - 29. ) 

E xcept for the IMU cage and inertial reference modes, the modes are controlled by the CDU 
as commanded by the LGC. The IMU cage mode is initiated when the IMU CAGE switch (panel 1) is set to 
ON. The inertial reference mode is entered automatically whenever the ISS is not in another mode. The 
CDU logic receives from the LGC the following discrete commands : 

• ISS CDU zero 

• ISS error-counter enable 

• Coarse-align enable 

• RR CDU zero 
� 

• RR error-counter enable 

• Display inertial data (DID) (program-controlled) . 

The ISS CDU zero, ISS error-counter enable, and ISS coarse-align enable discretes control three identical 
channels in the ISS portion of the CDU. The RR CDU zero, RR error-counter enable, and DID discretes 
control the RR shaft and trunnion channels in the RR portion of the CDU .  All discretes, except RR CDU 
zero, are used for moding operations. In addition to the LGC-CDU discretes, the LGC issues a torque 
enable command to the gyro-torquing loop for initation of the fine-alignment mode. 
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IMU Turn-On Mode. The IMU turn-on mode initiali zes ISS operation by driving the IMU gimbals to zero .
and clearing and inhibiting the CDU read and error counters. The IMU turn-on mode (program controlled) -
is initiated by applying IMU operate power to the ISS. The LGC issues the two discretes required for 
this mode : CDU zero and coarse align enable. The LGC also issues the turn-on delay complete discrete 
to the ISS after 90 seconds. 

When IMU power is applied to the ISS, the LGC receives an ISS power-on discrete and a turn-on delay re
quest. The LGC responds to the turn-on delay request by issuing the CDU zero and coarse-align enable 
discretes to the CDU . To prevent PIPA torquing for 90 seconds during the IMU turn-on mode , an inhibit 
s ignal is applied to the pulse torque power supply . The CDU zero discrete clears and inhibits the read 
and error counters of the CDU . The ISS power (28 volts de) is applied directly to the coarse-alignment 
relay, and through the deenergized contacts of the turn-on control relay to energize the cage relay. A 
ground is provided through the contacts of the energized cage relay to the coil of the coarse-alignment re
lay, energizing the coarse-alignment relay. The contacts of the energized coarse- alignment relay switch 
the gimbal servoamplifier reference from 3, 200 cps to 800 cps and close the IMU cage loop through the 
contacts of the energized cage relay. 

The coarse- alignment relay is held energized by the CDU coarse-align discrete and the contacts of the 
energized cage relay. The IMU gimbals drive to the zero reference position , using the sine output of the 
lX gimbal resolvers (sine 6 ) .  
After 90 seconds , the LGC issues the ISS turn-on delay complete discrete , which energizes the turn-on 
control relay. The energized turn-on control relay locks up through its own contacts . Energizing the 
turn-on control relay removes the turn-on delay request and deenergizes the cage relay, removing the 
sine 8 signal. Energizing the turn-on control relay also removes the pulse torque power supply inhibit 
signal. The 90-second delay permits the gyro wheels to reach their operating speed before the stabiliza
tion loops close. The pulse torque power supply inhibit signal prevents accelerometer torquing during the 
90-second delay. 

After the 90-second delay, the LGC program removes the CDU zero and coarse-align enable discretes . 
allowing the ISS to go to the inertial reference mode (coarse-alignment relay deenergized) , or it can re
move the CDU zero discrete and provide an error -counter enable discrete while maintaining the coarse
align enable discrete . The latter combination of discretes defines the coarse-alignment mode of opera
tion. 

Coarse-Alignment Mode. The coarse-alignment mode enables the LGC to align th� IMU rapidly to a de 
sired position, with limited accuracy. In this mode, the LGC issues two discretes to the CDU : coarse
align enable and ISS error-counter enable. 

The coarse-align enable discrete is routed through the CDU , where it provides a ground pat� .
to the 

coarse-alignment relay, energizing the relay. The energized relay opens the gyro preamplifier output , 
replaces the normal 3 ,  2 00-cps reference with an 800- cps reference ,  and routes the 800-cps coarse
alignment error output from the CDU digital-to-analog converter to the gimbal servoamp

.
lifier through the 

deenergized contacts of the IMU cage relays . This drives the gimbal until the coarse-al1gnment s1gnal 1s 
zero volts rms . The coarse- align enable discrete and error-counter enable discrete are also accepted by 
the CDU logic as moding commands, enabling the error-counter and permitting transfer of .:lBg angles 
from the read counter to the error counter. 

After the logic circuitry in the CDU has been set up to accept commands from the LGC, the LGC begins 
transmitting positive or negative gimbal drive .commands (pulse trains at 3 ,  200 cps). These pulses ,  each 
equivalent to a gimbal angle change ( .:lBc) of 1 60 arc seconds, are accumulated in the error counter. The 
first .:lBc pulse determines the direction in which the error counter is to count and provides a polarity 
control to the digital-to-analog converter of the CDU .  The polarity control provides an in-phase or an 
out-of-phase analog reference. An 800 - cps analog signal, whose amplitude is dependent on the error 
counter content and the polarity of the input command ( .:lBc) ,  is then generated. This signal is the BOO 
cps coarse-alignment error output from the digital - to-analog section; it is routed to the gimbal servo
amplifier, causing the gimbal to drive in the direction commanded by the LGC. 
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The changing gimbal angles are dete· by the error- "rtector circuits in the CDU. These detected 
err�' rs permit a pulse train, at 6, 40t iJS, to increaE' •" read counter. The •:;creasing read counter 
nul .1e sine and cosine voltage inputs to the error-e tor circuits from th, :u 1X and 1 6X resolvers. 

As t J J ::  read counter is being incremented . one output of the counter, representmg a 40-arc-second-per
pulse increase in gimbal angle, is routed to the LGC . Another output of the counter ,  representing 160 
arc seconds per pulse ,  is recognized in the CDU logic as an incremental value to be entered into the error 
counter in a direction opposite to that of the LGC-commanded aBc. If a8c is positive, the error counter 
counts up and the aeg from the read counter decreases the counter. For each counter pulse into the error 
counter , the total content decreases . This decreases the digital-to-analog converter output and , there
fore,  the rate of drive. When the number of digital feedback pulses equals the LGC -commanded number 
of pulses , the error counter is empty and the digital-to-analog converter output should be zero. 

The rate of drive of the gimbals during coarse alignment is limited to a maximum of 35° per second. This 
is due to degenerative feedback provided within the CDU mechanization. 

Fine-Alignment Mode. (See figures 2. 1 - 28 and 2. 1 - 29. ) The fine-alignment mode allows the LGC to 
position the IMU accurately to a predetermined gimbal angle, closer than 40 arc seconds of CDU toler
ance,  since each gyro-torquing pulse is equal to 0. 61 5 arc second of displacement. The LGC does not 
issue any discretes to the CDU during this mode of operation ; the refore, the read counter circuitry re
peats the changing gimbal angles exactly as was done in the coarse-alignment mode. The LGC keeps 
track of the gimbal angle to within 40 arc seconds. 

The commanding signals for the fine-alignment mode are issued to the time-shared fine-alignment or pulse 
torque electronics. The LGC first issues a torque enable discrete, which applies 28 and 1 20 volts de to 
the binary current switch, a differential amplifier, and a precision voltage reference circuit, allowing 
the circuit to become operative. The current switch is reset by the no-torque pulses, allowing a dummy 
current, which is equal to the torquing current, to flow. This allows the current to settle to a constant 
value before it is used for gyro torquing. A gyro is then selected (gyro select pulses) for either (positive I 
or I).egative) torquing current. After the discretes have been issued, the LGC sends torque (set) pulses 
or fine-alignment commands to the set side of the current switch. The pulse allows the selected torquing 
current (positive or negative) to flow through the gyro windings, causing the float to move. The resulting 
signal generator output causes the stable member to be driven through an angle equal to the command 
angle. The LGC receives inputs from the CDU read counter that indicate a 40-arc- second-per-pulse 
change in gimbal angle. 

The number of torquing pulses sent from the LGC to the torquing electronics is computed on the basis of 
gimbal angle at an instant of time and a desired alignment angle . The differenc e is converted into the 
number of pulses necessary to drive the gimbal through the difference angle. The required number of 
fine-alignment pulses is computed only once; it is not recomputed on the basis of gimbal angle after the 
desired number of pulses have been sent. Fine-alignment loop operation is open-loop as far as the LGC 
is concerned; the aBg pulses are not used for feedback. 

The fine-alignment pulses generated by the LGC are issued in bursts of 3, 200 pps. The fine-alignment 
electronics permits the torquing current to be on in the direction chosen by LGC logic , for the duration of 
the pulse burst. When the LGC is not issuing fine-alignment pulses or the gyro floats are not being 
torqued , the stable member can be considered inertially referenced. 

Attitude E rror Display Mode. The attitude error display mode permits the LGC to display attitude errors , 
in analog form, to the astronaut. In this mode; CDU error-counter enable discrete is generated by the 
LGC. The LGC is informed of the gimbal angle and any changes to it by the read counter and the analog
to-digital converter associated with it. The read counter output is routed through logic to the LGC, which 
is then aware of the current LM attitude. 

A digital autopilot program (DAP} has a computed desi red attitude associated with current time and LM 
position. The difference between the desired and ac tual values is attitude error. The attitude error is 
converted to aBc pulses (each equivalent to 1 60 arc seconds of error), which are fed to the error counter 
at  a rate of  3 ,  200 pps. The error counter is incremented to contain the number of  pulses commanded. 
The contents of the error counter are converted to an 800-cps error signal by the digital-to-analog con
verter. The phase of the digital-to-analog converte r output depends on whether the input command is a 
positive or negative. 
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The 800- cps attitude errors have a maximum amplitude of 5 volts rms , zero or rr phase.  They are dis
played by the FDA! attitude error needles . Digital feedback from the read counter to the error counter is 
disabled during this mode of operation; only the LGC-generated C:.8c commands increase or decrease the 
error counter. Total LM attitude can also be displayed in the FDAI. This information is taken from the 
gi mbal angle 1X resolver sine and cosine windings . Pitch, yaw, and roll can be displayed from the inner.  
outer, and middle gimbals,  respectively , after being processed by the GASTA. 

Display Inertial Data Mode. The DID mode is program controlled. This mode is initiated by setting the 
MODE SEL switch {Panel 1) to P GNS. This arms the DID relay in the CDU and provides an input disc rete 
to the LGC , requesting the DID program. 

The LGC , upon recognition of the input discrete.  issues a DID discrete to the CDU . This energizes the 
same DID relay, completing the interface between the CDU digital-to-analog converter and the X-pointer 
indicators (panels 1 and 2 ) .  The LGC also issues a RR error-counter enable discrete and an ISS error
counter enable discrete to the CDU . This enables all five CDU error counters. of which three (ISS error 
counters) are used for attitude error display; two (RR error counters) , for forward and lateral velocity 
display . 

Attitude error is displayed in the same manner as in the attitude error display mode . The ISS read count
ers repeat the gimbal angle changes and provide �eg commands to the LGC , which then determines the 
attitude error . The attitude error is converted to a pulse train, which increases the CDU ISS error 
counters.  The contents of the counters are converted to analog signals , which are fed to the FDA! for 
display . The read counter input to the error counter is inhibited . allowing the error counters to be in
creased or decreased only by the LGC . 
For forward and lateral velocity display . the LGC receives positive and negative pulses from the ISS ac 
celerometer loops and velocity data from the LR. On the basis of calculations derived from this informa
tion, the LGC increments the CDU RR error counters with c:.ec commands . which are proportional to LM 
forward and lateral velocity. The contents of the error counters are converted to analog signals in the 
digital-to-analog conversion section. The resulting positive or negative d-e voltages are routed through 
the energized DID relay .  the MODE SE L switch. and to the cabin displays . The CDU RR error counters 
operate independently of the read counter circuitry; therefore ,  the condition of the RR is immaterial for 
this operation . The CDU RR analog-to-digital sections are not affected by this mode , but may be used 
for RR antenna position readout, if required. Altitude or altitude rate is also displayed during this mode. 
The LGC calculates the altitude/altitude rate and sends this data directly to the ALT and ALT RATE in
dicators (panel 1) via the MODE SEL switch and the RNG/ ALT MON switch (panel 1) . Altitude data from 
the LR are supplied to the LGC to aid in this calculation . 
IMU Cage Mode. The IMU cage mode is an emergency mode that enables the astronauts to recover a 
tumbling IMU by setting the gimbals to zero. and to establish an inertial reference. This mode can also 
be used to establish an inertial reference when the LGC is not activated. The IMU cage mode is initiated 
by holding the IMU CAGE switch to ON for sufficient time (5 seconds maximum) to allow the IMU gimbals 
to settle at the zero position. The IMU gimbal zeroing can be observed on the FDA!. If the mode is com
manded to recover a tumbling IMU after the IMU turn-on mode is completed or to establish an inertial 
reference with the CSS in standby or off, holding the IMU CAGE switch to ON drives the IMU gimbals to 
zero. When the switch is released, the ISS enters the inertial reference mode. 

Holding the IMU CAGE switch to ON energizes the cage and coarse-alignment relays , which apply the sine 
o signals to the gimbal servoamplifiers .  and sends an IMU cage discrete to the LGC . Releasing the 
switch deenergizes the cage and coarse-alignment relays. When the coarse-alignment relay is deener
gized. the stabilization loops are closed. The LGC . upon receiving the IMU cage discrete , stops issuing 
discretes.  

The IMU cage mode should not be used indiscriminately. The mode is  intended only as an emergency re
cover function for a tumbling IMU . During the IMt: cage mode, the IMU gimbal rates are sufficient to 
drive the gyros into their rotational and radial stops due to the lack of CDU rate limiting. 
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Gimbal Lock Mode. The gimbal lock mode provide . .Je astronauts with an indication of a large middle 
gimbal angle and disables the stabilization loop when gimbal lock occurs. An indication is also provided 
to notify the astronauts that the inertial reference is lost. When the magnitude of the middle gimbal angle 
exceeds +70° or - 70 ° ,  the LGC turns on the GIMBAL LOCK condition light on the DSKY. The light goes 
off as soon as the middle gimbal angle is less than +70° or -70° . If the magnitude of the middle gimbal 
angle increases to +85° , the LGC turns on the NO ATT condition light on the DSKY, indicating that the 
inertial reference is lost, and issues the coarse-alignment disc rete to the CDU, which opens the stabiliza
tion loop and allows the stable member to be referenced to the LM. The astronauts can leave this mode 
by requesting the coarse-alignment mode via a DSKY entry. 

Inertial Reference Mode. Inertial reference is considered a mode of ISS operation during any period 
after IMU turn-on is completed and the stabilization loops are closed (coarse - alignment relay deener
gized) without any gyro-torquing occurring. The !RIG' s hold the stable member inertially referenced, 
and the reference can be displayed on the FDAI from the gimbal angle 1X resolver sine and cosine outputs. 
The ISS is considered to be in the inertial reference mode of operation during any period after IMU turn
on is completed during which the ISS is not in any other of its modes. The CDU read counters continu
ously monitor gimbal angle changes due to LM motion and indicate to the LGC the changing angles. The 
error counte rs and the digital-to-analog converter are not used in this mode. 

2. 1. 4. 2 P rimary Guidance and Navigation Section - Optical Subsection. 

The AOT is used by the astronaut to take direct visual sightings and precision angular 

I measurements of a pair of celestial objects. These measurements are transferred to the LGC by the 
CCRD. The LGC uses this angular information along with the prestored data to compute the LM posi
tion and velocity and to perform the fine alignment of the IMU stable member. The AOT can be set 
to six positions ; it has a manually rotated reticle with an angular display. 

2. 2. 4. 2. 1 Alignment Optical Telescope. 

The AOT , mounted on the navigation base to provide a mechanical alignment and a common 
reference between the AOT and IMt: . is a unity -power, periscope-type device with a 60° conical field of 
view. The AOT has a movable shaft axis (parallel to the LM X-axis) and a line-of- sight axis (approxi
mately 4 5 °  from the X-axis) . 

I The AOT is essentially an L- shaped device approximately 36 inches long, and consists of an 
upper section and an eyepiece. Structural components, such as housing and mounts, are machined from 
beryllium ; spacers and similar parts are made of aluminum. A pressure strain seal is used to seal the 
cabin from space environment. 

T he AOT optics (figure 2. 1 -30) consists of two sections : shaft optics and eyepiece optics. 
The shaft optics section is a - 5  power complex that provides a 60° field of view. The eyepiece optics 
section is a +5 power complex that provides shaft and trunnion angle measurements. 

The i!ll1er housing, which is part of the upper section and rotates within an outer housing, 
contains the components of the shaft optics section. Obj ective and relay lenses and a prism are centrally 
aligned and axially located within the illl1er housing. 

The relay lens assembly is positioned near the bottom of the illl1er housing with the obj ective 
lens assembly above it. The head prism and it1; mounting form the uppermost part of the obj ective lens 
assembly and protrude through the top of the outer housing. 

The obj ective lenses, consisting of six spherical lens elements and one aspherical element, 
focus the image at the eyepiece side of the aspherical field lens. The aspherical field lens collects the 
light rays and transmits them to the relay lenses. Image diameter at the first focal plane is approxi
mately 6 x 1 0-4 inches. The relay lens assembly transfers and focuses the i mage at the second focal 
plane located at the AOT reticle. The aperture between the lens cells functions as a field stop, limiting 
the field of view to 60° .  The head prism is fixed in elevation, with the center of its field of view 45° 
above the Y- Z plane. The pris m collects light from a 60° segment of the celestial sphere and refracts it 
to the prism hypotenuse. The light reflects from the hypotenuse,  emerges from the output face of the 
prism, and impinges on the first element of the objective lens assembly. 
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Figure 2. 1 - 30. Alignment Optical Telescope - Optical Schematic 
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T he eyepiece optics section i s  the assembly through which the astronaut views the images of 
the stars on the reticle. The eyepiece optics consists of a glass window, a mirror, the reticle, and the 
eyepiece lenses. The glass window is mounted between the relay lens assembly and the eyepiece optics 
provides a seal between the two assemblies. The mirror, mounted between the window and the eyepiece 
optics at an angle of 4 5 ° . reflects the image frOlCl :he relay lense:; into the eyepiece lenses. The reticle 
is at the second focal plane, coincident with the ; ma,;e and concentric with the AOT optical centerline. 
The reticle is positioned between two plano-plano glass disks. T he reticle pattern is etched on one disk 
and covered by the other for protection. The disks are clamped together and mounted to a gear train, 
which drives the reticle counter. 

The AOT reticle pattern consists of c rosshairs and a pair of Archimedes spiral lines. The 
vertical c rosshair, an orientation line designated the Y-line, is parallel to the LM X - axis when the 
reticle is at the 0° reference position. Actuall v .  the vertical crosshair (upper quadrant) is a pair of 
radial lines that facilitate accurate superimposition of target stars between them. The horizontal cros s 
hair, designated the X-line, is perpendicular to the  orientation line. T h e  pair of spiral lines are one
turn spirals, originating from the center of the rcttcle and terminating at the top of the vertical crosshair. 

Ten miniature red lamps mounted .1 :·ound the reticle prevent false star indications caused by 
imperfections in the reticle and illuminate the rencle pattern. Stars will appear white, reticle imperfec
tions, red. Heate rs prevent fogging of the mirl"> r due to moisture and low tempe ratures during the mis
sion. The AOT mirror heaters receive operann� power through the HEATERS : AOT circuit breaker 
(panel 1 1) .  This power is applied 30 minutes bdcJ re initally using the AOT and is then left on for the 
remainder of the mission. 

A reticle control enables manual :·ut.nion of the reticle for use in lunar surface alignments. 
A counter on the left side of the AOT , provides .w�ular readout of the reticle rotation. The counter reads 
in degrees to within ±0. 02° or ±72 seconds. The : :1aximum reading is 359.  98° , then the counte r returns 
to 0 ° .  Interpolation is possible to within ±0. 01 . 
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A rotatable eyeguard is fastened to the end of the eyepiPce section. The eyeguard is axially 
adj ustable for head position. It is used when the astronaut taks sie: �gs through the AOT with his face-
plate open. This eyeguard is removed when the astronaut takes sig' .ngs with his faceplate closed; a 
fixed eyeguard, permanently cemented to the AOT , is used instead. The fixed eyeguard prevents mar ring 
of the faceplate when pressed against the eyepiece. 

A high-density filter lens, supplied as auxiliary equipment, prevents damage to the astro
naut ' s  eyes due to accidental direct viewing of the sun or if the astronaut chooses to use the sun as a 
reference. The filter mounts on a threaded portion of the fixed eyeguard. 

2. 1. 4. 2. 2 C omputer Control and Reticle Dimmer Assembly. 

The CCRD is mounted on the AOT guard. A thumbwheel on this control box enables the 
astronauts to adj ust the brightness of the AOT reticle lamp when star-sighting. MARK X and MARK Y 
pushbuttons, also on this assembly, are used by the astronauts to send discrete signals to the LGC when 
star- sighting for an IMU in- flight alignment. The REJECT pushbutton is used if an invalid mark discrete 
has been sent to the LGC. The assembly routes heater power to the AOT and supplies reticle lamp power. 
The reticle-dimming _ circuit consists of a thumbwheel- controlled potentiometer (which protrudes from 
one side of the CCRD) , two diodes,  a control transistor, and a transformer. 

2. 1. 4. 2. 3 Optical Subsection Operation. 

The OSS is used for manual star sightings, which are necessary for accurate determination 
of the inertial orientation of the IMU stable member. These star sightings are required during certain 
periods while the LM is in flight. There are two methods for using the OSS. 

In- Flight Sightings. (See figure 2. 1 - 3 1 . ) For in-flight sightings, the AOT may be placed in any of the 
three usable detent positions. However, when the LM is attached to the CSM, only the F position is used. 
For in-flight operation, the CSS and the ISS are turned on, the AOT counter is zeroed, a detent position 1 
is selected, and the LM is maneuvered to obtain a selected star in the AOT field of view, near the center. 
The specific detent position code and selected star code are entered into the LGC via the DSKY. The LM 
is then maneuvered so that the star image crosses the reticle crosshairs. When the star image is coin-
cident with the Y - line, the astronaut presses the MARK Y pushbutton; when it is coincident with the X-line, 
he presses the MARK X pushbutton. The astronaut may do this in either order and, if desired, he may 
erase the latest mark by pressing the REJECT pushbutton. When the MARK X or MARK Y pushbutton is 
pressed, a discrete is sent to the LGC. The LGC then records the time of mark and the IMU gimbal 
angles at the instant of the mark. 

C rossing of a reticle crosshair line by the star image defines a plane containing the star. C rossing of 
the other reticle crosshair line defines another plane containing the same star. The intersection of these 
planes forms a line that defines the direction of the star. To define the inertial orientation of the stable 
member, sightings on at least two stars are required. Each star sighting requires the same procedure. 
Multiple reticle crossings and their corresponding marks can be made on either or both stars to improve 
the accuracy of the sightings. Upon completion of the second star sightings, the LGC calculates the 
orientation of the stable member with respect to a predefined reference coordinate system. 

I Lunar Surface Sightings. On the lunar surface, the LM cannot be maneuvered to obtain a star- image 
crossing on a reticle crosshair line. The star can be selected in any detent position ( F ,  R, RR, C L, 
LR, or L} of the AOT. The astronaut, using the manual reticle control knob, adjusts the reticle to 
superimpose the target star between the two radlhl lines on the reticle. The angle (star shaft angle, As\ 
displayed on the AOT counter is then inserted into the LGC by a DSKY entry. The astronaut next rotate"' 
the reticle until the same target star is superimposed between the two spiral lines on the reticle. This 
provides a second angular readout (reticle angle, AR.) , which is inserted into the LGC by a DSKY entry. 
The AOT detent position and the star code numbers are also inserted into the LGC. The LGC can now 
calculate the angular displacement of the star from the center uf the field of view by computing the dif
fe rence between the two counter readings. Due to the characteristics of the reticle spiral, this angle 
(AR - As) is proportional to the distance of the star from the center of the field of view. Using this 
angle and the proportionality equation, the LGC can calculate the trunnion angle (AT) .  At least two star 
sightings are required for determination of the inertial orientation of the stable member. 
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Figure 2. 1 - 3 1 .  Alignment Optical Telescope - Reticle Pattern 

2. 1. 4. 3 P rimary Guidance and Navigation Section - Computer Subsection. 

STAR PATH 

A JOOLM� 1 0  

The CSS is the control and processing center of the PGNS. It consists of the LGC and the 
DSKY. The CSS processes data and issues discrete outputs and control pulses to the PGNS, AGS, C E S ,  
an d  t o  other L M  subsystems. 

2. 1. 4. 3. 1 LM Guidance Computer. (See figure 2. 1 - 3 2. ) 

T he LGC contains a timer, sequence generator, central processor, priority control, an 
input-output section and a memory. The main functions of the LGC are implemented through execution of 
programs stored in memory. Programs are wri tten in a machine language called basic instructions. A 
basic instruction can be an instruction word or a data word. All words for the LGC are 1 6  bits long. 

In memory, data words contain a parity bit, 14 magnitude bits, and a sign bit. A binary 1 in 
the sign bit indicates a negative number ;  a binary 0 .  a positive number. Instruction words contain a 1 2 -
bit address code an d  a three-bit order code. Normally, the address code represents the location of a 
word in memory or the central processor. The order code defines the data flow within the LGC , and the 
address code selects the data that is to be used for computations. The order code represents an opera
tion to be performed on the data whose location 1s  represented by the address code. The order code of 
each instruction is entered into the sequence gene rator, which controls data flow and produces a different 
sequence of control pulses for each instruction. Each instruction is followed by another instruction. To 
specify the sequence in which consecutive instructions are to be executed, the instructions are normally 
stored in successive memory locations. The add ress of the instruction to be executed next is derived by 
adding the quantity one to the address of an instruct!On being executed. Execution of an instruction is 
complete when the order code of the next instruct 1un is transferred to the sequence generator and the 
relevant address is in the central processor. 
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The central processor performs arithmetic operations and data manipulations on information 
accepted from memory,  the input channels , and priority control. Arithmetic operations a;e performed 
us ing the binary 1 's complement numbering system. The central processor performs all operations under 
the control of pulses generated by the sequence generator. 

All words read out of memory are checked for the correct parity , and a bit is generated 
within the central processor for all words written into memory . The LGC uses odd parity ; an odd number 
of binary 1 's  including the parity bit is associated w1th all the words stored in memory .  The central 
processor also supplies data and control signals through the output channels and provides interface for 
the various subsystems. 

The LGC operates in an environment in which many parameters and conditions change in a 
continuous manner. The LGC, however, operates in an incremental manner, operating only one param
eter at a time. Therefore , for the LGC to process the parameters , the LGC hardware is time shared. 
The time sharing is accomplished by assigning priorities to the LGC processing functions . These 
priorities are used by the LGC so that it processes the highest priority processing function first. Time 
sharing is implemented by one of the following: 

• Counter interrupt (a hardware function) 

• Program interrupt (a hardware and program control program) 

• Program-controlled processing (program control function) . 

Each of the foregoing has a relative priority with respect to each other; also within each 
there are a number of process ing functions , each having a priority level relative to the other process ing 
functions within the group. Most of the processing performed by the LGC is in the program controlled 
processing category . During this processing the LGC 1s controlled by the program stored in the LGC 
memory. 

The counter interrupt processing has the highest priority functions . A counter interrupt 
input that requires process ing causes the processing of either program-controlled function or interrupt 
to be suspended. After processing the counter interrupt, control is returned to the processing that was 
suspended. Program interrupts are the next highest priority type of processing. This type of process
ing causes suspension of any program controlled processing. A program interrupt cannot mterrupt or 
suspend the processing of a counter interrupt or the processing of another program interrupt, but an 
inhibit, initiated through program action, can be set so that the program interrupt processing cannot 
interrupt the program-controlled processing. Program-controlled processing is the lowest priority type 
of processing. Any counter interrupt or program interrupt processing causes the program-controlled 
processing to be suspended. The LGC has 10 program interrupt conditions. These interrupts , in order 
of priority, are as follows: 

• Time 6 interrupt (T6 RUPT) 

• Time 5 interrupt (T5 RUPT) 

• Time 3 interrupt (T3 RUPT) 

• Time 4 interrupt (T4 RUPT)� 

• Key interrupt No. 1 (KYRPT 1) 

• Key interrupt No. 2 (KYRPT 2) or Mark interrupt (MKRPT) 

• Uplink interrupt (UPRUPT) 

• Downlink interrupt (DNKRPT) 

• Radar interrupt (RADRPT) 

• Hand controller interrupt (HNDRPT) . 
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Channel No. 4. This channel is the low- order scaler. The channel furnishes a 14- bit 
positive number whose least s ignificant bit has as a weight of 1/3200 second. The maximum content of 
the register is 5. 12  seconds. 

Channel No. 5 and 6 .  These output channels have eight bit positions and are associated with 
the RCS thrusters . The channel outputs are used for LM translation and rotation. The thruster com
mands from the channels are fed to preamplifiers of the jet drivers in the C ES. The driver amplifier 
outputs are fed to the RCS to provide required control. The alphanumeric designation in the "bit position" 
columns indicates which of the 16 thrusters is controlled by that bit. A logic 1 in any of the bit positions 
causes the appropriate thruster to be fired. 

Channel No. 7 .  The channel is the fixed, external memory register. It is associated w ith 
selection of word locations in the fixed memory. The channel has three bit positions. 

Channel No . 1 0 .  The information in this channel is routed to the DSKY, which illuminates 
the various electroluminescent displays associated w ith the DSKY. 

Channel No. 1 1 .  All the information in this channel is routed to the DSKY condition indi
cators. If bit pos itions No. 1 through 7 contain a logic 1 ,  the appropriate indicator goes on. Bit positions 
No. 13 and 14 contain the on- off commands for the ascent or descent engine (dependent on the setting of 
the ENG ARM switch) . 

Channel No . 1 2 .  This output channel contains the discrete commands that are used by the 
PGNS. Bit positions No . 13 and 14 contain the discretes issued to the radar section. 

Channel No . 1 3 .  The first four bits of this channel are associated with the radars . The 
content of bit positions No. 1 through 3 defines which data are to be supplied by the radars to the LGC . 
(Refer to table 2. 1 -4. ) Bit position No. 4 contains the radar data strobe. When a " 1 "  has been entered 
into bit position No. 4 s imultaneously with the necessary s election bits in bit positions No . 1 through 3 ,  
the LGC starts to transmit one of the six control s ignals . While the control s ignal i s  being transmitted, 
a sync pulse is also transmitted. When the radar receives the sync pulses, it sends data pulses to the 
LGC . B it positions No. 12 through 14 are program interrupt priority control commands. Bit position 
No. 6 is  not used. 

Channel No. 14. Bit pos itions No. 6 through 15 are associated with the ISS. CDU drive 
s ignals (bit pos itions No. 1 1  through 15) are generated when the bit pos ition contains a logic 1. More than 
one of these s ignals can be generated s imultaneously. Bit positions No . 7 and 8 select a gyro to be torqued 
positively or negatively and then applies a 3 ,  200- cps s ignal to the appropriate gyro. The appropriate 
s ignal is determined by the configuration of bits No. 7 through 9. If bit positions No. 6 and 10 are a logic 
1, a 3 ,  200- cps pulse train is routed to the gyro electronics specified by bit positions No. 7 through 9 .  

Channel N o .  1 5 .  This input channel has five b i t  positions. Whenever a pushbutton on the 
DSKY is pressed, a five-bit code is entered into this channel. 

Channel No. 1 6 .  This input channel has five bit positions. If a MARK pushbutton on the 
AOT is pressed, a logic 1 is entered into bit positions No. 3 ,  4, or 5. This initiates an interrupt routine 

I w ithin the LGC. B its No. 6 and 7 receive discretes from the DES RATE switch (panel 5 ) ,  commanding 
an increase or decrease in the rate of descent. 

Channel No . 30. This input channel consists of 15 bit positions and uses inverted logic. 
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Bit position No . 1 informs the LGC that an abort, us ing the descent engine , has been 
commanded. This position is filled by either crewman press ing the ABORT pushbutton. 

Bit position No . 2 informs the LGC that staging has occurred. This s ignal is generated 
in the Explosive Devices Subsystem . 

Bit pos ition No . 3 informs the LGC that the crew has armed the ascent or descent 
engine by setting the ENG ARM switch to the appropriate position. 
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mel Assignments 

9 1 0  

Relay bit 9 Relay bit 1 0  

t Test connect Caution 
outbit reset 

+ Pitch trim - Pitch trim 

RHC Test 
r read alarms 

Gyro Gyro 
minus activity 

I I 
IMU G&N control 
operate of S&C 

lOll +Y-translation - Y-translation 

, d  Gimbal off Apparent 
gimbal fail 

LR range Block 
low scale uplink 

1 1  

Relay bit 1 1  

+ Roll trim 

Enable 
standby 

Shaft angle 
CDU drive 

IMU cage 

+Z-translation 

Uplink 
too fast 
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1 2  1 3  14 

Relay Relay Relay 
address 1 address 2 address 3 

Engine-on Engine-off 
command command 

- Roll trim LR position RR auto tr ack 
command or enable 

Reset Reset Reset 
trap trap trap 

Trunnion angle BZ CDU BYCf?U 
CDU drive dnve dnve 

IMU CDU IMU failure ISS turn-on 
failure request 

- Z-translation Attitude hold Automatic 
stabilization 

Downlink PIPA LGC 
too fast failed. 
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1 5  Channel 

1 
2 
3 
4 

5 

6 

7 

Relay 1 0  
address 4 

1 1  

I S S  turn-on 12 
complete 

Enable T6 1 3  
interrupt 

BXC DU 14 
drive 

1 5  

1 6  

Temperature 30 
in limits 

ACA out of 31 
detent 

32 

Oscillator 33 
alarm 

34 
35 
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Table 2. 1 - 3 .  LGC Input-Output Channel Assignments 

Bit Positions 

2 3 4 5 6 .  7 8 9 

u R C S  A4D R C S  A3U RCS B3D RCS B2U RCS A2D RCS AlU RCS B 1 D  
on on on on on on on 

A R C S  B4 F R C S  A1 F R C S  A2A R C S  B 2 L  R C S  A3R RCS A4R RCS B 1 L  
on on on on on on on 

FE 5 FE 6 FE 7 

it 1 Relay bit 2 V E L  caution Relay bit 4 A LT caution Relay bit 6 Relay bit 7 Relay bit 8 Relay bit 9 
lamp lamp 

ning C MPTR UPLINK ACTY T E M P  caution KEY R E L  VERB/NOUN OPR ERR Test connect Test connect 
anel 1 )  A C T Y  lamp status lamp lamp status lamp flash status lamp outbit outbit 

R RR error- Horizontal Coarse-align Zero IMU IMU error- DID + Pitch trim 
counter enable vel low scale enable CDU counter enable enable 

Radar b Radar a Radar Inhibit Block inlink Downlink Enable RHC 
(Refer to table 2. 1-4. ) activity uplink word order RHC counter read 

Altitude Altitude Thrust Gyro enable Gyro b Gyro a Gyro 
r ate indicator indicator drive minus 

Key 2 Key 3 Key 4 Key 5 

Mark X Mark Y Mark Positive rate Negative rate 
R E JECT of descent of descent 

Stage ve rify Engine Abort Automatic DID RR CDU !MU 
armed Stage throttle failure operate 

ttion - Elevation + Yaw - Yaw + Azimuth - Azimuth +X-translation - X- translation +Y-translatio 
( LPD) ( LPD) (LPD) 

D and R C S  A3U and R C S  B4 U and R C S  B3D and R C S  B 1 D  and R C S  A 1 U  and R C S  B2U and RCS A2D and Gimbal off 
iled. A3R failed. B4 F failed. B3A failed. B1 L failed. A1 F failed. B2 L failed. A2A failed. 

RR power on R R  range RR data LR data LR position LR position LR velocity LR range 
automatic low scale good good No. 1 No. 2 data good low scale 

rst of two words 

c ond of two words 

[\! 



• 
- --

--

Channel Name 1 2 

• 1 L-register 
2 Q-register 
3 Scaler 2 
4 Scaler 1 

5 Pitch R C S  B4U R C S  A4D 
Yaw on on 

6 Roll R C S  B3A R C S  B4 F 
on on 

7 F EXT 
register 

1 0  DSKY Relay bit 1 Relay bit 2 

1 1  DSKY ISS warning CMPTR 
light (panel 1 )  ACTY lamp 

1 2  G N & C S  Zero R R  RR error-
discretes C D U  counter enable 

1 3  LGC Radar c Radar b 
discretes (Refer to table 2. 1 -4 .  

14 IMU Outlink Altitude • 
d i scretes activity rate 

1 5  Main Key 1 Key 2 
DSKY 

1 6  Navigation 
I ! 

3 0  GN&CS Abort Stage verify 
di scretes 

3 1  Translation + Elevation - Elevation 
and rotation (LPD) (LPD ) 

32 Impulse RCS A4D and RCS A3U and 
A4 R failed. A3R failed. 

33 Optics RR power on 
( LGC) automatic 

34 Downlink 1 First of two words • 3 5  Downlink 2 Second of two words 

• 
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commanded. 

Bit position No. 5 informs the LGC that it is in control of descent engine throttle. 

Bit position No. 6 requests the LGC to supply forward and lateral velocity s ignals to 
the X- pointer indicators . 

Bit position No. 7 contains a logic 1 when a failure has occurred in a radar CDU channel. 

Bit position No. 9 contains a logic 1 when the IMU is in the operate mode. 

Bit position No . 10 informs the LGC that PGNS is in control of the LM. 

Bit position No . 11 indicates that the IMU cage condition exists in the ISS. 

Bit position No. 12 indicates that a failure has occurred in an inertial CDU channel. 

Bit position No. 13 indicates that a malfunction has occurred in the IMU stabilization 
loop. 

Bit pos ition No. 14 indicates that the ISS has been turned on or commanded to be 
turned on. 

Bit position No . 15 indicates that the stable member temperature has not exceeded its 
design limits . 

Table 2 . 1-4 . Channel 7 Radar Fixed Extension Bits 

Function Bit 1 Bit 2 Bit 3 
a b c 

RR range rate 0 0 0 

RR range 0 0 1 

LR Vx 1 0 0 

LR V 1 0 1 
y 

LR Vz 1 1 0 

LR range 1 1 1 

Channel No. 3 1 .  This input channel has 15 bit pos itions and uses inverted logic . 

Bit positions No. 1 and 2 indicate pos itive and negative pitch manual input commands, 
respec tively , from the ACA. These bits are used for elevation changes when the 
landing point designator (LPD) is used. 

Bit positions No. 3 and 4 indicate positive and negative yaw manual input commands , 
respectively , from the ACA . 

Bit positions No. 5 and 6 indicate positive and negative roll manual input commands , 
respec tively , from the ACA. These bits are used for azimuth changes when the LPD •----------------
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Bit positions No. 7 through 12 indicate positive and negative X- , Y -, and Z-translation 
commands from the TTCA. These signals command LM translation by on-and- off 
firing of the thrusters ,  under LGC control. 

Bit position No . 13 indicates that the C ES if c)perating in the attitude hold mode. 

Bit position No. 14 indicates that the C ES is operating in the automatic mode . 

Bit position No . 15 informs that LGC that the ACA is out of detent. 

Channel No . 3 2. This input channel has 15 bit positions and uses inverted logic. 

B it pos itions No. 1 through 8 inform the LGC of a thruster pair shutoff, so that the 
LGC immediately ceases to command the thruster pair on and compensates for its loss.  

Bit  pos ition No. 9 informs the LGC that the descent engine pitch and roll gimbal drive 
actuators have been shut off by the astronaut. 

Bit position No. 10 informs the LGC that the DECA has detected an apparent failure of 
the pitch or roll trim loop . 

Channel No. 33.  This input channel has 15 bit pos itions and uses inverted logic. 

Bit position No. 2 indicates that RR power is on and the RR mode selector switch 
(panel 3) is set to LGC. 

Bit position No. 3 indicates that the RR scale factor is on low scale .  This s ignal is 
implemented automatically by the RR at a range of less than 50 nautical miles. 

Bit positions No. 4 and 5 indicate that the RR and LR range trackers have locked on . 

Bit positions No . 6 and 7 indicate the pos ition of the LR antenna. 

Bit position No. 8 indicates that the LR velocity trackers have locked on. 

Bit position No. 9 indicates that the LR scale factor is on low seal 
implemented by the LR at approximately 2 ,  500 feet. 

This signal is 

Bit position No . 10 is used to inhibit reception of data via uplink. This signal is 
always in the logic 0 state. 

Bit pos itions No. 1 1  and 12 indicate that PGNS telemetry rate is too high. 

Bit position No . 13 indicates failure in an accelerometer loop. 

Bit position No. 14 indicates an LGC internal malfunction. 

Bit pos ition No. 15 indicates that the LGC osc illator stopped. 

Channels 34 and 35 .  These outputs channels provide 16-bit words , including a parity bit, 
for downlink telemetry transmission. 

Memory . Memory provides the storage capability for the LGC; it is divided into two sections : erasable 
memory and fixed memory . The erasable memory has a storage capacity of 2 ,  048 words; the fixed 
memory , 3 6 , 8 64 words. The erasable memory is a random- access,  destructive- !'Cadout storage device. 
Data stored in the erasable memory can be altered or updated. The fixed memor:, .s a nondestructive 
storage device. Data stored in the fixed memory are unalterable,  because the data are hardwired and 
readout is nondestructive. 

Both memories contain magnetic- core storage elements . In the erasable memory, the storage elements 
form a core array ;  in the fixed memory, the storage elements form three core ropes. The erasable 
memory has a density of one word per 16 cores ; the fixed memory , eight words per core. Each word 
is located by an address .  

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
Page 2. 1 - 76 Mission LM Basic Date 1 February 1970 Change Date 15 June 1 970 

• 

• 

• 

• 

• 



LMA790- 3 - LM 
APOLLO OPE RATIONS HANDBOOK 

SUBSYSTEMS DATA • In the fixed memory, addresses are assigned to instruction words to specify the sequence in which they 
are to be executed; blocks of addresses are reserved for data, such as constants and tables. Information 
is placed into the fixed memory permanently by weaving patterns through the magnetic cores. Informa
tion is written into assigned locations in the erasable memory with the DSKY, uplink, or program 
operation. 

• 

• 

Both- memories use a common address register (S- register) and an address decoder in the central proc
essor. When the S- register contains an address pertaining to the erasable memory, the erasable 
memory cycle timing is energized. Pulses sent to the erasable memory cycle timing then produce strobe 
signals for the read, write, and sense functions. The erasable memory selection logic receives an 
address and a decoded address from the central processor and produces selection signals, which permit 
data to be written into, or read out from, a selected storage location. When a word is read out from a 
storage location in the erasable memory, the location is cleared. A word written into the erasable 
memory, through the memory buffer register in the central processor, by a write strobe operation. A 
word read from a storage location is applied to the amplifiers. The amplifiers are strobed and the 
information is entered into a buffer register of the central processor. The memory buffer register re 
ceives information from both memories. 

The address in the S-register energizes the fixed memory cycle timing when a location in the fixed 
memory is addressed. Pulses sent to the fixed memory cycle timing produce the strobe signals for 
the read and sense functions. The selection logic receives an address from the write lines and a decoded 
addre:;;s from the S-register, and produces selection signals for the core rope. The content of a storage 
location in the fixed memory is strobed from the fixed memory sense amplifiers to the erasable memory 
sense amplifiers and then entered into the memory buffer register of the central processor. 

Alarm-Detection Network. The alarm-detection network consists of temperature, voltage, scaler, double 
frequency scaler oscillator, memory clamping, and the warning filter and integrator circuits. The 
alarm-detection network monitors LGC operation. If an LGC failure is detected, a failure signal is 
routed to the DSKY for display. An LGC power failure is also displayed by the LGC warning light (panel 1) . 

2. 1 .  4. 3. 2 Display and Keyboard Assembly. (See figure 2. 1-33. ) 

The DSKY consists of a keyboard, display panel, condition indicators, and a relay package. 
The keyboard enables the astronauts to insert data into the LGC and to initiate LGC operations. Through 
the keyboard, the astronauts can also control ISS moding. The DSKY display panel provides visual indi
cations of data being loaded into the LGC, LGC condition, and LGC program. The display panel also 
provides the LGC with a means of displaying or requesting data. The condition indicators display P GNS 
status and malfunctions. The controls and displays associated with the DSKY are discussed in section 3. 

Keyboard. The DSKY keyboard is used to insert or read out LGC data. The keyboard consists of 10  
numerical pushbuttons (0 to  9) , two sign pushbuttons (+ and -) , and seven instruction pushbuttons (ENTR, 
C LR, VERB, NOUN, RSET, P RO, and KEY REL). All the pushbuttons, except the PRO pushbutton, 
have five-bit codes associated with them; they convey information to the LGC. The PRO pushbutton is 
hardwired into the LGC power supplies. 

Displays and Indicators. There are two types of displays on the DSKY: control displays and data displays. 
Each display can display any decimal character or remain blank. The indicators on the DSKY are re
ferred to as condition lights ; they represent various P GNS operating conditions. Each control display 
(VERB, NOUN, and PROG) can display two decimal characters or remain blank. The VERB and NOUN 

• displays can also flash. The data displays are three separate registe rs, referred to as Rl , R2, and R3. 
Each register can display as many as five decimal characters, with or without a plus or minus sign, or 
remain blank. Each of the 1 1  condition lights on the DSKY is labeled with the P GNS condition it  repre
sents; it goes on if that condition occurs. The condition lights and the conditions they represent are 
described in section 3 . 

• 
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Figure 2. 1 -33.  Display and Keyboard Assembly - Block Diagram 
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Relay Package. The relay package consists of a relay matrix and decoding circuits. 

The inputs entered from the keyboard, as well as other information, appear on the displays after proc
essing by a program. Display of information is accomplished through the relay matrix. A unique code 
for the characters to be displayed is formed by 1 5  bits from output channel No. 10 in the LGC. Bits No. 
12 through 1 5  are decoded by the decoding circuits and, along with bits No. 1 through 1 1 ,  energize 
specific relays in the matrix, causing appropriate characters to be illuminated. The information dis
played is the result of a key code punched in by the astronaut, or is LGC -controlled information. The 
display characters are formed by electroluminescent segments, which are energized by a voltage from 
the power supply, routed through relay contacts. Specific inputs from the PGNS are also applied, 
through the LGC, to certain relays in the matrix through output channel No. 10 of the LGC. The re
sulting relay-controlled outputs are caution signals to the P GNS. 

2.  1 .  4. 3.  3 Manual Operation of DSKY. 

The operator of the DSKY can communicate with the LGC by pressing a sequence of push
buttons on the DSKY keyboard. Except for the PRO pushbutton, each pushbutton pressed inserts a five
bit code into the LGC. The LGC responds by returning a code, which controls a display on the display 
panel, to the DSKY or by initiating an operation by the central processor. The LGC can also initiate a 
display of information or request the operator for some action, through the processing of its program, 

The basic language of communication between the operator and the DSKY consists of verb and 
noun codes. (Refer to Apollo Operations Handbook, Volume II, paragraph 4.  4 for DSKY verb and noun codes . )  
The verb code indicates what action i s  t o  b e  taken (operation). The noun code indicates to what this action is 
applied (operand). Verb and noun codes may be originated manually or by internal LGC sequence. Each 
verb or noun code contains two numerals. The standard procedure for manual operation involves pressing 
a sequence of seven push buttons : 

VERB NOUN ENTR 

Pressing the VERB pushbutton blanks the VERB code display on the display panel and clears 
the verb code register within the LGC. The next two pushbuttons (0 to 9) pressed provide the verb code (V 1 
and V2 ) .  Each numeral of the code is displayed by the VERB display as the pushbutton is pressed. The NOUN 
pushbutton operates the same as the VERB pushbutton, for the NOUN display and noun code register. 
P ressing the ENTR pushbutton starts the operation called for by the displayed verb-noun combination. It 
is not necessary to follow any order in punching in the verb or noun code. It can be done in reverse order, 
and a previously entered verb or noun may be used without repunching it. 

If an error in the verb code or the noun code is noticed before the ENTR pushbutton is pressed , 
correction is made by pressing the VERB or NOUN pushbutton and repunching the erroneous code, without 
changing the other one. Only when the operator has verified that the desired verb and noun codes are 
displayed should he press the ENTR pushbutton. An example of the sequence in which the pushbuttons are 
pressed is as follows : VERB, 1, 6, NOUN, 2, 1, ENTR Pressing the ENTR pushbutton advises the LGC 
that it should perform the operation called for by the verb and noun codes. An alternative sequence would 
be : NOUN, 2, 1 ,  VERB, 1 ,  6, ENTR. When the VERB pushbutton is pressed, the two VERB displays 
are blanked. As the digits of the VERB code are punched in, they are displayed in the VERB displays. 
The NOUN display operates in the same manner. 

A noun code can refer to a group of LGC erasable registers, a group of counter registers, or 
it may serve merely as a label. A label noun does not refer to a particular LGC register; it conveys informa
tion by its noun code number only. The group of registers to which a noun code refers may be a group of one, 
two, or three members. These members are generally referred to as 1 - ,  2 - ,  or 3 -component nouns. The 
component is understood to be a component member of the register group to which the noun refer s .  The 
machine addresses for the registers to which a noun refers are stored in the LGC in noun tables. 

A single noun code refers to a group of 1 - ,  2 - ,  or 3 -component members. The verb code deter
mines which component member of the noun group is processed. For instance, there are five different load 
verbs. Verb 2 1  is required for loading the first component of whatever noun is used therewith; verb 22 
loads the second component of the noun; verb 2 3 ,  the third component; verb 2 4 ,  the first and second com
ponent; and verb 2 5 ,  all three components . A similar component format is used for the display and 
monitor verbs . 
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When the decimal display verb is used, all the component members of the noun being used 
are scaled as appropriate, converted to decimal, and displayed in the data display registers. Decimal 
data are identified by a plus or minus sign preceding the five digits. If a decimal format is used for load
ing data of any component members of a multicomponent load verb, it must be used for all components of 
the verb. Mixing of decimal and octal data for different components of the same load verb is not permis
sible. If data are mixed, the OPR ERR condition light goes on. 

Monitor verbs update displayed data once a second. Once a monitor verb is executed, the 
data on the display panel continues to be updated until the monitor is turned off by V33E (proceed/ 
proceed without data), V34E (terminate),  and internal program initiation of the program, or by a fresh 
start of the LGC. V33E is the abbreviation for the sequence of depressions (VERB, 3, 3, ENTR) that 
instructs the LGC to stop updating the monitor (display registers). 

After any use of the DSKY, the numerals (verb, noun, and data words) remain visible until the 
next use of the DSKY. If a particular use of the DSKY involves fewer than three data words, the data 
display registers (Rl, R2, R3) not used remain unchanged unless blanked by deliberate program action. 

"Machine address to be specified" nouns allow any machine address to be used. When the 
ENTR pushbutton is pressed the verb-noun combination senses a noun of this type, and the flash is 
immediately turned on. The verb code is left unchanged. The operator loads the desired five-octal
character complete machine address .  It is displayed in R3 as it is punched in. If an error is made in 
loading the address, the clear (CLR) pushbutton may be used to remove it. 

Data Loading. Some verb-noun codes require additional data to be loaded . If additional data are required 
after the ENTR pushbutton is pressed, following the keying of the verb-noun codes, the VERB and NOUN 
displays flash on and off at a 1 .  5-cps rate. These displays continue to flash until all information asso
ciated with the verb-noun code is loaded. 

Numerical data are considered decimal if the five-numeral data word is preceded by a plus sign or a minus 
s ign: if no sign is supplied, it is considered octal. The + and - pushbuttons are accepted by the LGC only 
when they precede the first numeral of the data word; they are ignored at any other time. Decimal data 
must be loaded in full five-numeral words (no zeros may be suppressed): octal data may be loaded with 
high-order zeros suppressed. If decimal format is used for any component of a multicomponent load verb, 
it must be used for all components of that verb. Mixing of octal and decimal data for different components 
of the same load verb is not permissible. (If such data are mixed, the operator error alarm is initiated . )  
The ENTR pushbutton must be pressed after each data word . This tells the program in progress that the 
numerical word entered is complete. 

After the ENTR pushbutton is pressed, the VERB and NOUN displays stop flashing and remain on, dis
playing the entered verb-noun combination. As the various pushbuttons are pressed (while entering the 
data) , the digits are displayed in positions of one of the display registers corresponding to the order in 
which they were entered. As the data is entered, it is temporarily stored in intermediate buffers . It is 
not placed into its final destination as a specified address noun code until the final ENTR pushbutton is 
pressed. 

If an attempt is made to enter more than five numerals in sequence,  the s ixth and subsequent numerals 
are rejected. If the 8 or 9 pushbutton is pressed during octal load (as identified by lack of a sign entry) , 
it is rejected and the operator error (OPR ERR) condition light goes on. 

In multicomponent load situations , the appropriate single component load verbs are flashed one at a time . 
The LGC always instructs the operator through a loading sequence. The operator (or the internal pro
gram) initiates the sequence by selecting VERB, 25 (load 3 components of) , (any noun will do) , ENTR. 
The verb code is changed to 21 (load first component of) and the flash is turned on. Verb 2 1  continues to 
be flashed as the first data word is being loaded . When the E NTR pushbutton is pressed, the verb code is 
changed to 22 (load second component) . Flashing continues while the second data word is loaded . When 
the E NTR pushbutton is pressed, the verb code is changed to 23 (load third component);  the flash continues 
while the third data word is loaded. When the ENTR pushbutton is pressed, the flash is turned off and all 
three data words are placed in the locations specified by the noun . 
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Correcting Erroneous Data. The C LR pushbutton is used to remove errors in R1,  R2, or R3 during data 
loading. This allows the astronaut to begin loading again. Use of the C LR pushbutton does not affect the 
PROG, NOUN, or VERB displays. 

To correct errors for single-component load verbs, the C LR pushbutton clears the register being loaded, 
provided that the C LR pushbutton is pressed before the ENTR pushbutton. Once the ENTR pushbutton is 
pressed, the C LR pushbutton has no effect. Mter the ENTR pushbutton has been pressed, the only way to 
correct an error for a single component is to begin to load again. 

To correct errors for second and third component load verbs , the C LR pushbutton is used. The first 
pressing of the C LR pushbutton clears the register being loaded . Consecutive pressing clears the regis
ters above the register being loaded, until R1 is cleared. 

Program Selection. Verb 37 is used to change the program. Keying VERB, 37, and ENTR blanks the 
NOUN display; the verb code flashes. The two-digit program code is then loaded. For verification pur
poses, the program code is displayed, as it is loaded, in the NOUN display register. When the ENTR 
pushbutton is pressed, the flashing stops, the new program to be entered is requested, and a new program 
code is displayed in the PROG display . 

Release of Display and Keyboard System. The display and keyboard system program can be used by in
ternal LGC programs. However, any operator keyboard action (except reset) makes the system program 
unavailable (busy) to internal routines . The operator has control of the system until he wishes to release 
it. Thus,  he is assured that data he wishes to observe will not be replaced by internally initiated data 
displays. In general, it is recommended that the operator release the system for internal use when he 
has temporarily finished with it. This is done by pressing the KEY RE L pushbutton . 

If an internal program attempts to use the system, but finds that the operator has used it and not yet re
leased it, the KEY REL light goes on. When the operator finds it convenient, he should press the KEY 
RE L pushbutton to allow the internal program to use the display' and keyboard panel. 

Operator Error. The OPR ERR condition light goes on when the operator presses pushbuttons improperly. 
The light goes on when an undefined verb or noun is entered or when a verb that is defined and a noun that 
is defined are entered, but the combination of verb and noun is illegal. Both of these errors do not re
quire any further operator action. The following operator errors also do not require further action : 

• The component number of the verb exceeds the number of the components in the 
noun . 

• The octal display and monitor verbs are used with a "decimal only" noun. 

• The decimal display and monitor verbs are used with mixed nouns . 

• The decimal display and monitor verbs are used with an "octal only" noun. 

• A no-load verb is used with a noun that is not a no-load noun. (Nouns that have a 
split minute/second scale for any component are no-load nouns. ) 

• An input code other than those that are defined is received from the keyboard. 

• • The contents of the register exceed its limit. 

When improper data are entered for a defined verb-noun combination that requires loading of additional 
data, the OPR ERR condition light goes on. The error is detected when the final entry of the loading 
sequence is made . When the light goes on, recycling to the beginning of the loading sequence is required. 
Only the data must be entered again, not the verb-noun combination . Other errors that cause the OPR 
ERR condition light to go on, and require recycling, are as follows: 

• The address entered for a "machine address to be specified" noun is not octal. 
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• Octal and decimal data are mixed in multicomponent load verbs. (All data words 
loaded for a given noun must be all octal or all decimal. ) 

• Octal data are loaded a "decimal only" noun. 

• Decimal data are loaded an "octal only" noun. 

• Loaded decimal data numerically exceed the maximum permitted by the scale factor 
associated with the appropriate component of the noun. 

• Negative decimal data are loaded, using the Y -optics scale. 

• For displays of time, the three data words are not loaded for the hours ,  minutes, 
and seconds scale. 

• When loading with the hours , minutes ,  and seconds scale, the minute s  exceed 59,  
the seconds exceed 59. 99,  and the total exceeds 745 hours 3 9  minutes 1 4 .  55 s econds. 

• Two numerals are not supplied for the program code under verb 37 . 

2 . 1 .  4. 3. 4 DSKY Operation Under LGC Control. 

The principles of DSKY operation by the internal LGC sequences are the same as those de
s cribed for manual operation of the DSKY. DSKY operation by the internal LGC sequences encompasses 
the following categorie s :  display, loading, please perform, and please mark. 

The display operation is used to display data to the operator. Data computed by the mission 
program can be displayed by using various display verbs. The loading operation requests that the operator 

• 

load data. The please-perform operation requests an action by the operator, who then notifies the LGC .-

that he has complied. The please-mark operation requests that the operator press MARK pushbutton on 
the AOT for an optics sighting. 

LGC-initiated verb-noun c ombinations are displayed as static or flashing displays.  A static 
display identifies data displayed only for operator information; no operator response is required. If the dis
played verb-noun combination flashes , appropriate operator response is required, as dictated by the 
verb-noun combination. In this case, the internal sequence is interrupted until the operator responds 
appropriately, then the flashing stops and the internal sequence resumes. A flashing verb-noun display 
must receive only one of the proper responses ; otherwis e ,  the internal sequence that instructed the 
display may not resume . 

D isplay . The appropriate operator response to a flashing display (verb-noun combination) is as follows : 

• Correct the data and perform the appropriate load-verb sequence.  Upon pressing 
the ENTR pushbutton, the internal sequence proceeds normally. 

• Recycle by keying VERB, 3 2 ,  ENTR. This returns the program to a previous 
location. 

• Proceed, or proceed without data, by pressing the PRO pushbutton. This indi
cates acceptance of the displayed data and a desire for the internal sequence to 
continue normally. 

• Terminate by keying VERB, 3 4 ,  ENTR. 

Data Loading. When data are to be loaded , the VERB and NOUN displays flash. The flashing occurs 
whether data loading is initiated by LGC or by the operator. The appropriate register (R1 , R2 , or R3) 
is blanked in anticipation of data loading. Data are loaded a'- five-numeral words; they are displayed 
numeral-by-numeral in one of the registers as loaded. 
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• Load the desired data. After the final entry, the internal sequence proceeds 
normally. 

• Proceed, or proceed without data, by pressing the PRO pushbutton . 

• Terminate by keying VERB , 34 , ENTR. 

Please Perform. The operator must respond to a "please perform" request. With this request, the verb-noun 
combination flashes and the internal sequence is interrupted. The "please perform" verb (50) is usually used 
with the "checklist" noun (25) and an appropriate checklist code number in Rl . (Refer to Apollo Operations I Handbook, Volume II, paragraph 4. 4 for checklist codes.) The appropriate response is as follows: 

• Press the ENTR pushbutton to indicate that the requested action has been performed. 
(The internal sequence continues normally. )  Proceed without data by pressing 
the PRO pushbutton. The operator chooses not to perform the requested action , 
but desires the internal sequence to continue with the previous data. 

• Terminate by keying VERB, 34 , ENTR. 

The "please perform" verb is also used with the "change of program" noun and "engine-on enable" noun. 
Its use in these cases is subject to the LGC program in process. 

Please Mark. The "please mark" verbs are flashed when the LGC is prepared to accept optical-sighting 
data from the AOT. 

2. 1. 4. 3. 5 Primary Guidance and Navigation Section - Modes of Operation . 

The PGNS is considered to be in an operational mode upon initiation of a program by the astronauts 
or MSFN. When operating under one of the various programs, the LGC automatically computes required mission 
parameters, commands the PGNS and the other sections and subsystems, and displays pertinent data to the astro
naut and MSFN (via downlink).  (Refer to Apollo Operations Handbook, Volume II, paragraph 4. 4 for PGNS pro- I grams. ) For operational compatibility , the astronauts and/or MSFN can initiate, modify, or interrupt the 
automatic program sequences. In certain cases, the programs are initiated by a previous program. 

The LGC is preprogrammed to display a mode number or program number on the DSKY 
in response to initiation of a program. This display remains on until the sequence of events for the 
specific mission phase, as dictated by the program, is completed . 

The astronaut may also be required, or may wish, to perform specifi c submodes (routines) 
during a program. The PGNS routines are used by most LGC programs, to perform the required input and 
output functions. (Refer to Apollo Operations Handbook, Volume II, paragraph 4 .  4 for PGNS routines. ) I 
Through these routines,  the LGC can command various guidance modes, display and accept information 
from the DSKY and radar, provide for telemetry inputs and outputs, control positioning of the RR antenna 
and the IMU stable member, and remain cognizant of the PGNS and LM subsystem operations. Only the 
ISS of the PGNS operates under specific modes when the PGNS is used. These modes of ISS operation are 
listed and defined in paragraph 2. 1 .  4. 1 .  8. 

2. 1 .  4. 4 Abort Guidance Section. 

2. 1. 4, 4. 1 Abort Sensor Assembly. (See figure 2. 1 -34. ) 

The ASA contains three floated, pulse-rebalanced, single -degree -of-freedom, rate
integrating gyroscopes and- three pendulous reference accelerometers in a strapped-down configuration. 
These six sensors are housed in a beryllium block, which is mounted on the navigation base. The sen
sors are aligned with the three LM reference axes.  The assembly also includes pulse torque servo
amplifiers (one associated with each sensor), a frequency divider, temperature control amplifiers, and 
a power supply . 
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Figure 2 . 1 -34. Abort Sensor Assembly - Block Diagram 
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The ASA operates on a current pulse torquing principle to rebalance the output from its 
sensors. The three gyros sense angular rates about the LM orthogonal axes and the three accelerom
eters sense accelerations along the same axes. These motions are converted to pulses proportional to 
the sensed motion. These pulses are routed to the AEA for further processing. Current generated in 
the accelerometer produces torque that opposes the torque caused by the force of acceleration on a 
pendulous mass. The average current is proportional to the acceleration. Pulses generated in the 
accelerometers are used by the AEA in measuring velocity increments. The output of each gyro and 
accelerometer is applied to a pulse torque servoamplifier. The pulse torque servoamplifiers used 
quantized time -modulated feedback to torque-balance their associated gyro or accelerometer. The 
servoamplifiers consists of an amplifier, a quantizer bridge and driver, and a current regulator. 

The strapped-down inertial guidance system has the advantage of substantial size and 
weight reduction over the more conventional gimbaled inertial guidance system, but has the disadvantage 
of error buildup over sustained periods of operation . The calibration method uses the PGNS as a refer
ence to determine the drift-compensation parameters for the ASA gyros . C alibration parameters are 
stored in the AEA and used to correct calculations based on the gyro inputs . 

The accuracy of the ASA inertial data outputs is temperature-dependent. The ASA tempera
ture control subassembly maintains the internal ASA temperature at +120°  F, with external temperatures 
between +30° and + 130° F. Two temperature control circuits are used , one each for fast warmup and 
fine temperature control. During fast warmup, ASA temperature can be raised from +30° F to approxi
mately + 1 1 6 °  F in 40 minutes .  The ASA must warm up for at least 2 5  minutes (warmup mode - AGS 
STATUS switch on panel 6 set to STANDBY) before operation. The fast warmup circuitry consists of a 
thermal sensor, w hich detects the internal ASA temperature and provides a proportional d-e analog to 
heater driver electronics that maintain the required heater power constant. The constant heater power 
permits a uniform temperature rise within the ASA. The fine tempe rature control circuit controls the 
temperature after ASA temperature reaches + 1 1 6° F. The fine temperature control circuit can raise the 
temperature 4° F and maintain this operating temperature within 0. 2° F . 

Accelerometers .  Each accelerometer i s  used in a closed servo loop in which the sens ing mass (pendulum) 
is displaced by acceleration along the input axes. Fluid between the pendulum and hous ing provides damp
ing for the servo loop. 

An inductive pickoff device of the accelerometer detects pendulum displacement. This displacement 
produces an a-c error s ignal, which is fed to a pulse torquing servoamplifier , where it is demodulated 
and changed to a d-e voltage. The d- e voltage is fed to a pendulum torquer, which produces a force equal 
and opposite to the acceleration force. The pendulum torquer output returns the pendulum to its null 
pos ition. A d- c voltage proportional to acceleration is obtained from a precision resistor in series with 
the pendulum torquer.  This d-e voltage is a direct measure of acceleration. 

Gyro s .  (See figure 2.  1 -3 5 . ) The gyros are of the single-degree-of-freedom type; they can process in 
only one phase of three orthogonal axes . The spin axis is the axis of rotation for the gyro spin motor . 
For any force exerted at right angles to the spin axis (in the plane of the input axis) , a precession occurs 
because the gyro flywheel resists changes in the position of the plane in which it developes its angular 
momentum. The developed opposing force acts in a third plane and tends to cause rotation of the gyro 
float. Therefore, for any rotation about the gyro input axis , force is developed to cause rotation about 
the gyro output axis . Each gyro comprises two major assemblie s :  a primary s tructure and a spin motor 
assembly . 

Primary Structure. The primary structure is formed by two machined castings , which support a float 
and a pickoff and torquer.  Two sapphire endstones in the primary structure support the float pivots . 
Part of the primary structure is filled with a high-density viscous fluid that supports the float and com
pletely fills the space between the primary structure and the float. A bellows at one end of the primary 
structure expands and contracts w ith changes in gyro temperature to prevent damage to primary struc-
ture. The float provides s truc tural support for the gyro spin motor and wheel, and a frictionless support 
for the output pickoff. The specific gravity of the viscous fluid in the gyro changes with changes in 
temperature ; for this reason, the temperature of the gy ros must be closely maintained. An advantage of 
flotation is viscous damping, which provides an integrating action that makes the gyro float less sus- I 
ceptible to vibration and shock along its input axis and cushioning of the float against shock and vibration 
along its output axis. 
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PICKOFF AND TORQUER 

MOTOR ASSEMBLY 

PRIMARY STRUCTURE 

Figure 2. 1 -35.  Abort Guidance Section - Gyro Assembly 

Each gyro has thermistors mounted on its case to sense temperature. Thermistor resistance is 

lOOL.MA-260 

5, 3 76±1 00 ohms at a nominal gyro temperature of + 120° F; the temperature gradient, 1 12 ohms; o F  at 
120° F. The thermistor leads are routed to the ASA test connector. 

The pickoff and torquer are installed in one end of the primary structure. The pickoff is an air-core 
differential transformer that has a four-pole primary and a two-pole secondary winding. The torquer is 
an eight-pole, D'Arsonval- type torque generator. 

The pickoff can be considered as a transformer that has a stationary primary winding and a rotatable 
secondary winding. The primary, attached to the primary structure ,  is excited by a 22- volt, 8-kc s ignal 
from the ASA power supply . The secondary consists of an Wlexcited winding within the torquer core; the 
secondary rotates with the float. Because of its position relative to the excited primary , no voltage is 
induced in the secondary when the float is in its null position. When the float is rotated in either direction, 
the relative position of the secondary to the excited primary changes and the excited primary induces an 
a-c voltage in the secondary. The magnitude of this voltage is proportional to the amount of float dis
placement, and its phase is indicative of the direction of float displacement. This voltage is phase-de
modulated by pulse torquing servoamplifier electronics,  quantized, and converted to a torquing signal that 
is fed back to the torquer to return the float to the null position. The current flowing in the torquer ,  
which is attached to the float and rotates with it, sets up a magnetic field that reacts with the field pro
duced by a permanent magnet attached to the primary structure. The reaction between the magnetic field 
produced in the torquer coil and the magnetic field produced by the permanent magnet creates sufficient 
torque to return the float to its null position. Heat produced by current flow through the torquing coil 
adversely affects temperature- sens itive components of the gyro. The resultant errors appear in the 
output as displacing forces , which are minimized by the forced limit cycle mode. The forced limit cycle 
mode keeps the average heat aroWld the gyro equal, which enables gyro drift to be predictable. 

Spin Motor Assembly . The spin motor assembly is a four-pole, synchronous , hysteresis motor that is 
housed within the float. The assembly includes a wound-pole stator secured to the gyro float by stator 
shaft supports. Three-phase excitation of the stator produces a rotating magnetic field. The motor 
ma tntains at synchronous speed any load that it can accelerate from a dead standstill. The float chamber 
housing is filled w ith helium, which carries heat away from the motor. Each gyro has an auxiliary 
inductive pickoff near its motor. The pickoff is excited by a small magnet on the flywheel, each time the 
magnet passes the pickoff; for each revolution of the motor flywheel, a pulse is induced in the pickoff . 
The output from the pickoff is routed to the test connector so that, during test, motor velocity can be 
measured. 
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Frequency Countdown Subassembly . The frequency countdown subassembly controls timing functions. 
It receives a !-microsecond pulse, with a repetition rate of approximately 7.  8 microseconds (128 kpps) , 
as the basic clock signal from the A EA. The subassembly processes these !-microsecond pulses to 
generate signals for control of the timed functions of the other assemblies in the ASA. The following 
seven fundamental signals are generated by the frequency countdown subassembly : 

• 64-kpps, !- microsecond s ignal 

• 1-kc ramp signal 

• Early blanking gate (0 to 3 blocking gate) 

• Late blanking gate (61 to 64 blocking gate) 

• 8- kpps synchronizing signal 

• 400- pps s ignals 

• 1-kc utility pulse. 

64- kpps, !- Microsecond Signal. The 64- kpps, 1- microsecond-wide signal is the fundamental digit or bit 
representing the quantized analog signals from the gyros or accelerometers. These pulses (hereinafter 
called quanta) are gated through the pulse torquing servoamplifiers by a time-modulated signal produced 
in the gyro or accelerometer torquing loops. The number of quanta permitted as outputs from each pulse 
torquing servoamplifier during each forced limit cycle is dependent on the magnitude and direction of the 
force displacing the gyro or accelerometer sensors and the time this force is acting. If a force providing 

I 
I 

a 50 o per second displacement of the referenced axis acts for one- half second, the gyro output magnitude I 
indicates a total change of 2. 5 o  in the angular position of the referenced axis. Similarly, if a force 
providing an accelerometer displacement equivalent to 5 fps acts for one- half second, the magnitude of 
the accelerometer output indicates a change in speed of 2. 5 fps along the referenced axis. 

For the gyros and their respective pulse torquing servoamplifiers,  after algebraic manipulation of the 
nominal quanta count of 32 pulses per limit cycle , each quantum has the weight of 0 .  0008804 9 ° .  For the 
accelerometers and ther respective pulse torquing servoamplifiers , each quantum has the weight of 
0. 003 125 fps. Thus , for a positive output angle of 2 . '5 o , the referenced gyro pulse torquing servoampli
fier provides a total of 18 , 840 pulses (out of a possible maximum of 3 0 ,  500) during the one-half second 
that the force acts on the gyro input (or reference) axis . For an output veloc ity of +2 . 5 fps, the refer
enced accelerometer pulse torquing servoamplifier provides 1 6 ,  800 pulses (out of a poss ible maximum of 
30, 500) during the one-half second that the displac ing force acts on the accelerometer sens itive axis. For 
a gyro- sensed negative output angle of 2. 5 o ,  the gyro pulse torquing servoamplifier provides a total of 
1 3 , 160 pulses (out of a possible minimum of 1, 500) . For a velocity of - 2 . 5 fps , the accelerometer pulse 
torquing servoamplifier provides 1 5 , 200 pulses (out of a possible m inimum of 1, 500) .  

1-kc Ramp Signal. The 1-kc ramp signal provides the basic timing functions for the dither signal used to 
retorque the accelerometers and gyros . This s ignal is applied to all pulse torquing servoamplifiers. 

Early Blanking Gate (0 to 3 Blocking Gate) . The early blanking gate is a pulse that occurs at the start 
of each forced limit cycle and whose width is equal to the w idth of three quantized pulses (approximately 
46. 8 microseconds) . The early blanking gate provides a quanta-limiting function when the dither s ignal 
duty cycle is three or less pulses w ide , to prevent occurrence of 0% duty cycle. A 0% duty cycle is 
equivalent to maximum negative torque acting on the sensors and produces scale factor nonlinearities , 
which are suppressed by a three-pulse limit. When the dither s ignal duty cycle is three or less pulses 
wide, the limiting function is enabled. Less than three pulses from a gyro pulse torquing servoamplifier 
represents an angular displacement about the gyro input axis of (3 - 32)  x 103 x 8. 805 x lOA ,  or approxi
mately - 25 .  6 o. Three o r  less pulses from an accelerometer pulse torquing servoamplifier represents an 
angular displacement about the accelerometer input axis of (3 - 32)  x 103 x 3 .  125 x 10- 3 , or approximately 
- 90.  625  fps. 

Late Blanking Gate (61 to 64 Blocking Gate) . The late blanking gate is a pulse that occurs at the end of 
each forced limit cycle and whose width is equal to the width of three quanta periods (approximately 46.  8 
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microseconds). The late blanking gate is used to prevent a 100% duty cycle. The output from a gyro 
pulse torquing servoamplifier represents an angular displacement of ( 6 1  - 3 2 )  x 103 x 8. 805 x 10- 4 , or 
approximately +25 .  6 o. When the duty cycle is more than 61 pulses wide, the output from an accelerom
eter pulse torquing s ervoamplifier represents a velocity of ( 6 1 - 32) x 103 x 3 . 1 2 5  x 1 0- 3 , or +90 . 625 
fps . 

8- kpps Synchronizing Signal. The 8 - kpps synchronzing s ignal synchronizes the de- to- de converter in the 
ASA power supply . The converter contains a Royer oscillator, which drives the main output power stage 
of the converter. When power is applied, the oscillator free- runs at approximately 6 kc. When the d- e 
outputs come up to the proper voltage , power is supplied to the frequency countdown subassembly , which 
then provides an 8 - kpps synchronizing signal for the oscillator. The oscillator then drives the main 
power stage of the converter at an 8 - kc rate. Use of a separate osc illator driver and a power output 
stage reduces the starting power requirements . 

400-pps Signals. The 400- pps signals generated in the frequency countdown subassembly are used to 
develop the gyro spin motor drive. There are four of these signals : one primary and three secondary . 
The primary s ignal is developed from the basic 8 - kc synchronizing signal and is used as a reference for 
comparing the secondary s ignals . The three secondary signals are a 400-pps s ignal 180 o out of phase 
w ith the reference (antireference),  a 400-pps signal 90 ° out of phase with the reference (quandrature) , 
and a 400- pps s ignal 180 o out of phase w ith the quadrature signal (antiquadrature) . All these signals are 
applied to the ASA power supply for further s ignal processing. 

1 - kc Utility Pulse. The 1 - kc utility pulse has a 50% duty cycle at the forced limit cycle rate. This pulse 
triggers the ramp generator in the ASA, and synchronizes test equipment to the forced limit cycle period 
during test. 

Fast Warmup Controller. The fast warmup controller provides heater power to bring the ASA up to 
operating temperature w ithin the allotted warmup time. The controller comprises a thermal sensor, two 
flat-pack res istive networks, four transistor matched pairs , two zener diodes, and three ordinary diodes • 

Three heater control trans istors and three heaters mounted on the controller housing are also part of the 
fast warmup circuitry. The thermal sensor senses the internal ASA temperature and provides a propor
tional d- e analog to the regulation and heater driver electronics that maintain the total fast warmup power 
constant. 

Fine Temperature Controller. The fine ten: ,.;erature controller maintains ASA operating temperature at 
a nominal 1 2 0  ° :tO. 2 ° F. For maximum operating efficiency, the controller is directly supplied with 
2 8 - volt d-e power from the LM primary power source. The controller has two thermal sensors, which 
sense ASA internal temperatures and provide a proportional d-e analog to the detecting electronics.  The 
controller provides switched, rather than continuous , power to the activate temperature heaters. It 
comprises four trans istor matched pairs , three res istive flat-pack networks, two integrated c ircuit 
amplifiers, and a unijunction transistor operated as a ramp generator. A trans istor matched pair and a 
single transistor used as a heater control device, mounted on the housing, are also part of the fine tem
perature controller. 

Power Supply . All a-c and d- e power required by the ASA is provided by its power supply , which receives 
28- volt primary power and synchronizing signals from the frequency countdown subassembly . In addition 
to the d-e voltages for use by ASA subassemblies , other d- e voltages are produced by the power supply 
for its internal use. The a-c voltages are used by the accelerometers , gyros, and pulse torquing servo
amplifiers. The subassemblies of the ASA that use a-c and d-e power are as follows:  

• The +28- volt d- c power is used by the current regulators and budget drivers in 
each pulse torquing servoamplifier. 

• The +12- volt d - e  power is used to bias the amplifiers in the accelerometers and 
to bias integrated circuit amplifiers in the pulse torquing servoamplifiers. 

• The +4- volt d- e power is used in the frequency countdown subassembly and the 
pulse torquing servoamplifiers to bias logic integrated circuit modules. 

• The - 12 - volt d- e power is used as bias voltage in the pulse torquing servo
amplifiers. 
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• The - 6-volt d- c power is used as bias voltage in the pulse torquing servo
amplifiers. 

• The -2-volt d-e power is used as bias in the frequency countdown subas
sembly and to bias logic integrated circuit modules in the pulse torquing 
servoamplifiers. 

• The 6. 3- volt, 8-kc power is used by the demodulators in the pulse torquing 
servoamplifiers. 

• The 22-volt, 8-kc power is used to excite the pickoffs in the gyros. 

• The 1. 5-volt, 8-kc power is used to excite the pickoffs in the 
accelerometers. 

• The 29-volt, 400- cps , three-phase power is used to drive the gyro spin 
motors. 

2. 1. 4. 4. 2 Abort Electronics Assembly. (See figure 2. 1-36. ) 

The AEA consists of a memory subassembly, a central computer, an input-output subas
sembly, and a power subassembly. 

Memory. The AEA memory is a coincident-current, parallel, random-access, ferrite-core memory 
with a capacity of 4, 096 words (18 bits each) . The cores are arranged in square planes; each core is 
subjected to X- and Y -coordinate selection. There is one plane for each bit in the word; the arrangement 
consists of 64 rows and 64 columns . The number of words in the memory is equal to the number of·cores 
in a bit plane. An address to the computer is specified by an X-coordinate and a Y -coordinate; it refers 
to the core at that location in all 18-bit planes . 

The memory core stack is divided into two sections: temporary memory (2 , 048 words) and permanent 
memory (2 , 048 words). The temporary memory stores replaceable instructions and data. Temporary 
results may be stored in this memory and may be updated as necessary. C heckout routines may be loaded 
during checkout and subsequently discarded . E ach core in the temporary memory is threaded by an 
X-selection winding, a Y -selection winding, a sense winding, and an inhibit winding. All windings, 
except the inhibit winding, are single turn. There are 18 sense and inhibit windings. They thread all 
cores in a single bit plane. Each bit phase has an associated sense amplifier and inhibit driver. In 
the permanent memory, each core is threaded by a sense winding and Y -selection winding. The inhibit 
winding in the permanent memory is omitted and the X-selection winding passes only through cores that 
represent zeros. The sense windings, Y -selection windings, and sense amplifiers are common to the 
temporary and permanent memories. 

The cycle time of the memory is 4 microseconds. The addresses of the temporary storage locations 
are 0 through 37778; the addresses of the permanent storage locations, 40008 through 77778. 

The binary state of a core is read by applying equal pulses to the X and Y drive lines that cross the de
s ired bit. This applies an effective full- select current +Is to the selected core and drives it to the 1 
state. All other cores threaded by the pulsed X and Y drive lines r eceive +Is/2.  If, while reading, the 
selected core is changing from the 0 state to the 1 state, a s ignal is present across the sense winding. 
This s ignal is read by the sense amplifier as a 0. If the core is in the 1 state at the start of reading, no 
s ignal appears across the sense winding. Absence of a signal is read by the sense amplifier as a 1. In 
the permanent memory, a selected core that is threaded by both an X- selection and a Y-selection winding 
switches from the 0 state to the 1 state and is, therefore, read as a 0. A selected core that is not 
threaded by an X- selection receives only a pulse of +ls/2 and is thereby always read as a 1.  

When a bit is read, the core is left in the 1 state. To achieve nondestructive readout, the word read 
must be written back into the memory. When writing, equal pulses (- Is/2} are applied to the X- and 
Y-selection lines. Because the polarity of these selection currents is opposite to that used in reading, 
the X- and Y- drivers must be bidirectional. Applying - Is/2 to an X- and Y- selection line causes the 
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selected bits to switch to the 0 state. If a 1 is to be written in the temporary memory, +ls/2 is applied 
to the inhibit line simultaneously with pulsing of the X and Y lines. The inhibit current pulse overlaps 
the X- and Y -selection currents to preclude partial switching of the selected core to the 0 state. 

The system log : ·� is such that only O 's  can be written into the memory. The 1 state is brought about by 
inhibiting the writing of O's . Therefore, the cores of the word selected must be set to the 1 state before 
information can be written into the cores . This core setting is accomplished by performing the read 
operation, which sets all cores to the 1 state, before the write operation. No inhibit current is required 
in the permanent memory because all cores that were in the 0 state can be restored to 0 by applying X 
and Y write currents (- Is/2 each) . Cores that were in the 1 state remain 1 's  because they were subjected 
to a total current of only - Is/2 . 

The memory operates in three modes : read-restore, read-clear, and clear-write. At the beginning of a 
memory cycle , the central computer supplies the memory with an initiate-memory-cycle s ignal, a mode 
signal, and an address. Address information is in a 12- bit address register in the central computer. 
Decoding is performed within the memory. The address register always contains the address location at 
the beginning of a memory cycle. During the read-restore mode, the contents of the location specified 
by the address register are read from the memory into the memory register (M- register) . The read
restore mode is used for the temporary and permanent memories. The read-clear mode is similar to the 
read- restore mode, except that the information is not restored to the memory . This mode applies only 
to the temporary memory and when it is unnecessary to restore information after reading. In the clear
write mode, the contents of the M-register are written into the location specified by the address register. 
The word to be written is transferred into the M-register during the second microsecond of the memory 
cycle. 

Central Computer. The central computer comprises an address register (L-register), a memory 
register (M-register), an index register (X-register), a program counter (P-register), cycle counter 
(C -register), an operation code register, adder, accumulator (A-register), and a multiplier-quotient 
register (Q-register). The registers are interconnected by a parallel data bus. Central-computer 
operations are executed by appropriately timed transfer of information between these registers, between 
the memory and the M-register, and between the accumulator and input-output registers. The adder, 
M-register, Q -register, and accumulator form the basis for execution of arithmetic operations. 

Address Register. The address register is a 12-bit static register that is loaded under AEA control, 
from the least significant 12 bits of the data bus .  The address register holds the address of the memory 
location to which access is requested. 

Memory Register .  The memory register (M-register) is an 18-bit static register, which is loaded from 
the memory cores or the data bus .  The register holds data that are to be transferred between the central 
computer and the memory , by the data bus .  The data bus is a collection of gates through which data 
(up to 18 bits in parallel) may transfer from one register to another. Data transferred from the memory 
are held by the M-register as they are placed on the data bus . During this time, data transfer is a 
read-and-restore operation. Data transferred to the memory from the central computer are held by the 
M-register as they are written into the memory. The A-register (accumulator) holds the multiplicand 
during multiplication, the dividend during division, the addend during addition, and the minuend during 
subtraction. The A-register is loaded by clearing it, then adding the contents of the M-register to it. 

Index Register . The index register is a three-bit ripple counter that is used for operand-address modi
fication. When an indexed instruction is executed, the effective operand address is computed by a logical 
OR operation between the index register and the three least significant bits of the operand address. When 
a transfer and text index instruction is executed , the index register is decreased by one if the counter is 
greater than zero, and the next instruction is taken from the location specified by the address field of the 
transfer and text index instruction. If the index register is zero, the counter is not decreased, and the 
next instruction is taken in sequence. The index register is loaded under program control, from the least 
significant three bits of the data bus . 

Program Counter.  The program counter is a 12-bit ripple counter, that is loaded from the least signif
icant 12 bits of the data bus by execution of a transfer instruction. The program counter holds and 
generates instruction addresses in sequence. 
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Cycle Counter . The cycle counter is a five-bit counter that controls shift instructions and certain long 
orders . The counter is loaded from the s ix least significant bits of the M-register. 

Operation Code Register . The operation code register is a five-bit static register that is loaded under 
software-control, from the five most significant bits of the data bus . The register holds the five-bit 
order code during its execution . 

Adder . The arithmetic section is designed around an 18 -bit, 3 -microsecond parallel adder. Two 18 -bit 
registers (the A- register and M- register) furnish the inputs to the adder. The adder changes 
the contents of the A-register by adding or substracting information (true or complement data, respec 
tively) from the M-register. Three microseconds are required for the carry to propagate and the 
correct sum to be available at the adder outputs after the M-register information is gated into the adder. 
At the end of the 3 -microsecond period, the sum is clocked into the A-register, replacing its previous 
contents (augend). A one -bit shift (either left or right) may be implemented simultaneously by gating the 
output of the adder into adjacent bits of the A-register. The data bus is not used to interconnect the 
adder with the A-register or M -register. 

Accumulator . The accumulator is an 18-bit static register (A-register) .  It communicates , in parallel,  
with the adder and the data bus ,  and serially with the Q-register for shifting operations such as 
multiplication, division, and double-length shif: ' . The accumulator holds the results of most arithmetic 
operations; it is used to communicate with the ;;;put or output registers. 

Multiplier-Quotient Register . The multiplier-quotient register (Q-register) is an 1 8-bit two-way shift 
register that communicates , in parallel,  with the data bus and serially with the accumulator . The Q
register holds the least significant half of the double-length product after multiplication and initially 
holds the least significant half of the double-length dividend for division. After division, it holds the 
unrounded quotient. For double-length shifting operations , the Q-register is logically attached to the 
low-order end of the A-register . After execution of a transfer and set Q- instruction, the Q-register 
holds a transfer instruction with an address field set to one greater than the location of the transfer and 
set Q-register instruction . 

Timing. Timing is controlled by an eight-bit register and a three-bit register. These registers produce 
the timing signals required to control all operations of the central co mputer . 

Data Bus. The data bus consists of gates through which data (up to 18 bits in parallel) may transfer from 
one register to another. A typical transfer consists of 18 bits of data from the A- register to the M
register. When this occurs,  the timing and control logic generates two control signals.  The first control 
signal gates all 18 bits of the A-register onto the data bus for 2 microseconds (some data bus transfers 
take 3 microseconds) ;  at the same time, the second control signal gates the contents of the data bus into 
the clocked set input of the 18 M- register flip-flops . At the end of the second microsecond, the M-register • 
is clocked and the information transfer is complete. 

For several transfers from the data bus, both true and complement information is gated into the receiving 
register. However, for transfers into the P-register only selected true signals are gated; therefore, this 
register must always be cleared to O's before receiving new information For transfers into X- , C- , and 
M- registers , only selected complement signals are gated; these registers must be cleared to 1 ' s  before 
receiving new information. Information transfer into most registers is via the clocked set- reset inputs at 
the appropriate clock time; however, the three registers (C , P, and X) connected as ripple counters are 
loaded from the data bus via the flip-flop direct set-reset inputs . 

Input-Output Subassembly. The input -output subassembly consists of special registers, counters, 
amplifiers, and gates,  which operate independently of the central computer, except when specifically 
accessed by a particular input or output order. There are four basic types of registers in the input
output subassembly: integrator, ripple counter, shift, and static. These registers operate independently 
of the central computer, except when they are accessed during execution of an input or output instruc 
tion. All transfers of data tables 2. 1 - 5  and 2. 1-6 between the central computer and the input-output 
registers are in parallel. The PGNS Euler angles are accumulated in three integrator registers, each 
of which consists of a 1 5 -flip-flop shift-register, a half-adder/subtractor, and control logic . The 
registers shift 15 bit positions at 512  kc upon receipt of each new pulse input, to serially add or subtract 
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Table 2 . 1 - 5 .  Abort Electronics Assembly - Input Signal Characteristics 

Routing Signal Description Remarks 

ISS to AEA 50-pps signal; indicates completion 
of telemetry shift for one digital word 

ISS to AEA 51 . 2  kpps (burst of 2 4  pulses, 50 
times per second) ; shifts telemetry 
data out of AEA 

C E S  to AEA Sinusoidal excitation for digital-to- ±0. 5 vrms and ±1% 
analog converters in AGS frequency accuracy 

C ES to AEA Discrete used to put AEA in auto- Definitions : 
matic submode 1 - Ground 

0 - Open circuit 

C E S  to AEA Discrete indicating abort but that Definitions: 
staging has not occurred 1 - Ground 

0 - Open circuit 

C E S  to AEA Discrete used to put AEA in followup Definitions : 
submode 1 - Ground 

0 - Open c ircuit 

C E S  to AEA Discrete indicating abort and that Definitions: 
staging is initiated 1 - Ground 

0 - Open circuit 

PGNS to AEA Digital pulse train (64 kpps maxi- Gimbal angles are used 
mum) , denoting negative and positive during PGNS-to-AGS 
angular increments of three PGNS alignment, to define the 
gimbal angles inertial reference frame. 

PGNS to AEA 51. 2-kpps pulse train used to reset Definition: 
PGNS angle input registers On - Application for 

300 milliseconds 
(minimum) 

PGNS to AEA 50-pps signal indicating termination 
of PGNS telemetry downlink shift 
operation 

PGNS to AEA 51. 2-kpps pulse train used to shift Burst of 40 pulses with 
in PGNS telemetry downlink data period of 20 milliseconds 

each 

PGNS to AEA 51. 2-kpps signal comprising 40-bit Burst of 40 pulses with 
words ; used to initialize AGS period of 20 milliseconds 
navigation each 

Descent Discrete indicating state of descent Definitions : 
engine to AEA engine 1 - Ground , engine on 

0 - Open circuit, 
engine off 

Ascent engine Discrete indicating state of ascent Definitions : 
to AEA engine 1 - Ground, engine on 

0 - Open c ircuit, 
engine off 
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Table 2 . 1-6.  Abort Electronics Assembly - Output Signal Characteristics 

Nomenclature Routing Signal Description Remarks 

Total attitude signals:  AEA to FDAI 0- to 15-vrms, 400-cps, sinusoidal Scale factor: 30 milli-
sine a ,  cosine a , signals for total attitude display volts per step 
sine {J, cosine {J, 
sine 'l' ,  cosine 'l' Computation rate: 25 

times per second 

Altitude signal (h) AEA to displays 64-kpps signal with word frequency Resolution: 2 . 3  feet per 
of > five times per second, used bit (15-bit word) 
for altitude display 

Altitude rate AEA to displays 64-kpps signal with word frequency Resolution: least signi-
signal (h) of > five times per second, used ficant bit 0 .  5 foot per 

for altitude display second (14 bits plus sign) 

L:neral velocity AEA to displays D-C analog (-5 to +5 vdc) , dynamic Resolution: 25 mv/fps 
(Vyb) range -200 to +200 feet per second 

Shift. pulses for h AEA to displays 64 kpps 
and h 

Attitude error signals AEA to CES 0- to 4. 5-vrms, 800-cps, sinusoidal, Resolution: 300 milli-
Ex, Ey, E z  and displays body-referenced, altitude error volts per degree ±5% with 

signals for steering and display -70' to +78' range 

one from the previous count. The counting is inhibited momentarily when an input transfer to the A
register via the data bus is required. The registers are reset to zero by a 5 1 .  2-kc pulse input on 
the CDU zero line. Data from the ASA gyros and accelerometers are accumulated in six 1 1 -bit flip-flop 
ripple counters. The inputs to these counters are inhibited when they are accessed by the central com
puter; they are reset to 0 after each access. The four-bit DEDA register, the 18-bit input telemetry 
register, the 24-bit output telemetry register, and the 1 5-bit register that is time shared for altitude and 
altitude rate are all implemented as shift registers. The first three of these registers are asynchronous 
(shifted by an external shift clock); the other one has associated shift controls and generates shift clocks 
in the AEA. In each case, shifting is inhibited during parallel access by the central computer. All the 
other registers are static flip-flop registers. The D/ A registers are loaded in parallel, via the data 
bus, from the A-register. The discrete register is changed by setting or resetting a specific flip-flop 
within the register with a specific output order (unique address); the A-register is not involved in 
changing the discrete register. 

Combinations of certain individual input-output addresses can be made, within an input or output instruc
tion, to facilitate setting or resetting a group of registers or d.scretes. Only addresses that have the 
same most significant octal character can be combined. To combine one or more addresses , each 
address (excluding the most s ignificant character) is added numerically. For example ,  combining the 
addresses of all s ix 1 1-bit counters would result in an address of 617.  An input instruction with the 
address 617 would reset all the counters . 

Integrator Registers . Three integrator registers accumulate PGNS angles 8, <1>, and Y,. The PGNS angles 
are represented by asynchronous pulse train s ignals , with a frequency range of 0 to 6. 4 kpps.  Each 
integrator register has two input lines : one for positive pulses and one for negative pulses. These reg
isters operate during the standby mode, when the central computer logic is off. 

The integrator registers are up-down counters that serially add or subtract one count per pulse input. 
Each integrator register cons ists of an input buffer section, a shift control section, and a 15- bit shift 
register section with half-adder and control logic. The input buffer section synchronizes incoming PGNS 
pulses with the AEA clock and provides temporary storage for one pulse. The shift control section allows • the register to shift the appropriate number of times for each pulse input from the input buffer. 

---------
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Input Counters . Six input counters accumulate ASA gyro and accelerometer data. These data ( AVx, AVy , 
AVz, AQ, AR, and AP) are represented by pulse trains with a frequency range of 0 to 64 kpps . These 

pulses are asynchronous to the AEA. The input consists of an input buffer section and an 1 1-bit ripple 
counter with control logic. 

Downlink Telemetry Register. The downlink telemetry register is an 18-bit input register. It receives 
a serial 40-bit PGNS downlink telemetry word. The first 18 bits are retained in the register. The 40-bit 
word is shifted into the register by externally controlled shift pulses at a rate of 5 1 . 2 kpps. These shift 
pulses are asynchronous to the A EA. A 1 in the input data is represented by a pulse (coincident with a 
shift pulse); a 0 ,  by lack of a pulse. A stop pulse from the external control indicates the end of a trans
mitted word. The register is used by GSE to enter data into the central computer, but cannot be used by 
GSE and telemetry simultaneously. An 18-bit word is used by the GSE. The register consists of a shift 
pulse buffer section and a 18- bit shift register section with shift control logic. The shift pulse buffer 
section synchronizes the input shift pulses with the AEA and provides a delay between data pulses received 
and shift pulses rece ived. 

Altitude-Altitude Rate Register. The altitude- altitude rate register is a 15-bit output register. It is used 
to output, serially , altitude and altitude rate data. A 1 in the output data is represented by a pulse; a 0 ,  
by lack of  a pulse.  There are separate output data and output shift pulse lines for the altitude and altitude 
rate. An output discrete selects the data and shift pulse lines to be used. Before data are entered into 
the register , the output discrete corresponding to the desired output must be set. 

Output Discretes. There are 11 output discrete flip- flops in the A EA. Each discrete can be used inde
pendently of the others. Except for the two DEDA discrete flip-flops, all the output discrete flip-flops 
are set and reset by different addresses. The DEDA output discrete flip-flops are automatically reset by 
the hardware; they cannot be reset by the program. The D EDA discrete flip-flops are clock- set by the 
appropriate output ins tructions, and clock- reset 1 microsecond later. These discretes output a single 
pulse, nominally !-microsecond wide, each time the flip- flop is set. The test mode failure output dis
crete is automatically set if the 20-millisecond timing pulse occurs during any instruction other than the 
delay instruction. The engine-on output discrete flip-flops are automatically reset during the power turn
on sequence.  The altitude and altitude rate output discretes have a common reset address. These dis
cretes are used for internal control of the altitude- altitude rate register. They enable the desired serial 
data and shift pulse output lines. The GSE output discretes are used to gate out a 128- kpps pulse train. 
The ripple carry inhibit output discrete is used internally to test the adder carry mechanism. 

Output Telemetry Register. The output telemetry register, a 24- bit output register, outputs telemetry 
serial data or GSE serial data. The telemetry data word is 24 bits long; the GSE data word, 18  bits long. 
Telemetry and GSE cannot use the register s imultaneously . A 1 in the output data is represented by a 
pulse;  a 0 ,  by lack of a pulse. Each data word is shifted out with the most s ignificant bit first. Data in 
the register are shifted out by asynchronous , externally controlled, shift pulses at a rate of 5 1 . 2 kkps . 
Twenty-four shift pulses are sent for telemetry data; 18 ,  for GSE data. The external control sends a stop 
pulse to the output telemetry register when all shift pulses have been sent. 

The telemetry word list comprises a 50 -word block of data. (Refer to table 2. 1-7 . ) Each output telem
etry word comprises 24 bits (a six-bit identification (ID) code followed by an 18 -bit central computer 
word) . 

The identification code represents the sequential position of the telemetry word in the word list 
(0 18 to 628) .  The data "equation symbol" are the same as those used in the AGS software program. The 
central computer word contains codes or numeric data. The numeric data are in binary 2 's  complement 
format. The most significant bit (bit No. 0) is a s ign bit (0 for positive data; 1 for negative data) . The 
remaining bits are numbered (1 through 1 7) ,  from most s ignificant to least significant. 

DEDA Register. The D EDA register is a four-bit input- output register, which receives or sends four 
bits of serial data. A 1 in the serial data is represented by a pulse; a 0, by lack of a pulse. Data are 
shifted in or out by asynchronous , externally controlled, shift pulses at a rate of 64 kpps. These input 
shift pulses are gated out as data pulses when the DEDA register is in an output mode. Bits No. 1 through 
4 of the DEDA Register are transferred to bits No. 1 through 4 of the accumulator during an input instruc
tion and loaded with bits No. 14 through 17 of the accumulator during an output instruction. The DEDA 
register consists of a shift pulse buffer section and a four-bit shift register with control logic. 
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Clock Countdown Subassembly. The clock countdown subassembly develops 512-kpps , 128-kpps , and 
64-kpps and 50-pps timing s ignals from the 1. 024-mc system clock. The clock countdown subassembly 
consists of a toggle flip-flop, three counter sections , and assoc iated gating. 

Power Subassemblies. Two independent power supplies are assoc iated with the central computer. One 
functions in the standby and operate mode ; it supplies power to clock- countdown circuits and to three in
tegrating registers. The other power supply functions only in the operate mode; it supplies power to the 
remainder of the central computer. The outputs of the latter power supply are available in sequence so 
as not to compromise the memory, monitors the input voltage and output voltages and provides a control 
s ignal (PS13).  The control signal is true if the central computer is in the operate mode, the input voltage 
is at least 20 volts de and all output voltages are at the proper levels. 

Word 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

13 

14 

1 5  

16 

1 7  

1 8 

1 9  

2 0  

2 1  

2 2  

ID Code 
(Octal) 

01 

02 

03 

04 

05 

06 

0 7  

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

2 0  

2 1  

2 2  

23 

24 

25 

2 6  

Table 2 . 1- 7 .  Abort E lectronics Assembly - Telemetry Word List 

Lunar Least 
E quation Binary S ignificant 
Symbol Scaling Bit Weight Unit Description 

o 4 1  - - DEDA readout mode flag; 1 in sign bit indicates DEDA 
processing is in readout mode . 

DD - - - Most recent DECA data word in computer units 

o38 - - - DEDA clear mode flag; 1 in sign bit indicates DEDA 

a l l  
processing is i n  clear mode . 

a 12 
1 2

-16 
- Row No. 1 of direction cosine matrix 

al 3  

ADST - - - Octal address associated with most recent DEDA 
communication 

a3 1  

a32 
1 2

-16 - Row No. 3 of direction cosine matrix 

a
33 

h 25
-3 

2
8 

feet LM altitude above mean earth (lunar) s urface 

..!:. 2 5
-3 

2
8 

feet Components of LM inertial position 

EONS10 - - - E ngine-on indicator and GUID CONT switch 

.!c 2 5
-3 

2
8 

feet C omponents of CSM inertial position 

r
f 

2 5
-3 

2
8 

feet Predicted value of LM radius at completion of current 
guidance routine, except in external tJ.v 

tJ.V
x 

tl.Vy 3 2
- 14 

fps Compensated inc remental velocity components accumu-
lated per 20 milliseconds along X-, Y-, or Z -body-axis 

tJ.V 
z by corresponding X, Y, or Z accelerometer 
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Word ID Code 
No. (Octal) 23 27 24 30 25 31 26 32 27 33 28 34 29 35 30 36 31 37 32 40 33 41 

. 34 42 35 43 36 44 
37 45 38 46 
39 47 40 50 41 51 42 52 43 53 44 54 45 55 46 56 47 57 
48 60 
49 61 50 o2 
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Table 2. 1-7 . Abort Electronics Ass embly - Telemetry Word List (cant) 

Lunar Least 
Equation Binary Significant 
Symbol Scaling Bit Weight Unit Description 

t2 1 2-16 sec Least significant half of AGS absolute time 
<lax 
<lay -6 2-16 rad C ompensated incremental components per 20 milli-

s econds of vehicle rotation about X-, Y-, or Z -body-
<la:z axis, measured by X, Y, or Z gyro. 

TB 9 z-8 sec Time to LM engine burnout 

y_ 13 2-2 fps Components of present LM inertial velocity vector 

"'8T 17 1 - U llage counter for telemetry 

..Yc 13 2-2 fps Components of CSM inertial velocity vector 

h 13 2-2 fps LM altitude rate 

AVG 13 z-2 fps Magnitude of velocity to be gained for existing 
guidance mode l vp0 l 13 l 2-2 l fps !Predicted velocity to be gained in CDH burn 

VT 13 z-2 fps Total velocity to rendezvous in TPI s12T 3 - - s12 for telemetry ! TAO l 18 l 2 l sec l Time from nominal CSI burn to CDH burn correspond-
ing to best cost function for this computing cycle 

\ge 18 2 sec Time from present to TPI maneuver 

�bD 1 2-16 - Components along X, Y, and Z inertial axes of unit 
vector commanding desired pointing direction for LM 
X-body-axis 

tl 18 21 sec Most significant half of AGS absolute time 

8oo - - - Function s elector by which subrnode logic is selected 
via DEDA 

{3 ' s  - - - Discretes that make up discrete word one l Ar l 23 l 28 l feet �Differential LM-CSM altitude after CDH burn 
qld 23 28 feet Transfer orbit perifocus altitude in TPI 

q LT 23 28 feet Perifocus altitude of present LM orbit 

..Y.d 13 2-2 fps Sensed velocity increments along LM body-axis 
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Startup. To place the c entral computer in operation, the operator sets the AGS STATUS switch from 
STANDBY to OPERATE. The power subassemblies then apply power to the central computer in a pre
determined sequence. When all operate voltages are at their rJroper levels , power supply s ignal PS13 
remains 0 for at least 10 microseconds. During this 10- mic .;second period, certain initial conditions 
are established in the central computer. These conditions ar · such that the central computer automat
ically accesses an instruction from a predetermined memory location. Central computer operation then 
continues under normal program control. 

Shutdown. The central computer shuts down if the power supply input voltage drops below 20 volts de; it 
restarts automatically when the proper input voltage is restored. If the central computer shuts down 
after reading from memory, but before restoring memory, information is lost. This is prevented by 
completing the current memory cycle while preventing initiation of additional memory cycles during 
shutdown. When the power supply input voltage is restored (20 volts de) and the current memory cycle 
is completed, the central computer is ready to go through its startup sequence. 

2. 1. 4. 4. 3 Data Entry and Display Assembly. {See figure 2. 1-37. ) 

DEDA operation involves the display; shift register; bit, digit, and cycle counters; a data 
transfer sequencer; pushbutton entry, and data-AEA transfer. 

Display. The three most significant digit positions ( 1 ,  2 ,  and 3) of the shift register are decoded to form 
the address display . The next position {4) is decoded to form the s ign display. The remainder of the 
digit positions {5 , 6 ,  7 ,  8 ,  and 9) are decoded to form the data display . The decoded digit for each 
numeric display provides an output for each segment of the display. The display segments for each digit 
are activated, via drivers, by outputs from the decoding logic associated with the respective four-bit digit 
positions of the shift register. The all 1 's code in any digit position of the shift register deactivates the 
decode outputs , blanking the digit display . 

Shift Register. The shift register accumulates and holds all information entered with the pushbuttons 
or transferred from the central computer for display . The shift register contains 36 bits comprising 
nine digits . Codes presented from the pushbuttons are entered directly into the four least significant bits 
of the register and positioned for display. Address and data bits transferred from the central computer 
are entered into the least s ignificant bit position of the register. Address and data bits to be transferred 
to the central computer are taken from the most s ignificant bit position of the register. 

Bit, Digit, and Cycle Counters. The bit counter is a six-bit ripple counter. The counter accumulates 
the number of clock pUlses gated to the shift register and, in conjunction with the digit and cycle counter, 
controls positioning of digit codes in the shift register as they are entered with the pushbuttons . The 
bit counter also controls the transfer sequence as information is transferred to or from the central 
computer. The digit counter, a five-bit shift register counter that is incremented on the final count of 
the bit counter, detects operator errors. Error's arise when pushbuttons are pressed out of sequence,  
while entering data into the shift register. Such errors cause the OPR ERR l ight to go on. The cycle 
counter is a four- bit shift register whose main purpose is to control the cycling of inputs to the shift 
register. 

Data Transfer Sequencer. The data transfer sequencer consists of a two- step counter and flip-flops that 
buffer and control data transferred from the central computer. The sequencer controls the timing of shift 
pulses and information bits transferred to or from the central computer and provides control for shifting 
the contents of the shift register during the transfer • 

Pushbutton Entry . To enter data with the push buttons, the CLR pushbutton must be pressed. This action 
sets the entire shift register, which blanks the display and resets the digit, bit, and cycle control 
counters, and operator error logic circuits. A flip-flop that enables the keyboard (pushbutton) control 
logic is also set. This flip-flop is reset when the ENTR or READOUT pushbutton is pressed. 

The C LR, ENTR, and READOUT pushbuttons , when pressed, engage two separate , isolated switches , 
each of which routes a signal. When the C LR pushbutton is pressed, one s ignal clears the display ; the 
other is routed to the A EA ,  preparing it for an entry or readout operation. When the ENTR or READOUT 
pushbutton is pressed, one signal prepares the DEDA for information transfer; the othe r ,  triggers the 
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SIGNAL 

-

- --, I I I ELECTROLUMINESCENT 
NUMERICS POWER 

f4--+-------1'- ( 1 5  T O  1 1 5  

._r-'--'---'---.L-,-�--' VAC 400 CPS) 

58 
ELECTROLUMINESCENT 

DRIVERS 

INPUT I OUTPUT SHIFT CONTROL GATES 

CLEAR 
DEDA 
CONTROL '-------' 

� 
DEDA LOGIC 

, 4V 
INPUT POWER 
FROM AEA 

_ 2V (UNREGULATED) 

INPUT DATA 
FROM AEA 
(64 KPPS) 

INTEGRAL liGHTING foe-.._------- POWER (20 TO 75 
VAC, 400 CPS) 

STATUS liGHTING 
POWER 
(+ 2 TO + 5V) 

INPUT 

AEA SIGNAL GROUND-+--------' 

_ _ _ _  _j L --- - - - - - -
Figure 2. 1 -37. Data Entry and Display Assembly - Detailed Block Diagram 
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• 

• 

• 

• 

enough to actuate both switches, only one signal is routed instead of two and the resulting incomplete 
operation depends upon which switch closes. 

As the pushbuttons are pressed, binary -coded-decimal (BCD) s ignals are fed to gates,  which, in parallel , 
set or reset the four least significant flip-flops of the shift register. These gates are controlled by the 
pushbutton strobe, a delayed pulse generated in the keyboard control logic . The pushbutton s trobe also 
sets bit counter enable flip-flop and cycle control flip-flop. The bit counter enable flip-flop enables a 
gate , which feeds clock pulses to the shift register. When clock pulses add up to 3 1 ,  as counted by the 
bit counter, another gate is enabled. This gate resets the bit counter enable flip- flop on the next clock 
(pulse 3 2 ) ,  terminating the shift register clocks , and enables a clock pulse that is fed to the digit counter, 
incrementing the counter by one. 

Digit codes entered into the shift register are positioned in their proper location by the cycle counter as 
the register is clocked. The first digit is positioned in the most s ignificant end of the shift register, the 
second digit in the next most s ignificant digit location, and so on until the ninth (last) digit is entered. 
The cycle counter positions the digit codes by enabling gates , which cause the information in the shift 
register to circulate out of the most s ignificant end into the eighth digit pos ition in the register while hold
ing the current pushbutton input in the least s ignificant digit position. At a time determined by the current 
state of the digit and bit counters , a gate that resets the cycle control flip-flop to allow the current input 
to shift through the registe r ,  behind the information previously entered, is enabled. 

If press ing the ENTR or READOUT pushbutton results in an operator error or if either pushbutton is 
pressed during an operator error condition, the c entral computer recognizes the error by detecting 1 ' s  
in positions that normally contains D's.  Pressing the C LR pushbutton resets the operator flip-flop. 

Data-A EA Transfer. Upon entering nine digits into the shift register with the pushbuttons ,  and visual 
verification that an operator error condition does not exist, the ENTER pushbutton may be pressed to 
start the data transfer sequencer .  The c entral computer responds to the enter s ignal by sending a shift- in 
discrete to the D EDA. This discrete sets a flip-flop, which initiates data transfer to the central com
puter. Data are transferred in a two- step operation controlled by the data transfer sequencer. During 
the first step of the shift-in sequence, the mos t significant bit of the shift register is gated with a !
microsecond-wide clock pulse and fed to an output circuit. During the second step of the shift- in sequence ,  
a shift pulse is fed to the central computer, the contents of the shift register are shifted one bit position, 
and the bit counter is incremented by one. 

Each shift- in discrete results in four cycles of the data transfer sequencer or transfer of one digit. The 
central computer sends shift- in pulses until the entire word is transferred. As the contents of the reg
ister are shifted from the most s ignificant end, 1 's are shifted into the least significant end. The display 
is blank after all digits have been transferred. Because of the data transfer sequencer four - cy cle 
operation, the address digits, which are coded in three bits (octal) , and the s ign digit, which is coded in 
one bit, are alloted four bits in the shift register. The extra bits are used to provide redundant codes 
for blanking the respective displays or detec tion of an operator error by the central computer. 

To display a word within the c entral computer, the three-octal-digit address of the word is entered into 
the shift register and the R EADOUT pushbutton is pressed. The central computer responds by sending 
shift- in discrete s ,  which transfer the address digits to the central computer. The c entral computer then 
sends a series of shift-out discretes. Each shift-out discrete sets a control flip-flop, which enables the 
shift register to enter bits transferred from the central computer . 

During the first s tep of the shift-out sequence, a shift pulse is fed to the central compute r ,  which trans
mits a data bit back to the DEDA. The D EDA stores the data bit in a buffer flip- flop. During the second 
step, the buffered data bit is shifted into the least s ignificant bit of the shift register as the register 
contents are shifted one bit pos ition. Simultaneously , the bit counter is incremented by one. As for 
shift- in discrete s ,  the data transfer sequencer cycles four times for each shift-out discrete; the computer 
must send a shift-out discrete before transfer of each digit. 

The central computer may continually update the D EDA display by sending repeated sequences of nine 
shift-out discretes with accompanying data. Press ing the HOLD pushbutton s tops the central computer 
from sending shift-out discretes after the next full word has been transferred to the D EDA; the contents 
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of the shift register remain unchanged. Pressing the READOUT pushbutton causes the central computer 
to resume sending shift-out discretes; the contents of the shift register change accordingly. In this mode 
of operation, pressing the READOUT pushbutton does not cause an operator error . 

• 
DEDA Operation. I 2 . 1 .  4. 4. 4 

DEDA operation is initiated by pressing the CLR pushbutton. This enables data entry with 
the numerical pushbuttons (O through 9).  As each numerical pushbutton is pressed, its code is placed 

I 

in a register for display in the order in which the pushbuttons are pressed. When the appropriate number 
of characters is entered, the ENTR or READOUT pushbutton is pressed. If the CLR, ENTR, or READ
OUT pushbutton is not pressed to the full extent of its travel, the OPR ERR light may go on or a condition 
may develop in which no action occurs. No false information is sent to, or readout of, the AEA when 
this occurs. However,  the step(s) must be repeated. (Refer to the pushbutton-entry discussion in para
graph 2 . 1 .  4. 4. 3. ) 

The following paragraphs contain the operating procedures for the DEDA, using the front 
panel pushbuttons and electroluminescent readouts. Before performing these procedures, the appro
priate cabin switches must be set to the on position, the AC BUS B: AGS (panel 1 1 )  and STAB/CONT: 
AEA and ASA circuit breakers (panel 1 6) must be closed, and the AGS STATUS switch (panel 6) must 
be set to OPERATE. 

Data Insertion. The sequence of operations for inserting data into the AEA via the DEDA is as follows : 

• Press and release CLR pushbutton. 

This operation clears the DEDA and blanks all lighted characters . The C LR 
pushbutton must always be pressed before any DEDA entry. 

• Press and release three consecutive numerical pushbuttons . 

This operation identifies the address (octal) of the AEA memory word location 
into which the data are to be inserted. The AEA will not process data with an 
octal address larger than 704. 

• Press and release pushbutton that corresponds to sign (+ or -) of data to be 
inserted. 

• Press and release desired five consecutive numerical pushbuttons that 
correspond to the numerical value of data to be inserted (decimal or octal, as 
appropriate for entry).  Refer to Apollo Operations Handbook, Volume II, 
paragraph 4. 4 for DEDA inputs (addresses). 

• Verify entry by comparing electroluminescent display with desired address and 
desired numerical value . 

• Press and release E NTR pushbutton. 

This operation enters the word into the AEA and blanks the address and data 
displays . 

• 

• 

Data Readout. The sequence of operations for reading the contents of an AEA memory cell is as follows: • 
• Press and release C LR pushbutton. 

This operation initializes the DEDA and blanks all lighted characters. The 
C LR pushbutton must always be pressed before any readout. 
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• 
This operation identifies the address of the AEA memory core location from 
which data are to be extracted . The address is in octal form; it must not 
exceed the number 704 . If a number larger than 704 is entered into the 
address, the DEDA readout will be extinguished when the READOUT 
pushbutton is pressed. Refer to Apollo Operations Handbook, Volume II, 
paragraph 4. 4 for data that are DEDA-accessible from the AEA. 

• Verify entry by comparing electroluminescent address with desired address . 

• Press and release READOUT pushbutton. 

After the READOUT pushbutton has been pressed, the displayed quantity and 
its address are updated twice per second. The astronaut can hold a value 
on the display by pressing the HOLD pushbutton. This value is held on the 
display until the READOUT pushbutton is pressed (at which time the displayed 
quantity is updated twice per second) or until the CLR pushbutton is pressed 
(at which time the DEDA is initialized for the next command and the displays 
are blanked) .  

Decimal Point Location. There is no decimal point indication on the DEDA. To use the AGS correctly, 
the astronauts must have knowledge of the quantization of the decimal quantity being entered or •read out. If a position variable has a quantization of 100 feet, then 42 , 300 feet is entered or displayed as 
+00423 .  

• 

Operator Error . The OPR ERR light on the DEDA display panel goes on if the operator makes any of the 
following errors: 

• Nine pushbuttons are not pressed and the ENTR pushbutton is pressed. 

• Three pushbuttons are not pressed and the READOUT pushbutton is pressed. 

• READOUT pushbutton is pressed after more than three digits are entered. 

• More than nine pushbuttons have been pressed since the last pressing of the 
CLR pushbutton. 

• The 8 or 9 pushbutton is pressed while loading the address portion of the word . 

• The + or - pushbutton is not pressed in the fourth position of the nine-digit word. 

• The + or - pushbutton is pressed in other than the fourth position. 

• • A quantity is being read out and the ENTR pushbutton is pressed. 

--------
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The following operator errors do not cause the OPR ERR light to go on. 

• If a number greater than 704 is entered into the address portion of the display 
along with other numbers, the DEDA exhibits an odd display when the ENTR 
pushbutton is pressed. The numbers shift and several entry slots are blanked. 

• If a number greater than 704 is entered into the address portion of the DEDA 
and the READOUT pushbutton pressed, the DEDA is blanked. 

• If an octal quantity is entered with a digit greater than 7 or if a number greater 
than its allowable range is entered via the DEDA, a computer-processing error 
results . If the address is read out, the display is different than what was entered. 

Address values greater than 704, used for program instructions cannot be entered into the DEDA. If 
such entries are attempted, the symptoms described in the preceding paragraph occur. Normal 
operation is restored by pressing the C LR pushbutton. 

2. 1. 4. 4. 5 Abort Guidance Section - Self-Test Routine . 

The self-test routine continuously checks that the computer logic and memory are functioning 
properly. DEDA address 4 12 is used, in conjunction with the test, to indicate test results to the astro
nauts and to allow resetting of error indicators . If a readout of address 412 on the DEDA is performed, 
the following outputs are possible: 

+00000 - Test not completed 

+10000 - Test successfully completed 

+30000 - Logic test failure 

+40000 - Memory test failure 

+70000 - Logic and memory test failure.  

An additional output (+00000) permits the astronaut to reinitiate testing and reset the AGS 
warning light after failure is detected. When a failure is encountered during the test, the output in memory 
location 4 12 is displayed and the AGS warning light goes on; future tests are inhibited until testing is re
initiated. The error indicator is reset or testing reinitiated by entering +00000 in address 4 12 .  The 
astronauts need not monitor DEDA address 4 12 periodically, because the AGS warning light (panel 1) pro
vides a visual indication of an error. However , as part of the AGS turn-on procedure, the DEDA check 
should be performed as a partial check of AGS warning light and computer operation. 

2 . 1 .  4. 4. 6 Abort Guidance Section - Initialization Function. 

Initialization comprises two functions : navigation initialization, and time initialization. 

Navigation Initialization. The AGS accepts initialization inputs from the PGNS downlink (automatic) or 
from the DEDA (manual) . Data are accepted when an initialized instruction has been entered through the 
DEDA during an unpowered flight phase of the mission. Data shall not be inserted during LM powered 
flight. Initialization is referenced to the AGS absolute time base and the AGS inertial reference frame at 
the time of initialization. Upon completion of initialization, an initialization-complete indication is gen
erated and may be displayed via the DEDA upon request. 

Ephemeris data from the LM and CSM are inputs for initialization. These inputs are initialized automati
cally via the PGNS downlink by entering 4 14+ 10000, and ENTR on the DEDA. Completion of automatic 
initialization is indicated by the DEDA address and data indicators being set back automatically to 
414+00000 . LM ephemeris data are initialized manually, using the DEDA. 
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The PGNS downlink data provide LM and CSM position, velocity, and epoch time, which are used to 
initialize LM navigation and CSM orbit parameters (state vectors) . The data are provided in the AGS 
inertial coordinate frame. The LM and CSM epoch times are in the same time base as the AGS 
absolute time. The sequence in which the PGNS downlink data are used to initialize the AEA is given 
in table 2. 1 -8.  

Initialization 
Sequence 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Table 2. 1-8. PGNS Downlink Data Update Sequence 

Description 

Identification word 

LM X-position, AGS coordinates 

LM Y-position, AGS coordinates 

LM Z-position, AGS coordinates 

LM epoch time (most significant) 

LM X-velocity, AGS coordinates 

LM Y-velocity, AGS coordinates 

LM Z-velocity, AGS coordinates 

LM epoch time (least significant) 

CSM X-position, AGS coordinates 

CSM Y-position, AGS coordinates 

CSM Z-position, AGS coordinates 

CSM epoch time (most significant) 

CSM X-velocity, AGS coordinates 

CSM Y -velocity, AGS coordinates 

CSM Z-velocity, AGS coordinates 

CSM epoch time (least significant) 

DEDA 
Address 

414 

240 

241 

242 

254 

260 

261 

262 

254 

244 

245 

246 

272 

264 

265 

266 

272 

The sequence of the 17 words occurs at a basic rate of 50 words per second. The sequence is not inter
rupted. The word formats of the 17 downlink words are as follows: 

Bit No. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

ID Word X X X X X X X X X X X X X X X X y y 

Data Word 1 s X X X X X X X X X X X X X X y y 

X =  0 or 1 ,  Y = Not applicable, S = Sign bit ( 0  o r  1) . 

A stop pulse discrete, which is set after a new downlink word has been inserted into the downlink input 
register, will be available to the program. The stop pulse discrete is reset upon reading the downlink 
input register. The time interval between stop pulses is 20 milliseconds. The program interrogates the 
stop pulse discrete twice per 20-millisecond cycle, with at least a !-millisecond separation. The input 
register is read only if the stop pulse discrete is set to ensure that the input register is not read while 
data are being shifted into the input register. 
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The three components of LM position are entered by keying address codes 240, 241 ,  and 242 ,  and the 
value and sign of the data, on the DEDA. The three components of LM velocity are entered by keying 
address codes 260,  2 6 1 ,  and 262 , and the value and sign of the data, on the DEDA. The LM epoch 
time (a multiple of 6 seconds) is entered by keying address code 2 54 on the DEDA. Keying 414 and 
+20000 on the DEDA completes initialization. When initialization is completed, the AEA is automatically 
set back to the attitude hold submode, as indicated by the DEDA display (414+00000}. Manual initial
ization of CSM ephemeris data is identical with that for the LM, except for the address codes . 

Time Initialization. Initialization of AGS absolute time consists of entering an absolute time of zero into 
memory. This is accomplished by keying 377 on the DEDA. AGS absolute time is not limited to zero, 
except by procedures . A time tag, referred to as epoch time, is associated with each state vector. Pri
mary system time, referred to as ground elapsed time (GET) is referenced to the time of lift-off. There
fore, the epoch times are the values of GET at which the state vectors were determined. The LGC clock 
has a capacity of approximately 2 .  7 million seconds ; the AEA clock, approximately 0. 26 million seconds . 
This disparity requires a procedure for modifying the epoch time transmitted from the LGC to the AEA at 
initialization. Because the AEA does not require launch time, it is possible to modify epoch time with a 
subtractive time bias . This bias is the GET at which the AEA clock is started . 

The procedure requires entering a verb in the DSKY and establishing an absolute time of zero on the 
DEDA. At the desired initialization time, the two ENTR pushbuttons are pressed simultaneously. The 
absolute time in the PGNS at the initialization time becomes the AGS time bias and may be read out in 
hours, minutes , and seconds via the DSKY. This time bias must then be subtracted from all subsequent 
times entered into the AGS (if the times are referenced to GET} . 

2 .  1. 4. 4. 7 Abort Guidance Section - Modes of Operation. 

The AGS has two major modes of operation: inertial reference and alignment. These modes 
are selected via the DEDA after the ASA has warmed up for 30 minutes , the AGS STATUS switch is set 
to operate, and the STAB/CONT: AEA circuit breaker is closed. 

Inertial Reference Mode.  When the AGS is in the inertial reference mode, it  provides attitude error in
formation and engine commands (on and off),  which are used for vehicle stabilization and/or for directing 
vehicle abort. The inertial reference mode is always in one of the following submodes: 

• Attitude hold 

• Guidance steering 

• Z-body-axis steering 

All active steering modes couple attitude errors about the LM body axes to the autopilot (CES} . The magni
tudes of the angular errors are limited to +15°  and - 1 5 ° .  The autopilot attitude turning rates are limited 
to + 10°  /second and - 10° /second about the Y-body-axis and +5°  /second and -5°  /second about the X-body
axis and Z-body-axis, except after staging, with the DEAD BAND (panel 3) switch set to MAX. At that 
time, no rate limiting exists . AGS steering in no way protects the PGNS platform against gimbal lock. 
In the following discuss ions it is assumed that the GUID CONT switch is set to AGS, the LM is in orbit 
(lunar surface flag is not set) , and the PITCH,  YAW, and ROLL switches are set to MODE CONT. 

Attitude Hold. The attitude hold submode generates steering commands to maintain the LM in the inertial 
attitude that existed when the attitude hold mode was first entered. Attitude hold can be entered by setting 
the MODE CONTROL: AGS switch to ATT HOLD or by using address 400 on the DEDA and entering 
+00000. Once the attitude hold mode is established, it can be released by causing the followup signal to 
be issued (GUID CONT switch set to PGNS or MODE CONTROL: AGS switch set to ATT HOLD and ACA 
in manual control) or by entering other than +00000 into DEDA address 400. The preferred method is to 
set the MODE CONTROL: AGS switch to ATT HOLD and orient the LM to the desired attitude, using the 
ACA. Reentering the attitude hold mode causes the LM to maintain the attitude that exists when the mode 
is reentered. 
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If the AGS is in the guidance steering submode (DEDA address 400 is + 10000 and the MODE CONTROL: 
AGS switch is set to ATT HOLD), the AGS issues engine-on or engine-off commands that agree with the 
existing status of the engine being used. If the AGS issues engine-on commands and the MODE CONTROL: 
AGS switch is set to AUTO, attitude hold mode is entered by setting address 400 to +00000 via the DEDA. 
This causes engine-off commands to be generated . 

Guidance Steering. The address for ordering guidance steering is 400; the entry is + 10000 . The guidance 
steering submode orients the LM so that the LM thrust vector points in the desired direction for achieving 
the objective of the selected guidance routine . The LM X-body-axis orientation also depends upon which 
engine is used. The RCS engines are assumed to thrust along the body axes.  If the descent engine is 
used, the thrust vector is assumed to be along the +X-body-axis . If the ascent engine is used, the thrust 
vector is assumed to be displaced from the LM +X-body-axis by an amount equal to the nominal cant of the 
ascent engine. Because of thrust alignment errors,  the actual thrust vector will not lie exactly along the 
nominal direction. Small velocity errors at engine cutoff may result. These errors,  sensed by the AGS, 
can be removed through axis-by-axis thrusting ( t.V residual removal) . 

When the ascent engine is used, equations that compensate for the cant of the engine should also be used. 
DEDA address 4 1 1  should be entered with a value of + 10000 before entering AGS guidance steering, to 
achieve desired orientation of the thrust axis . When the ascent engine is burned, the thrust direction is 
selected by the AEA, regardless of the value of the address 4 1 1  entry. 

The AEA correction for the cant of the ascent engine is achieved by two octal constants (one for pitch and 
one for roll) . The constants are preprogrammed into the central computer ,  but are DEDA-accessible so 
that they can be changed during the mission. The pitch constant is entered with the address 566. The 
value of the constant, entered in octal units of radians , should be positive if the engine causes a thrust 
acceleration component along the +Z-body-axis. Similarly. the yaw component is entered in octal form 
in units of radians via address 602 . The sign of the value entered should be positive if the cant of the 
engine causes a thrust acceleration component along the + Y -axis direction . 

The LM Z-body-axis can be controlled as follows : 

• DEDA address 623+00000 

The LM Z-body-axis is driven parallel to the CSM orbit plane . If the +X-body-axis 
points ahead of the local vertical (posigrade), the Z-axis is below the local hori
zontal . If the +X-body-axis is behind the local vertical the Z-axis is above the 
local horizontal. If the X-body-axis is vertically upward, the Z-body-axis will be 
pointed horizontally forward . If the X-body-axis is pointed vertically downward the 
Z-body-axis will be directed horizontally opposite to the direction of motion. 

• DEDA address 623+ 10000 

• 

The LM Z-body-axis is driven parallel to a plane determined by its guidance 
steering unit vector Wb (DEDA entries 514,  515 ,  or 516) .  This mode is normally 
used to maintain S-band communication during lunar orbit insertion. Unit vector 
Wb is entered in octal form and is nominally defined before the mission. 

X-axis override 

The Z -body-axis can be oriented to any desired position about the thrust axis by 
setting the ATTITUDE CONTROL: YAW switch to PULSE or Dffi and by means 
of the ACA. 

The gain in the Ex channel decreases toward zero as the +X-body-axis approaches a perpendicular orien
tation with respect to the specified plane. If +00000 is entered in address 623 and the X-body-axis is 
perpendicular to the CSM orbit plane, the gain in the yaw steering channel is zero for any orientation of 
the Z-axis . This situation is typical for earth-orbit missions , during which large out-of-plane maneuvers 
are performed. By specifying a unit vector Wb (X-axis) not normal to the CSM orbit plane and by enter
ing + 10000 into address 623,  yaw steering control can be maintained . 
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The guidance steering submode controls three steering operations : prethrust steering, orbitial rate 
pitch steering, and open steering. 

Prethrust steering is guidance steering (address 400 contains + 10000) that is performed before ullage is 
sensed and thrusting, to orient the LM for the burn. Prethrust guidance steering is implemented by set
ting the GUID CONT switch to AGS, the MODE CONTROL: AGS switch to AUTO, and the ATTITUDE CON
TROL: PITCH, YAW, and ROLL switches to MODE CONT, and entering +10000 into address 400. The 
AGS then orients the LM to the particular guidance mode selected (address 4 10) . AGS steering orientation 
of the LM, before the engine burn, falls into two categories: 

e CSI, CDH, external t:.V 

Before initiation of these maneuvers, the desired attitude of the LM is established 
in the local horizontal coordinate system. Before the CSI maneuver, if the CSI 
computations are being performed and if the AGS is in the guidance steering sub
mode, the LM is oriented so that the X-body-axis is maintained horizontal and 
parallel to the CSM orbit plane . 

• Direct transfer (TPI and Midcourse) 

If the AGS is in a direct transfer guidance routine and in the guidance steering sub
mode, the vehicle orients itself to the desired attitude in inertial space and remains 
fixed in inertial space.  When absolute time exceeds the TPI burn time tigC , as 
would be the case for a midcourse maneuver when the rendezvous problem has not 
been retargeted, the guidance solution is in real time and LM attitude conforms to 
the changing solution. 

Orbital rate pitch steering maintains the LM X-body-axis along the local horizontal, using the external 
t:. V guidance routine and the guidance steering submode . The AGS can maintain the LM at any attitude 
in a local vertical coordinate frame during free flight. The X-inertial-axis can also be maintained, using 
the CSI guidance routine and the guidance steering submode, because the CSI maneuver is horizontal. 
This procedure is ideal for use between the orbit insertion phase and the CSI maneuver phase because the 
desired calculations (CSI) are performed simultaneously . If the calculated CSI maneuver is a retrograde 
maneuver, the +X-body-axis points backwards and the Z-body-axis points along the local vertical and not 
toward the lunar surface.  

During open steering, the AGS is in control and the ATTITUDE CONTROL: PITCH, YAW, and ROLL 
switches are usually set to MODE CONT. Any channel can be overriden by setting the switch for that 
channel to PULSE or DIR. In some instances,  manually orienting one LM axis more than goo from the 
desired direction (AGS-computed) can cause the LM to rotate through large angles about the two AGS
controlled axes . In attitude hold and guidance steering, X-axis override can be accomplished through any 
desired angle. In Z-body-axis steering, Z-axis override can be accomplished through any desired angle . 
If manual override of any other steering channel is desired, the attitude excursion about that axis should 
be limited to less than goo from the desired orientation computed by the AGS. 

Z-Body-Axis Steering. This submode is entered via the DEDA, using the address 400 and entering +20000. 
No DPS or APS thrust can be accomplished in this mode . The following options are available for specify
ing the desired direction of the Z-body-axis. 

Page 2 . 1-108 

• DEDA address 507+00000 

Orient the Z-body-axis toward the estimated direction of the CSM (used during 
rendezvous radar acquisition) . 

• DEDA address 507+10000 

Orient the Z-body-axis in the desired thrust direction (used to perform small 
thrusting maneuvers along the Z-body-axis).  
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In either option, with the Z-axis pointed in the desired direction, the X-body-axis is �ri�nted parallel to 
the CSM orbit plane. If the +Z-body-axis is pointed ahead of the LM, the +X-body-ax1s lS above the local 
LM horizontal plane . If the Z -body-axis is behind the LM, the +X-body-axis is below the local horizontal 
plane . The gain in the roll channel (Z-axis) decreases toward zero as �he +Z-axis a�p�oaches a perpe�
dicular orientation with respect to the CSM orbit plane . When perpend1cular , the gam m the roll steermg 
channel is zero for any orientation of the +X-axis. In this submode, the X-body-axis can be manually con
trolled by setting the ATTITUDE CONTROL: ROLL switch to PULSE or DIR and operating the ACA . • Inertial Reference States . These states comprise followup, attitude control, and complete control. 

• 

• 

• 

Followup State. In the followup state, the AGS can perform the following functions: 

• 

• 

• 

• 

• 

• 

Maintain an inertial reference frame and provide total attitude signals for display 

Maintain the attitude error signals to the CES at zero (If automatic and followup 
discretes are present, error signals are computed. )  

Use accelerometer inputs from the ASA to calculate LM current position and 
velocity in the inertial reference frame 

Solve the LM abort guidance problem, using a specific guidance scheme 

Accept initializing information from the PGNS downlink or the DEDA 

Command the engine on if the ascent engine-on signal or the descent engine-on 
signal is present, and command the engine off otherwise. 

The flight program and the AGS are in the followup state when the followup discrete is present. If the 
automatic discrete is present, the attitude error signals computed in accordance with the particular sub
mode in which the program is operating are displayed. If the automatic discrete is absent, attitude error 
signals are set to zero . 
In the followup state , the program issues an engine-on command every 40 milliseconds if the program is 
in the inertial reference mode and either the descent engine-on discrete or ascent engine-on discrete is 
present. Otherwise, the flight program issues an engine-off command every 40 milliseconds. 

Attitude Control State. The flight program and the AGS are in the attitude control state when the followup 
discrete, the abort discrete, and the abort stage discrete are absent. In this state , attitude error signals 
computed in accordance with the particular submode in which the program is operating are used for 
attitude control and for display. If the automatic discrete is absent, the program is in the attitude hold 
submode . If the automatic discrete is present any submode is permissible. 

When the system is in the attitude control state , the program issues an engine-on command every 40 
milliseconds if the program is in the inertial reference mode and either the descent engine-on discrete or 
ascent engine-on discrete is present. Otherwise ,  the flight program issues an engine-off command every 
40 milliseconds. 

Complete Control State . The flight program and the AGS are in the complete control state when the 
followup discrete is absent and either the abort discrete or the abort stage discrete is present. In this 
state, attitude error signals computed in accordance with the particular submode in which the program is 
operating are used for attitude control and for display. If the automatic discrete is absent, the program 
is in the attitude hold submode. If the automatic discrete is present, any submode is permissible, except 
as follows: 

• The program shall be held in the attitude hold submode when the abort stage discrete 
is present, from the time the ascent engine-on discrete is first received until a 
preselected time thereafter . The preselected time shall have a minimum range of 

• 

0 to 10 seconds . 

At the completion of a maneuver when the engine is commanded off because the 
conditions for issuing engine-on commands are no longer satisfied, the program 
automatically returns to the attitude hold submode . 
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When in the complete control state and the vollowing four conditions are simultan�ously satisfied, the 
program issues an engine -on command every 40 milliseconds. Otherwise, the flight program issues an 
engine -off command every 40 milliseconds. 

• The automatic discrete is present. 

• The AGS submode selector has been set to guidance steering, via the DEDA . 

• Either the ullage condition has been satisfied or the ascent engine has been burned 
while the LM is on the lunar surface .  

• Either the magnitude of velocity to be gained exceeds a specified threshold or the 
projection of velocity to be gained along the X-body-axis is in the +X-body-axis 
direction and exceeds the nominal ascent engine cutoff velocity impulse.  

·�·he ullage condition is satisfied when the accumulated sensed velocity increments along the X-body-axis 
have exceeded a specified threshold in each consecutive 2-second computation cycle for three cycles . The 
ullage condition is reset and the count restarted if the accumulated sensed velocity increment along the 
X-body-axis falls below the specified threshold in any one 2 -second computation cycle. 

Alignment Mode. Alignment consists of initializing the AEA to obtain an attitude reference to a desired 
inertial reference. The AGS causes the attitude error signals to the CES to be reduced to zero during the 
alignment mode . In response to an alignment submode instruction (a DEDA entry), the inertial reference 
frame is aligned to a reference frame of the three alignment submodes : PGNS-to-AGS alignment, lunar 
alignment, and body-axis alignment. 

The PGNS-to-AGS alignment submode aligns the AGS direction cosines to the attitude reference determined 
by PGNS Euler angles 6 ,  -1- ,  and ¢ .  (See figure 2. 1 -38. ) The lunar alignment submode uses the local 
vertical sensed by the Y and Z accelerometers and a previously stored azimuth angle ( �  L) ,  which is up
dated for lunar stay (subsequent missions) by the correction factor <l � ,  for an attitude reference frame . 
The body-axis alignment submode uses current LM attitude as the attitude reference. 

PGNS-to-AGS Alignment Submode. This submode is used when AGS alignment is to be accomplished, 
using PGNS Euler angles.  This submode is entered by keying the DEDA (400+30000, and ENTR); it should 
only be entered when the PGNS is operative . 

Lunar Alignment Submode . The AEA is aligned so that the computational inertial reference axes (Xi, Yi, 
Zi) coincide with the axes of a selenocentric coordinate frame with the X-axis along the lunar local vertical 

Fir$t rotation 6 about inner gimbal axis 
Second rotation 1/J about middle gimbal axis 
Third rotation t/J about outer gimbal axis 

INNER 
GIMBAL AXIS 

(FIRST ROTATION) 

Yi 0---
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GIMBAL AXIS 
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! c._p LM + X  

Zi 

LM + z  

MIDDLE 
GIMBAL AXIS 
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Figure 2. 1 -38. Euler Angles 
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unit angular momentum vector of the CSM orbit with a unit vector along the X-axis . Compensated veloc
ity increments from the ASA Y -accelerometer and Z-accelerometer are used to determine the local 
vertical with respect to the instantaneous LM coordinates . • The LM azimuth angle with respect to the CSM orbit plane at lunar touchdown is determined by storing, 
upon command of the DEDA, the AGS azimuth reference as defined by appropriate elements of the trans
formation matrix. An azimuth correction angle is subtracted from the stored reference to compensate 
for the affects of lunar rotation during lunar stay and for any CSM plane changes .  The azimuth correction 
angle ( t. 6 } ,  which updates the inertial Z-axis direction, is inserted via the DEDA (address 547) before 

• 

• 

lunar alignment. This factor is provided to the astronauts via voice link. 

The lunar alignment submode is entered by keying 400+40000, and ENTR on the DEDA. The astronauts 
can store the landing azimuth of the touchdown point by keying 4 13 and + 10000 on the DEDA. 

Body-Axis Alignment Submode . For the body-axis alignment (orbital alignment) submode, the AGS inertial 
reference frame is made coincident with the LM axes .  Body-axis alignment is achieved by keying 400 
+50000 , and ENTR on the DEDA .  To terminate this submode, the LM Pilot keys 400+00000 on the DEDA. 

Calibration. Calibration of the gyros and accelerometers comprises the following: 

• Lunar surface gyro calibration 

• In-flight gyro and accelerometer calibration 

• In-flight accelerometer calibration only. 

Lunar Surface Gyro Calibration . This calibration is automatically selected by program control when 
calibration is selected via the DEDA. This program provides for gyro calibration, to update gyro fixed 
drift compensation while the LM is on the lunar surface .  Lunar surface calibration requires that lunar 
alignment has immediately preceded it . The program then stores the existing transformation matrix to 
provide a reference attitude. The input angular increment is compensated by the calibration equations to 
remove the lunar rotation rate . The angular errors of the AGS indicated attitude (as defined by the trans
formation matrix) with respect to the reference attitude are computed and used to maintain the AGS atti
tude alignment with the stored reference attitude, and to correct the gyro drift compensation. The gyro 
calibration routine provides updated values of 1K1 , 1K6 , and 1K1 1 .  (Refer to table 2. 1 -9 . ) 

After lunar touchdown, 413+ 10000 should be entered via the DEDA. This entry stores AGS attitude for 
possible future lunar alignment, sets the AEA lunar surface signal, and inhibits accelerometer calibra
tion. The procedure for lunar surface gyro calibration is as follows : 

• If the PGNS is operative , PGNS-to-AGS alignment is performed. If the PGNS is in
operative, lunar alignment is performed. The alignment must result in a Y -inertial
axis that is within 10° (half cone angle) of the lunar north polar axis . 

• After alignment, 400+60000 via the DEDA is entered. 

• Calibration requires 302 seconds. Completion can be verified by reading out • DEDA address 400. At completion of calibration, the readout automatically returns 
to +00000 (attitude hold) . 
---------
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Table 2 .  1 - 9 .  Abort Guidance Section - Calibration Compensations 

Equation 
Symbol Address Description 

lKl 544 X -gyro drift compensation coefficient 

1K6 545 Y -gyro drift compensation coefficient 

lKll 546 Z-gyro drift compensation coefficient 

1Kl9 540 X-accelerometer bias compensation coefficient 

1K21 541 Y-accelerometer bias compensation coefficient 

1K23 542 Z-accelerometer bias compensation coefficient 

In-Flight Gyro and Accelerometer Calibration. This calibration is automatically selected by the flight 
program when calibration is selected via the DEDA, and provides in-flight calibration to update gyro fixed 
drift compensation. This calibration takes place during free fall with the program in the calibrate , lunar 
surface flag absent, and the LM in the attitude hold steering submode. The gyro drift calibration uses the 
PGNS IMU Euler angles as reference. The program automatically selects PGNS-to-AGS alignment during 
the first 2 -second cycle, to provide initial alignment of the AGS to the IMU. For the remainder of the 
calibration period, the program computes the angular errors of the AGS indicated body-axes (as defined 
by the transformation matrix) with respect to the PGNS indicated body-axes (as defined by the IMU Euler 
angles) . The angular errors are multiplied by an appropriate gain factor and added to the AGS compen
sated angular increments, causing the AGS attitude reference (transformation matrix) to remain aligned 
to the IMU reference. Simultaneously, the accumulated error signals are multiplied by another gain 
factor and added to the gyro drift compensation so that, in steady state, the compensation is equal to the 
gyro drift. 

In-flight calibration of the accelerometer static bias compensation takes place concurrently with in-flight 
gyro calibration. The accelerometer velocity increments accumulated during free fall are multiplied by 
an appropriate gain factor and added to the accelerometer bias compensation so that the compensation is 
equal to the accelerometer bias . Accelerometer calibration provides updated values of 1K19, 1K2 1 ,  and 

I 1K23 .  (Refer to table 2 .  1 -9 . ) In-flight calibration aligns the AGS; therefore, it is not necessary to 
follow in-flight calibration with a PGNS-to-AGS alignment. In-flight gyro and accelerometer calibration 
should not be performed when the PGNS is inoperative. Instead, in-flight accelerometer calibration only 
should be performed. The procedure for in-flight gyro and accelerometer calibration when the PGNS is 
operative and attitude rotation rate is less than 0. 1° per second is as follows: 

• Set MODE CONTROL: AGS switch to ATT HOLD. 

• Enter 400+60000 via the DEDA. 

Calibration requires 302 seconds. Completion can be verified by reading out DEDA 
address 400. At completion of calibration, the readout returns to +00000 (attitude 
hold) . 

In-flight Accelerometer Calibration Only. This procedure is performed when the PGNS is inoperative. 
In-flight accelerometer calibration only does not affect AGS alignment. The procedure for in-flight 
accelerometer calibration only is as follows: 

Page 2. 1 - 1 12 

e Set AGS switch to ATT HOLD. 

e Inhibit the RCS by setting the PITCH, ROLL, and YAW switches to Dffi. The ACA 
must be left in detent (no manual control) . 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
Mission LM Basic Date 1 February 1970 Change Date 15 June 1970 

• 

• 

• 

• 



• 

• 

• 

• 

• 

2 ,  1. 4. 4. 8 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

• Enter 400+70000 via the DEDA 

Calibration is completed in 32 seconds. ! 
of DEDA address 400 to return to +00000 

Abort Guidance Section - Guidance Routines .  

·ever , it takes 302 seconds for readout 
itude hold) , 

The AGS program contains the following guidance routines: 

• Orbit insertion 

• Coelliptic sequence initiation (CSI) 

• Constant delta altitude (CDH) 

• Terminal phase initiation (TPI) 

• External D. V. 

The routines are selected, using the DEDA. Refer to table 2. 1 -10 for the address and func
tion of each guidance routine . Guidance calculations associated with the selected routine are completed 
every 2 seconds of the submode selected. The LM, however , will not maneuver in accordance with the 
selected routine unless the AGS has control of the LM and the guidance steering submode is selected, 

Before beginning guidance operations , the AGS must be aligned and initialized with LM and 
CSM ephemeris data. Entry of LM and CSM ephemeris data is required because every guidance routine 
uses these data in the guidance and steering computation, Navigation data must be updated throughout the 
mission, using PGNS downlink data, the DEDA, or RR data. Navigation data must also be updated before 
CSI and TPI maneuvers .  Propellant expenditure is highly dependent on the accuracy of these maneuvers , 

Address 
and Code 

410 + 00000 

410 + 10000 

410 + 20000 

410 + 30000 

410 + 40000 

410 + 50000 

Table 2 . 1-10.  Abort Guidance Section - Guidance Routines 

Routine 

Orbit insertion 

CSI maneuver 

CDH maneuver 

TPI search 

TPI execute 

External D. V 

Function 

Engine and steering commands are generated to drive LM to specified 
orbit injection conditions . 

Engine and steering commands are generated to establish appropriate 
LM -CSM phasing TPI time . 

Engine and steering commands are generated to drive LM into orbit 
that is coelliptic with CSM . 

AGS evaluates various direct transfer rendezvous solutions . Astronauts 
select desired solution. Thrusting is not performed with this routine . 

Engine and steering commands are generated to cause LM to be on 
CSM intercept trajectory . 

Engine and steering commands are generated to perform externally 
specified thrust maneuver. 

Orbit Insertion Routine . The orbit insertion routine provides attitude commands and engine-off commands 
to obtain predetermined cutoff conditions , These conditions are defined by the following targeting param
eters entered into the AEA via the DEDA: 
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• Insertion altitude; D EDA address 347 

• Magnitude of the horizontal component of inertial velocity at burnout; DEDA 
address 507 

• Altitude rate at burnout; DEDA address 42 3 .  

The attitude commands provide yaw steering o f  the LM into the C S M  orbit plane by the time the cutoff 
conditions are attained. The capability of steering out a wedge angle of up to 2 o is provided (assuming 
sufficient � V) . When the velocity to go to cutoff ( � V g) reaches a preselected threshold, updating of the 
command attitude is terminated. The engine is commanded off when �Vg reaches the nominal ascent 
engine tailoff velocity threshold and the total velocity to go is less than 100 fps . 

Coelliptic Flight Plan Rendezvous Guidance. When the principal foci of two orbits are coincident and 
when the products of the length of the semimajor axis and eccentricity of each orbit are equal, the orbits 
are considered to be coelliptic . This implies that when the two orbits are coplanar , they have coincident 
centers and vacant foc i .  The guidance routines are based on the assumption that deviations from co
planarity are small. Coelliptic orbits have an essentially constant differential altitude (constant t. h) . 

The flight program contains a set of guidance routines for calculation of powered maneuvers required for 
the LM to execute a coelliptic flight plan for rendezvous with the CSM. This flight plan nominally calls 
for three powered maneuver s :  

• CSI (coelliptic sequence initiate) maneuver 

• CDH (constant � h) maneuver 

• TPI (terminal phase initiate) maneuver. 

In the nominal coelliptic flight plan, the L M  is placed in an orbit coelliptic with that of the CSM by 
executing the CSI maneuver , then the CDH maneuver. In both of these maneuvers , the horizontal com
ponent of thrust is maintained parallel to the estimated CSM orbit plane . The CSI and CDH routines 
compute and control these maneuvers. An additional capability is provided for removing out-of-plane 
velocity in the CSI and CDH maneuvers, by using the external � V routine for control. To enable this, the 
required incremental velocities computed by both the CSI and CDH routines are automatically furnished 
to the external � V routine to target, in advance ,  the in-plane components of the burn. 

The final maneuver of the coelliptic flight plan sequence is the TPI maneuver, nominally a burn that 
places the LM on a direct intercept trajectory with the CSM. The maneuver is initiated when the angle 
of the LM-CSM line of s ight with respect to the local horizontal is at a preferred value. The TPI 
routine computes and controls this maneuver; it may also be used for implementing subsequent midcourse 
correction maneuvers. 

Coelliptic Sequence Initiation Routine. Coelliptic rendezvous is initiated by the CSI burn, followed by a 
CDH maneuver. The magnitude of the CSI burn is computed so that, after the CSI and CDH maneuvers , 
the LM arrives at the desired TPI time with the desired LOS angle to the CSM. The CSI and CDH 
maneuvers are computed in the AGS X-Z inertial plane . The CSI routine computes the magnitude of the 
horizontal velocity increment (parallel to the CSM orbit plane) required to satisfy targeting conditions . 

The AGS time of the CSI routine is one targeting condition for the CSI maneuver.  This entry is made by 
using DEDA address 2 7 5 .  Time to go until the CSI maneuver can be obtained by reading out address 3 13 
on the DEDA. 

After the CSI maneuver has converged to a solution, the time from the CSI to CDH can be obtained by 
using address 373 on the DEDA. Time until CDH (when less than 136 minutes) can also be obtained by 

I using address 3 1 3 .  Othe r times available in the CSI routine are listed in the DEDA output list. (Refer 
to Apollo Operations Handbook, Volume II, paragraph 4. 4, addresses 2 74, 275,  and 3 77). 
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The angle that the projection of the LM-CSM LOS on the X - Z  inertial plane makes with the LM local 
horizontal at the desired TPI time (positive, measured clockwise from the local horizontal forward of the 
LM when looking in the direction of the + Y -inertial-axis) is another targeting condition. 

The CDH burn is performed at t : ;e time determined by the CSI routine . This time is the predicted time 
of LM arrival at the first or second crossing of the LM orbit line of apsides, following the CSI burn . A 
DEDA input (416+10000) specifies whether the CDH maneuver will be performed at the s econd crossing . 
Otherwise ,  it is assumed that the CDH maneuver will be performed at the first crossing. If the predicted 
radial rate (rf) is nearly zero at CSI coast, it is possible that the subsequent coast orbit would be 
circular . Selection of first or second apsidal crossing becomes meaningless for a circular orbit. 

The CSI routine is repeated three times every 2 seconds. The routine computes ,  and makes available for 
readout via the DEDA, the following parameters : 

• C SI iteration error 

• Time from CDH to TPI 

• Predicted differential altitude in the coelliptic orbit 

• Predicted co elliptic burn tJ. V magnitude 

• Sign and magnitude of predicted horizontal (CSI) tJ. V 

• Predicted time from CSI to CDH . 

The C SI routine provides a real-time commanded attitude. The CSI horizontal tJ. V solution is valid at 
CSI time (ti!;A) .  When real time (t) becomes greater than tigA• the CSI routine is computed in real time . 

Constant Delta Altitude . The CDH routine computes, in real time, attitude commands and velocity incre
ment required to make the LM and CSM orbits coelliptic . The CDH routine provides commanded attitude 
such that the horizontal component of vehicle X-axis thrusting is parallel to the CSM orbit plane. 

The CDH routine is selected after completion of the CSI burn, by keying 4 10 and +20000 into the DEDA. 
When this occurs , targeting is accomplished automatically for the CSI routine, by the CSI computations. 
The CDH solution is computed for future time, predicted during the CSI routine , until real time exceeds 
the predicted burn time . The solution is thereafter computed in real time . 

If the CDH maneuver does not follow the CSI maneuver, the time to go until the CDH maneuver must be 
entered as a targeting constant. This is accomplished by keying address 3 1 5  on the DEDA. Addresses 
275 , 310, and 377 are timing quantities available in this mode . 

In a nominal mission, the CDH maneuver is assumed to occur after the CSI maneuver; therefore, 
targeting is accomplished automatically for the CDH maneuver by the CSI computations .  The event 
timer is set by using the quantity T tJ. (after the CDH routine is entered) , which is the time to go until the 
CDH maneuver, if T tJ. does not exceed 136 minutes .  The times of interest during the CDH maneuver are 
listed in table 2. 1-11 .  

·-----------------
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Table 2 . 1 - 1 1 .  Time (Minutes) Quantities Available in CDH Mode 

Quantization E quation Symbol Description 

0 . 0 1 Tt. Time to go until CDH maneuver 

0 . 1  Tc Time from CDH to nominal TPI maneuver 
predicted during CSI 

0 . 1  J1 Nominai time of TPI maneuver (targeting 
quantity) 

0 . 0 1 Tperg Time to perifocus of present LM orbit 

0 . 1 t AGS computer time 

Terminal Phase Initiation Routine. The TPI maneuver begins the direct transfer to rendezvous. There 
are two direct transfer routines : one, primarily for mission planning (TPI search); the other, for 
performing the maneuver (TPI execute ) .  The latter routine can also be used for mission planning if 
desired. In general, the routines are used together, in sequence ,  to perform the TPI maneuver . 

During mission planning, the object is to determine when direct transfer should occur. This determina
tion is based upon achieving the desired LOS angle between the LM and CSM. Once ignition time is 
determined, the AGS is switched to the alternate direct transfer routine and the maneuver is performed. 

This routine is used in the coelliptic rendezvous scheme, following the CDH maneuver. The CSI and 
CDH maneuvers are performed so that, at the nominal TPI time , the phasing between the LM and CSM is 
such that the desired LOS angle is achieved. 

Because of errors in the AGS (due to sensors, navigation, maneuver execution, etc) ,  the desired LOS is 
not achieved at exactly the targeted TPI time. To determine when the desired LOS will be achieved and, 
thus, when to perform the maneuver, a direct transfer search guidance routine is available in the AGS 
(DEDA entry 4 10+30000 ) .  During this routine ,  the astronauts determine total velocity required to 
rendezvous , and perform the TPI maneuver based upon achieving a desirable value (TBD) of total 
velocity. The alternate direct transfer guidance routine (DEDA entry 4 10+40000) is used to actually 
perform the maneuver .  

There are two modes that can b e  used for the TPI maneuver . Tables 2 .  1 - 1 2  and 2 . 1 -13 define the time 
quantities of interest in each mode.  

Table 2 . 1 -1 2 .  Time (Minutes) of Interest for T P I  Search Routine 

I 
Address Quantization Equation Symbol Description 

3 1 0  0 . 0 1 Tt. Input quantity . TPI search assumes TPI to 
occur in T fl minutes . 

373 0 . 1  tigC AGS computer time of TPI maneuver ;  
output quantity . 

307 0 . 0 1  J6 Input quantity . Time from TPI to intercept 
(assuming no burns after T PI) . 

3 1 1  0 . 01 Tr Time to go until intercept; output quantity 

3 13 0 . 0 1  Tperg Time to perifocus of present LM orbit 
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Table 2 . 1-12.  Time (Minutes) of Interest for TPI Search Routine (cont) 

Quantization Equation Symbol Description 

0 . .1 t AGS computer time 

0 . 01 .r4 Time increment prior to rendezvous at 
which node is created 

0 . 01 J3 Stable orbit offset 

Table 2. 1-13. Time (Minutes) of Interest for TPI Execute Routine 

Quantization Equation Symbol Description 

0 . 1  tigC Either input quantity or quantity obtained 
from TPI search mode. This is AGS 
computer time of the TPI maneuver. 

0 . 01 TA Time to go until TPI maneuver; output 
quantity. 

0 . 01 fi Input quantity . Time from TPI to intercept 
(assuming no burns after TPI) . 

0 . 01 Tr Time to go until intercept; output quantity . 

0 . 01 Tperg Time to perifocus of present LM orbit 

0 . 1  t AGS computer time 
0 . 01 .r4 Time increment prior to rendezvous at 

which node is created 

0. 01 J3 Stable orbit offset 

Epoch times input to the AEA via the DEDA are in units of minutes with a quantization level of 1/10 
minutes or 6 second s .  Epoch data used in the AGS for navigation updates via the DEDA must be valid at 
a multiple of 1/10 minute. If not, position errors of three miles for lunar missions could result due to 
roundoff of epoch time via the DEDA. 

External AV Routine.  The external A V routine accepts components of a velocity-to-be-gained vector in 
local vertical coordinates entered via the DEDA. A commanded attitude maintains the LM X-axis toward 
the resultant of the velocity-to-be-gained vectors in real time, independent of the required burn time. 
When ullage is sensed, and thereafter until the AEA is switched from the external 1:>. V, the external 1:>. V 
components remain fixed in inertial space. If the external A V routine (DEDA entry 4 1 0+50000) is 
initiated early or late , the desired orbit at cutoff if not achieved . Large timing errors result in large 
differences between the actual orbit obtained and the orbit desired . • The AGS can maintain the LM in any attitude in a local vertical coordinate frame during free flight. The 
LM can be pitched at the orbital rate to maintain the X-axis along the local horizontal, using the external 
t:>.V routine .  A fictitious velocity-to-be-gained vector is entered via the DEDA to obtain the desired 
attitude .  

2 . 1 . 4. 4. 9  Abort Guidance Section - Descent or Ascent Engine and Thrust Chamber Assembly Bu!· 

When the LM is under AGS control during coasting flight , the AGS can fire the descent , ,  • ascent engine o r  thruster (s) . The AEA i s  programmed i n  such a manner that translational thrust i s  applied 

---------
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in certain nominal directions. (Refer to table 2. 1 -1 4 . ) The nominal cant angle used by the AGS is con
trolled by two constants in the AEA computer (DEDA-accessible in octal) : 

• 4K7 - Cant angle (radians) of thrust vector in the pitch plane .  DEDA address 566 . 
Positive sign indicates thrust vector is canted from the +X-body-axis 
toward the +Z -body-axis . 

• 4K8 - C ant angle (radians) or thrust vector in the yaw plane. DEDA address 
602 . Positive sign indicates thrust vector is canted from the +X-body
axis toward the +Y-body-axis . 

Table 2 . 1-14. Abort Guidance Section - Translational Thrust 

Engine Direction of Thrust Assumed by AEA 

Descent +X-body-axis 

Ascent Canted. Cant angle data are used by AEA to 
account for canted thrust direction. 

TCA The ±X, ±Y, ±Z thrust chamber assemblies 
assumed to thrust along ±X-, ±Y-, ±Z-body-
axes, respectively. 

Before in-orbit maneuver s ,  the astronauts choose which TCA(s) will be used. The AGS must 
be informed, via the DEDA, of the decision to fire the ascent engine, so that steering transients will not 

• 

• 

occur at the start of the burn. Before AGS- controlled orientation to the desired thrust attitude, the fol- I lowing DEDA selection should be entered or verified: 

e DPS or RCS: DEDA entry 4 1 1+00000 

• APS: DEDA entry 4 1 1+ 10000. 

Regardless of the selection, the AEA assumes the canted thrust direction whenever the 
APS-on discrete is received. (See figure 2. 1 -39. ) 

TO 
STEERING 

LOGIC 

Page 2 . 1 -1 1 8  

- ADDRESS + 00000 APS DISCRETE APS OFF AEA ASSUMES 

4 1 1  f/J•) NONCANTED 
THRUST VECTOR 

+ 10000 APS ON 

AEA ASSUMES CANTED THRUST VECTOR IN L 
STEERING EQUATIONS I 

STEERING 

Figure 2. 1 -3 9 .  Canted Thrust Selection Logic 
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ditions are required: 

• Condition No. 1 - Th . l.JID c.__,NT switch must be set to AGS. This removes the 
followup signal to the : .. GS . 

• Condition No. 2 - The MODE CONTROL: AGS switch must be set to AUTO. This 
transmits an auto discrete to the AGS and removes the AGS from attitude hold. 

• Condition No. 3 - The ABORT pushbutton must be press�d. · This ·�rms the DPS. 

• Condition No. 4 - The ABORT STAGE pushbutton must be pressed. This arms 
the APS. 

• Condition No. 5 - + 10000 must be entered into DEDA address 400 . This enables 
the engine-on signal and guidance steering. 

Conditions No. 1, 2 ,  and 5 are sufficient for the AGS to assume control and orient the LM with the 
selected guidance routine . However, to fire the descent or ascent eng me additional conditions (conditions 
No. 6 or 7 ,  and 8 must be met) . 

Velocity To Be Gained. For the engine-on discrete to be issued to the CES, one of the following conditions 
must be met: 

• Condition No. 6 - The magnitude of the velocity-to-be-gained vector, as computed 
in the AEA, must exceed 100 feet per second . 

• Condition No. 7 - The component (sign and magnitude) of the velocity-to-be-gained 
vector must exceed the engine tailoff t>. V value (currently +2 . 1 fps) .  

Ullage. Before an engine can be fired, the AGS must sense ullage . Ullage must be supplied manually by 
pressing the + X TRANSL pushbutton until the engine fires. The condition governing the AEA recognition 
of ullage is as follows: 

• Condition No. 8 - The AEA recognizes whether the sensed velocity change per 
2-second compute cycle equals or exceeds 0. 2 fps in the +X-body-axis direction 
for three consecutive compute cycles . 

If the sensed velocity increment drops below 0. 2 fps on a 2 -second compute cycle, an engine-off discrete 
is sent to the CES. Before the engine can be fired again, the AGS must again establish the ullage 
recognition condition. During the powered-flight abort staging sequence, the sensed velocity accumulated 
over any 2-second period will exceed 0. 2 fps; therefore , ullage is maintained and the AEA generates 
continuous engine-on signals . 

Satisfaction of Ullage Condition Due To Angular Accelerations . The maximum distance between the ASA 
and the LM center of gravity is approximately 10 feet in the +X-body-axis direction and 5 feet in the 
+Z-body-axis direction. There is effectively no displacement in the Y-body-axis direction. Because 
the ASA is offset in the Z -direction, angular accelerations about the pitch axis could· cause the ullage 
condition to be satisfied. The required angular acceleration is slightly greater than 1 o / second2 and must 
exist for a minimum of 6 consecutive seconds. 

If all conditions for engine burn, except the ullage condition, are satisfied and the LM is to be reoriented 
through a large angle under AGS control, the engine STOP pushbutton must be pressed until LM reorienta
tion has occurred, to avoid sending the engine-on command . 
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Conditions for descent or ascent engine burn are as follows : 

• To fire the descent engine, conditions No. 1 ,  2 ,  3 ,  5, 8, and either or both 6 
and 7 are sufficient. 

• To fire the ascent engine, conditions No. 1 ,  2 ,  4 ,  5, 8, and either or both 6 
and 7 are sufficient. 

Lunar Surface Lift-Off. On the lunar surface ullage is automatically generated and the orbit insertion 
guidance routine generates a large value of velocity to be gained . To ascend to orbit insertion, the 
following are required: 

• The GUID CONT switch must be set to AGS; the MODE CONTROL: AGS switch, to 
AUTO. 

• The submode must be guidance steering (DEDA entry 400+10000) . 

• The AEA guidance routine must be orbit insertion (DEDA entry 4 10+00000).  

• The ABORT STAGE pushbutton must be pressed. The AGS will issue an engine-on 
discrete igniting the ascent engine . 

Manual Engine Operation. If an engine is fired by pressing the engine START pushbutton, it can only be 
shut down by pressing the engine STOP pushbutton (unless fuel depletion or staging occurs first) . If the 
engine is manually fired, the AGS will not shut it down . When an engine is manually fired, the astronauts 
can monitor A V gx (quantized at 1 fps) via DEDA address 500 and press the engine STOP pushbutton when 
AVgx is near zero. 

Thrust Chamber Assembly Burns. TCA translation can be used with AGS steering control when the 
following are performed: 

• Conditions No . 1 ,  2 ,  and 5 must be established in sufficient time for the LM to 
orient to the desired thrust attitude .  

• DEDA address 500 must be selected for A V gx readout . 

• The ATT/TRANSL must be set to the desired number of jets (2 or 4) . 

• The engine STOP pushbutton must be pressed. This inhibits the engine-on 
discrete. 

• The ABORT or ABORT STAGE pushbutton must be pressed. This provides for 
attitude hold at the end of the burn. 

• At maneuver time , use the TTCA to null the DEDA reading. 

• When A V gx equal zero, reduce thrust to zero . 

2 .  1 .  4. 4. 1 0  Abort Guidance Section - Thrust Termination. 

When the LM is under PGNS control, the AGS outputs engine-on or engine-off discretes, 
which are followups of the actual engine condition. These discretes are inhibited when the GUID CONT 
switch is in the PGNS position. When the LM is under AGS control, the engine-off discrete is sent to the 
CES when the velocity-to-be-gained magnitude falls below the threshold value . 
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Ascent or Descent Engine. When the AGS sends an engine-off discrete to the CES, the ascent or descent 
engine thrust automatically terminates ,  provided the engine was not turned on by pressing the engine 
START pushbutton. Under AGS control, the engine-off discrete is generated if any of the following 
conditions occur: 

• Velocity-to-be-gained magnitude is equal to or less than 100 fps and the component 
of the velocity-to-be-gained vector resolved along the +X-body-axis is equal to or 
less than 2 .  1 fps . 

• Ullage recognition signal (less than 0 . 2 fps sensed t:.V in a 2-second computer 
cycle) is lost. 

• Address 400 does not contain the value + 10000. 

Attitude Hold. If the MODE CONTROL: AGS switch is set to ATT HOLD during an AGS- controlled 
powered maneuver, the AGS is placed in an engine followup mode. The existing LM attitude and the 
engine-on discrete to the CES are maintained; an engine-off discrete is inhibited by the MODE CONTROL: 
AGS switch. The astronauts can assume manual attitude control by moving the ACA out of detent. When 
this option is used , thrust must be manually terminated. Returning the ACA to the detent position and 
setting the MODE CONTROL: AGS switch to AUTO allows the AGS to resume guidance control; thrust 
terminates when the velocity-to-be-gained magnitude has decreased to the threshold established for 
engine shutdown. 

Thrust C hamber Assemblies . The following procedure applies to each axis individually if axis-by-axis 
translation is being performed (LM in attitude hold) or to the X-body-axis if AGS steering is used: 

• Monitor, via the DEDA, the velocity-to-be-gained magnitude in the appropriate 
thrust direction. (Refer to table 2. 1 -1 5 . ) 

• Terminate thrust manually with the TTCA when velocity to be gained (along the 
appropriate axis) is zero. 

In the AGS steering mode, the LM is placed in attitude hold when thrust terminates . If the thruster burn 
has continued long enough (longer than 6 s econds) for the ullage recognition signal to be generated in the 
AEA, the AGS switches to attitude hold when t:. Vgx is equal to, or less than , 2 . 1 fps . If the burn is too 
short for ullage recognition or if thrusting along the Z-body-axis , the AGS orients the LM +X-body-axis 
along the direction of the residual t:. V vector after thrust termination. This could produce an undesired 
LM rotation in an attempt to align the +X-body-axis along the residual t:. V vector. 

Table 2 . 1-15. Abort Guidance Section - Thrust Directions 

DEDA (Least Significant Digit) 

Quantity* DEDA Address Units Lunar Mission 

t:.Vgx 500 fps 0. 1 

t:.Vgy 501 fps 0. 1 

t:.Vgz 502 fps 0. 1 

*These quantities are computed every 40 milliseconds and updated on the DEDA display 
every half second . 
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In addition, in the AGS steering mode, when velocity to be gained is less than 15 fps and the sensed t:N in 
the +X-body-axis direction exceeds 0 .  2 fps in a 2 -second computer cycle, the kEA ceases updating the 
desired thrust direction. To avoid undesired LM rotations , the procedure for performing TCA burns of 
less than 15 fps when AGS steering is used is as follows: 

• The GUID CONT switch must be set to AGS; the MODE CONTROL: AGS switch ,  to 
AUTO. 

• DEDA entry 400+10000 (guidance steering) must be verified. 

• Immediately preceding the maneuver (within 10 seconds), the MODE CONTROL 
switch must be set to ATT HOLD . 

• il.Vgx must be monitored via DEDA address 500. 

• The maneuver must be performed with the +X TRANSL pushbutton . 

• TCA thrusting must be terminated when il.Vgx is zero. 

If the option to perform a Z-body-axis thruster burn with the LM Z-body oriented in the desired thrust 
direction is chosen (DEDA entries 400+20000 and 507+ 10000) , set the MODE CONTROL: AGS switch 
to ATT HOLD when velocity to be gained along the Z-body-axis is less than 15 fps . 

2 .  1 .  4. 5 Control Electronics Section 

2. 1 .  4. 5. 1 Attitude Controller Assemblies .  (See figure 2. 1 -40. ) 

The ACA performs the following functions : 

• Supplies attitude rate commands proportional to ACA handle displacement, to the 
LGC and ATCA 

• Supplies low amplitude pulse rotational acceleration open loop commands to ATCA/ 
RCS during AGS control 

• Supplies an out- of-detent discrete each time the ACA handle is out of the neutral 
position 

• Supplies a followup discrete to the AEA each time the ACA is out of detent, when 
the AGS is in control and operating in the attitude hold mode . The followup dis
crete is present at all times. 

• Provides a switch for the push-to-talk function, required for communications . 

• Supplies 2-jet direct operation under AGS control, through the RCS secondary 
coils 

• Provides for 4-jet direct operation, which is available at all times, through the 
RCS secondary coils as a manual override. 

The ACA is used for closed-loop proportional rate commands in the attitude hold mode and 
for open-loop acceleration commands in the pulse, direct, and hardover modes. (See figure 2. 1 -4 1 . ) 

For ACA proportional control, a 2 8- volt, 800-cps signal is applied to the primary coil of 
three proportional transducers. The secondary voltage of each transducer is proportional to ACA dis
placement about its input axis (one each for the roll, pitch, and yaw axes).  When ACA displacement 
exceeds 0. 5 o  , two sets of switch contacts close. One set of contacts sends an out-of-detent discrete to 
the LGC and a followup discrete to the AEA if the MODE CONTROL : PGNS switch is set to ATT HOLD . 

Page 2 .  1 -122 
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+ X - AXIS 

Figure 2. 1 -40. ACA - Angular Displacements 

PITCH PIVOTAL POINT 

NEUTRAL POSITION OF 
GRIP ABOUT PITCH AXIS 

YAW AXIS 

ROll AND YAW 
PIVOTAL POINTS 

The other set of contacts sends a proportional secondary voltage to the LGC or the ATCA. The output 
gradient voltages are 0. 28  volt/degree of displacement (1° to 1 1 ° ) .  Positive rotation commands 
generate in-phase voltage; negative commands, 180° out-of-phase voltage. 

During attitude control (ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to 
"MODE CONT) when the minimum pulse mode is selected via the DSKY and the PGNS is in control, the 
LGC common applied to the plus and minus switches of the ACA is returned to the LGC when the ACA 
is displaced more than 2 .  5° . When the AGS is in control and the pulse mode is selected for a given axis 
(ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to PULSE), positive or negative d-e voltages 
are applied to the plus and minus switches of the ACA. When the ACA is displaced 2. 5° or more from 
neutral, a positive or negative d-e voltage is applied to the ATCA. A positive voltage commands a posi
tive acceleration (pulsed) about the selected axis; a negative voltage commands negative acceleration. 
With the ATTITUDE CONTROL: ROLL, PITCH, or YAW switch set to DIR, 28 volts de is applied to two 
RCS secondary solenoids when the ACA is displaced more than 2. 5° . 

In any attitude control operation, if the ACA is moved 12° or more in any axis {hardover 
mode), the ACA activates four thrusters via the s econdary coils. With either the MODE CONTROL: 
PGNS or AGS switch set to ATT HOLD and the ATTITUDE CONTROL: ROLL, PITCH, and YAW switches 
(one or more) set to MODE CONT, the ACA can command LM attitude changes about the selected axis or 
about as many as three axes simultaneously. 

2. 1. 4. 5. 2 Thrust/Translation Controller Assemblies. (See figure 2. 1-42. ) 

Either astronaut 's TTCA can be used for manual control of LM translation in any axis, de
pending on the setting of the THROTTLE -JETS select lever. The THROTTLE position is selected for 
translation control, using the descent engine and the thrusters; JETS, for translation control, using 
only the thrusters. 

A pair of detent switches and a pair of limit switches are located about each TTCA axis; a 
nonlinear potentiometer is located along the longitudinal axis. (See figure 2. 1 -43. ) The detent switches 
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Figure 2. 1 -42. TTCA - Angular Displacements 

+ Z-AXIS 

provide a discrete to the LGC when the astronaut operates the TTCA 0. 25 inch out of its detent (neutral) 
position. The discrete commands the LGC to issue translation change commands in accordance with 
the TTCA motion. 

When the AGS is controlling the vehicle, the limit switches issue on and off translation 
commands directly to the RCS jet logic and driver circuitry. The nonlinear potentiometer provides an 
electrical output, which is propOrtional to TTCA displacement, when the THROTTLE -JETS select lever 
is set to THROTTLE . These signals are routed to the DECA to command proportional control of thrust 
(magnitude). The nonlinear characteristic provides increased servo characteristics. 

2. 1 .  4. 5. 3 Attitude and Translation Control Assembly. (See figure 2. 1 -44. ) 

The ATCA processes signals from the ACA, TTCA, RGA, and AEA in the AGS mode and 
from the LGC in the PGNS mode. The ATCA provides control of LM translation and rotation in all three 
axes, using the thrusters. Automatic and manual control are available in the primary guidance and 
abort guidance modes. 

The ATCA performs the following functions in the prip1ary guidance mode : 

• Under automatic attitude hold control, conditions the thruster commands from 
the LGC 

• Supplies regulated 800-cps, three-phase and single -phase power to the RGA, and 
reference 800-cps, single-phase power to the FDAI's, AGS, IS, and the RR backup I 
servo transducer!l (manual mode) 

• Supplies regulated d-e power to the DECA, ACA, TTCA, and S&C control assem
blies and internal d-e power to the ATCA 

• Accepts externally generated ground discretes at the primary jet drivers pre
amplifiers during the digital autopilot (DAP) mode 
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Figure 2 .  1 -44 .  Attitude and Translation Control Assembly - Simplified Block Diagram 
(Attitude Hold and Auto Modes) 
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The ATCA performs the following functions in the abort guidance mode: 

• Accepts 800-cps attitude error signals , rate command signals, and rate gyro 
signals for the purpose of generating on and off thruster commands 

• Sums , amplifie s ,  limits,  demodulates, and deadband attitude and rate (command 
and gyros) signals to produce vehicle rotation commands . 

• Determines ,  by combination of rotation and translation commands in the logic 
circuitry, the appropriate pulse ratio modulators and j et solenoids to be 
energized. Proper thruster selection provides the desired rotation and trans
lation. 

• Accepts external open-loop, low-level rotation commands directly at the logic net
works (pulse mode) 

• Provides trim signals to the DECA 

• Provides d-e voltages to the ACA, TTCA, DECA, and the control panel, and 
internal d-e voltages to the ATCA 

• P rovides synchronized 800-cps, three -phase power to the RGA and 800-cps single
phase power to the ACA, TTCA, RGA, AGS, FDAI 's,  IS (during manual mode 
only) , and RR backup servo transducers 

• Accepts and processes mode-changing external signals to effect changes in rate gain 
due to changes in vehicle inertial (during APS or DPS operations) ,  a change in 
deadbands (manually set) , and a change in two -jet - four-jet rotation commands, but I 
dependent upon engine propulsion modes .  

I n  the primary guidance mode, only the primary preamplifiers are enabled by the 
GUID CONT switch. The circuits in the ATCA remain fully active when used with PGNS, but 
automatic manual steering and translation commands from the jet selection logic are inhibited. 
Regulated d-e power and the synchronized 800-cps power are still supplied from the ATCA. In this 
functional mode, the ATCA electronically switches the thruster command ground discretes from the 
LGC to provide driving power for RCS j et solenoid actuation and provides vehicle rotation rates to the 
FOAl ' s .  In the abort guidance mode, only the abort preamplifiers are enabled and thruster signals from 
the pulse ratio modulators are switched to drive the RCS primary solenoids. The BAL CPL switch 
(panel 1) must be set to ON to enable all 16 abort preamplifiers . If the BAL CPL switch is set to OFF, 
the four abort preamplifiers that control the upward-firing thrusters (AlU, B2U, A3U, and B4U) are dis
abled, if necessary, to optimize conditions during ascent engine firing. 

In the ibort guidance mode, pitch, roll, and yaw signals are processed in three similar 
channels . Attitude error signals from the AGS are applied to the ATCA in the automatic mode and the 
attitude hold mode with the ACA's in detent. When the DEAD BAND switch (panel 3) is set to MIN (narrow 
deadband) , the error signals are first passed through limiters to prevent excessive vehicle rate s .  The 
limiters maintain the vehicle rates at a maximum of 10° /sec in pitch and 5° /sec in roll and yaw during 
descent or ascent phases. When the DEAD BAND switch is set to MAX (wide deadband) , the limiter is 
eliminated. The error signals are next summed with rate-damping signals from the RGA. In the attitude 
hold mode, with an ACA out of detent, proportional attitude-rate commands are summed with the RGA 
rate-damping signals . The gains of the summing amplifiers are changed when the LM is staged , to 
account for the change in vehicle moment of inertia. The summed a-c signals are changed to de by keyed 
demodulators and filters . In the roll and pitch channels , the demodulator output is routed to the DECA to 
control descent engine trim. The deadband circuitry provides for a wide deadband (- 5 °  to + 5 ° )  or a 
narrow deadband (-0.  3 °  to +0. 3° roll and pitch; 0. 4° to +0.  4 °  yaw) . If the ascent or descent engine is 
turned on, the narrow deadband is automatically selected. When the engines are turned off , the deadband 
depends upon the setting of the DEAD BAND switch. 

In the automatic and attitude hold modes , the attitude error signals from the deadband cir
cuits are routed to the logic summing amplifier s ,  which drive the proper pulse ratio modulator (PRM) and 
reaction j et driver. In the pulse mode, d-e voltages from the ACA ' s  are directly routed to the 
logic summing amplifiers. Using one summing amplifier to drive one thruster or the other in the eight 
opposing pair s ,  depending on the polarity of the ACA output, eliminates the possibility of wasting fuel by 
simultaneously firing opposing thrusters. Roll, pitch, and X-axis translation are controlled by the vertical 
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thrusters; yaw, y -axis translation , and z -axis translation, by the horizontal thrusters. The eight summing 

amplifiers combine the attitude s ignals and translation commands from the TTCA an
.
d appl

.
y the result�t 

signals to eight PRM's.  Logic circuitry determines whether two or four thruster
.
s (]�ts) f.1re for X-ax1s 

translation, pitch, and roll, as well as , the net number of jets activated by �ombrnat
.
wn Sl��ls . Al.so, 

1 manual operation of two or four jets in X-translation and pitch or roll on a smgle-ax1s bas1s lS possible, 

using ATCA. 

The eight PRM's generate pulses , whose width and frequency vary according tothe input volt
age, to control the duty cycle of the thrusters. The pulse output of each PRM is fed to a pair of solenoid 
driver preamplifiers and j et drivers. Each pulse from the PRM fires one of a pair of opposing thrusters, 
depending on the polarity of the input voltages to the PRM. When the pulse is applied, the jet drivers, 
which act as solid-state switches, supply a ground path to the solenoid coil of the thruster. This action 
completes an electrical path for the solenoid coil, and the thrusterfires for the duration of the PRM pulse. 

The ATCA consists of an attitude error signal conditioner-limiter, rate signal summation 
amplifier demodulator-filter network, deadband circuits, jet select logic, pulse ratio modulators, and 
solenoid driver preamplifiers and jet solenoid drivers. (See figure 2. 1 -45. ) 

Attitude Error Signal Conditioner- Limiter. To provide the proper scale factor, impedance match, and 
limiting, the 800-cps attitude error s ignal is passed through a signal conditioner-limiter before summa
tion with the rate gyro s ignal. Limiting the attitude error prevents command of excessive vehicle rates 
during narrow deadband operation only subj ect to ascent or descent conditions. The limiting action of 
the limiter is eliminated during wide deadband operation. 

Rate Signal Summation Amplifier. The attitude error and rate and ACA signals are a-c summed and 
amplified before demodulation by the amplifier , because they are all synchronized to the 800-cps power 
source. Amplification and summing at this point helps to minimize error caused by drift. 

Demodulator- Filter Network. A keyed demodulator is used to convert summed and amplified error sig
nals to de. The synchronized 800-cps power source of the ATCA is used for the demodulator reference. 
An active filter is used to obtain 12-db/octave attenuation for frequencies above 18 cps. The filtered roll 
and pitch signals are routed to the DECA for descent engine trim. 

Deadband Circuits . Either of two deadband circuits can be selected manually with the D EAD BAND 
switch. The wide deadband (DEAD BAND switch set to MAX) is used for coasting-period limit cycling 
to conserve fuel. The narrow deadband (DEAD BAND switch set to MIN) is used during perio<¥! when 
the ascent or descent engine is thrusting. In addition to the manual capability , an automatic minimum 
deadband override is provided for use during ascent or descent engine thrusting. 

Jet Select Logic . (See figure 2. 1 -46. ) For any combination of analog rotation and translation signal 
inputs to the ATCA, this logic provides signals to the proper thrusters (tables 2. 1 -16 and 2. 1-17). 

I" Maximum moment control of four jets for combinational commands occurs whenever they are commanded. 
When the ascent or descent engine is thrusting, the ascent engine latching device of an S&C control as
sembly automatically puts the logic in four-thruster roll and pitch operation. In four-thruster operation, 
the logic corrects roll or pitch errors with four thrusters. This provides additional attitude gain to 
compensate for possible engine thrust-vector misalignment. The X TRANSL switch (panel 1) enables 
the astronauts to command four-thruster X-axis translation to proviae additional thrust capability along 
the vehicle X -axis. 

Pulse Ratio Modulators. The PRM's accept the net output signal + or - of the logic network d-e 
summing amplifiers. The eight PRM' s consists of a zero crossover detector, an absolute value cir
cuit, output gating, and the PRM circuit. The PRM's accept d-e analog signals from the thruster selec
tion logic, detect the polarity , and route the pulsed output to the proper j et driver. The zero crossover 
detector detects the polarity of the d-e input, and provides enabling signals to the appropriate gates 
when the inpu signals exceed the threshold level (0. 5 volt). In this manner simultaneous thrusting of 
opposing j ets is prevented. Because the PRM circuit operates on positive inputs only, the absolute 
value circuit is required, to invert negative inputs and pass positive inputs to the PRM. The outputs 
of the zero crossover detector and the PRM circuit, applied to AND gates, produce a train of pulses 
at the output of the PRM when the two inputs are coincident. 
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Maneuver 

+P (Yaw left) , four-jet 
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Table 2 . 1 - 1 6 .  RCS Jet Select Logic - Rotational Maneuver 

B A B A A B B A B A 
4 4 4 4 3 3 3 3 2 2 
u D F R u D A R u D 

X X 

A B 
2 2 
A L 

X 
two-jet Alternating pulses between A4R, B2L & AlF, B3A 

- P (Yaw right) , four-jet. X I X I X I 
two-jet Alternating pulses between B4F, A2A & BlL, A3R 

+P (Alternative) * ,  two-jet X 
X X 
X X 

X X 
X 

X 

-P (Alternative) * ,  two-jet X 
X X 

X X 
X 

X 
X X 

+U (Pitch up, roll right) * * ,  two-jet X 

-U (Pitch down, roll left) * ,  two-jet X 

+V (Pitch down, roll right) * * ,  two-jet X X 

-V (Pitch up, roll left) * * ,  two-jet X X 

*Alternative two-jet policies when a P rotatiOnal j et fails. 
* *If one U or V rotational j et fails , the other j et completes rotation. 

A B A B 
1 1 1 1 
u D F L 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

Solenoid Driver Preamplifiers and Jet Solenoid Drivers. Thirty-two solenoid driver preamplifiers ac
cept pulsed inputs from the 16 PRM outputs when the AGS is used or from the 16 PGNS outputs when the 
primary guidance mode is used. When the AGS is used, its 16 preamplifiers are enabled with 28-volt 
d- e power and the PGNS preamplifiers are disabled, and vice versa. The jet solenoid drivers, driven 
by either one set of preamplifiers or the other, control the firing of their respective thrusters by pro
viding a ground to the fuel and oxidizer solenoids through output transistors . When the AGS is selected 
and the main engine (ascent or descent) is firing, X-axis rotation logic inputs cause one or two of the 
vertical thrusters to fire and oppose the engine thrust. To prevent this from occurring, the BAL CPL 
switch can be used to disable four of the preamplifiers. Setting the X- TRANSL switch to 4 JETS and the 
BAL CPL switch to OFF provides two- thruster roll and pitch error corrections without opposing the 
engine thrust. 
2 .  1 .  4. 5. 4 Rate Gyro Assembly. (See figure 2. 1 -47. ) 

The RGA senses pitch , roll, and yaw rates and applies the 800-cps rate signals to the ATCA. 
The ATCA uses the 800-cps rate signals to rate-damp the attitude control loop when the AGS is in control. 
Rate signals are displayed on the FDAI from monitor points at the ATCA inputs. 

The RGA consists of three single-degree-of-freedom rate gyros mounted so that they sense 
vehicle roll, pitch, and yaw rates. Each gyro can measure input rates from - 2 5  o to +25 o per second; 
each has self- test features. Each rate gyro senses a rate of turn about its input axis , which is perpendic
ular to the spin and output axes. This rate of turn is dependent on the gimbal position of the gyro. An 
analog output (rate of turn) is obtained from the stator- rotor pickoff, which is positioned by the precession 

I of the gimbal. The pickoff voltages are continuously fed to the FDA! rate indicators and the ATCA. In 
abort guidance, these rate signals are effective in damping vehicle rates . 

Three-phase, 26-volt, 800-cps power generated in the ATCA is applied to the �otor of each 
gyro. Pickoff excitation (28-volt, 800-cps power generated in the ATCA) is applied to the prunary coil 
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B A B A A B B A B A A B A 
4 4 4 4 3 3 3 3 2 2 2 2 1 

Maneuver u D F R u D A R u D A L u 

+X-Translation, four-jet X X X 
two-jet X X 

X 

-X-Translation, four-jet X X X X 
two-jet X X 

X X 

+Y-Translation X 

-Y -Translation X X 

+Z-Translation X X 

-Z-Translation X 

+U (+Z & +Y) Translation . X X X 

-U (-Z & -Y) Translation X X X 

+V (+Z & -Y) Translation X X X X 

-V (-Z & +Y) Translation X X 

+Y-Tack Translation* Alternating pulses between B2 L,  B4F & A2A, B2L 
Alternating pulses between BlL, AlF & B1 L, B3A 

-Y-Tack Translation* Alternating pulses between A4R, B4 F & A4R, A2A 
Alternating pulses between A3R, B3A & A3R, A1 F 

+Z-Tack Translation• Alternating pulses between B3A, A3R & B3A, BlL 
Alternating pulses between A2A, B2 L & A2A, A4R 

-Z-Tack Translation• Alternating pulses between B4F, A4R & B4F, B2L 
Alternating pulses between AlF, A3R & AlF, B1L 

*Y- and Z-track translations are commanded when conventional Y or z two-jet translations are not 
available (jet failure). Tacking alternations are performed every 0. 1 second. 

r A B 
l 1 1 
D F L 

X 

X 

X 

X 

X 

X 

X X 

of a microsyn pickoff. The secondary coil picks off an 800-cps voltage proportional to the precession of 
the gy!· · nd, hence, proportional to the LM rate about the gyro input axis (0. 140 vrms/deg/sec).  
Polari· . 3  arranged so that an in-phase pickoff voltage indicates a positive rate; a 180° phase pickoff I 
voltage, a negative rate. 

The self-test capability consists of a spin motor rotation test and a self- tes t torquer (gim
bal torquer) . The self- tes t  torquer applies torque to the movable gimbal. When 28 volts de is applied to 
windings L1 and L2, the secondary of transformer T1 should pick off a voltage equivalent to a 5 °/sec 
rotation. The direction of torquing is reversed by changing the polarity of the d- e voltage. 

2. 1. 4 .  5 .  5 Descent Engine Control Assembly. (See figure 2. 1 -48. ) 

The DECA processes four descent-engine -controlling outputs, as follows: 

• Engine -throttling commands from the astronauts (manual) and the PGNS (automatic) 
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Figure 2 , 1 -47, Rate Gyro Assembly - Schematic and Vector Diagram 
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• 

Engine arm commands to actuate the fuel and oxidizer isolation valves in the 
descent engine 

On and off commands to control descent engine ignition and shutdown (figure 2 , 1 -51) 

• Issues GDA operation and DC supply failure notification to IS 

To initiate manual throttle commands only, the THR C ONT switch (panel 1) must be set to 
MAN. (See figure 2. 1 -49 . ) During manual throttle control, LGC throttle commands are interrupted and 
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Figure 2. 1 -48. Descent Engine Control Assembly - Simplified Block Diagram 

B-3001.M"" 13.5 

only manual commands are displayed on the THRUST indicator. Manual throttle commands consist of a-c voltages, proportional to the active TTCA X-axis displacement, which are applied to the D ECA. The active TTCA always provides at least a 10% command. These commands drive a nonlinear circuit that provides the desired thrust level. With nonlinear thrust levels, more resolution is obtained a:t the lower levels. (Sef' figure 2. 1 -52. ) Once the nonlinear region of the TTCA is reached, the TTCA should be displaced to its hard stop to prevent erratic descent engine operation. 

To apply automatic throttle commands to the descent engine, the THR CONT switch must be set to AUTO. The automatic commands appear on two separate lines (throttle increase and throttle decrease) as 3 , 200-cps pulse inputs to an integrating d- e counter (up-down counter). Each pulse corresponds to a 2. 7-pound thrust increment. Throttle increases can drive the counter up to 12 volts, which, when combined with the TTCA fixed 10% output in the descent engine throttle servoamplifier , corresponds to 92.  5% thrust. During automatic throttle operation, the LGC-commanded thrust is summed with the 
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Figure 2 . 1 -49. Descent Engine Control Assembly - Throttle Control Diagram 
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output of the TTCA. When the TTCA is in its minimum position, the LGC-commanded thrust is summed 
with the fixed 10% output of the TTCA. When an active TTCA is displaced from its minimum position, 
the amount of manual thrust commanded is summed with the LGC -commanded thrust to produce the 
desired resultant. In this case, the TTCA overrides LGC control of descent engine thrust. The 
total thrust commanded (automatic and/or manual) cannot exceed 92.  5%. Automatic thrust commands 
desired by the LGC are always 10% of thrust lower than required to compensate for the TTCA fixed 
output. 

In the primary guidance mode, the LGC provides automatic trim control (see figure 2 . 1 -50). 
When the LGC determines the required descent engine trim it provides a train command to the DECA, on 
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Figure 2. 1 -5 1 .  Descent Engine Control Assembly - E ngine Control Diagram 

a positive trim line or a negative trim line for the roll or pitch axis . The trim command is routed by 
a malfunction logic c ircuit and to a power-switching circuit, which applies 1 15-volt, 400-cps power to 
the proper GDA. The power-switching circuit is controlled by the malfunction logic. The GDA tilts the 
descent engine and provides a 400-cps feedback s ignal (proportional to engine position) to the DECA. 
The D ECA demodulates and differentiates the feedback s ignal; the resultant s ignal is fed back to the mal
function logic c ircuit. The malfunction logic generates a trim failure signal that removes the 400-cps 
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power from the power-switching circuit. The signal is generated, and routed to the LGC and the 
IS, if any of the following conditions exist: 

• The GDA is not moving in the commanded direction. 

• The malfunction circuitry fails. 

• The transducer fails. 

• The 400-cps motor rotates without a command. 

• The 400-cps motor fails. 

In the abort guidance mode, roll and pitch trim signals are received from the roll and pitch 
error channels in the ATCA. A comparator and threshold circuit in the DECA generates negative or 
positive trim commands and routes them to the malfunction logic, which controls the power-switching 
circuits as in the primary guidance mode. 

2. 1. 4. 5. 6 Gimbal Drive Actuators .  (See figure 2 .  1 -53. ) 

There are two GDA's. Each GDA consists, primarily, of a single-phase motor, a feedback 
potentiometer, and associated mechanical devices. Each GDA can extend or retract 2 inches from the 
midposition to tilt the descent engine a maximum of +6° or -6° along the Y -axis and Z-axis. I 

On and off signals are supplied to the GDA's from the power gate circuits in the DECA. The 
DECA provides 115-volt, 400-cps power to the GDA motor, which controls the stroke of the GDA at a 
rate of 0. 0662 inch per second (7. 5 volts per inch) ±10% in a positive or negative direction along the 
Y -axis and Z -axis. Gimbal position signals are supplied by the feedback potentiometer to a failure
detection circuit in the DECA . 
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Figure 2. 1 -53. Gimbal Drive Actuator 

2. 1 .  4. 5 .  7 Ascent Engine Arming Assembly. (See figure 2. 1 -54. ) 
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RETRACT COMMAND 

GDA TRANSDUCER 
400-CPS POWER 

GDA 
POSITION 
INDICATION 

SCHEMATIC 

GOA 
MOTOR 
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The AEAA is used in conjunction with the digital uplink assembly (DUA) of the CS. The 
DUA decodes the VHF (450-mc) uplink commands and routes control commands to the AEAA and program 
control commands to the LGC . The program control commands instruct the LGC to initiate the APS 
burn program. At the same time, control commands are routed to the AEAA to arm the ascent engine . 
These commands energize a bank of relays, which, when energized, short the contacts of the ENG ARM 
switch. This arms or enables the ascent engine ignition circuits within S&C control assemblies No. 1 
and 2 .  

Normally, the PGNS is used to fire the ascent engine. Another bank of relays i s  used to 
keep PGNS in control. Through the normally closed contacts of these relays, the GUID CONT switch 
is shorted to the PGNS position. MSFN can select AGS control by energizing these relays. When 
energized, they short the contacts of the G UID CONT switch to the AGS position. Remote AGS program 
control is achieved with the followup facility of the LGC. Control of the LGC program is performed by 
MSFN; the LGC, through the followup facility, instructs the AEA as to what functions it is performing. 
The AEA then follows the LGC by issuing the same commands. These commands from the AEA are 
present at all times, but are not used until relay KS is energized. When KS is energized, the LGC out 
puts are terminated and the outputs of the AEA are used. 

The relay logic consists of two bridging circuits that use four relays each (figure 2. 1 -55). 
One bridge circuit (relays K1, K2, K3, and K4), when energized, shorts the contacts of the ENG ARM 
switch to the ASC position. The other bridge circuit (relays K5, K6, K7, and KS), when energized, 
shorts the contacts of the GUID CONT switch to the AGS position. The contacts of relays K5, K6, 
K7, and KS are normally closed when the relays are deenergized. This conditions shorts the contacts 
of the GUID CONT switch across the PGNS position. 

All the relays are energized by inputs from the DUA. The select commands (select 1,  
2, 3, or 4) determine which pair of relays are to be energized to close the bridge circuit. The set 
commands (set 1 or 2) energize the relays designated by the select command. The reset commands 
deenergize the bridge circuit. 

2. 1. 4. 5. 8 S&C Control Assemblies. 

The S&C control assemblies contain three similar assemblies. One of the assemblies 
also processes automatic and manual ascent or descent engine on and off commands. The circuits 
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Figure 2. 1 -54. Ascent Engine Arming Assembly - Functional Diagram 
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used for the ascent engine commands are called the ascent engine latching device (AE LD). The ascent 
engine commands are processed, and engine ignition and shutdown commands are sent to the ascent 
engine and staging sequence commands are sent to explosive devices. The first time that the as<" " 1t  
engine is ignited, the engine-on command starts the staging sequence, using the Explosive Devic, 
Subsystem. The S&C control assemblies contain a memory circuit that maintains the ascent eng." on 
if the automatic on signal is lost, until an automatic off signal or a manual stop command is received . 

Descent engine commands are processed and sent to the DECA. These commands 
(descent engine arm, and automatic and manual engine on and engine off) are processed again by the 
DECA for descent engine iginition and shutdown. 

2. 1. 4. 5. 9 Gimbal Angle Sequencing Transformation Assembly. (See figure 2. 1 -56. ) 

The GASTA operates in conjunction with the FDAI's. The GASTA conditions the analog 
gimbal angle signals from the IMU before they are applied to the FOAl 's to drive the FDA! sphere. 
The GASTA converts 26 -volt, 800-cps signals from the IMU "to 1 5 -volt, 400-cps signals. The signals 
from IMU must be routed through the GASTA for conditioning. Because the AGS has its own GASTA 
(or conditioning) function, its gimbal angle signals are routed directly to the FDAI 's. 

2. 1. 4. 6 Oribital Rate Display - Earth and Lunar. (See figure 2. 1 -57 . ) 

The ORDEAL is an electromechanical device that contains a pair of resolvers, one for 
each FDA!. The resolvers are driven by a stepper motor, at the orbital rate selected with the 
ALT SET control on the ORDEAL panel. They may be switched directly into the pitch total attitude 
channels of the FDAI's. 

The resolvers provide a display of LM attitude with respect to a local horizontal refer 
enece frame. They transform t he pitch angle in accordance with their shaft position, which is 
driven by a digital rate servo. The desired shaft rate is obtained by controlling the pulse rate, which 
is applied to the stepper motor. This pulse rate is derived from the LM 400-cps frequency supply 
as required by digital logic. Because the transformation is made in the pitch channel only, it is 
imperative that the inertial reference be aligned with the + Y -axis of the reference along the cross 
product of the velocity vector (V) and the position vector from the center of earth (R). 

The ORDEAL is used after obtaining the LM attitude with respect to the local horizontal, 
from the LGC. The selected FDAI (Commander's or LM Pilot's) is slewed to this angle. The 
ORDEAL then torques its resolvers at the orbital rate, specified by the ALT SET control, of a 
circular orbit. 

2. 1. 5 

The performance and design data for the GN&CS sections are given in tables 2 .  1 - 18 

PERFORMANCE AND DESIGN DATA. I through 2 .  1-21 .  • r-
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Navigation base 

Weight 3 pounds 

Diameter 14 inches 

• Leg length (approx) 10 inches 

L.,____ _______ _ 
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Table 2 . 1-18. Primary Guidance and Navigation Section - Performance and Design Data (cont) 

Inertial measurement unit 

Weight (approx) 

Diameter 

Temperature 

Alignment optical telescope 

Number of detent positions 

Field of view 

Counter readout 

Counter resolution 

Computer control and reticle dimmer assembly 

Height 

Width 

Depth 

Weight 

Pulse rorque assembly 

Height 

Width 

Depth 

Weight 

Pres sure 

Power and servo assembly 

Height 

Width 

Depth 

Weight 

Coupling data unit 

Number of channels 

Height 

Width 

42 pounds 

12. 5 inches 

TBS 

6 

60° 

ooo. ooo ro 359. 98° 

±36 arc seconds 

3-3/8 inches 

4-3/8 inches 

2-1/2 inches 

3 pounds 

2-1/2 inches 

11 inches 

13 inches 

15 pounds 

TBS 

2. 675 inches 

8. 875 inches 

23. 5 inches 

20 pounds 

5 

5. 5 inches 

11. 33 inches 

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 
Page _ ___:2:..:·....:1::...-_

1:..:4:..:6:__ __ Mission LM Basic Date 1 February 1970 Change Date 1 5 June 1970 

• 

• 

• 

• 

• 



AUTOMATIC 
GAIN 

CONTROL 

LMA790- 3 - LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTE MS DATA 

,--------1-- SINE 

BJ 

,...-------&-- SINE 

.....--------1-- SINE 

Figure 2 . 1 - 56 .  Gimbal Angle Sequence Transformation Assembly Schematic Diagram 
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Coupling data unit (cont) 

Depth 

Weight 

LM guidance computer 

Computer type 

Internal transfer 

Memory 

Erasable 

Fixed 

Word length 

Number system 

Circuitry type 

Machine instructions 

Regular 

Involuntary 

Peripheral 

Program interrupt options 

Counter in · · · 0t options 

Memory eye time 

Add time 

Telemetry 

Uplink 

Downlink 

Basic clock oscillator 

LGC power supplies 

Logic 

Parity 

20 inches 

35 pounds 

Automatic, electronic , digital, general-purpose, and 
control 

Parallel (all bits simultaneously) 

Random access 

Coincident-current core; 2, 048-word capacity 

Core rope; 36 , 8 64-word capacity 

16 bits 

Binary 1 '  s complement - for manipulation 

Flat pack, NOR micrologic 

56 total 

4 2  total 

9 total - associated with counter interrupts and program 
interrupts 

5 total (for ground testing only) 

10 total 

29 total 

1 2  microseconds 

24 microseconds 

Synced from PCM 

Up to 1 ,  000 bits/ second 

Telemetry start and end pulses at 50 or 10 pps 

2 ,  048 me 

One +4-volt switching regulator 

One +14-volt switching regulator 

Operated from 28-volt 
d-e input power 

Positive (positive de � binary 1 ;  0 volts � binary 0) 

Odd 
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Table 2 . 1 -1 9 .  Abort Guidance Section - Performance and Design Data 

Primary power 

ASA clock 

ASA temperature range 

DEDA clock 

AEA clock 

AEA and DEDA logic levels 

AEA memory 

Number of bits 

Cycle time 

AEA temperature range 

28±4 volts d e ,  90 watts 
1 1 5±2. 3 volts ac,  4 00 cps ,  ±5%, 3. 5 watts 

1 28 kpps 

TBS 

128 kpps 

1 ,  024±2 pps 

Zero: 0 to 0. 5 volt de 
One :  +3 to +5 volts de 

4 ,  096 words 

18 bits per memory word 

5 microseconds 

Table 2 . 1 -20 . Control Electronics Section - Performance and Des ign Data 

Attitude and trans lation controller assembly 

Input s ignals 

Operating frequency 

Cooling 

Temperature range 

Rate g)TO assembly 

Input power 

Starting power 

Steady- state power 

Transient power 

Sensitivity 

Input range 

Input rate frequency 

Descent engine control assembly 

A- C input power nominal voltage 

Steady- state voltage limits 

Operating temperature range 

D-C input power nominal voltage 

Attitude error, command rate, and rate gyro output 

800 cps 

Conduction through mounting flanges 

0° to +160° F 

Single- and three-phase , 800 cps 

18 watts (maximum; three-phase) 

8. 5 watts (maximum; three-phase ) 
1 .  5 watts (de ) 

1 .  0 watt (single phase )  
4 0  watts (de) 

0. 05° per second 

- 2 5° to +2 5° per second 

2 0±4 cps 

1 1 5  vrms 

+2. 5 to -2. 5 vrms 

+57° to +97° F 

+4 ,  +1 5 ,  +28 ,  and - 1 5  volts de 

GUIDANCE ,  NAVIGATION, AND CONTROL SUBSYSTEM 
Page _ __c2::c·c..;l_--=1.:.52=----

Mission LM Basic Date 1 February 1970 Change Date _....:1:..:5:-.::.;Jun=e:.....;:;19"-7:..::0'---

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2 . 1 -2 0 .  Control Electronics Section - Performance and Design Data (cont) 

Attitude and translation controller assembly (cont) 

A-C power consumption 

Transient peak 

Steady-state average 

D-C power consumption 

Transient peak 

Steady-state average 

Total power consumption 

Transient 

Steady-state 

Gimbal drive actuator 

A-C power 

A-C power consumption (steady-state 
average) 

Stroke 

Gimbal position 

Gimbal rate 

Frequency of operation 

Attitude controller assembly 

Operating power 

Type of sensor 

D isplacement 

Thrust/translation controller assembly 

Operating power 

Type of sensor 

6 watts (maximum) 

3 watts (maximum) 

5 watts (maximum) 

5 watts (maximum) 

27. 6 watts (maximum) 

7. 9 watts (maximum) 

1 1 5±2 .  5 vrms , single phase , 4 00 cps 

35 watts 

+2 to -2 inches ±5% 

+6 ° to -6 ° ±5% 

0. 2 ° /sec ±10% 

5. 0 cps (maximum) 

28 volts , 800 cps 

Proportional transducer 

0. 28 volt/degree 

28 volts , 800 cps 

Proportional transducer 

Table 2 . 1 -2 1 .  Orbital Rate D isplay - Earth and Lunar - Performance and Design Data 

Operating power 

AC 

DC 

Power consumption 

AC 

DC 

Range of orbital altitude 

1 15±2 . 5 vrms, s ingle phase,  400 cps 

28±3 volts 

4 watts at 0. 9 power factor (minimum) 

4 watts 

10 to 3 1 0  nm (calibrated in 5-nm steps) 

Operating temperature range 

Weight 5. 5 pounds 
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OPERATIONA L LIMITATIONS AND RESTRICTIONS. 

General. 

The following operational limitations and restrictions pertain to the GN&CS as a whole. 
Limitations and restrictions that pertain to specific portions of the GN&CS are covered in paragraphs 

I 2 .  1 .  6 .  2 through 2 .  1 .  6 .  5 .  

• The IMU, ASA, and LGC must not be placed in their operate modes until after 1 5  
minutes of sublimator operation. If this requirement is not observed, erroneous 
and changing IMU, ASA, and LGC outputs occur during temperature cycling. 

• Before and during all tN maneuvers, narrow deadband operation must be used to 
achieve proper control of the thrust vector, for trajectory accuracy . Failure to 
comply with this procedure produces an unacceptable level of uncertainity in the 
trajectory. 

• The AGS must be updated to the PGNS within 5 minutes before any burn, to minimize 
error due to drift. 1n addition, the time from first star fix to completion of AGS 
alignment must not exceed 16 minutes for powered descent and ascent. If updating 
is not performed, erroneous data may be stored in the A EA ,  resulting in trajectory 
anomalies if the PGNS fails and the AGS is required for abort. 

• Continuous heating must be provided for the ASA, IMU, RR, and LR to maintain 
minimum survival temperature levels. If survival heating fails , permanent 
degradation or damage of the assemblies may result. 

• For accurate updating of AGS state vectors ,  using the RR, the separation distance 
between the LM and the CSM must not exceed 100 nm. 

1 2 . 1 . 6 . 2  Primary Guidance and Navigation Section. 

The operational limitations and restric tions for the PGNS are as follows : 

Page 2 .  1 - 154 

• IMU fine alignment must be completed at some time prior to any main engine burn, 
the elapsed time between alignment and the engine burn is dictated by the allowable 
burn dispersions. A fine alignment must be performed 20 minutes prior to the 
powered descent and ascent to and from the lunar surface. The time from the first 
star fix to completion of the IMU alignment must not exceed 10 minutes. These 
times are established to compensate for stable member drift, which would result in 
an unacceptable level of error in thrust vector alignment. 

• The IMU requires an operating time of 30 minutes, for temperature s tabilization, 
after switching from standby to operate. The first 90 seconds are required by the 
IMU gyros, to acquire synchronous rotor speed; the remaining time is for temper
ature stabilization. If the IMU is used during this time, scale factor changes 
resulting from varying temperature cause degraded attitude data. 

• A gimbal lock condition exists if the outer and inner gimbals come within 20 o of 
each other .  When these two gimbals become coplanar, attitude data is lost and 
torquing requirements become infinite. 

• To maintain the LGC reference time, the LGC off mode is not used except 
during s ublimator dryout. If the reference time is lost, it is reestablished 
by the astronauts with DSKY inputs . 

• The LGC must be in the operate mode when the IMU is switched to operate, because 
IMU moding is performed by LGC commands. If this requirement is not observed, 
the IMU, which places itself in the cage mode at initial IMU operate turn-on, 
will not disengage cage automatically. 

• The AOT field of view must cover a suitable starfield, because LGC programming 
for IMU alignment is based on specific star requirements . IMU alignment will be 
inadequate if this requirement is not observed. 
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The periphery of the AOT field of view must not be within 1 5 °  of the sun, because 
sunlight interferes with the optical assembly. 

• The AOT heaters must be on continuously from 30 minutes before first use of the 
AOT until after last use ,  to prevent fogging of the lens . 

• The AOT must be in the stowed position (azimuth control set to CL) when not in 
use , to protect the viewing face from RCS plume impingement and space particle s .  
Failure to observe this requirement may res ult i n  damage to the lens and will 
result in inaccurate IMU alignment. 

• The RR antenna must be positioned for minimum interference with the AOT when 
performing IMU alignment; otherwis e ,  the RR occults a large portion of the AOT 
field of view. The minimum pos ition for the RR antenna is orientation No. I (shaft 
angle of -77. 2 o ,  trunnion angle of 0 °) .  

• During initial turn-on of the PGNS, the LGC and DSKY power must be turned on at 
least 20 seconds before the CWEA is turned on. Failure to observe this restriction 
could result in a false alarm condition (LGC warning) . 

Abort Guidance Section. 

The operational limitations and restrictions for the AGS are as follows : 

• At least 25 minutes must be allowed for ASA warmup, to stabilize the inertial 
components, otherwise, operation is degraded. 

• AEA operation is terminated automatically if its power subass embly d-e input 
voltage drops below 20 volts de . 

• The ASA gyro rate must not exceed 2 5 °/second; otherwise ,  output is degraded. 

• The AGS update for PGNS/ AGS alignment must be completed within 5 minutes 
before any burn, The time from the first star s ighting to the completion of AGS 
alignment must not exceed 90 minutes for powered descent and as cent to and from 
the lunar surface . (Earth orbital miss ion times are a function of mission re
quirements . )  Exceeding or not following these restrictions will result in degraded 
data stored in AEA which will cause trajectory anomalie s .  

Control Electronics Section. 

The operational limitations and restrictions for the C ES are as follows : 

• The static operating load limit for the GDA is 2 ,  900 pounds . 

• The TTCA provides control over the throttle magnitude,  from 10% to 92 . 5  % of 
maximum thrust. 

• Linearity of thrust commanded must be ±5% over the entire throttling range. 

• When the ascent engine is on, RCS +X-thrusters are used only for pitch and roll 
control (and therefore add to tN) , except as needed when large commands occur 
or when moments due to center- of-gravity offset exceed the unbalanced couples 
control boundary. For AGS operation, manual switching to balanced couples may 
be required during powered ascent at a predetermined time based on prelaunch 
center-of-gravity predictions . If -X-thrusters are used, excessive fuel consumption 
results because a portion of the tN provided by the ascent engine is cancelled while 
overcoming the unbalance created by the center-of-gravity offset. 

• Before and during tN maneuvers minimum (narrow) deadband is commanded. If 
this restriction is not followed, an uncertainty in trajectory will result. 
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Orbitial Rate Display - Earth and Lunar. 

The operational limitations and restrictions for the ORDEAL are as follows : 

• The ORDEAL shall be used only when the LM is in a circular orbit. If this re
striction is not observed, FDAI pitch displays are degraded. 

• The ORDEAL is limited to altitudes between 10 and 310 run. If these limits are 
exceeded , outputs are degraded. 
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RADAR SUBSYSTEM. 

INTRODUCTION. 

During the landing phase and subsequent rendezvous phase, the LM uses radar navigational 
techniques to determine distance and velocity. Each phase uses a radar designed specifically for that phase 
(rendezvous radar (RR) , landing radar (LR)) . Both radars inform the astronaut and the computer 
concerning position and velocity relative to acquired target. During lunar landing , the target is the 
surface of the moon; dur ing rendezvous , the target is the Command Module. 

2 . 2 . 1 . 1 Rendezvous Radar and Transponder. 

The RR, operated in conjunction with a RR transponder in the CSM, is used to acquire and 
track the CSM before and during rendezvous and docking. (See figure 2 .  2 -1 . )  When the primary naviga
tion and guidance section (PGNS) is in control (normal operation) , the RR provides the PGNS and cabin 
displays with line-of-sight (LOS) range and range rate data , and LOS angle and angle rate data with respect 
to the CSM. If PGNS fails , the astronauts furnish these data to the abort guidance section (AGS) . The I 
RR LOS is defined as the line-of-sight direction between the CSM target and the RR antenna. The RR 
also tracks the CSM target during the coasting and descent engine burn phases of the mission to supply 
tracking data for any required abort maneuver.  

During the rendezvous phase, RR performance is evaluated by comparing RR range and range 
rate tracking values with Manned Space Flight Network (MSFN) tracking values. A large deviation from 
the MSFN tracking values indicates a gross error in the RR range and range rate data. Data pertaining 
to the RR shaft- and trunnion-axis angles and the inertial measurement unit (IMU) gimbal angles are also 
transmitted to MSFN for comparison with like ground-tracking data . 

The RR transponder, a radar receiving and transmitting target, increases the RR maximum
usage range capabilities by reducing the RR transmitting power losses versus range from fourth to 
second power as compared to skin-track radar . By providing the RR with a discrete radar transmitting 
signal to acquire and track, the transponder makes the CSM appear to the RR as the only object in its 
field of view. On acquiring the RR signal illuminating the CSM, the transponder side-steps the RR three
tone, phase-modulated carrier frequency down 40. 8 me to 9792 me and then transmits the phase-coherent 
9792- mc carrier frequency for acquisition by the RR. The three-tone modulation of the transponder
transmitted signal is kept phase-coherent with the RR-transmitted signal received by the transponder. 

2 . 2 . 1 . 2 Landing Radar . 

The LR provides the PGNS and the astronauts with slant range and velocity data for control 
of descent to the lunar surface.  Based on these data, the PGNS calculates control signals for LM rate of 
descent, hovering at low altitudes ,  and soft landing at the selected lunar site . The LR is activated at 
approximately 50 , 000 feet above the lunar surface and remains activated until touchdown. In the nominal I descent trajectory , slant range data are available to the PGNS at approximately 40, 000 feet (no less than 
2 5 , 000 feet); velocity data , at approximately 3 5 , 000 feet (no less than 1 8 , 000 feet) . 
2 .  2 .  2 SUBSYSTEM INTERFACES.  

The Radar Subsystem interfaces with the Guidance, Navigation, and Control Subsystem 
(GN&CS) , Instrumentation Subsystem (IS) and Electrical Power Subsystem (EPS) . 

2 . 2 . 3  FUNCTIONAL DESCRIPTION. 

2. 2 .  3. 1 Rendezvous Radar. (See figure 2 . 2-2 . )  

The RR provides LOS range , range rate, and antenna angular data to the LM guidance com 
puter (LGC) and to the LM cabin displays. By entry via the data entry and display assembly (DEDA) , the 
abort electronics assembly (AEA) is supplied with range and range rate data for a computer-controlled 
(LGC or AEA) rendezvous of the LM and CSM. 

The RR, when search-sweeping or tracking and locked on to the RR transponder in the CSM, 
is a continuous-wave coherent system, which uses phase-lock techniques in the radar and in the trans
ponder. When operating with the LGC , the RR derives range, range rate, and shaft and trunnion angle 
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Figure 2 .  2 - 1 .  LM Rendezvous Radar and C SM Target Orientation 

data and routes these data to the LGC .  The AEA state vector is automatically updated by range and range 
rate data from the LGC or by manually inserting this data via the DEDA. Range is determined by meas
uring the time delay between the transmitted signal and the received signal. Range rate is determined by 
measuring the two-way Doppler shift of the carrier signal received from the transponder . The RR has 
an unambiguous range capability from 80 feet to 400 nm and a range rate capability from - 4 ,  900 to 
+4 , 900 fps. 

Range and range rate data are accepted by the LGC only upon program demand . The CDU 
continuously receives the shaft and trunnion angles, converts them to digital form, and sends these data 
to the LGC upon program demand. In addition to the RR outputs to the LGC, range and range rate are 
displayed in the cabin. The shaft and trunnion angles and angle rates are indicated as elevation and I azimuth angles by the FDAI and as pitch and yaw rates by the X -pointer indicator on panels 1 and 2 .  The 
azimuth indication is derived from the trunnion angle; the elevation indication, from the shaft angles. 
The angle rates are derived from the gyro torquer currents. 

The RR consists of an antenna assembly and an electronics assembly . The antenna assembly 
multiplies the 102 . 42 5-mc carrier signal generated in the electronics assembly by 96, to obtain the 
983 2 .  8-mc transmitter signaL In free flight, the LGC computes the LOS angle to the CSM and then points 
the LM + Z-axis to the CSM target. The LGC designates the RR antenna angles, pointing the RR antenna 
to the target, so that the 9832 . 8-mc transmitter signal can be acquired by the transponder .  

The transponder sweeps ± 104 k c  about its nominal 9792 -mc transmitter frequency until the I RR 9832 . 8-mc (plus Doppler) signal is detected. Concurrent with automatic detection , the transponder 
halts the frequency sweep and acquires the RR transmitter signal by phase -locking to the carrier fre
quency. The transponder side-steps the RR transmitter signal 40. 8 me to 9792 me (plus Doppler) and 
transmits that signal for acquisition by the RR. 

The RR search -sweeps until it acquires the transponder -transmitted signal , then locks on to the 
I 9792 -me plus Doppler carrier frequency. At this time , the radar angle -tracking loop is closed between the RR 
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and the transponder. The RR modulates its transmitted 9 832. 8 -mc signal with range tones .  The trans
ponder demodulate s the RR-transmitted signal and modulates its 9792 -mc (plus Doppler) signal with the 
range tones phase -coherent with the range tones present on the received RR-transmitted signal. I I The transponder signal is received by a four-port feedhorn. The feedhorn, arranged in a 
simultaneous lobing configuration, is located at the focus of a Cassegrainian antenna. (See figure 2 .  2 -3 . )  
If the transponder is directly in line with the RR antenna boresight, the transponder s ignal energy is 
equally distributed to each port of the feedhorn. If the transponder is not directly in line, the signal 
energy is unequally distributed among the four ports. 

The RF signal passes through a polarization diplexer to a comparator,  which processes the 
RF signal to develop sum and difference signals . The sum s ignal represents the sum of energy received 
by all feedhorn ports (A+B+C+D ) .  (See figure 2. 2 - 3 . ) The difference signals , representing the differ
ence in energy received by the feedhorn ports, are processed along two channels: a shaft-difference 
channel and a trunnion-difference channel. The shaft-difference signal represents the vectoral sum of 
the energy received by th� vertically adjacent ports (A+D)- (B+C) of the feedhorn. The trunnion-difference 
signal represents the vectoral sum of the energy received by the horizontally adjacent ports (A+B)- (C+D) 
of the feedhorn. The comparator outputs are heterodyned with the transmitter frequency (9832 . 8 me) to 
obtain three 40.  8-mc IF signals . The sum channel (reference) , trunnion channel, and shaft channel of 
the preamplifiers amplify their respective IF signals, which are then routed to the receiver subassembly 
of the electronics assembly. 

The electronics assembly furnishes crystal-controlled signals, which drive the RR trans
mitter and provide a reference for processing the return signal. The electronics assembly also supplies 
servo drive signals for antenna positioning and angle tracking . The frequency synthesizer subassembly 
develops the carrier frequency (102 . 42 5  me) , which is multiplied, by 9 6 ,  to 9832 . 8 me (X-band) in a multi
plier chain in the antenna assembly and phase modulated by three tones (200 cps , 6 .  4 kc , and 204 .  8 kc) . 
The tones are generated by a reference generator in the range tracker . The receiver subassembly pro
cesses the three 40. 8-mc IF preamplifier outputs in three separate channels. The three 40. 8 -mc IF I 
signals (sum , trunnion, and shaft) are converted into 6. 8 -mc IF signals. The sum signal (6. 8-mc IF) is 
fed to the range tracker subassembly . 

PARABOLIC 
PRIMARY REFLECTOR 

SUPPORT STRUTS (4) 

HYPERBOLIC 
SECONDARY REFlECTOR 

SHAFT AXIS RESOLVER 

SHAFT-AXIS DRIVE MOTOR 

TRUNNION AXIS 
DRIVE MOTOR 

AND RESOLVERS 

GYROS 

Figure 2. 2 - 3 .  Rendezvous Radar Antenna Assembly 
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The range tracker sequentially compares the phase of the 200-cps , 6 .  4-kc, and 204 . 8-kc 
return modulations with the phase of the reference signals from a reference counter , to provide range 
infor rr; " · �ion to the signal data converter .  This operation cannot take place until the frequency tracker has 
locke( :' and the LGC has issued an auto track enable signal so that the range tracker can lock up. 
C o mp..: lSOn of the phase of the return and reference signals provides unambiguous ranging from 80 feet 
to 400 nm. The range output is fed to the LGC and to the c abin displays. 

The sum signal output of the receiver subassembly is also fed to the frequency tracker sub
assembly. The received frequency is not constant; it varies with the range rate between the LM and the 
CSM. The difference in frequency (Doppler frequency) is a function of the rate of change of range . By 
measuring the Doppler frequency, the range rate may be determined. The frequency tracker subassembly 
detects the Doppler frequency by continuously comparing the received frequency, after it has been con
verted to 6. 8 me in the receiver subassembly, with a reference frequency. A voltage-controlled 
oscillator (VCO) in the frequency tracker subassembly is maintained at the received frequency plus 
Doppler frequency by means of an automatic phase - lock loop. Any change in Doppler frequency results 
in a corresponding change in VCO frequency. The instantaneous frequency of the VCO is a function of 
range rate. Range rate data are fed to the LGC and to the cabin displays . 

The Doppler frequency component must be eliminated from the ranging and antenna
positioning circuits because it would cause inaccuracies . Therefore ,  the loop that controls the VCO 
frequency encompasses part of the receiving circuits. A feedback loop removes the Doppler frequency 
from the ranging and antenna-positioning circuits , but maintains the VCO at the received frequency 
(6 . 8 me ± Doppler frequency) . 

After double conversion to 1 .  7 me in the receiver, the trunnion- and shaft-difference signals 
are demodulated, using the sum signal as a reference . The trunnion- and shaft-difference (pointing error) 
signals obtained are used to torque gyros ,  which then provide trunnion- and shaft-axis servo drive signals 
for correcting antenna pointing errors . The position of the transponder with respect to the RR boresight 
determines the antenna pointing error signals generated . With the RR boresight facing above or below 
the transponder, a s haft pointing error signal is generated only in the shaft angle error detector. With 

I the RR boresight facing to either side of the transponder , a trunnion pointing error signal is generated. 
An AGC loop in the receiver subassembly makes the output of the angle error detector dependent on the 
antenna angle error only , and independent of signal amplitude. The output of the angle error detector 
causes the motor of the antenna trunnion a:1d shaft to position the antenna so that the boresight is aligned 
with the CSM. 

A gyro -stabilization loop compensates for vehicle angular motion. When tracking the trans 
ponder, RR antenna attitude indicates the direction of the transponder with respect to the LM . Resolvers 
transform the antenna -to-LM vehicle angles into electrical signals ,  which are fed to the LGC through the 

I c oupling data unit (CDU) . When the antenna is in antenna orientation No. I, angular data are also routed 
to the LM displays .  

2 .  2 .  3 .  1 .  1 Modes of Operation. 

The RR operates in three modes: automatic tracking, slew (manual) ,  and LGC control. The 
RENDE ZVOUS RADAR selector switch (panel 3) is used to select the mode of operation. 

Automatic Tracking Mode. The automatic tracking mqde is selected by setting the RENDEZVOUS RADAR 
selector switch to AUTO TRACK. This mode enables the RR to track the CSM automatically after it has 
been acquired; tracking is independent of LGC control . When this mode is selected, tracking is maintained 
by comparing the received signals from the shaft and trunnion channels with the sum channel signal. The 
resultant error signals drive the antenna, thus maintaining track. 

Slew Mode . The slew (manual) mode is selected by s etting the RENDEZVOUS RADAR selector switch to 
SLEW . This mode enables an astronaut to slew the antenna manually to a position for acquisition of the 
CSM. 

LGC Control Mode. The LGC control mode is selected by setting the REND E Z VOUS RADAR selector switch 
to LGC . In this mode, the LGC automatically controls antenna positioning, initiates automatic tracking 
once the CSM transponder is acquired, and controls change in antenna orientation. When this mode is 
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selected, the RR sends a RR power-on/LGC discrete to the LGC . Automatic control of RR search and 
acquisition is provided by the PGNS, which transmits LGC -derived slewing commands to position the RR 
antenna. 

2 . 2 . 3. 1 . 2  General Operation. (See figure 2. 2-4 . )  

The LGC positions the radar antenna at an angle such that its transmitted continuous-wave 
radiation can be received at the transponder .  When the antenna is within 0 .  5° of the LGC-estimated 
direction to the transponder (a total maximum antenna pointing error of 2 .  5 ° ) ,  the LGC provides an auto
track-enable signal that initiates the tracking function . The antenna boresight may be as much as 2 .  5 ° 
off the target LOS due to cumulative mechanical, electrical, and LGC programming errors .  After the 
frequency tracker has locked up with the transponder carrier frequenc y ,  the RR angle-tracks the trans- I ponder target. During tracking , the RR supplies shaft and trunnion angles to the LGC via the CDU 
analog-to-digital converters. 

The shaft and trunnion resolver outputs are routed through the SHFT/TRUN � switch 
(panel 1) and the RATE/ERR MON switch to the FDAI error needles . With the RATE/ERR MON switch 
set to RNDZ RADAR, the shaft angle s ignals are applied to the pitch error needle and the trunnion angle 
signals are applied to the yaw error needle.  The SHFT/TRUN � switch provides the desired scaling 
factor (±5° or ±50° )  for the resolver outputs . With the RATE/ERR MON switch set to RNDZ RADAR, the 
shaft and trunnion rate s ,  corresponding to RR bore sight angular rate s ,  are routed through the X-POINTER 
SCALE switch (panels 1 and 3) for display on the X-pointer indicator (panels 1 and 2 ) :  the ELEV RT and 
AZ RT placarding on the indicators are illuminated. The setting of each X -POINTER SCALE switch 
determines the scaling and whether the X .  1 or X l. 0 placarding on the associated indicator is illuminated. 

The RR angle-tracking loop cannot be completed until the transponder is phase locked to the 
RR signal and the RR receiver is phase locked to the transponder signal. In the RR, lock-on to the 
transponder signal (9792 me) activates ranging modulation and the ranging tracking error is nulled within 
1 1  seconds after the RR locks on to the transponder signal or after the LGC issues the auto-track-enable 
discrete, whichever is completed last. After range and range rate lock-on are completed, the RR issues 
a data-good discrete to the LGC. The NO TRACK light (panel 3) is extinguished. Range and range rate 
data are now available to the LGC and to cabin displays.  Besides shaft and trunnion angles, angle rate 
data are available to cabin displays. 

If the target is lost during LGC mode tracking, the NO TRACK light goes on, indicating that 
the RR is not locked on to the CSM . A no-track signal supplied to the caution and warning electronics 
assembly (CWEA) causes the RNDZ RDR caution light (panel 2) to go on. The PGNS takes control and 
positions the antenna to regain acquisition and automatic tracking. The acquisition sweep generator in the 
frequency tracker begins to sweep and continues sweeping until acquisition is achieved and angle tracking 
is restored. When ranging circuits in the electronics assembly achieve lock-on, the data-good discrete 
i.s restored, allowing range and range rate from the electronics assembly to be accepted by the LGC and 
routed through the RNG/ALT MON switch (set to RNG/RNG RT) to the RANGE and RANGE RATE indica
tors (panel 1 ) .  

With the RENDEZVOUS RADAR selector switch set to SLEW, the R R  i s  operated in the slew 
mode, using the SLEW and SLEW RATE switches (panel 3 ) .  With the SLEW RATE switch set to HI, the 
slew rate is a nominal 7 °  per second; with the switch set to LO, the slew rate is a nominal 1 .  3 o per 
second. The astronaut can slew the antenna in the desired direction by holding the SLEW switch in the 
required position (UP,  DOWN, LEFT, or RIGHT) and using the proper slew rates for the periods of time 
required. When automatic tracking is desired , the RR must be placed in the automatic-tracking mode or 
LGC mode. 

Setting the RADAR TEST switch to RNDZ implements the RR self-test. The TEST/MONITOR 
switch and the SIGNAL STRENGTH indicator (panel 3) provide readout of the test parameters for AGC, 
transmitter power,  and shaft- and trunnion-angle errors . Shaft- and trunnion-angle rates are read on the 
X-pointer indicator; angles ,  on the FDAI. The range and range rate self-test parameters are monitored 
on the RANGE and RANGE RATE indicators .  The astronauts can monitor antenna temperature ,  using the 
TEMP MONITOR switch and the TEMP indicator on panel 3 .  If antenna temperature exceeds the tempera
ture limits (-54° to +148° F), the CWEA turns the HEATER caution light (panel 2) on . 
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In the LGC control mode , the antenna is automatically reoriented from antenna orientati .'1n 
N o .  I to antenna orientation No . IT by LGC-programmed slewing commands. This antenna reorientation 
involves a specific combination of single-axis, alternate shaft and trunnion slewing to move the antenna to 
within the desired region. Dual-axis control commences after the antenna reaches the desired region. 

The PGNS gains control of the RR antenna when the LGC receives the RR power-on/LGC 
discrete. This signal is initiated, with the PGNS: RNDZ RDR circuit breaker closed, by setting the 
RENDE ZVOUS RADAR selector switch to LGC . The LGC initializes the control loops by s ending the zero 
RR-CDU discrete to the CDU (RR channels ) .  This discrete clears the read counters in the trunnion and 
shaft CDU s ection and inhibits transmission of incrementing pulses from the read counters . The error 
counters are also cleared and inhibited by a logic circuit within the CDU . The LGC removes the zero 
discrete to enable the read counters and issues a RR-CDU error-counter-enable discrete to enable the 
error counters .  The LGC then begins sending pulses representative of positioning angles to the digital
to-analog convc :·ters . The resulting analog signal is routed to the radar electronics to position the 
antenna. The signals are applied to the antenna-mounted gyros, which are torqued, and the resulting 
error signals are applied to the servomotors via servoamplifier s .  Positioning data are obtained from the 
resolver signal s .  These data are applied to the analog-to-digital converter in the CDU, which converts 
the positional angles to digital pulses and then routes these pulses to the LGC. 

In positioning the antenna to LOS with respect to the CSM, the LGC commands a maximum 
s lew rate of 7 °  per second until the antenna boresight is within 7 °  of LOS with the CSM target. Within 
7 °  of LOS , the LOS slew rate decrease (in degrees per second) is equal to the angular error decrease 
(in degrees) between the antenna boresight and the LOS with respect to the CSM. The slew rate decreases 
and then terminates when the RR acquires the CSM target. 

2 .  2 .  3 . 1 .  3 Antenna Orientation. (See figures 2 .  2 - 5  and 2 .  2-6 . ) 

The attitude of the antenna axis with resped to the LM axes depends on its antenna orienta 
tion. There are two types of antenna orientation: antenna orientation No. I and antenna orientation No. II; 
both can be manually initiated by the astronauts by display and keyboard (DSKY) entries . The operational 
and mechanical limits for antenna orientation No . I and II are depicted in figures 2 .  2 -5 and 2 .  2 -6, re 
spectively . The RR antenna performs within the operational limits with optimum accuracy and minimum 
degradation . The operational limits are the LGC program limits and operational slewing limits. For 
antenna orientation No . I and II, the antenna mechanical limits are the shaft and trunnion mechanical 
coverages,  stated in boresight angular degrees , from one hardstop to the other hardstop . The shaded 
areas on the vector diagrams of the figures denote the mechanically restricted areas in boresight angles.  
The actual mechanical limits are 90° from the boresight mechanical limits . The hardstops act against the 
trunnion and shaft axis; they prevent damage to the RR antenna and LM body. 

Antenna Orientation No. I. This orientation is used for transponder tracking during rendezvous operation. 
With reference to the + Z - axis , orientation No. I provides LOS operational shaft coverage from - 7 0 °  to 
+60o and LOS operational trunnion coverage from - 5 5 °  to + 55 ° .  

Antenna Orientation No . II . This is an overhead orientation, used during lunar stay and subsequent 
ascent. With respect to the + Z - axis, orientation No. II provides LOS operational s haft coverage from 
+ 4 5 °  to + 1 5 5 ° . LOS operational trunnion coverage from - 55 °  to + 5 5 °  is with respect to the - Z - axis . 
In orientation No. IT, the antenna is rotated 180° about the trunnion axis from orientation No. I to obtain 
the required angle coverage. 

2. 2. 3. 2 Rendezvous Radar Transponder. 

The RR transponder consists of an electronics assembly (figure 2. 2 - 7) and an antenna 
assembly (figure 2 .  2 - 1 3 ) .  The electronics assembly contains the following functional subassemblies: 
microwave, receiver , carrier lock loop, tone -modulation detector, and power supply . The transponder 

I antenna receives the 9 832.  8-mc (plus Doppler) phase -modulated signal transmitted from the RR. The 
received signal is routed through a waveguide to the microwave subassembly. A unidirectional circu
lator in the microwave subassembly transfers the received signal to a mixer , where it is  mixed with 
an internally generated 9792 -mc (plus Doppler) signal. The output of the mixer is the difference fre 
quency of 40. 8 me , which is fed to the receiver subassembly. This difference frequency contains the 
range tone phase modulation. 
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Figure 2 .  2 - 5 .  Rendezvous Radar - Antenna Orientation No. I 

The receiver subassembly mixes the 40. 8-mc signal generated in the carrier lock loop sub
assembly, to provide a range tone phase modulated difference frequency of 6. 8 me. This signal is applied I 
to a coherent detector in the tone modulator detector subassembly , along with a 6. 8 -mc reference signal 
from a VCO in the carrier lock loop subassembly. Range tones are extracted by coherent demodulation. 
After the range tones are demodulated ,  they are filtered, amplified, and sent to a phase modulator in the 
microwave subassembly. Simultaneously , the phase modulator receives a 9792 -me unmodulated signal 
derived, by frequency multiplication, from the 6. 8 -mc reference signal in the carrier lock loop sub
assembly. 
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Figure 2 .  2 - 6 .  Rendezvous Radar - Antenna Orientation No. II 

The phase modulator of the microwave subassembly modulates the transponder transmitter 19792-mc (plus Doppler) signal with the same range tones ,  from the tone modulation detector subassembly , 
that are being demodulated from the received RR signal. The modulated range tones are kept phase
coherent with the range tones of the received RR signal. The transponder phase-modulated transmitter 
signal goes through a circulator to the antenna, where it is propagated for interception by the RR • 
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The transponder operates in three basic modes:  transponder, beacon, and self-test. 

Transponder Mode. The transponder operates in this mode while it is receiving RR transmitter signals . 
In this mode , the transponder provides a continuous-wave , phase-modulated signal whose frequency I is 40. 8 me lower than that of the RR-transmitted signal. The transponder phase -modulating tones are 
the same as the RR phase-modulating tones :  200 cps , 6. 4 kc , and 2 04. 8 kc. 

Beacon Mode. The transponder is in this acquisition mode when it is operational and no signal is received 
from the RR. A sweep generator and an acquisition logic portion of the carrier lock loop subassembly 
cause a frequency sweep scan of ±104 kc about the transponder nominal frequency (9792 me) . When the 
transponder antenna receives RR-transmitted signals that exceed minimum signal strength , a threshold 
detector in the carrier lock loop subassembly provides a d-e level to stop the sweep generator and permit 
tracking. 

Self-Test Mode. The self-test mode enables the astronauts to check transponder performance . The self
test mode is initiated by application of an external self-test signal . This test verifies frequency lock-on 
and AGC r.esponse at a simulated 200-nm range. A self-test oscillator (figure 2. 2 - 7 )  in the microwave 
subassembly provides a 40.  8-mc test signal for the first mixer preamplifier . When the 40. 8-mc test 
signal is applied, the first mixer stage is bypassed. When the self-test mode is not used, the self-test 
oscillator is deenergized. 

2 . 2 . 3 . 2 . 2 General Operation. (See figure 2. 2 - 8 . ) 

After it is energized and placed in operation, the transponder operates automatically in 
conj unction with the RR. Transponder turn-on, monitoring and self-test capabilities are provided by the 
C SM cabin controls and indicators.  Figure 2. 2-8 shows transponder signal flow through switches and 
indicators and the location of these switches and indicators in the CSM cabin. 
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To place the transponder in operation, the RNDZ XPNDR FLT BUS circuit breaker is closed, 
then the RNDZ XPNDR switch is set to HEATER. This action feeds 28 volts de to the oven in the tone 
modulation detector subassembly. The oven heats the 204. 8- and 6. 4 -kc band-pass filters to the oper
ating temperature (+1 60 °  F) . A minimum waiting time of 15 minutes is necessary before the RNDZ 
XPNDR switch is set to PWR. This waiting time prevents degradation in RR range accuracy due to •. 1 • •  

temperature . With the switch set to PWR, 2 8  volts de is routed to the power supply subassembly . 

At the output of the microwave assembly, a power monitor provides a d-e readout propor
tional to transmitter output power. The SYSTEM TEST switches (S 1 and S2) and the � YSTEM TEST d-e 
voltmeter permit monitoring transmitter power , AGC, and frequency lock. The proper d-e voltage 
readouts for those parameters are: 

SYSTE M TEST Switch (S2) Parameters D-C Voltage Readout 

Position A Transmitter power 1 .  0 to 5. 0 volts 

Position B AGC 1. 0 to 4. 5 volts 

Position C Frequency lock 4. 0 to 5. 0 volts 

Frequency unlocked 0±0. 8 volts 

The astronauts use the RNDZ XPNDR TEST SW switch to initiate the self-test enable signal 
for transponder self-test. This signal energizes a self-test oscillator in the microwave subassembly 
(figure 2 .  2 - 7) and bypasses the first mixer stage. The astronauts then verify transponder performance 
by using the SYSTEM TEST switches and SYSTEM TEST d-e voltmeter to monitor for the proper d-e 
voltage indications , as designated in the preceding paragraph . 

2 . 2 . 3 . 3 Landing Radar. (See figure 2 .  2-9. ) 

The LR senses the velocity and slant range of the LM relative to the lunar surface by means 
of a three-beam Doppler velocity sensor and a radar altimeter. Coordinate velocities are calculated 
from the measured Doppler shift along three beams of microwave energy , as is the Doppler shift of the 
radar altimeter beam. The radar altimeter is Doppler corrected and the output slant range is used by 
the LG C  to derive LM altitude from the lunar surface .  Slant range is calculated from the frequency 
deviation difference between the altimeter transmitted and received signals , resulting from the frequency 
modulation of the transmitted signal and the time delay between the transmitted and received signals. 
Velocity and range data are made available to the LGC as 1 5 -bit binary words; the nominally forward and 
lateral velocity data , to the LM displays as d-e analog voltages; and the slant range and vertical velocity 
(range rate) data , to the LM displays as pulse-repetition frequencies (PRF) . 

The LR , located in the LM descent stage , c onsists of an antenna assembly and an electronics 
assembly. The antenna assembly contains two interlaced phased arrays which transmit four velocity and 
two altimeter beams. Four broadside arrays receive the reflected energy of the three desired velocity 
beams and the one desired altimeter beam; there is one broadside array for each desired received radar 
beam. The electronics assembly searches ,  tracks , processes , converts, and scales the Doppler and 
CW /FM returns, which provide the velocity and slant range information for the LGC and the LM controls 
and displays .  

During lunar descent , the LR antenna assembly transmits four velocity beams (10. 5 1  gc) 
and two altimeter beams (9. 58 gc) to the lunar surfac e .  Three separately received velocity beams con
tain three Doppler velocities with Doppler sign sense. Mixing the received three velocity beams with a 
portion of the velocity transmitter powe r ,  extracts three separate Doppler audio-frequency (AF) spectrum 
signals (Dl ,  D2 , and D3) . The Doppler sign sense is preserved by a single sideband mixing technique. 
The received altimeter beam is compared by mixing with a portion of the altimeter transmitter power to 
extract a range frequency (FR) with Doppler (D4) and Doppler sign sense. The Doppler is subtracted 
late r ,  leaving Doppler-compensated range frequency. The altimeter receiver is blanked during the 
transmit and receive times of modulator flyback. The LM altitude is derived from the Doppler -compen
sated range frequency. 
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In the acquisition mode , frequency trackers in the electronics assembly use 1 ,  200-cps, low
pass filters to scan wide-band, AF spectrum signals (D1 ,  D2 , D3 , and D4} for four separate narrow-band 
spectrums. These spectrums correspond to the frequency power spectrums along the centers of the 
received veloci· · and altimeter beamso When each of the frequency trackers acquire these narrow-band 
Doppler and altt ::1eter frequencies ,  they go into the tracking mode and the LGC receives velocity and 
range data-good discretes . 

By adding and scaling in accordance with antenna coordinate velocity formulas , the velocity 
data computers within the electronics assembly compute the antenna coordinate velocities (Vxa, Vya, and 
Vza) from the Doppler frequencies on the three returning velocity beams. The term Vxa represents alti
tude rate or vertical velocity; Vya,  lateral velocity; and Vza, approximate forward velocity. 

When all Doppler velocity frequency trackers are locked to the discrete Doppler frequencies 
on the three returning velocity beams, D 1 ,  D2 , and D3 , velocity data good occurs and the antenna coordi
nate velocities ,  in PRF form, are gated to the signal data converter. The 1'lteral and forward velocities 
(Vya and Vza, respectively} are now also available to the X -pointer indicator (panels 1 and 2)  as d-e 
analog voltages. The altitude rate (Vxa) is now also available to the ALT RATE indicator as a PRF. By 
use of radar-data select commands and a readout command, the LGC supplies the PRF counting periods 
and causes the signal data converter to shift out , in sequence ,  the Vxa, Vya, Vza, and range data as 
separate 15-bit serial binary words. 

When LM altitude drops to 2 ,  500 feet or less,  the electronics assembly frequency trackers 
switch to narrow-band filters for tracking. An altitude mode control signal increases the frequency
deviation rate of the transmitted altimeter signal (9. 58  gc} from ±4 me to ±20 me. A low-altitude PRF 
(range frequency) is gated to the ALT indicator and a low-altitude scale factor discrete is sent to the LGC. 
Using the LDG ANT switch on panel 3, the antenna can be manually positioned to antenna position No. 1 
(descent) or antenna position No. 2 (hover).  With the switch set to AUTO, the LGC automatically com
mands the antenna to antenna position No. 2 when the LM goes through a pitch-up maneuver at an altitude I of about 7500 feet. 

Antenna temperature , altimeter and velocity sensor power, and other parameters are moni
tored with LM displays. A LR self-test is initiated with a LM control. The self-test command enables 
simulated velocity Dopplers (9. 6 kc) and simulated range (19. 2 kc) . Correct LR performance is then I determined from the correct LR output values of slant range and coordinate velocities,  as monitored on 
LM displays and via the LGC input. 

2. 2 .  3. 3. 1 Signal Processing. (See figure 2. 2 -10. ) 

The LR extracts the positive and negative Doppler shifts from the returning velocity beams 
and the range frequency ± Doppler from the returning altimeter beam. The LR processes the beam 
Doppler shifts (D1 ,  D2 , and D3) to derive the LR antenna coordinate velocities (Vxa, Vya, and Vza) data. 
In processing the range frequency ± Doppler ,  the LR compensates for the ± Doppler. These velocity 
and range (altitude) data are made available to the LGC as 15-bit serial binary words; the velocity data, 
to the LM displays as d-e analog voltages; and the range rate data , to the LM displays as PRF. The slant I range to the indicator is scaled by cos 15°  to give nearly true LM-to-lunar-surface altitude when the LR 
.. 1.tenna is in position No. 2 (hover). 

In the antenna assembly , the velocity sensor oscillator multiplier (VSOM) generates a 
109. 479-mc signal, which is multiplied by 96 and power-amplified to produce the 10. 5 1 -gc velocity beam 
(200 milliwatts minimum) that is propagated by a multiple-waveguide phased array to the lunar surface . 
Three separate broadside arravs receive three reflected velocity beams, each conveying a positive or 
negative Doppler shift. The rc;eived Doppler (F1±D1) is mixed at the balanced mixer with a continuously 
sampled,  transmitted fundamelltal frequency (F1} to extract the A F  Doppler shift with Doppler sign sense. 
At the balanced mixer output , a quadrature pair retains the Doppler sign sense of the returned velocity
beam signal by a single sideband technique by having one path at 0° reference with respect to the other I path (±90°}.  When there is a closing Doppler velocity , the ±90° path leads the 0 °  reference path by +90° .  
At the balanced mixer outputs , AF Doppler shifts with Doppler sign sense are proportional t o  the opening 
or closing velocity between the LM and the lunar surface along the centers of the velocity beams. •-----------------
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The oscillator/modulator and altimeter transmitter multiplier develops the 9. 58-gc fre
quency- modulated altimeter beam ( 1 7 5  milliwatts minimum) that is propagated to the lunar surface by a 
multiple-waveguide phased array . The altimeter broadside array receives the reflected altimeter beam. 
At a balanced mixer ,  the received signal is compared with a sampled transmitted signal to obtain the 

I frequency difference. This frequency difference without Doppler is proportional to the time difference 
between transmitted and received signals due to a sawtooth frequency modulation on the transmitter .  
The slant range i s  derived from this time diffP.rence. The rru;.ge converter cancels the undesired 
Doppler ,  leaving Dopple r -compensated range frequency PRF as a tracker output. 

The three velocity Doppler shifts (D1 ,  D 2 ,  and D3) with Doppler sign sens e ,  and the altimeter 
range frequency with Doppler (D4) and Doppler sign sense ,  are applied to dual AF amplifiers. At rela
tively high altitudes, the dual AF amplifiers provide 88-db gain. When signal strength becomes excessive , 
usually due to low altitudes, the 3 3 -db gain amplifiers are switched out and the frequency trackers only 
receive signals with 5 5-db gain. 

E ach Doppler velocity sensor (DVS) fre'.}uency tracker acquires and then tracks AF Doppler 
frequencies to obtain an average Doppler frequency corresponding to a Doppler shift at the velocity beam 
power spectrum center. The Doppler-shift frequency is superimposed on a 6 14 .  4-kc subcarrier for 
processing by a velocity data converter .  Each frequency tracker functions in an acquisition loop or a 
tracking loop. The acquisition loop sweeps the tracking loop to within its acquisition (pull-in) capability. 
When the Doppler signal plus noise (S+N) exceeds the out-of-band noise factor (N) by 3 db, the frequency 
tracker locks on to a narrow band of Doppler frequencies corresponding to the velocity beam center.  It 
also provides a tracker lock-on (TL) signal to determine LR operational status . The tracking loop, 
basically a narrow-band AFC circuit, smoothes and tracks the Doppler-shift frequency corresponding to 
the Doppler power spectrum at the velocity beam center. Doppler sign sense is retained and the fre
quency tracker output is a pure sinusoid, at 6 14 . 4  kc ± Doppler offset frequency (FC±D 1 ) ,  (FC±D2) ,  and 
(FC±D3). When the Doppler velocity frequency trackers achieve track�r lock-on, tracker lock-on dis-1 cretes enable a velocity data-good (VDG) LR output discrete. When any velocity frequency tracker is 
not locked on, a velocity data-no-good (VDNG) LR output discrete is enabled. When the range frequency 
tracker is not locked on to the frequency shift of the returned altimeter beam , or when either of the 
velocity beams needed for altimeter doppler correction is not locked on , the range data good (RDG) dis
crete is disabled, and the range data-no-good (RDNG) LR output discrete is enabled. 

A frequency tracker may have a false tracker lock-on due to locking on a minor lobe of 
another beam. This condition is referred to as cross -lobe lock-on. The astronauts determine whether 
the LR data displayed are authentic by comparing these data with expected values. The LGC also con
ducts a reasonableness test on all incoming LR data. In both cases , the LR data consists of LM altitude 
and velocity components: forward velocity (Vza) , lateral velocity (Vya) , and altitude rate (Vxa). If the 
LGC reasonableness test fails , an LGC alarm notifies the astronauts. An astronaut can force the fre 
quency trackers back into the acquisition loop (forced search) by setting the RADAR TEST switch to LDG 
for 2 seconds. In forced search, all trackers are forced to perform a search sweep , after which they 
reacquire their respective spectrums. 

From the DVS frequency tracker s ,  each Doppler offset frequency is applied to a c onverter 
in the velocity data (VD) c onverter subassembly. From the Doppler offset frequency , the converter 
removes the subcarrier (center frequency) , synchronize s  and multiplies the Doppler offset frequency by 
four to retain the quadrature phases ,  indicates Doppler sign sense and, based on Doppler sign sense , 
provides an output to computers within the VD computer subassembly. From each converter output , a 
Doppler signal (4D<O or 4D>O) goes to the computers within the VD computer subassembly. The notation 
4D>O means four times Doppler offset frequency with positive Doppler (closing velocity);  the notation 
4D<O , four times Doppler offset frequency with negative Doppler (opening velocity) . 

When a frequency tracker output becomes less than 1. 47 kc (Doppler frequency) , a bandwidth 
control circuit switches the frequency tracker to its narrow band-pass frequency operation (tracking) by 
switching the low-pass filters from 1200 cps to 500 cps. When an altitude mode control discrete indicates 

Ia slant range less than 2 , 500 feet, the altimeter scale factor is increased by a factor of five and the band
width c ontrol circuits switch all the frequency trackers to their narrow band-pass frequency operation. 
The altimeter scale factor and the frequency trackers are switched again into their high altitude mode of 
operation if the LR slant range exceeds 2 ,  800 feet. 

From the 4D<O and 4D>O signals , VD computers obtain the velocity beam Doppler products 
(D l ,  D 2 ,  and D3) with Doppler sign sense. The computers convert these Doppler products into antenna 
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coordinates velocities Vxa , Vya , and Vza. With the velocity frequency trackers locked on, the VDG dis
cretes gate the lateral (Vya) and forward (Vza) velocities ,  in d-e voltage for m ,  to the X -pointer indicators ;  
the altitude rate (Vxa) , as a P R F  with altitude rate sign sense , to the ALT RATE indicator. The altitude 
rate sign sense conveys positive or negative Doppler velocity. The VDG discretes also gate the Vxa , Vya , 
and Vza, as PRF , to the signal data circuits of the signal data/range converter subassembly. 

From the range frequency converter output , the altimeter beam (D4) frequency is applied to 
range converter circuits of the signal data/range converter subassembly. When discretes TLl and TL2 
are present, these circuits use the computed PRF Doppler along D4 to cancel the Dopple r ,  leaving 
Doppler-compensated range frequency as a PRF. The range converter circuits derive the Doppler along 
D4 by adding the Doppler frequencies Dl and D2 and dividing them by two, then multiplying the resultant 
average by 1 5/ 16 because the altimeter and velocity transmitter frequencies (and thereby their Doppler 
frequencies for any given velocity) are in a ratio of 1 5/ 1 6 .  

2 .  2 .  3 .  3.  2 General Operation. (See figure 2. 2 - 1 1. ) 

Using the LM controls and indicators , the astronauts can monitor the LM velocities ,  LM 
altitude , and LR transmitter power and temperature; apply power to heat the antenna and power to the LR; 
initiate LR self-test; and place the antenna in position No. 1 (descent) or 2 (hover). The LR self-test 
permits operational checks of the LR without radar returns from external sources. 

The HEATERS: LDG RDR circuit breaker (panel l l) is closed at the launch pad and left 
closed for the mission duration. This circuit breaker activates an antenna temperature control, which 
applies power to antenna heaters to protect antenna components against the spatial cold when power is not 
applied to the LR. Closing the PGNS: LDG RDR circuit breaker applies power to the LR power supply 
and removes heater power from the antenna. The activated LR furnishes the antenna with 30 watts mini
mum of dissipated power . 

The LR is first turned on and self-tested for 5 minutes during LM checkout before separa
tion from the CSM. The self-test is accomplished by activating the LR with the PGNS: LDG RDR circuit 
breaker , waiting 2 minutes for adequate warmup , and setting the RADAR TEST switch on panel 3 to LDG. 
A self-test command activates self-test circuits , which apply simulated Doppler signals (9. 6 kc) to the 
LR velocity sensors and simulated lunar range signals (19.  2 kc) to the altimeter sensor. After processing 
by the antenna and electronics assemblies ,  these simul::�.ted self-test signals are monitored for expected 
LM simulated forward and lateral velocities ,  with the X -pointer indicators ,  and for expected LM simu
lated altitude and altitude rate , with the ALT and A LT RATE indicators. The self-test values are also at I the LGC input and that interface is checked on DSKY display by inputing suitable verbs and nouns. 

To monitor the LM simulated forward and lateral velocities with the X-pointer indicator on 
panel 1 ,  switches on panel 1 are set to the following positions : MODE SEL to LDG RADAR , RATE/ERR 
MON to LDG RDR/CMPTR , and X-POINTER SCALE to m MULT or LO MULT. The m MULT position 
provides a 200-fps scale and lights the X10 multiplier placard on the X-pointer indicator. The LO MULT 
position proVides a 20-fps scale . To monitor altitude and altitude rate , the RNG/ALT M ON switch on 
panel 1 is set to ALT/ALT/RT and the MODE SEL switch is left at LDG RADAR. 

Altimeter transmitter and velocity transmitter power is monitored hy setting the TEST/ 
MONITOR selector switch to A LT XMTR and VEL XMTR and observing the SIGNAL STRENGTH meter. 
A half-scale reading indicates an acceptable minimum power-output level. LR antenna temperature is 
monitored by setting the TEMP MONITOR selector switch to LDG and observing the T EMP indicator for 
an indication within the operating temperature range of +50° to +150 ° F  . 

If the range frequency tracker fails to lock on, the velocity data -no-good or range data-no
good discrete are sent to the PCMTEA and are telemetered to MSFN. Antenna temperature data are also 
telemetered . 
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After a successful LR self-test , the LR is de'' · tvated and the RADAR TEST switch is set to 
OFF. The LR is placed in operation a few minutes prior t· 'owered descent and remains operational 
until lunar touchdown. 

LR slant range data is available to the LGC and on the ALT indicator at or above 2 5 , 000 feet. 
At or above 18, 000 feet, the forward (Vza) and lateral (Vxa) velocities are available to the LGC and on the 
X-pointer indicators. 

When the LM reaches an altitude of 500 feet or less, the astronauts initiate manual control 
(P66) for the remainder of the descent to the lunar surface. The LR may drop lock during this phase of 
the mission, due to a zero Doppler. At a preselected minimum altitude (usually 50 feet) , LR data to the 
LGC is inhibited. During this critical phase of the mission , the altitude and velocity data on the LM 
displays is inertially derived by the LGC from the state vector which has been updated by LR data. 

LR raw data can be displayed as a cross-check and/or if a problem occurs in the PGNS 
coordinate transformation. When touchdown is accomplished,  the LR is deactivated by opening all LR 
circuit breakers. 

2. 2. 3. 3. 3 Antenna Positions. 

The LH antenna is oriented to position No. 1 (descent) or 2 (hover). Position No. 1 orients 
the antenna boresight 24° with respect to the LM X -axis. In position No. 2 ,  the antenna boresight is 
parallel to the LM X-axis. The antenna pivots on its Y-axis which is at a 6° angle with respect to the LM 
Y -axis. The angle between the antenna bore sight and the altimeter beam is 20. 4 o .  (See figure 2. 2-12 . ) 

In the nominal mission, the LDG ANT switch (panel 3) is set to A UTO and the LGC controls 
the antenna position. For test or override purposes,  the LR antenna position may be controlled manually. 
Antenna position No. 1 is selected by setting the LDG ANT switch to DES; antenna position No. 2, with the 
switch set to HOVER. With the switch set to AUTO, the LGC commands the antenna to position No. 2 at 
the LM pitchover point on the descent trajectory , at about 7 ,  800 feet. 

The LR antenna position command energizes a DSKY relay solenoid, thereby applying an 
antenna position No. 2 discrete to a pedestal motor switch, which switches a pedestal motor driver to the 
position No. 2 activate command line . From the antenna pedestal motor driver , a current-amplified sig
nal is routed through a closed cam-limit switch to drive the tilt-actuator motor. The driven motor tilts 
the LR antenna to position No. 2 .  

· 

When the antenna reaches either position, a cam mechanism cuts off the motor drive signal 
by opening that positions activate command switch. In addition, the drive signal now causes a closed 
circuit to exist across the motors armature , acting as a dynamic brake. In either antenna position limit , 
only a drive signal out of that position is accepted by the circuit set up by the limit switch contacts. In 
addition, either position causes an indication discrete to be sent to the LGC, which uses this discrete to 
transform radar data into inertial coordinates for guidance computations. 

The pedestal motor is controlled in the same way by the limit switches when the LR antenna 
is commanded manually by setting the LDG ANT switch to DES or HOVER. 
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(HOVER) 

Figure 2 . 2- 12 . Landing Radar - Antenna Beam Configuration 

Antenna Beam Configuration. (See figure 2 . 2 - 12 . )  

+ X  

L M  AXES 

+ Z  

The antenna beam configuration provides the LR with velocity Doppler and range information 
relative to the LM and the lunar surface .  The Doppler shift along each velocity Doppler beam (D 1 ,  D2 , 
and D3) is directly proportional to velocity along the beam between the LM and the lunar surface.  A 
closing velocity beam conveys positive Doppler sense;  an opening velocity beam, negative Doppler sense. 
By linearly frequency-modulating the altimeter beam carrier frequency , the frequency difference between 
the transmitted and received altimeter beams becomes the range frequency with Doppler component. The 
Doppler component is removed later ,  leaving a Doppler- compensated range frequency,  which is propor
tional to the beam transit time. 

Regardless of whether the LR antenna is in position No. 1 or 2 , the beam angle relationships 
remain the same between the received altimeter and velocity beams and the antenna boresight. By using 
formulas based on these beam angle relationships, the LR derives the LR antenna coordinate velocities 
Vxa. Vya, and Vza . 
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Above 2 ,  500 feet, the altimeter X -band (9. 58 gc) microwave energy has a frequency -deviation 
range of ±4 me; below 2 , 500 feet , a frequency-deviation range of ±20 me. Transmitter microwave energy 
samples are continuously mixed with the return energy. The resultant frequency difference (range fre 
quency) is proportional to a sawtooth frequency-deviation rate, and two times the distance to the lunar 
surface. The altimeter frequency tracker is blanked for a period which includes the transmit and receive 
times of the sawtooth sweep retrace. 

The Doppler velocity sensor (DVS) transmitting array , consisting of parallel waveguide with 
parallel H -plane slots , forms and propagates the DVS microwave energy into four beams symmetrically 
positioned about the antenna boresight or beam group center. Only beams 1 ,  2 and 3 have corresponding 
receiver array s ,  hence the fourth beam is not used and is not shown in figure 2. 2 - 12.  There are only 
three DVS receiving array s ,  which are aligned to the three DVS beams. The DVS transmitting array was 
designed to obtain precisely the desired beam angles shown in figure 2. 2 -1 2 .  These beam angles deter
mine the vector angle of the velocity measured by the beam , and in the resolution of those vector velocities 
into antenna coordinate velocities ,  is a factor in determination of scaling accuracy. Each of the three 
DVS two-way beam widths is 3. 66°  E -plane and 7. 3 3 °  H -plane. The DVS E -plane is parallel to the 
antenna Y axis. 

The altimeter transmitting array , consisting of parallel waveguides with angular E -plane 
slots , forms and propagates the altimeter microwave energy into two beams symmetrically positioned about 
a center which is 1. 9 degrees tilted aft from the antenna boresight or electrical beam group center. The 
altimeter transmitting array is part of the same structure or assembly as the DVS transmitting array , 
with the waveguides of each running in the antenna Y -axis direction and alternately interlaced in the 
antenna Z -axis direction. Only one altimeter beam has a corresponding receiver array , hence the other 
is not used and is not shown in figure 2 .  2 - 12 .  The altimeter transmitting array is structurally design 
positioned to obtain precisely the desired beam angle shown in figure 2. 2 - 1 2 .  This beam must be located 
in the plane formed by DVS beams 1 and 2 and must bisect the angle made by those beam s ,  because the 
Doppler correction for the altimeter beam is obtained from the sum of beams 1 and 2 Dopplers ,  which 
represents a Doppler vector in that position. The altimeter beam angles are used by the LGC in the 
computation of LM altitude from LR slant range output. The altimeter two way beam width is 7. 5 o  
E -plane and 3 .  go H-plane. The altimeter E -plane i s  parallel t o  the antenna Y-axis. 

2 . 2 . 3 . 4  Radar Power Distribution. 

The RR and LR receive 2 8-volt d-e power for the antenna heaters from the HEATERS: LDG 
RDR, RNDZ RDR STBY, and RNDZ RDR OPR circuit breakers (panel ll).  

The RR receives power from the CDR ' s  d-e and a -c buses through the PGNS: RNDZ RDR 
and the AC BUS A :  RNDZ RDR circuit breakers (panel 1 1) ,  respectively. The 2 8-volt d-e power applied 
to the RR power supply subassembly , provides regulated outputs of +26 ,  +2 5 ,  +12 , -12 , +6 , and +4. 3 volts de . 

I The 1 1 5 -volt a-c power drives the antenna assembly gyro spin motors and supplies the gyro pickoff 
excitation. 

The LR receives 2 8 -volt d-e power from the CDR ' s  d-e bus through the PGNS: LDG RDR 
circuit breaker (panel 1 1) for its low-voltage d-e power supply. The regulated outputs of the power 
supply are +2 5. 3 volts de for the altimeter and the velocity sensor; for the other functional areas of the 
LR, +25 , -2 5 ,  +4 ,  and -2 volts de. 

Refer to figure 3 -3 for additional circuit breaker information. 

2. 2. 4 MAJOR COMPONENT/FUNCTIONAL DE SCRIPTION 

2. 2. 4. 1 Rendezvous Radar. 

2. 2 . 4. 1. 1 Antenna Asse mbly. (See figure 2 . 2 -3 . ) 

The RR antenna is an amplitude -comparison, simultaneous-lobing , directional device that 
provides accurate angle and angle rate tracking information. The 24 -inch-diameter parabolic primary 
reflector of the radar antenna has a conventional four-port Cassegrainian feedhorn. The radiation from 
the feedhorn illuminates a hyperbolic secondary reflector located to reflect the feedhorn-radiated RF 
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energy back to the primary reflector. Use of the hyperbolic reflector uniformly illuminates the parabolic 
reflector with RF energy and results in thr> formation of a narrow, highly directional beam. The antenna 
operates in the X- band region of the mic1 :ave spectrum and possesses an overall power gain of 32 db. 
The s ignal radiated from the antenna is <.:, cularly polarized to minimize sign: losses due to variations in I· 1 

attitude that occur between the LM and C5!,I. The antenna beamwidth is nom ' '  :y 3 .  5 o . 

The antenna pedestal and base of the antenna assembly are mounted on the external struc
tural members of the LM. The antenna pedestal supports the shaft-axis members , including the shaft 
resolver and servomotor. The trunnion axis is perpendicular to, and intersects , the shaft axis , which 
supports the trunnion-axis members through the trunnion resolver and servomotor. The antenna re
flectors and the microwave and RF electronics components are assembled at the top of the trunnion axis . 
This assembly is counterbalanced by the trunnion-axis rotating gyroscope package , mounted below the 
shaft axis. Both groups of components , mounted opposite each other on the trunnion axis, revolve about 
the shaft axis . This balanced arrangement enables balanced driving torques and reduces the servo re
quirements and weight. The microwave, radiating, and the gimbaling components , and other internally 
mounted components , have flexible cables that connect the outboard antenna components to the inboard 
electronics ass embly. A flexible cable wrap- up system is used at the trunnion- and shaft-bearing joints. 

The RR shaft- and trunnion-axis resolvers transmit angular pos ition to the LGC via the 
CDU RR channels . The LGC uses these angle position data in conjunction with range and range rate to 
update the state vector. The RR also provides data to LM cabin displays for use by the astronauts in 
evaluating the rendezvous phase of the mission. 

2 . 2 . 4 . 1 . 2 Electronics Assembly. (See figure 2. 2-2 . )  

The electronics assembly consists of the following subassemblies : receiver, frequency 
synthesizer, frequency tracker, self-test, antenna control amplifier, range tracker, s ignal data con
verter, and instrumentation converter. 

Receiver Subassembly. The receiver subassembly is an amplitude- comparison, triple-conversion, 
three- IF- channel unit that generates shaft and trunnion error signals for an antenna servo loop when 
angle- tracking the target with the radar antenna. It also functions as an intermediate signal path for 
received s ignals , which are used by the frequency tracker and range tracker. An AGf; loop in the re
ceiver subassembly maintains a constant s ignal output to the other subassemblies despite variation in 
signal input. This ensures that the angle error is a function of the angle error signals , not a fw1ction of 
signal amplitude. The receiver subassembly consists of three channels : sum channel (reference) , 
trunnion-axis difference channel, and shaft-axis difference channel. 

The receiver subassembly also contains phase-sensitive detectors for generating angle error s ignals , an 
IF distribution amplifier unit for supplying reference channel s ignals to the range and frequency trackers, 
and a local osc illator-mixer for gene rating a second local-oscillator signal . The second local-oscillator 
frequency �s obtained by heterodyning the frequency tracker VCO output and a reference frequency . This 
produces a sum frequency that is 6. 8 me lower than the incoming 40. 8- mc Doppler-shifted frequency . 
At the second mixer , the Doppler frequency shift is removed; all subsequent signal processing is accom
plished at fixed carrier frequenc ies . 

Frequency Synthes izer Subassembly. The frequency synthesizer subassembly supplies the other RR 
subassemblies and the antenna assembly with coherent reference frequenc ies , which provide extreme 
accuracy and a high degree of stability. Multiplying and dividing circuits , local oscillators , amplifiers , 
and mixers are used in the frequency synthes izer to provide five output frequencies whose functions and 
destinations are listed in table 2. 2 - 1 .  

The frequency synthesizer subassembly contains two oscillators . One oscillator operates a t  102 . 42 5  me; 
it provides an input to a chain multiplier in the antenna assembly . The chain multiplier multiplies the 
input by a factor of 96 to produce the radar transmitter frequency (9832.  8 me). The other oscillator 
produces a frequency of 1. 7 me. Multiplication and division of this frequency provides the other fre
quencies required for RR operation. (The 1 .  7-mc osc illator is controlled in frequency by comparison of 
its 102 . 425- me output with the 102. 425- me oscillator. ) 
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Table 2. 2 - 1 . Frequency Synthesizer - Output Frequencies 

Function Destination 

Third mixer excitation Receiver 

Reference s ignal Frequency tracker and range 
tracker 

Doppler bias mixer excitation Frequency tracker 

Second mixer reference Receiver 

Transmitter excitation Antenna assembly, multiplier chain 

Frequency Tracker Subassembly. The frequency tracker subassembly is a phase-lock loop that detects, 
acquires, and phase-tracks the received signal in the receiver subassembly sum channel. In addition, 
the frequency tracker provides Doppler frequency and sense outputs , and frequency lock-on indication. 

The frequency tracker phase- locks a VCO with the return signal. A sweep circuit varies the VCO fre
quency across the expected Doppler frequency range (- 100 to +100 kc) .  The presence of a carrier signal 
within the locking range, when sensed through a narrow ( 1  kc) filter by a threshold circuit, stops the 
sweep and permits the VCO to phase-lock. The phase detector has a 6. 8-mc reference s ignal, supplied 
by the frequency synthesizer subassembly. An error signal from the receiver subassembly drives the 
VCO to a frequency, which , when mixed with a 27 .  2-mc signal at the receiver second IF oscillator pro
duces a 1 .  7-mc signal that passes through the 1 - kc filter. The VCO, which is tracking the Doppler- shifted 
carrier and is used as a local oscillator,  removes the Doppler frequency shift from all s ignals in the 
succeeding IF stages. The sweep generator stops sweeping the VCO when the acquisition logic and the 
threshold detector produce a frequency tracker lock-on discrete. When this discrete and the auto- track 
enable discrete are present together, the range tracker subassembly and the auto angle track circuits are 
enabled. 

Self- Test Subassembly. The self- test subassembly is used to perform a qualitative test to verify proper 
operatwn of the RR electronics. The test provides range, range rate, and angle error data for a s imu
lated 200-nm signal. Basically , the self-test subassembly provides a means of inserting, into the antenna 
assembly , signals that simulate RF inputs to the RR. Range rate information is contained in a fixed IF 
offset of 10 kc, corresponding to a velocity of 500 fps . Range information is placed on the crystal oscil
lator frequency by a varactor phase modulator driven by three- tone phase shifters. Angle error informa
tion is s imulated by square-wave phase modulation of the difference channel signals, which switches the 
phase of the difference channels between 90 o and 270 o with respect to the sum channel signal. 

The self-test circuits are enabled when the RADAR T EST switch is set to RNDZ.  The RANGE and RANGE 
RATE indicators should read approximately 195  nm in range and approximately - 500 fps in range rate and 
the antenna should be driven in alternate directions, as indicated by the FDAI error needles. 

Antenna Control Amplifier Subassembly. The antenna control amplifier subassembly contains amplifiers 
for driving the antenna shaft- and trunnion-axis servomotors , amplifiers for driving the gyro torquer 
coils,  and voting logic for switching between the redundant and primary gyros in the event of a malfunction 
of the pair of gyros in use. The amplifiers , in conjunction with the antenna components and receiver 
subassembly, form inner and outer closed loops for each axis. The inner (stabilization) loop maintains 
the antenna boresight axis fixed in inertial space in the presence of vehicle motion, as s·ensed by the gyros. 
The outer (tracking) loop further maintains the antenna boresight on the target, using the tracking error 

( 

( 

signals from the receiver. In the designate mode, the tracking loop is open and LGC- designated antenna 1, 
" 
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position data , or manual slew dat are accepted by the subassembly. The LGC designates the antenna 
boresight to the target, and supp< . .  c:s an automatic tracking enable signal for the RR when within 0 . 5 °  of 
the computed target LOS. The poss ibility of s ide-lobe lock-on is made negligible by limiting the antenna 
bores ight displacement from the computed target LOS to w ithin 0 .  5 o  before closing the tracking loop. 

� Allowing for a 1 o error in the computer LOS with respect to the actual LOS to the CSM and a 1 o boresight . 
error for the RR- to- IMU alignment, the total misalignment is lim ited to 2 , 5 ° , which is adequate to pre-

. 

vent an antenna s ide- lobe lock-on. (The first side lobe stable tracking point is 6 o off boresight. ) The 
antenna then continuously tracks the target by maintaining the monopulse receiver angle error signals at 
null. The antenna may also be manually slewed, at either of two selected LOS rates . In this case, the 
enable s ignal required to close the automatic tracking loop is supplied by setting the RENDEZVOUS 
RADAR selector switch (panel 3) to AUTO TRACK. 

The antenna shaft and trunnion are positioned by 32-pole, brushless ,  permanent- magnet- rotor- type 
motors. The motors are driven by pulse-width- modulated drive s ignals applied to their sine and cosine 
w indings. The direction of motor rotation is reversed by reversing the motor w inding across the pulse
width- modulated drive vol�e. 

A gyro voting c ircuit, consisting of performance comparison and logic-switching c ircuits, automatically 
detects a malfunctioning gyro and removes it from the control loop. There are two pairs of gyros ; one 
pair at a time is used to s tabilize the antenna. Either pair can be used. The voting c ircuit determines 
whether the active pair contains a failed gyro by comparing the outputs of the gyros, three at a time. If 
a failure or degradation occurs in the pair in use ,  the other pair is automatically switched into the 
antenna-stabilizing network. 

For certain types of gyro failure, and when slewing or designating at high angular rates, the voting logic 
can switch to the pair containing the failed gyro. This results in loss of angle control, and unpredictable 
antenna motion. 

A RR GYRO SEL switch permits manual override of the gyro voting logic . The switch is on the AOT 
guard. The AUTO position permits normal voting operation . Setting the switch to PRIM or SEC selects 
the primary or secondary pair of gyros, respectively, witht)Ut voting operating. Normally , the switch 
is set to PRIM; in case of suspected gyro malfunttion, it is set to SEC . 

Range Tracker Subassembly . The range tracker subassembly determines the range to the transponder by 
measur ing the relative phase delay between the tones that modulate the transmitted and the received sig
nals. The transponder reply signal, after undergoing dual frequency conversion in the RR antenna 
assembly and receiver subassembly is applied as a 6. 8-mc s ignal to the coherent detector of the range 
tracker subassembly . This signal is demodulated in the coherent detector , which uses a 6 .  8 - mc quad
rature reference. The individual sine-wave range tone signals are extracted from the receiver noise by 
use of band- pass filters. The range phase delay , proportional to range, is measured independently on 
each of the three tone s ignals in a closed tracking loop, using three locally generated reference square 
waves each of which has variable phase with respect to the transmitted signals . The phase of the refer
ence square waves is adjusted until they have matching phase with respect to each of the received s ignals. 
The phases match when each reference square wave is in quadrature w ith the phase of the corresponding 
received tones . The reference square waves are digitally produced by comparison between a running 
high-speed counter and a low-speed range counter. The low-speed range counter is driven upward o r  
downward, until phase null i s  achieved i n  each o f  three tone phase detectors , b y  incremental range pulses 
obtained from a voltage - to- PRF converter. Above 50 . 6  nm , the converter is controlled by weighted in
tegration of two of the three phase-detector error signals; below 50 . 6  nm, by one of the error signals . 

Signal Data Converter Subassembly . (See figure 2 .  2 - 1 3 . ) The signal data converter subassembly con
sists of a computer interface board and an input-output amplifier board; it provides the electrical interface 
between the RR and the LGC for range and range rate data. It also supplies an 18-bit range word for the 
displays and routes the RR control s ignals from the control panel. The computer interface board contains 
a 1 5-bit binary counter, a 1 5-bit shift register, two strobe gate generators and associated data transfer 
logic, and six discrete interface circuits. The input-output amplifier board contains relay drivers, pulse 
shapers, a s ignal shaper ,  and antenna servo control logic. Dependmg on the control signals from the 
LGC, the computer interface board provides either range or range rate data to the LGC. 
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Figure 2. 2 - 1 3 .  Rendezvous Radar Digital Data Transfer - Functional Flow Diagram 

The LGC requests range data by sending strobe pulses on three lines at a rate of 3, 200 pps . One strobe 
line supplies a continuous train of reset pulses for timing. A burst of 2 5 6  pulses is sent on a second 
strobe line to read the range into the register. After a strobe interval of 80 milliseconds (read time) , 
the LGC sends a burst of readout pulses on a third line to obtain the data. In this operation, the range 
data are transferred autom:\tically from the range counter to the 15-bit shift register. The range data 
are transmitted to the LGC in true and complement forms on two separate lines . 

The LGC requests range rate data by sending pulses on the reset s trobe line and a burst of pulses on the 
range rate gate strobe line at a rate of 3 ,  200 pps. Both sets of pulses are routed through a gate generator 
to provide three outputs , as follows : 

• Reset pulses to clear the 1 5 - bit binary counter 

• Range rate pulse to control the duration of the counting period 

• Transfer pulses to activate the 1 5-bit transfer logic. 

The range data routed to the LGC can have either of two different scale factors. Range low- scale factor 
switching is automatically implemented by the RR at ranges of 50 . 58 nm or les s .  The RR has an 18- bit 
accumulator (counter) for transferring range data to the 15-bit shift register. Only 15 of 18 bits are gated 
to the shift register,  to be sent to the LGC. At ranges greater than 50 . 58 nm , the 15 most s ignificant bits 

RADAR SUBSYSTEM 
Page 2. 2 -3 0 Mission LM Basic Date 1 February 1970 C hange Date -----------------

( 

( 

( 



( 
LMA 790-3-LM 

APOLLO OPERATIONS HANDBOOK 
SUBSYSTE MS DATA 

are transferred. At ranges less than 50 . 58 nm, the 1 5  least significant bits are transferred. The range 
scale factor determines whether the 15 least s ignificant bits or 15 most s ignificant bits from the counter 
are gated to the shift register. The RR sends a discrete s ignal (RR range low-scale factor) to inform the 
LGC that low- scale-factor radar operation is in effect. The low- scale factor of the transferred range 
data is 9. 38 feet/bit; the high- scale factor, 75. 04 feet/bit. RR scale factor switching does not occur dur- • 
ing range data transfer. II 
Instrumentation Converter Subassembly . The instrumentation converter subassembly provides the follow
ing s ignals, which are obtained as outputs from a power monitor converter and data-no-good/no- track 
converter . 

• Transmitter power output to cabin display (SIGNAL STRENGTH indicator on 
panel 3) 

• Data-no- good s ignal to telemetry 

• No- track signal to cabin display (NO TRACK light on panel 3}.  

The instrumentation converter subassembly consists of a power monitor converter and a data-no- good 
and no- track converter. The power n;, nitor converter output indicates the RR transmitter power output. 
A d- e analog voltage from a directiona , coupler and diode rectifier in the antenna assembly is chopped by 
a 20-kc square wave, amplified, and demodulated. The d- e analog s ignal is filtered and then routed to 
the SIGNAL STRENGTH indicator,  where it indicates RR transmitter power output. 

The data-no-good and no-track converter monitors the s ignal data converter subassembly for a data-no
good condition. A data- no-good condition exists when e ither range or range rate lockon is missing. This 
converter generates data-no-good and no- track s ignals upon detection of a data- no- good condition. Routed 
to the IS, the data-no-good signal enables the l ighting of the RNDZ RDR caution light (panel 2} and the 
telemetering of the no- track condition to MSFN. The no- track s ignal also enables the lighting of the 
RNDZ RADAR: NO TRACK light. 

2 . 2 . 4 . 2  

2 . 2 . 4 . 2 . 1  

Rendezvous Radar Transponder. 

Antenna Assembly. (See figure 2. 2-14 . ) 

The transponder antenna assembly is mounted tilted 1 5° from the normal to the surface of 
the Service Module.  The antenna assembly, located close to the transponder electronics assembly, is 
approximately 159  inches forward of the Service Module aft section, with CSM-axis coordinates of 40°  
from + Z-axis, 50° from + Y -axis, and 75°  off +X-axis.  The antenna, a wide-angle-of-coverage horn, 
has an on-axis gain of approximately +7 db, Out to the limits of antenna coverage (±60° } ,  the antenna 
gain is never less than 0 db. 

The antenna part of the assembly consists of a Y-type, two-porthole, waveguide horn with 
a circular ground plane. The antenna is protected by, and isolated from, an aluminum-phosphate radome 
connected to a cork- insulated fiberglass housing mounted on the Service Module fairing. The radome and 
housing protect the antenna from dust and thermal and abrasive blastoff effects. The radome composition 
permits optimum microwave reception and transmis s ion w ith minimum deterioration of s ignal strength 
and characteristics.  

The antenna is  coupled, by waveguide s ections, to the transponder electronics assembly . A 
waveguide flange connects the antenna base to an antenna waveguide flexible adapter .  A coupling flange 
connects the flexible adapter to a waveguide transmission line. 

2 . 2 . 4 . 2 . 2 Electronics Assembly. (See figure 2 . 2-7 . ) 

The electronics assembly consists of the following subassemblies : microwave, receiver,  
carrier lock loop, tone- modulation detector,  and power supply . 

Microwave Subass embly . The microwave subassembly couples the antenna to the receiving and trans
mitting circuits of the transponder. A circulator in the microwave subassembly permits dual use of the 
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Figure 2. 2 - H .  Transponder Antenna Assembly 

antenna for both transmitting and receiving without significant leakage of the transmitted signal into the 
receiver c ircuits. The s ignals transmitted from the RR are routed through the circulator to the mixer. 
The c irculator permits s ignal transfer in the direction of the mixer only . The mixer combines the re-
ceived s ignal with a 9792- mc s ignal developed in the X96 frequency multiplier. The mixer output, a ( 40. 8 - mc IF s ignal, is amplified by a preamplifier and routed to the receiver subassembly. The X96 , 
frequency multiplier develops the 9792 - mc s ignal by multiplying the 102 - mc output of the carrier lock 
loop subassembly by 9 6 .  The 9792- mc s ignal is used as the carrier frequency for the transponder trans-
mitter s ignal. The 9792-mc s ignal is applied to the three- tone phase modulator, where the range tones 
from the originally received s ignal are phase -modulated onto the newly generated transponder carrier 

I s ignal (9792 me plus Doppler ) ;  this signal is transmitted for RR acquisition. 

The modulated output of the three- tone phase modulator is coupled to the antenna waveguide through the 
circulator.  The modulated transmitted energy enters one port of the circulator, whose magnetic and RF 
fields cause it to be rotated clockwise to the output port and out to the antenna. 

When enabled, the self- test circuit applies 12 volts de to an osc illator. The oscillator provides a 40 . 8 - mc 
test s ignal, which is applied to the preamplifier of the first mixer. This self- test signal takes the place 
of the 40. 8- me output of the mixer and is used to self-test the receiver subassembly . 

Receiver Subassembly . The 40. 8 - mc IF s ignal from the microwave subassembly is amplified by the first 
IF amplifier and applied to the second mixer. The amplifier output is mixed with a 34-mc s ignal from the 
carrier lock loop subassembly to produce a 6. 8-mc output. 

The 6. 8 -mc signal is routed through an 8 -kc band-pass filter to produce a narrow -band signal and through 
a 200- kc band- pass filter to produce a wide- band s ignal. The narrow- and wide- band s ignals are both fed ( to the threshold detector of the carrier lock loop subassembly to permit comparison of the noise levels of \ 
the two s ignals . The 6. 8-mc IF signal is also routed to the tone- modulation detector subassembly through 
an output buffer and gating circuit. 

The receiver subassembly also provides an AGC loop for the transponder electronics assembly . The 
AGC loop comprises the preamplifier of the firs t mixer in the microwave subassembly and the first IF 
amplifier in the receiver subassembly . The narrow- band output of the 8 - kc band- pass filter is passed, 
through a 1 - kc filter, to the AGC amplifier and detector. By filtering out the noise, the narrow-band 
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filter assures that AGC response is mostly determined by the rPceived signal level. The AGC loop main
tains the 6. 8 - mc receiver output signal constant despite the va �ion of the signal input from the RR. 

Carrier Lock Loop Subassembly. The acquisition logic and sweep generator circuit produces a sawtooth 

I output, which sweeps the VCO linearly w i th time. By use of a difference amplifier, the lock- up and · . , 

threshold detector compares the respective s ignal power of a 6. 8 -mc w ide-band (100 kc) s ignal w ith a 
1 - kc lim ited-band s ignal (+10 db) extracted from the w ide- band s ignal. When the s ignal power of the 
±500- cps signal ( 1 - kc limited-band signal) exceeds that of the 6. 8 - mc wide-band s ignal, a stop-sweep 
s ignal is sent to the acquisition logic and sweep generator. The sweep generator s tops its linear- timed, 
sawtooth sweep of the VCO. The VCO phase positioning is now controlled by error signals generated by 
the modulator, which derived these s ignals by comparing the VCO output w ith the 6 .  8 - mc narrow-band 
signal. The difference amplifier switches in a notch filter to remove the 200- cps phase modulation from 
the error s ignal. The error s ignal enables a relay to produce the VCO tune s ignal. Through the acquisi-
tion logic and sweep generator, the VCO tune signal drives the VCO phase positioning to make and keep the 
VCO output phase- coherent with the 6. 8-mc narrow- band signal. 

The lock-up detector also compares the 6. 8 - mc narrow-band s ignal with the output of the VCO. When the 
two signals are phase- locked, the detector produces a fr equency lock- on discrete, which is used to gate 
the 6. 8- me signal out of the receiver subassembly . The 6 .  8- me output of the VCO is used as a reference 
signal in the tone- modulation detector subassembly. This 6. 8 - mc s ignal is also multiplied by five in a 
frequency multiplier to produce a 3 4- mc signal, which is routed to the second mixer in the receiver sub
assembly and to the X3 frequency multiplier. The 102- mc output of the X3 frequency multiplier is applied 
to the microwave subassembly . 

Tone- Modulation Detector Subass embly . Routed from the output buffer and gate (receiver subassembly) , 
the 6. 8- mc signal, w ith RR- transmitted Doppler and three tones , is compared w ith the 6. 8 - mc reference 
signal at the coherent detector (tone- modulation detector subassembly) . The coherent detector uses the 
reference s ignal to ensure that the transponder transmitter signal will be frequency-coherent with the RR 
transmitter signal. The output of the coherent detector is routed to three parallel band- pass filters and 
amplifier and phase- adjust circuits, one each of 200 cps , 6 .  4 kc, and 204 . 8 kc. The 6 .  4- and 204. 8-kc 
tone filters are in an oven whose temperature is controlled to 1 60 o ±1 o F to stabilize tone phase shift. 
Each strip of circuits filters, amplifies anc! phase-adjusts its respective tone before it is routed to the 
phase modulator in the m icrowave subassembly . 

Power Supply Subassembly .  The power supply subassembly provides all the secondary power (+2 5 ,  + 1 2 ,  
and - 12 volts de) required by the transponder electronics assembly . 

2 . 2 . 4 . 3 

2 . 2 . 4 . 3. 1 

Landing Radar. 

Antenna Assembly. (See figure 2. 2 - 1 5 . ) 

The LR antenna assembly is mounted on an antenna pedestal, which is bolted to the underside 
of the descent stage. In antenna position No. 2 (hover) , the antenna transmitting and receiving arrays face 
directly downward; the antenna is parallel to the plane formed by the LM Y-LM Z -axis. Two interlaced I 
transmitting phased arrays propagate cross-polarized (90° out of phase) velocity (10.  5 1  gc) and altimeter 
(9. 58 gc) microwave energy to the lunar surface . Four receiving broadside arrays (DVS beams No. 1 ,  2 ,  
and 3 ,  and the altimeter beam) are each structurally positioned so their maximum-gain direction coincides 
with the center of the corresponding transmitted microwave beam. To effect this cross -polarization , the 
velocity sensor transmitting and receiving arrays have E -wall slots in their multiwaveguide s ,  and the 
altimeter transmitting and receiving arrays have H-wall slots in their multiwaveguide s.  A nonabsorptive 
finish , thermal blanket , and external thermal shield partially protect the antenna assembly against the 
effects of the descent engine plume and the thermal conditions of space .  

Inside the antenna assembly , four pairs o f  microwave mixers , four pairs o f  audio-frequency 1 
preamplifiers , a velocity sensor transmitter , an altimeter transmitter ,  and a frequency modulator are 
mounted on a platform underneath the interlaced transmitting arrays. Specially cut waveguide sections , 
phase shifters , isolators ,  and waveguide couplers provide optimum matching , minimize VSWR , and obtain 
proper phase relationships between the transmitters and transmitting phased arrays and between the four 
microwave mixers and the four receiving arrays.  At the back of each receiving array and at right angles 
to its parallel waveguides ,  a coupling waveguide is positioned to collect received microwave energy equally 
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Figure 2. 2 - 1 5 .  Landing Radar Antenna Assembly 
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from each of the multiple waveguides. The microwave energy is routed through specially cut waveguide 
sections to a microwave, quadrature-pair balanced mixer. Phase shifters and isolators within the wave
guide sections maintain the 0°/90° phase relationships and thereby retain the Doppler velocity sign sense 
of the received microwave energy. At a dual preamplifier (figure 2. 2-10) ,  this Doppler sign sense is 
further retained by quadrature-pair lines (0 ° and ±90 ° ) ,  When the received microwave energy conveys 
a closing Doppler velocity, the ±90° line leads the 0° line by +90 ° .  A microwave leveler, between the 
altimeter transmitting array and the altimeter transmitter multiplier , minimizes amplitude modulation 
of the frequency-modulated transmitter signal by smoothing the amplitude fluctuations. 

The antenna pedestal has a tilt mechanism for tilting the antenna to either of two positions 
and an electrical interface between the antenna assembly and the LR electronics assembly . On command 
initiated by the LGC or the LDG ANT switch, a tilt-actuator motor moves the antenna to position No . 1 
(descent) or 2 (hover). In the descent position, the antenna group beam center is tilted 24 o with respect 
to the LM X-axis; in the hover position, it is parallel to the LM X-axis . During a lunar- landing mission, 

I the antenna is initially set to the descent position for the descent phase.  When the LM pitchup maneuver 
occurs, the LGC commands the antenna to the hover position. The antenna remains in the hover position 
until lunar touchdown. 

Quadrature- Pair Balanced Mixers. (See figure 2 .  2-10. ) Three quadrature-pair balanced mixers remove 
the AF Doppler components with Doppler sign sense from the three received velocity beams . At the 
balanced mixers , the received velocity beam s ignals (Dl ,  D2 , and D3) are mixed with a continuously 
sampled, transmitted veloc ity beam signal (10 .  51 gc) to extract the AF Doppler shifts and Doppler sign 
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sense. The three balanced mixer outputs go to three dual AF preamplifiers. At each of the three bal
anced mixer outputs, a quadrature pai:: ; etains the Doppler sign sense of the returned velocity beam 
signal; the AF Doppler frequency with Doppler sign sense is proportional to the opening or closing 
velocity between the LM and the lunar surface along the c enter of the received velocity beam. 

One quadrature -pair balanced mixer extracts the range frequency with its A F Doppler shift. The received 
altimeter signal is compared with a continuously sampled ,  transmitted altimeter beam signal (9. 58 gc) 
to obtain the beam frequency which is routed to a dual AF preamplifier .  At the mixer output,  a quad
rature pair retains the Doppler sign sense. The range frequency , which is obtained by subtracting the 
A F  Doppler shift from the beam frequency , is proportional to the time difference between the received 
and transmitted altimeter beams. 

Dual Audio- Frequency Amplifiers. (See figure 2. 2 - 1 0 . ) The Doppler audio spectrum paired s ignals from 
the balanced mixers are applied to dual audio-frequency amplifiers. Each pair of amplifiers amplifies 
the Doppler-paired signals to obtain a total gain of 88 db at low received signal levels. Because excessive 
s ignal strengths at low altitudes may overdrive the frequency tracker, a threshold detector monitors the 
output level of the 5 5 - db gain amplifiers. When the 5 5 - db gain s ignals exceed 300 millivolts , a switched 
AGC action cuts out the 3 3 - db gain amplifiers. A low-gain discrete notifies the frequency tracker of the 
lowered amplitude condition. 

Velocity Sensor Oscillator /Multiplier. (See figure 2. 2 - 10 . )  The veloc ity sensor oscillator /multiplier I 
transmits a continuous-wave, 1 0 .  51 -gc s ignal through a three-beam, elec tronically tilted phased array . 
An oscillator generates a 104. 478-mc fundamental frequency , which is power -amplified and frequency
multiplied by a multiplier-varactor chain to produce the 10. 5 1 - gc transmitter signal (200 milliwatts 
minimum power) . The transmitter signal is applied to the veloc ity sensor phased array through a direc
tional coupler and specially cut waveguide sections. A sample of transmitter power is picked off and 
then routed through a power monitor for display by the SIGNAL STRENGTH indicator. Low- power 
transmitter signals are routed from 2 0 - db directional couplers to three veloc ity sensor mic rowave 
mixers, where they function as local-osc illator s ignals for RF- to-AF conversion. Each resulting audio
frequency Doppler component is proportional to the Doppler velocity along the corresponding received 
beam. 

Altimeter Transmitter/Multiplier . (See figure 2. 2 - 1 0 . ) The altimeter transmitter /multiplier consists 
of a power amplifier and a multiplier -varactor. The altimeter oscillator/modulator applies a sawtooth , 
frequency- modulated, 99.  79-mc signal, which is swept at a 130- cps repetition rate , to the transmitter. 
The 99. 79- mc signal is power -amplified and then frequency -multiplied by the multiplier-varactor chain to 
produce a 9 .  5 8 - gc transmitter signal (175 milliwatts minimum power) , which is applied to the altimeter 
phased array through a microwave leveler , a directional coupler, and specially cut waveguide sections. 

The microwave leveler minimizes amplitude fluctuations , to prevent unwanted amplitude modulation of 
the frequency- modulated transmitter s ignal. The 9 .  58-gc transmitter signal frequency deviation is ±4 me 
at LM altitudes in excess of 2, 500 feet; ±20 me,  at 2, 500 feet and less. A sample of transm itter power is 
picked off and then routed through a power monitor for display by the SIGNAL STRENGTH indicator. A 
low- power transmitter s ignal (9. 58 gc) is fed from a directional coupler to a quadrature-pair balanced 
mixer, where it is continuously compared and mixed with the received altimeter signal. The resulting 
frequency difference, between the transmitted and received signals, is the range frequency , which is 
proportional to the sawtooth frequency-deviation rate and twice the distance to the reflecting surface. An 
RF- to-AF conversion also results in an audio- frequency Doppler component, which is proportional to the 
veloc ity along the received altimeter beam. This unwanted Doppler component is subsequently cancelled, 
leaving a Doppler-compensated range frequency . The LM altitude is derived from the Doppler-compen
sated range frequency . 

Altimeter Osc illator/Modulator. (See figure 2 .  2 - 1 0 . ) The altimeter osc illator/modulator generates 
sawtooth, frequency- modulated, 99.  78- mc average center-frequency signals swept at a 130- cps repetition 
rate. The frequency-deviation rate is ±4 1 .  6 kc (nominal) at LM altitudes in excess of 2, 500 feet; ±208 kc 
(nominal) , at 2 ,  500 feet and less . This frequency-modulated s ignal (14 milliwatts nominal) is applied to 
the altimeter transmitter/multiplier. 

Osc illator circuits develop 130- cps square waves, which are applied to a sawtooth generator. The saw
tooth- generator outputs are linear sawtooth waveforms , with a sweep time of 7, 000 microseconds and a 
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fly back time of 700 micros econds . Through a switch attenuator ,  a VCO is swept by sawtooth waveforms 
of suitable voltage amplitude. An AFC loop m inimizes the VCO center-frequency drift. The VCO output 
is power -amplified and frequency-multiplied to become the frequency- modulated, 99. 79-mc average center 
frequency . 

( 

An altitude mode c ontrol signal applied to the switch attenuator determines whether the VCO center fre 
quency is swept at a high or low frequency -deviation rate. A high frequency-deviation rate is initiated I when the LM altitude is 2 ,  500 feet or less. A blanking signal to the range frequency tracker blanks for ( 
a period including the sawtooth-generator transmitter and receiver flyback times (7 , 000 microseconds 
and 700 microseconds , respectively).  

Antenna Pedestal. (See figure 2 .  2 - 1 5 . ) The antenna pedestal serves as the electrical and mechanical 
interface between the antenna assembly and the LM. It also positions the antenna in either of its two 
operating positions (descent and hover). Antenna positioning is performed by a tilt-ac tuator (d- e revers
ible) motor controlled manually w ith the LDG ANT switch, or automatically by an LGC command if the 
switch is set to A UTO. The A UTO position is the normal mission pos ition; it allows the LGC to switch 
the antenna from the descent position to the hover position at the optimum altitude for the descent traj ec
tory being used. 

A position is selected by application of +28 volts on the appropriate control line. A limit switch, 
which opens when the antenna reaches the selected position, removes power from the actuator.  Travel 
time to e ither antenna position is less than 10 seconds . In each antenna position, a spring-tension, 400-
pound preload prevents the antenna from vibrating off its selected position. The 10-second travel time 

1 is necessary to traverse the 24 o angle and because of this stressed preload. Nominal power drain i s  
15 watts during this travel time. Antenna-position indication is provided b y  a separate set of switch 
contacts , which is located in the antenna pedestal. The indication provided by the switch contacts is 
used to generate an antenna position No. 1 or 2 discrete to the LG C .  

Antenna Heaters and Temperature Control. (See figure 2 .  2 - 1 0 . ) The antenna assembly, designed for a 
\/ temperature range of 0 6 to 1 8 5  6 F, is mounted off a surface whose temperature can vary from - 2 60 o to 

+260 ° F during translunar and lunar- m bital periods. An external thermal shield, thermal blankets, and " 
a nonabsorptive finish partially protect the antenna from spatial temperature extremes. When the LR is 
operating , sufficient heat is diss ipated to maintain antenna temperature within +55 �  and +150 ° F .  

When the LR i s  not operating, a n  antenna temperature control .and antenna heaters maintain antenna tem
perature within +55 o to +70 o F. The antenna heaters are cal-rod heating elements that are imbedded in 
the antenna transmitting-array support structure. With the HEATERS: LDG RDR circuit breaker closed 
and the PGNS: LDG RDR c ircuit breaker open, +2 8 volts de is applied to the antenna heater control, 
which then furnishes heater power (through a power amplifier) to the antenna heaters. Us ing thermistors 
to monitor antenna temperature and controlling switch circuits, the antenna heater control switches in the 
power amplifier to apply power to the heaters when antenna temperature drops below + 55 o F; it switches 
out the power amplifier when antenna temperature exceeds +70° F.  

To assure accurate LR frequency tracking when first turned on,  the monitored antenna temperature when 
the LR is not operating must not be less than +50° F and should not exceed +70° F. With the LR turned on, 
the antenna temperature must be within + 50 ° and +1 50° F to assure velocity and range data accuracy. 
When the PGNS: LDG RDG circuit breaker is closed, the LR is activated and antenna heater power is 
turned off. An antenna temperature sensor provides antenna temperature signals to the TEMP indicator 
(panel 3) .  

2 . 2 . 4 . 3 . 2 Electronics Assembly. (See figure 2. 2 - 10 . ) 

The electronics assembly contains four frequency trackers, a velocity data converter sub
assembly, a veloc ity data computer subassembly , and a s ignal data/range converter subassembly. The 
electronics assembly provides the LGC and LM displays with inputs that correspond to the range along 
the altimeter beam and antenna coordinate velocities with respect to the LM axes. 

Doppler Velocity Frequency Trackers. Three Doppler velocity frequency trackers convert the broadband 
outputs of the dual A F  preamplifiers (antenna assembly) to discrete A F  Doppler components . Using a 
variable oscillator and narrow-band, low-pass filters , each frequency tracker acquires and tracks the 
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to the centroid of the Doppler power spectrum which corresponds to the center of the returned velocity 1 
beam. The resultant Doppler audio frequency is superimposed on a 6 1 4 .  4 - kc subcarrier for further 
processing by a converter within the velocity data converter subassembly. Doppler s ign sense represen-
tative of opening or closing velocity is interpreted and preserved through the frequency trackers, and a I VDG discrete is sent to the LGC , when all the Doppler velocity frequency trackers are locked on to the . 
discrete Doppler audio frequencies at the centers of the received velocity beam s .  Each Donnler velocity 
frequency tracker scans , acquires and tracks the AF Doppler component at the center of tJ .:orrespond-
ing velocity beam. 

Range Frequency Tracker. The range frequency tracker operates in a manner sim ilar to that of the 
Doppler frequency trackers. From a dual A F preamplifier, this frequency tracker receives a broadband 
output containing a range frequency with AF Doppler component. The frequency tracker scans, acquires, 
and tracks the centroid of these frequenc ie s ,  which corresponds to the center of the returned altim- I eter beam. When the frequency tracker is locked on and tracking and the two rear velocity beam 
tracker s  are tracking , a RDG discrete is  sent to the LGC .  The range frequency with AF Doppler com
ponent is sent to a range frequency converter. 

Velocity Data Converter Subassembly. The velocity data converter subassembly contains three velocity 
data converters, a range converter , a reference frequency generator, a bandwidth control c ircuit, and 
logic gates.  From the Doppler velocity frequency trackers ,  each Doppler offset frequency w ith quadra
ture phases of 0 o ,  90 o ,  180 o , and 2 70 o is applied to a converter in the veloc ity data converter subas
sembly. The converter removes a 6 1 4 .  4 - kc subcarrier from the Doppler offset frequency, synchronizes 
and multiplies the Doppler offset freque!lcy by four to retain the quadrature phases, indicates Doppler 
s ign sense, and, based on Doppler s ign sense ,  provides an output to computers within the veloc ity data 
computer subassembly. From each of three converter outputs , a Doppler s ignal (4D >O to 4 D <O) goes to 
the computers within the veloc ity data computer subassembly. The express ion 4D >0 denotes four times 
the Doppler offset frequency with pos itive Doppler (clos ing velocity ) ;  4D < 0 ,  four times the Doppler offs et 
frequency w ith negative Doppler (opening velocity ) .  

The range frequency converter operates i n  a manner s im ilar to that o f  the velocity data converters. From 
the range frequency tracker, the range frequency converter receives a range frequency and a Doppler off
set frequency with quadrature phases of O o , 90° ,  1 80 ° , and 2 7 0 ° .  The range frequency converter 
removes the center frequency and then routes the range frequency with Doppler frequency to range con- I verter circuits of the signal data/range converter subassembly. 

The bandwidth control c ircuit, basically a frequency comparator ,  switches all the Doppler veloc ity fre
quency trackers to narrow band- pass operation (tracking) when an altitude mode discrete indicates an 
altitude of 2 ,  500 feet and less. When a Doppler veloc ity frequency tracker output is less than 1. 47 kc 
(Doppler frequency) ,  the circuit switches the frequency tracker to narrow band- pass operation by sw itch
ing the low-pass filters from 1, 200 cps to 500 cps . 

Logic gates monitor tracker lock-on discretes from the four frequency trackers (three Doppler velocity ,  
and range). When all the Doppler velocity frequency trackers a r e  locked o n ,  discretes TL1 , TL2 ,  and 
TL3 enable a VDG discrete to the LGC. When the range frequency tracker is locked on and discretes 
TLl and TL2 are present, the RDG discrete is enabled and routed to the LGC. The reference frequency 
generator provides all the reference frequencies necessary for LR operation. 

Veloc ity Data Computer Subassembly. The velocity data computer subassembly consists of three com

puters , which compute antenna coordinate velocities Vxa, Vya, and Vza from the discrete Doppler 
components with Doppler s ign sense (4D <0 and 4 D > O )  received from the Doppler velocity frequency 
trackers. With these veloc ity frequency trackers locked on, VDG discretes gate the lateral (Vya) and 
forward (Vza) velocities , in d-e voltage form , to the X- pointer indicators; the altitude :-ate (Vxa) , as a 
PRF w ith altitude rate s ign sense , to the ALT RATE indicator. The altitude rate sign sense conveys 
positive or negative Doppler velocity. The VDG discretes also gate Vxa, Vya, and Vza, as PRF, to the 
s ignal data c ircuits of the s ignal data/range converter subassembly. 

Signal Data/Range Converter Subassembly. The signal data/range c onverter subassembly consists 
of signal data and range c onverter circuits and an altitude mode switch. From the range frequency 
converter output , the range frequency with Doppler (D4) is applied to the range converter circuits. I 
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When discretes T L 1  and TL2 are present, these circuits use a computer quantity Vxa' to cancel the Dop-1 ple r ,  leaving D oppler-compensated range frequency in pulse-train form. The range converter circuits 
drive Vxa '  by adding the Doppler products D 1  and D2 and multiplying the sum by 15/16.  The range fre
quency , as PRF ,  is applied to the altitude mode switch circuit and to the signal data c ircuits. When the 
range PRF is equivalent to 2 ,  500 feet or less , a low-altitude PRF is gated to the ALT indicator. A 
mode (M) discrete changes the altimeter oscillator/modulator frequency-deviation range from ±4 me to 
±20 me. The discrete switches the frequency trackers to narrow band-pass operation. The M discrete 
also enables a range low-scale factor discrete to the LG C .  

The signal data circuits c onvert the radar data , i n  P R F  for m ,  into the LG C  1 5 .:bit format. A n  LG C  
strobe command enables the signal data circuits to read out particular radar data (Vxa , Vya , Vza, or 
range ) .  For lateral velocity (Vya} , LGC strobe command Vya strobes input gates to gate in the Vya 
pulse train, allowing 80 milliseconds to be c ounted into a 1 5 -bit counter. On LGC readout command, 
the Vya data in a shift register is read out in serial binary form to the LG C .  Upon receiving the Vya I data , the LGC subtracts a number equal to 0 .  80 x C F  to extract the velocity and its polarity. The 
velocity is multiplied by its scale factor to c onvert to lateral velocity in feet per second. Five SO 
millisecond samples are averaged to obtain one smoothed 400 -millisecond value to be used for state vec
tor computation update . 

2. 2. 5 PERFORMANCE AND DESIGN DATA . 

The performance and design data for the Radar Subsystem are given in table s 2. 2 -2 and 
2. 2 -3.  

Table 2 .  2-2.  Rendezvous Radar and Transponder - Performance and Des ign Data 

Rendezvous radar 

Radar transmitted frequency 

Radar received frequency 

Radiated power 

Antenna design 

Angle-tracking method 

Antenna diameter 

Antenna gain 

Antenna beamwidth (3-db points) 

Antenna side-lobe level 

Gyroscopes 

Modulation 

Receiver channels 

Receiver noise figure 

Receiver intermediate frequencies 

Maximum range (unambiguous )  

Minimum range 

9832 . 8 me 

9792 . 0 me + Doppler 

300 mw (nominal) 

Cassegrainian 

Amplitude monopulse 

24 inches 

32 db (nominal) , 3 1 .  5 db at beam cente r ,  28. 0 db at 2° off 
boresight 

4 . 0 ° 

-13 db adj acent to main lobe 

Four (two redundant) 

Phase modulation by three tones: 2 0 0  cps , G. 4 kc, and 
2 04 . 8  kc 

Reference, s haft (pitch) , and trunnion (yaw) 

10 db (maximum) 

4 0 .  8, 6. 8, and 1. 7 me 

405 nm 

80 feet 
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Table 2. 2-2.  Rendezvous Radar and Transponder - Performance and Des ign Data (cont) 

Rendezvm:. -:dar (cont) 

Range accuracy 

Range data output 

Range scale factor 

400 to 50. 6 nm 

50 . 6  nm to 80 feet 

Range rate 

Range rate scale factor 

Range rate accuracy 

Complete acquisition time (range 
and range rate) 

Angular accuracy 

Range 

400 nm 

300 nm 

200 nm 

5 nm 

2 nm 

1 nm 

80 feet 

Angle rate accuracy 

Range 

400 nm 

100 nm to 80 feet 

Transponder 

Antenna 

Transmitted frequency 

Received frequency 

Coherence ratio 

Bias: ±500 feet or 0. 05%, whichever is greater , for 
ranges > 50 . 6  nm 
±120 feet for ranges < 50. 6 nm 

Random (3cr) : 8 0  feet or 1% for ranges between 80 feet 
and 5 nm 

300 feet or 1/4% for ranges between 5 and 400 nm 

1 5-bit serial format 

7 5. 04 feet/bit 

9. 38 feet/bit 

+4 ,  900 to -4 , 900 fps 

1 9 .  91 pps/fps 

±1 fps , 3 cr random 
±1 fps, bias 

15 seconds 

Maximum error (mr) 
Random Bias 

5 . 3 8 

5. ( 8 

4 . 8  8 

4 . 7  8 

8 . 7  8 

1 0  8 

1 0  8 

Maximum error 

0 . 4  mr/sec 

0 . 2  mr/sec 

4-inch Y-horn, linearly polarized, 1 2 -inch interconnecting 
waveguide 

9792 me ( RR frequency 9832 . 8  me x 240/24 1 )  

9832. 8 m e  ± one-way Doppler 

240/241 
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Table 2. 2-2 . Rendezvous Radar and Transponder - Performance and Design Data (cont) 

Transponder (cont) 

Radiated power 

Antenna coverage 

Acquisition time 

Intermediate frequencies 

First IF 

Second IF 

Modulation 

Range 

Weight 

Input power 

Heater 

300 mw 

160° by 105° (fixed position on CSM) 

1 .  8 seconds with 98 % probability, with -123-db signal 
at antenna (range: 400 nm) 

40 . 8  me 

6 . 8  me 

PM by three tones (200 cps, 6. 4 kc, 204 . 8  kc) 

80 feet to 400 nm 

16 . 0 pounds 

75 watts 

20 watts (maximum) 

Table 2. 2-3. Landing Radar - Performance and Design Data 

Velocity sensor 

Radar altimeter 

Altitude capability 

Velocity capability 

, Weight (approx) 

Power consumption 

Heater power consumption 

Altimeter antenna 

Type 

Gain (two-way) 

RF power 

Beamwidth (two-way) 

Velocity sensor antenna 

Type 

Gain (two-way) 

Continuous-wave, three-beam 

CW/FM 

40 , 000 feet 

Acquisition at 24 , 000-foot altitude 

43 .  5 pounds 

125 watts de (nominal) 
147 watts de (maximum - with tilt mechanism operating) 
132 watts de (maximum - steady-state) 

63 watts de (maximum) at 28 volts de 

Planar array, space-duplexed 

50 . 4  db 
100 mw (minimum) 

3. 9 ° E-plane 
6. 5° H-plane 

Planar array , space-duplexed 

49 . 2 db 
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Table 2. 2-3. Landing Radar - Performance and Design Data 

Velocity sex .. ,or antenna (cont) 

RF power 

Beamwidth (two-way) 

Transmitter 

Velocity sensor frequency 

Altimeter frequency 

Warmup time 

FM sweep duration 

Acquisition time 

Ve locity sensor 

Altimeter 

Primary power 

Electronics as sembly temperature range 

200 mw (minimum) 

3 . 67°  E -plane 
7 .  34 ° H-plane 

10 .  510 lane ±5 me 

9. 580 lane ±5 me 

1 minute 

0 .  007 second 

12 seconds (maximum) 

12 seconds (maximum) 

25 to 31 . 5  volts de (nominal) 
3. 5 to 6. 5 amperes 

-20° to +110° F 

2 . 2 . 6 OPERATIONAL LIMITATIONS AND RESTRICTIONS . 

2 . 2 . 6 . 1  Rendezvous Radar. 

The operational limitations and restrictions for the RR are as follows: 

• For accurate updating of AGS state vectors, using the RR, the separation distance 
between the LM and the CSM must not exceed 100 nm . 

• 

I 
• The RR antenna must be p ositioned for m inimum interference with the alignment I optical telescope (AOT) when perform ing inertial measurement unit (IMU) alignment; 

otherwise, the RR occults a large portion of the AOT field of view. The m inimum 
position for the RR ante!Ula is orientation No. I (shaft angle of -77 . 2 o , trunnion angle 
of 0 ° ) .  

• If the RR ante!Ula has been unstowed (for instance, to use the AOT), it cailllot be 
restowed from inside the LM . 

• The HEATERS: RNDZ RDR - OPR circuit breaker (panel 1 1 )  must be closed 2 .  5 
hours before the RR is used. If the RR temperature is not increased from survival 
heating level to operating heating level, the RR may be inoperative or its per 
formance may be degraded. 

• M echanical movement of the RR shaft ca!Ulot exceed +68 ° and -148° referenced to 
the X-axis, due to mechanical stop s .  Trunnion -axis movement is restricted from 
-70 °  to -1 1 0 °  about the +Z -axis.  

• When switching the RR ante!Ula from orientation No.  I to orientation No. II, 3 5  to 
4 5 seconds must be allowed for slewing the antenna. 

RADAR SUBSYSTEM 
Mission LM Basic Date 1 February 1970 Change Date __ 1_5_J_un_e_1_9_7_0 __ Page ___ 

2_. 2_-4_1 __ _ 

I 



I 

LMA7 9 0 -3 -LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

• Manual operation of the RR antenna is only available in orientation No . I. If this 
restriction is not observed, readout of antenna angles is impossible, because dis
play of RR antenna angles is restricted to orientation No. I. 

• The RR must be operated within joint specification restrictions on timeline and 
thermal inputs into the antenna assembly. Components will overheat, resulting in 

( 

degraded operation or possible complete loss of the RR, if operational limitation is ('c 
not adhered to. 

• Before any LGC -controlled maneuver based on RR angular data, 15 minutes of 
continuous tracking must be completed by the RR. The LGC must compensate for 
RR-IMU angular misalignment (bias) error. If this requirement is not observed, 
inaccurate data is fed to the LGC, resulting in excessive fuel consumption. 

• During RR-IMU bias determination, the LM -CSM LOS must be within 3 0 °  of the 
LM +Z -axis. If this requirement is not observed, computation of required b. V 
corrections is degraded, resulting in excessive use of the RCS. 

• If electromagnetic interference (EMI) in system is identified as caused by the track
ing light (regular pulses on audio channel or pulses at approximately 1 pps on 
SIGNAL STRENGTH meter), the tracking light may be turned off until acquisition 
of data is complete . 

• While on the moon, the RR antenna should be pointed away from the lunar surface, 
with the antenna boresight approximately parallel to the X -axis. This is required 
only for a landing near the sub -solar point. Exceptions to this are when the RR is 
tracking the CSM and during AOT operation. Possible damage to the RR due to 
thermal overload will result in degraded performance if this restriction is not 
observed. The antenna assembly temperature should not be allowed to exceed 7 5 °  F ( . ... when power is off. 

I 2 . 2 . 6 . 2 Landing Radar . 

The operational restrictions and limitations for the LR are as follows: 

• The LR must be allowed to warm up for 1 .  5 minutes for temperature stabilization; 
otherwise, degraded and changing output will result. 

• The LR must be operated within a specific mission timeline; otherwise , the comp o 
nents will overheat and degraded operation o r  possible loss o f  the L R  will result. 
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MAIN PROPU LSION SUBSYSTE M .  

INTRODUCTION. 

The Main Propulsion Subsystem (MPS) consists of the descent propulsion section (DPS) 
(figure 2 .  3 - 1 )  and the ascent propulsion section (APS) . Each section is complete and independent of the 
other and consists of a liquid-propellant rocket engine with its own propellant storage, pressurization, 

f and feed components . The DPS provides the thrust to control descent to the lunar surface .  The APS 1 \ provides the thrust for ascent from the lunar surface. In case of mission abort, the APS and/ or DPS can 
place the LM into a rendezvous trajectory with the CSM from any point in the descent trajectory; there is 
a deadman zone immediately above the lunar surface, where abort cannot be accomplished. The choice of 
engine to be used depends on the cause for abort, on how long the descent engine has been operating, and 
on the quantity of propellant remaining in the descent stage. 

( 

DESCENT 
ENGINE SKIRT 

FUEL 
VENTS 

CRYOGENIC 
HELIUM VENT 

ENGINE 

CRYOGENIC 
HELIUM STORAGE 
VESSEL 

A-JOOI.MA-172 

Figure 2 .  3- 1 .  Descent Propulsion Section - Component Location 
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Both propulsion sections use identical hypergolic propellants : a 50-50 mixture , by weight, 
of hydrazine (N2H4) and unsymmetrical dimethylhydrazine (UDMH) as the fuel; nitrogen tetroxide 
(N204) ,  as the oxidizer . The injection ratio of oxidizer to fuel is approximately 1. 6 to 1 ,  by weight. 

Basic operation of the two propulsion sections is similar. In each section , gaseous helium 
forces the propellants from their tanks , through propellant shutoff valves ,  to the engine injectors.  The 
DPS uses supercritical helium for propellant pressurization; the APS uses ambient gaseous helium. The 
primary reason for using supercritical helium is the weight saving. Both the descent and ascent engine 
assemblies consist of a combustion chamber , where the propellants are mixed and burned; an injector 
that determines the spray pattern of the propellants injected into the combustion chamber; and propellant 
control valves and orifices that meter, start , and stop propellant flow to the engine upon command. The 
descent engine , which is larger and produces more thrust than the ascent engine , is throttleable for 
thrust control and is gimbaled for thrust vector control. The ascent engine is neither throttleable nor 
gimbaled. Redundancy of vital components in both propulsion sections provides a high reliability factor. 

Before starting the descent or ascent engine, proper propellant settling must be established. 
This is accomplished by moving the LM in the +X-direction to cause the propellants to settle at the 
bottom of the tanks . As the propellants are consumed, tank ullage increases and more propellant settling 
time is required for each subsequent engine start. The +X-translation is accomplished by operating the 
Reaction Control Subsystem (RCS) downward-firing thrust chamber assemblies (TCA's) .  Two or all 
four downward-firing TCA's  can be selected, depending upon whether RCS propellant conservation (two 
TCA's) or a shorter RCS firing time (four TCA's) is the major consideration. 

2 . 3 . 2 DESCENT PROPULSION SECTION INTERFACES. (See figure 2. 3-2 . ) 

The DPS receives 28-volt d-e and 115-volt a-c primary power through the Commander 's 
and LM Pilot's  buses of the Electrical Power Subsystem (EPS) . The outputs of the DPS pressure and 
temperature transducers and liquid-level sensors are processed in the Instrumentation Subsystem (IS) 
and are transmitted via the Communications Subsystem (CS) to MSFN: The IS also processes the DPS 
caution and warning and display signals. The Explosive Devices Subsystem (EDS) opens explosive valves 
in the DPS to enable propellant tank pressurization and venting. 

The Guidance , Navigation and Control Subsystem (GN&CS) issues autGmatic on and off 
commands , gimbal drive actuator commands , and thrust level commands to the descent enginP.. The 
automatic on and off commands and thrust level commands can be overriden manually. Descent engine 
arming and ignition are controlled by automatic guidance equipment, or by the astronauts through the 
stabilization and control (S&C) control assembly and the descent engine control assembly (DECA). A 
descent engine arm signal is sent to the S&C control assembly when an astronaut sets the ENG ARM 
switch (panel 1) to DES or when he presses the ABORT pushbutton (panel 1} preparatory to starting a 
mission abort program, using the descent engine. Engine-on signals from the LM guidance computer 
(LGC) or abort guidance section (AGS) are sent to the DECA through the S&C control assembly. The 
DECA turns the descent engine on upon receiving the arm and the engine-on signals. If DECA power 
fails, the DES ENG CMD OVRD switch (panel 3) , in the ON position, will supply an alternate voltage 
source to keep the engine firing. The engine remains on until the engine-off command is received from 
the automatic guidance equipment. The astronauts can also generate engine on and off commands 
manually; these commands override the automatic commands . A manual start is accomplished (after 
propellant tank pressurization with ambient helium) by arming the descent engine and pressing the START 
pushbutton (panel 5) .  Either astronaut can shut off the descent engine by pressing his STOP pushbutton 
(panels 5 and 6) or by pressing the ABORT STAGE pushbutton (panel 1) . An abort-stage command results 
in immediate descent engine shutdown, automatically followed by ascent propellant tank pressurization, 
and enabling of circuitry for stage separation and ascent engine firing. Stage separation and ascent engine 
firing occurs when the ascent engine-on command is issued. 

Descent engine throttling is controlled by the LGC or the astronauts . The throttling-range 
limitations are from minimum thrust (approximately 10% of 10,  500 pounds) to approximately 65% and 
full throttle (approximately 92 . 5%) .  The range between 65% and 92.  5% is a transient region that cannot 
be used for extended periods because excessive engine erosion occurs in this zone . Under normal condi
tions , the engine cannot be operated in the transient region because automatic throttle com-
mands above 65% automatically produce a full throttle output. Only in case of malfunction can inadvertent 
throttling occur in the transient region, in which case manual correction must be made . Automatic 
throttle increase and decrease s ignals from the LGC are sent to an integrating counter in the DECA. The 
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analog output of the DECA controls descent engine thrust. In the automatic mode, the thrust/translation 
controller assemblies (TTCA's) can be used by the astronauts to increase descent engine throttle (over
riding the automatic throttle command); the TTCA' s cannot be used, however , to decrease the throttle 
command. (Refer to paragraph 2 .  3 .  3. 3 .  1 . )  In the manual throttle mode, the astronauts have complete 
control over descent engine thrust. 

The primary guidance and navigation section (PGNS) of the GN & CS, or the AGS, auto
matically controls descent engine gimbal trim, to compensate for center-of-gravity offsets during descent 
engine firing. In PGNS operation, the LGC sends trim on and off s ignals in two directions , for each 
gimbal axis , to the DECA. These signals operate power control circuitry, which drives the two gimbal 
drive actuators (GDA's) . In AGS operation, Y- and Z-axis error signals from the attitude and translation 
control assembly (ATCA) are sent to the DECA to drive the GDA" s .  The GDA's tilt the descent engine 
along the Y-axis and Z -axis a maximum of 6° from the center position. Tne ENG GMBL switch (panel 3 )  
permits removing GDA power to interrupt the tilt capability if the E NG GMBL caution light (panel 2)  goes 
on, indicating a malfunction. 

The DPS modes of operation are discussed in detail in paragraph 2. 1 . 3. 5 . The control 
circuitry is shown in figure 2. 1 .  18 .  

2 . 3 . 3  DESCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION . 

The DPS consists of an ambient helium bottle and a cryogenic helium storage vessel with 
associated helium pressurization components; two fuel and two oxidizer tanks with associated feed com
ponents ; and a pressure-fed, ablative , throttleable rocket engine .  The engine can be shut down and 
restarted, within operational limitations and restrictions (paragraph 2 .  3 .  6 ) ,  as required by the mission. 
At the fixed full-throttle position, the engine develops a nominal thrust of 9, 870 pounds; it can also be 
operated within a nominal range of 1, 050 to 6, 800 pounds of thrust. 

The engine is mounted in the center compartment of the descent stage cruciform; it is 
suspended, at the throat of the combustion chamber,  on a gimbal ring that is part of the engine assembly. 
The gimbal ring is pivoted in the descent stage structure,  along an axis normal to that of the engine pivots . 
The engine can be tilted up to +6° or - 6 ° ,  by means of the GDA's ,  to ensure that the thrust vector passes 
through the LM center of gravity . 

Functionally, the DPS can be subdivided into a pressurization section, a propellant feed 
section, and an engine assembly. 

2 .  3. 3. 1 Pressurization Section. (See figure 2. 3-3 . ) 

Before earth launch, the propellant tanks are only partly pressurized , so that the tanks will 
be maintained within a safe pressure level under the temperature changes that can occur between the time 
the tanks are loaded and launch. Before initial engine start, the ullage space in each propellant tank re
quires additional pressurization. This initial pressurization (prepressurization) is accomplished with am
bient helium. (Supercritical helium cannot be used because the helium circulating through the fuel/helium 
heat exchanger may freeze the fuel before fuel flow is established.) A pressure transducer at the outlet port 
of the ambient helium bottle supplies a signal through the HELIUM MON selector switch (panel 1 ) ,  when 
set to AMB PRESS, to the HE LIUM indicator (panel 1) to enable the astronauts to check the status of the 
bottle before initial engine start. The propellant tanks are prepressurized by opening explosive valves 
in the ambient helium line and in the lines leading to the fuel and oxidizer tanks . The valve in the am-• bient helium line prevents helium flow from the storage bottle before prepressurization. The compati
bility valves in the lines leading to the fuel and oxidizer tanks prevent propellant vapors from degrading 
the upstream components due to prolonged exposure before pressurization. 

After setting the MASTER ARM switch (panel 8) to ON, the DES PRPLNT !SOL VLV switch 
(panel 8) is set to FIRE to open the fuel and oxidizer compatibility valves . The DES START He PRESS 
switch (panel 8) is then set to FIRE , opening the ambient helium isolation explosive valve. Ambient 
helium flows from the storage bottle through the open explosive valve and through a filter ,  where debris 
from the explosive valve is trapped. The ambient helium enters the main pressurization line downstream 
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of the normally closed helium isolation solenoid valve and flows through the secondary presf't•re  regulator 
where pressure is reduced to approximately 245 psi. The regulated ambient helium then e the pro-
pellant tanks to provide the normal ullage pressure. 

After pressurization with ambient helium, the supercritical helium from the cryo
genic storage vessel is used to maintain ullage pressure. Supercritical helium is stored at a 
density approximately eight times that of ambient helium. Because heat transfer from the out
side to the inside of the cryogenic storage vessel causes a gradual increase in pressure (approxi-

1 mately 6 to 10 psi per hour , depending on ambient conditions). Only a component malfunction, a 
significant time slippage , or a change in the predetermined burn profile can cause the super
critical helium to approach,  or exceed, the limits of the pressure/time envelope. An out-of-limit 

1 condition may result in rupture of the dual burst disks which may cause the descent engine to 
operate in a blowdown mode . (The period of engine operation in the blowdown mode depends upon 
the amount of ullage volume present. ) 

The cryogenic storage vessel is isolated by an explosive valve , which is fired automatically 
after an engine -on command has been given. With the ENG ARM switch (panel 1) set to DES, the engine
on command can be given manually by pressing the START pushbutton (panel 5 } ,  or it can be given auto
matically by the LGC or AGS. In either case ,  the MASTER ARM switch must be in the ON position to 
fire the explosive valve . A delay circuit causes a 1 .  3-second delay between opening of the propellant 
shutoff valves and firing of the supercritical helium isolation explosive valve. This time delay prevents 
the supercritical helium from entering the fuel/helium heat exchanger until fuel flow is established so 
that freezing of the fuel in the heat exchanger cannot occur . 

The supercritical helium initially passes through the first loop of the two-pass fuel/helium 
heat exchanger.  Here it absorbs heat from the fuel that is routed from the fuel tanks through the heat 
exchanger, before ultimate delivery to the engine. The helium is warmed to approximately -200° F and 
routed back through the helium/helium heat exchanger inside the cryogenic helium storage vessel. The 
-200° F helium transfers heat to the remaining supercritical helium in the vessel, causing an increase 
in pressure in the vessel that ensures continuous expulsion of helium throughout the entire period of 
operation . After passing through the helium/helium heat exchanger , where it is cooled' to approximately 
-300° F, the helium is routed back through the second loop of the fuel/helium heat exchanger and heated 
to approximately +35o F before delivery to the pressure regulators . 

With the supercritical helium pressurization system operating, the pressure in the cryo
genic helium storage vessel varies between 400 and 1 ,  750 psia. The pressure is monitored on the 
HELIUM indicator when the HELIUM MON selector switch is set to SUPCRIT PRESS. The cryogenic 
storage vessel is protected against overpressurization by a dual burst disk assembly . If an excessive 
heat transfer through the vessel wall increases the internal pressure above approximately 1 ,  900 psid, 
the burst disks rupture and the entire helium supply is lost. A normally open vent relief valve between 
the two burst disks protects against back pressurization of the upstream burst disk if it develops a small 
leak. If a large leak develops, the vent relief valve closes and the downstream burst disk protects the 
storage vessel. A thrust neutralizer at the outlet of the downstream burst disk prevents generation of 
unidirectional thrust if the burst disks rupture. 

• 

• 

• 

Downstream of the fuel/helium heat exchanger , the helium flow continues through a filter 
that traps debris from the explosive valve, then the pressurization l ine divides into two parallel legs . 
A normally open, latching solenoid valve and a pressure regulator are in series in the primary leg; a • normally closed, latching solenoid valve is in series with a pressure regulator in the secondary leg. 
The pressure of the helium flowing through the primary leg is reduced by the pressure regulator to the 
nominal pressure (245 psia) required to pressurize the propellant tanks . If this regulator fails open or 
closed, pressure at the helium manifold increases or decreases accordingly beyond acceptable limits 
(rises above 260 psia or drops below 220 psia) and the DES REG warning light (panel 1} goes on. When 
a caution or warning light goes on, a signal is routed from the caution and warning electronics assembly. 
(CWEA) in the IS to light the MASTER ALARM pushbutton/lights {panels 1 and 2 }  and to provide a 3-kc tone 
in the astronaut headsets . Pressing either MASTER ALARM pushbutton turns off both lights and terminates 
the tone, but has no effect on the caution or warning light. (The DES REG warning light is inhibited • before initial descent engine arming. It will go off when normal pressure is restored when the CWEA 

. / 
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circuit breaker is cycled,  or when the ascent and descent stages separate . )  Under regulator failure con
ditions , the astronauts must close the solenoid valve in the malfunctioning leg and open the solenoid valve 
in the redundant leg , to restore normal propellant tank pressurization. The normally open (primary) 
solenoid valve is closed by momentarily setting the DESCENT He REG 1 switch (panel 1) to CLOSE; the 
DESCENT He REG 1 talkback above the switch then provides a barber-pole display. The normally closed 
(secondary) solenoid valve is opened by momentarily setting the DESCENT He REG 2 switch to OPEN; the 
DESCENT He REG 2 talkback above the switch then provides a gray display. (Both solenoid valves may be 
closed during the coast periods of descent, to prevent inadvertent tank overpressurization due to possible •I 
helium leakage through the pressure regulators and to inhibit leaks downstream of the latching valves. ) 

The primary and s�condary helium flow paths merge downstream of the regulators to form a 
common helium pressurization manifold. Transducers monitor the manifold pressure; they provide con
tinuous telemetry signals to MSFN, and signals that cause the DES REG warning light to go on when the 
sensed pressure exceeds 260 psia or drops below 220 psia. The manifold routes the helium into two flow 
paths: one path leads to •he oxidizer tanks; the other , to the fuel tanks. Each path has a quadruple check 
valve assembly in a ser 1 s -parallel arrangement. The quadruple check valves isolate the upstream com 
ponents from the corrosive propellant vapors and prevent hypergolic action, as a result of backflow from 
the propellant tanks, in the helium pressurization manifold. After passing through the compatibility 
explosive valves ,  the helium flows into the top of the fuel and oxidizer tanks. Diffusers at the top of the 
tanks uniformly distribute the helium throughout the ullage space. Helium crossover lines maintain a 
balanced ullage pressure in the tanks containing the same propellants. 

Immediately upstream and in parallel with the propellant tanks,  each helium flow path con
tains a relief valve assembly to protect the propellant tanks against overpressurization. The assemblies 
(a burst disk in series with a relief valve) vent pressure in excess of approximately 275  psia and reseal 
the flow paths after overpressurization is relieved (254 psia). Thrust neutralizers eliminate unidirectional 
thrust generated by the escaping gas. To prevent leakage through single point relief valves during normal 
operation , the burst disks are located upstream of the relief valves. The burst disks rupture at a pres 
sure between 2 60 and 275 psi; the relief valves open fully at 275  psi to pass the entire helium flow from a 
failed-open regulator preventing damage to the propellant tanks. 

Two vent lines ,  in parallel with the relief valve assemblies ,  include an explosive valve in 
series with a normally open solenoid valve for each propellant tank. The vent lines are intended for 
planned depressurization of the tanks after lunar landing, when temperature rise of the supercritical 
helium and heat soak-back from the engine (after shutoff) causes pressure buildup in the tanks. The I planned venting arrangement protects the astronauts against untimely venting of the tanks through the 
relief valve assemblies. The fumes are vented overboard,  through the relief valve thrust neutralizers at 
the fuel and oxidizer pressurization line vents. (See figure 2.  3 -1 . )  If the helium pressurization line is 
open, the supercritical helium in the cryogenic storage vessel will be vented together with the propellant 
tanks. The supercritical helium will vent rapidly until pressure drops to approximately 350 psia, then 
the pressure remaining in the cryogenic storage vessel will decrease with the decreasing propellant tank 
pressures. To open the vent lines ,  the MASTER ARM switch is set to ON and the DES VENT switch 
(panel 8) is set momentarily to FIRE , opening both explosive vent valves simultaneously. The MASTER 
ARM switch is then set to OFF. Venting of the lines is monitored by setting the PRPLNT TEMP/PRESS 
MON switch (panel 1) to DES 1 and the HELIUM MON selector switch (panel 1) to SUPCRIT PRESS. When 
the OXID PRESS indicator indicates less than 20 psia , the HELIUM MON selector switch is set to OFF, 
the OXID VENT switch is set to C LOSE ,  and the OXID VENT talkback will change to a barber-pole dis-
play. When the FUEL PRESS indicator indicates less than 8 psia , the FUEL VENT switch is set to 
C LOSE , causing the FUEL VENT talkbacK to provide a barber -pole display. 

2. 3 . 3. 2 Propellant Feed Section. (See figure 2 .  3 -3 . ) 

Each pair of propellant tanks (containing like propellants) is manifolded into a common 
delivery line. Balanced propellant flow is maintained by trim orifices in all propellant lines downstream I of the tanks. 
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Helium pressure in the propellant tanks is monitored on the FUE L  and OXID PRESS in
dicators (panel 1 ) ,  propellant temperature in the tanks is monitored on the FUE L and OXID TEMP 
indicators. The PRPLNT TE MP/PRESS MON switch selects the set of fuel and oxidizer tanks (No. 1 
or No. 2) for monitoring. Each propellant tank has its own temperature transducer to supply temp
erature signals to the indicator. One pressure transducer in the fuel pressurization line and one in 
the oxidizer pressurization line supply pressure signals to the indicators.  Therefore ,  the pressure 
reading remains constant regardless of whether tank No . 1 or 2 monitored . Propellant quantity re
maining in the tanks is monitored on the OXIDIZER and FUE L  QUANTITY indicators (panel 1).  The 
PRPLNT QTY MON switch selects the set of fuel and oxidizer tanks (No. 1 or 2) for monitoring. 

Pressurized helium, acting on the surface of the propellant, forces the fuel and oxidizer into 
the delivery lines through a propellant retention device that maintains the propellant in the delivery lines 
during negative-g acceleration (up to acceleration in excess of -2g). The oxidizer is piped directly to 
the engine assem bly; the fuel circulates through the fuel/helium heat exchanger before it is routed to the 
engine assembly. A small bypass permits some fuel to reach the engine without flowing through the heat 
exchanger. This protects against a pressure buildup should the fuel in the heat exchanger be frozen. Each 
delivery line contains a trim orifice and a filter. The trim orifices provide engine interface pressure of 

I approximately 222 psia at full throttle position for proper propellant use. The filters prevent debris, 
originating at the explosive valves or in the propellant tanks, from contaminating downstream components. 

2 . 3 . 3 . 2 . 1 Propellant Quantity Gaging System. (See figure 2 .  3-4 . ) 

The propellant quantity gaging system (PQGS) enables the astronauts to continuously monitor 
I the quantity of ,propellants remaining in the four tanks. The PQGS is of the capacitance type. It con

sists of four quantity -sensing probes with low-level sensor s ,  a control unit, two QUANTITY indicator s ,  
the PRPLNT QTY MON switch , and the D E S  QTY warning light. During a lunar -landing mission, the 
PQGS will be turned on approximately 10 seconds before engine ignition and shut off approximately . 
10 seconds after engine shutdown. The continuous PQGS power-on time is limited to 45 minutes. This 

( 

( 

limitation safeguards the thermal capability of the electronic components which, if exceeded, could result (. in erroneous indications . The PROPUL: PQGS circuit breaker (panel 16)  is used to apply or remove 
PQGS power. The PRPLNT QTY MON switch selects a set of propellant tanks (fuel and oxidizer tanks 
No. 1 or 2) to be monitored on the FUEL and OXIDIZER QUANTITY indicators. With the PRPLNT QTY 
MON switch set to OFF,  the QUANTITY indicators remain lit; however,  the digital readouts on the indi-
cators blank out. With the PRPLNT QTY MON switch set to DES 1 or DES 2 and ttie descent engine shut 
off, the QUANTITY indicator readings remain stable until a zero-g condition develops, at which time the 
readings drift and become indeterminate . 

The low- level sensors provide a discrete s ignal to cause the DES QTY warning light to go 
on when the propellant level in any tank is down to 9. 4 inches (equivalent to 5. 6% propellant remaining, 
or sufficient for 1 1 6  seconds of engine burn at hover thrust (approximately 2 5%) ) .  The MASTER ALARM 
pushbutton/light and the 3-kc tone are not activated when the D ES QTY warning light is energized to 
prevent distraction of the astronauts during the most critical phase of the lunar landing mission. The 
PQGS has an estimated uncertainty tolerance of 1 .  3% of full tank capacity for cabin display and telemetry 
transmission. This tolerance is reduced to 1% in the 8% to 2 5% propellant quantity range where the 
PQGS performs at a higher accuracy. 

The quantity-sensing probes are double-walled; one probe is installed to run vertically 
through the center of each propellant tank. Each probe has a 20-volt d-e input. Varying resistance, 
caused by propellant consumption, causes the output signal to vary from 5 volts de to zero, in direct 
proportion to propellant quantity . The output signals ,  processed through the probe circuitry, are sent 
directly to the control unit which converts them to provide the following: 

• Indications of the quantity of propellant remaining in the tanks , on the QUANTITY 
indicators 

• Conditioned signals, corresponding to propellant quantities in each of the four tanks, 
to the telemetry registers 

• A warning signal when the propellant in any of the four tanks is depleted to a pre-
determined level .  \ 
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Engine Assembly. {See figures 2 .  3-5  and 2 .  3-6 . ) 

Fuel and oxidizer enter the engine assembly through interface flanges on opposite sides of 
the engine. The fuel line has a tap-off branch (pilot valves actuation line) that leads through two actuator 
isolation valves (arranged in parallel for redundancy) to the four solenoid-operated pilot valves . The 
fuel in this line is routed, through the pilot valves ,  to the actuators, where it is used as actuation fluid 
to open the propellant shutoff valves .  The main fuel and oxidizer flow is routed through respective flow 

( 

control valves , then each flow path splits into two parallel paths that route the propellants through the c·· · 
redundant propellant shutoff valves .  The propellant shutoff valve assemblies are in a series-parallel 
arrangement. The series redundancy prevents open failure; the parallel redundancy prevents closed 
failure. The valves open simultaneously to permit propellant flow to the engine while it is operating; 
they close simultaneously to terminate propellant flow at engine shutdown. At the two upstream fuel 
shutoff valves,  venturis restrict the fuel flow so that the oxidizer reaches the injector between 40 and 50 
milliseconds before the fuel.  This precludes the possibility of a fuel lead, which would result in rough 
engine starts . Downstream of the propellant shutoff valves, the parallel paths merge to form one fuel 
and one oxidizer path. The fuel passes through a final trim orifice and enters the variable-area injector 
manifold, where a concentric annulus of fuel flow is formed. The oxidizer is routed, through the center 
element of the injector, to the combustion chamber, where it mixes with the fuel for combustion: 

Before initial engine operation and during engine shutdown, the solenoid-operated actuator 
isolation valves (pre-valves) are closed to prevent possible fuel loss in the pilot valve actuation line due 
to leakage at the pilot valves. The actuator isolation valves are opened by setting the ENG ARM switch 
to DES. This enables the actuation fuel to flow to the pilot valves just before the pilot valves are opened. 
When the START pushbutton is pressed (or an engine-on command initiated) , the four solenoid-operated 
pilot valves open simultaneously, permitting the actuation fuel to open the propellant shutoff valves,  thus 
routing fuel and oxidizer to the combustion chamber .  During the start, the solenoids in the pilot valves 
unseat the caged balls from the inlet ports and seat them against the overboard vent ports; fuel enters 
the actuator cavities .  The actuator pistons are connected to rack-and-pinion linkages that rotate the 
balls of the shutoff valves 90° to the open position to permit propellant flow to the injector. The series- ( parallel redundancy in the valve arrangement provides for positive start and shutdown. During shutdown, 
the solenoids in the pilot valves are deenergized and the vent ports are open. The spring-loaded actua-
tors close the shutoff valves .  Residual actuation fuel is vented overboard through four separate lines 
that lead to vent ports at the bottom of the descent stage . (See figure 2 .  3 - 1 . ) 

The propellant in the main fuel and oxidizer lines flows through cavitating-venturi-type 
flow control valves that control propellant flow to the engine below the 65% throttle setting. Transition 
from cavitation to noncavitation occurs between 70% and 80%. At full throttle, and during momentary 

I transition through the full throttle to 65% range, engine throttling takes place primarily in the pintle 
assembly of the injector and in the flow control valves .  At approximately 70% of maximum thrust, cavi
tation commences in the throats of the flow control valves, causing the valves to function as cavitating 
venturis down to minimum thrust.  Once cavitation begins, the propellant-metering function is entirely 
removed from the injector; flC?w is controlled entirely by the flow control valves. 

The throat area of the flow control valves is regulated by a close-tolerance,  contoured, 
metering pintle that is linked directly to the injector sleeve. The linkage is operated by a single actuator 
so that movement of the actuator simultaneously adjusts the pintles in the flow control valves and the 
movable sleeve in the injector. The fuel and oxidizer are injected at velocities and angles compatible 
with variations in weight flow. At full throttle, engine operation is conventional. As the engine is throt
tled down, the pintles in the flow control valves are moved to decrease the flow control area in the 
venturis so that the pressure drop across the valves balances out the differential between engine and 
injector inlet pressures. At the same time, the injector orifice areas are decreased so that the injection 
velocities and impingement angles of fuel and oxidizer are maintained at near-optimum condition for 
combustion effie iency. 

The injector consists of a faceplate and fuel manifold assembly with a coaxial oxidizer feed 
tube and an adjustable (metering) orifice sleeve . Oxidizer flows through the center tube and out between 
a fixed pintle and the bottom of the sleeve; the fuel orifice is an annular opening between the sleeve con
tour and the injector faceplate. The fuel flows behind the face of the injector to cool the faceplate . Some 
fuel, tapped off the fuel manifold is used for barrier cooling of the wall, The fuel is emitted in the form 
of a thin cyclindrical sheet; the oxidizer, in a series of individual sprays. The oxidizer sprays break up 
the fuel stream and establish the injector pattern at all thrust settings . 
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Figure 2. 3-5 . Descent Engine Assembly - Flow Diagram 
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Figure 2 .  3-6.  Descent Engine and Head End Assembly 

300LM"-174 

The mechanical linkage that connects the pintle of the flow control valves and the injector 
sleeve is pivoted about a fulcrum attached to the injector body. Throttling is controlled by the throttle 
valve actuator, which positions the linkage in response to electrical input signals. At maximum thrust, 
the actuator positions the linkage to fully open the flow control valves and injector apertures . As com
manded thrust is reduced, the actuator reduces the flow at the flow control valves and moves the injector 
orifice sleeve to reduce the apertures . As the adjustable orifice sleeve moves upward ,  the area of the 
propellant orifices increases .  

2 . 3 . 3 . 3 . 1 Descent Engine Control. 

After the engine is manually armed by setting the ENG ARM switch to DES, it can be fired 
automatically or manually. Under manual control, the engine can be started and stopped by the Com-

I 
( 

( 

( 

mander by pressing the START and STOP pushbuttons on panel 5; it can be stopped by the LM Pilot by · 

pressing the STOP pushbutton on panel 6. The mode of thrust control is determined by the THR CONT � switch (panel 1 ) .  When this switch is set to AUTO, engine thrust is controlled by the LGC .  When the 
switch is set to MAN, the Commander 's  or LM Pilot 's  TTCA (depending on the setting of the MAN 
THROT switch, panel 1 )  controls the engine thrust. In the automatic mode , the TTCA is still operational . 
It is normally set against its hard (low) stop, where it supplies a 10% thrust command that is summed with 
the LGC command. resulting in a combined thrust command to the descent engine. For example , if the 
required thrust is 50%, the LGC commands 40%, which is augmented by the 10% obtained from the TTCA. 
If the TTCA is moved from the hard stop, it supplies a greater portion of the combined command and the 
LGC command decreases accordingly. Thus , for the required 50% thrust, the TTCA may now command 
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20%; the LGC , 30%. If the TTCA is moved to a setting such that it commands more than the required 
thrust, it overrides the automatic command (the LGC portion becomes zero) and descent engine thrust is 
determined entirely by the TTCA setting. 

The dual-scale CMD THRUS'I and ENG THRUST indicator (panel 1) displays commanded 
manual or automatic thrust on the C MD  scale and actual engine thrust on the ENG scale. The ENG sc .. u c:  
input i s  derived from a pressure transducer in the combustion chamber, because thrust is proportional to 
chamber pressure. At full throttle position the ENG scale reads 92 . 5% (actual full-throttle-position thrust) •I 
while the CMD scale reads between 92.  5% and 100%. At all other throttle settings (10% to 65% throttling 
range) the ENG and C MD  scales normally display identical readings of the actual engine thrust. Display 
of dissimilar readings indicates that the engine is not following the thrust commands or that transfer from 
automatic to manual throttle control is in process.  As shown in the example given previously, if the 
TTCA is displaced from the hard stop in the automatic mode, for 50% required thrust, the TTCA may 
command 20% while the LGC contributes 30%. The ENG scale of the THRUST indicator will read 50%; 
however ,  the CMD scale (where LGC command is summed with a 10% bias) will read 40%. As the TTCA 
is moved to increasing throttle settings, the CMD scale readings decrease. When the CMD scale reading 
has dropped to 10%, the LGC no longer supplies any portion of the thrust command and the TTCA is in 
contrCJl.  At this point, a smooth transfer from the automatic mode to the manual mode is accomplished 
by setting the THR CONT switch to MAN. The CMD and ENG scales will now indicate identical readings . 
(For the preceding example , both pointers will align at 50%. ) Very slight deviations between CMD and 
ENG scale readings may occur as engine operating time increases. The deviations are due to combustion 
chamber erosion, which causes chamber pressure to decay slightly. 

The T/W (thrust/weight) indicator (panel 1) is used primarily to monitor X-axis accelera
tion during lunar landing and lift-off. The T/W indicator is a self-contained accelerometer that displays 
instantaneous X-axis acceleration in lunar-g units (1 lunar g = 5. 23 ft/sec2) .  Inasmuch as a given 
throttle setting provides a specific acceleration when the vehicle has a given mass ,  the T /W indicator 
can be used a.s backup for the THRUST indicators to monitor engine performance. 

2 . 3 . 4  DESCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. 

2 .  3 .  4 .  1 Explosive Valves .  (See figure 2 . 3 -7 . )  

An ambient helium isolation valve , a supercritical helium isolation valve , a fuel compati
bility valve, an oxidizer compatibility valve , a fuel vent valve , and an oxidizer vent valve are the 
explosive valves used in the DPS. These valves normally are closed; they are controlled by the EDS 
control and fire circuits and, when fired. fully open and remain open. To prevent valve failure in the 
closed position, each explosive valve has two cartridges that are fired from redundant systems in the 
EDS. A cartridge is fired by applying power to the initiator bridgewire for a few milliseconds. The 
resultant heat fires the initiator , generating gases in the valve explosion chamber at an extremely high 
rate . The gases drive the valve piston into the valve housing to open the valve by shearing a closure 
disk and aligning the piston port permanently with the pressure line plumbing. 

2 . 3 . 4 . 2  Cryogenic Helium Storage Vessel. 

The cryogenic helium storage vessel is double walled; it consists of an inner spherical tank 
and an outer jacket. The void between the tank and the jacket is filled with aluminized mylar insulation and 
evacuated to minimize ambient heat transfer into the tank. The vessel has fill and vent ports , a burst 
disk assembly, and an internal helium/helium heat exchanger . The inner tank is initially vented and 
loaded with liquid helium at approximately 8° R ;  the fill sequence is completed by closing the vent and 
introducing a high-pressure head of gaseous helium. As the high-pressure, low-temperature gas (at 
approximately 14 o R) is introduced, the density and pressure of the stored helium are increased. At 
the end of pressurization, the density of the stored supercritical helium is approximately 8. 7 pounds per I 
cubic foot, and the final pressure is approximately 80 psi.  

The burst disk assembly (figure 2 .3-7A) prevents hazardous overpressurization within the ves
sel. It consists of two burst disks in series , with a normally open, low-pressure vent valve between the 
disks. The burst disks are identical; they burst at a pressure between 1 , 881  and 1 ,967 psid to vent the en
tire supercritical helium supply overboard. A thrust neutralizer at the outlet of the downstream burst disk 
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Figure 2 .  3-7A. Cryogenic Helium Storage Vessel - Burst Disk Assembly 
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diverts the escaping gas into opposite directions to prevent unidirectional thrust generation. The vent 
valve prevents low-pressure buildup between the burst disks if the upstream burst disk leaks slightly. 
The valve is open at pressures below 1 50 psia. It closes when the pressure exceeds 150 psia, so that, 
for faster leaks , the pressure buildup will eventually rupture the downstream burst disk and all super 
critical helium will be vented. 

2 . 3 . 4 . 3 Fuel/Helium Heat Exchanger . 

Fuel is routed directly from the fuel tanks to the two-pass fuel/helium heat exchanger .  The I heat exchanger transfers heat from the fuel to the supercritical helium, which is warmed to operating 
temperature by flowing through the two separate heat exchanger passes. The fuel/helium heat exchanger 
is of finned tube construction; the first and second helium passages are in parallel crossflow with 
respect to the fuel. All parts are stainless steel; each fin is lap brazed to an adjacent fin and to the 
side panels to increase structural rigidity . Helium flows in the tubes and fuel flows in the outer shell 
across the bundle of staggered , straight tubes .  

2 . 3 . 4 . 4  Helium Isolation Solenoid Valves. (See figure 2 .  3-8 . ) 

These helium isolation valves are two-coil , latching, solenoid-operated valves that shut off 
helium flow through one leg of redundant flow lines if the pressure regulator in the leg fails open. The 
valves are actuated by the DESCENT He REG 1 and REG 2 switches (panel 1 ) .  A position indicator 
switch in each valve feeds a signal to the DESCENT He REG 1 and REG 2 talkbacks to indicate whether 
the particular valve is closed (barber-pole display) or open (gray display) . 

The valve poppet is part of the "open" armature and shaft assembly. When the "latch open" 
coil is energized , the poppet leaves the valve seat as the "open" armature slides into the latched position, 
overcoming the force of the closing spring. The latch balls become seated in the "open" armature detents 
to maintain the valve open after the "latch open" coil is deenergized. To close the valve . the latch re
lease coil is energized, causing the latch armature and pin assembly to slide back, overcoming the force 
of the latch spring. As the pin moves back, the latch balls drop out of the detents in the "open" armature 
and the force of the closing spring pushes and maintains the poppet firmly against the valve seat. The 
normally closed, internal bleed valve opens if seepage past the moving valve seals causes a pressure 
buildup in the valve housing. An arc suppression circuit, consisting of two zener diodes across each coil, 
eliminates the induced voltage generated when the coil is deenergized. 
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Figure 2 .  3-8 .  Helium Iso l ltion Solenoiu. Valve, Latched-Open Position 
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Helium Pressure Regulators (See figure 2 .  3-9 . ) 

The primary and secondary helium pressure regulators are two separate units contained in 
a common housing. Each regulator is supplied from a separate helium pressurization line, but both 
feed into a s ingle outlet manifold . Each pressure regulator consi :s of a direct-sensing main stage and a 
pilot stage. The valve in the main stage is controlled by the valve in the pilot stage, which senses small 
changes in the regulator outlet pressure (Pr) and converts these changes to proportionally large changes 

( 

in control pressure (Pc) .  The main stage valve poppet is positioned for varying flow demands by changes ( in the control pressure acting on the main stage bellows sensor . , 

A reduction in flow demand causes a rise in the regulator outlet pressure because flow from 
the regulator exceeds the new downstream demand. The rise in outlet pressure reduces the pilot valve 
output, thereby reducing flow into the main stage chamber. Because the pilot stage chamber bleeds 
directly into the regulator outlet line, reduced flow into the chamber causes a proportional reduction 
in the control pressure, which, in turn ,  moves the main stage valve poppet toward the closed position. 
The resultant reduced flow through the main stage valve matches the downstream demand. An increase 
in the downstream demand causes a reduction in outlet pressure, which tends to open the pilot valve. 
The resultant increase in control pressure causes the main stage valve poppet to open more to meet the 
increased downstream demand. 

The flow limiter at each regulator inlet restricts maximum flow through the regulator to 
19 pounds of helium per minute so that the propellant tanks are protected if the regulator fails open . 
The filter downstream of the flow limiter prevents particles,  which could cause excessive leakage at 
lockup or regulation malfunction, from reaching the main stage and the pilot valve seats. The 
control pressure relief valve prevents control pressure from exceeding the regulator outlet pressure 
by more than 150 to 200 psi ,  by venting main stage chamber pressure into the outlet line. This 
relief valve operates only if the pilot 
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Figure 2. 3-9 .  Descent Propulsion Section - Helium Pressure Regulators 
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valve fails; it does not interfere with normal pressure regulator operation. The overstroke relief valve 
at the main stage bellows sensor prevents the regulated outlet pressure from overshooting its limit. 

2 . 3 . 4 . 6  Relief Valve Assemblies . (See figure 2 .  3 - 10 . ) 

The relief valve assemblies are downstream of the burst disk assemblies in the helium 
pressurization line. The helium enters the relief valve chamber and acts against the relief valve dia-
phragm, overcoming the force of the relief valve spring and lifting the poppet off its seat. This opens the I helium pressurization line to vent excess helium overboard . A thrust neutralizer at the outlet port pre-
vents generation of unidirectional thrust. The cylindrical filter in the relief valve chamber prevents par
ticles from lodging in the valve seat. When helium pressure drops· below the reseat pressure , the relief 
valve closes to prevent further helium loss.  Before burst disk rupture , the light vent spring keeps the 
relief valve poppet slightly off its seat. This prevents pressure buildup in the relief valve chamber in 
case of a slight burst disk leak. If the pressure in the relief valve chamber exceeds approximately 8 psi, 
the force of the vent spring is overcome and the relief valve poppet closes.  Pressure then continues to 
build up and work against the relief valve diaphragm. When the pressure reaches approximately 260 psi, 
the relief valve cracks . 

2 . 3 . 4 . 7  Burst Disk Assemblies .  (See figure 2 .  3 - 1 1 . ) 

Each helium pressurization line leading to the propellant tanks has a burst disk assembly 
upstream of the relief valve assembly. The function of the burst disk assembly is to protect the relief 
valve from corrosion by the propellant. Between 260 and 275  psia system pressure the burst disk will 
rupture ,  permitting the relief valve to function. When the inlet pressure reaches the burst pressure 
range, the coil-spring-loaded disk assembly and the belleville spring inner support assembly, which are 
connected by the burst disk, move downstream together . The disk assembly seats first and because the 
burst disk cannot withstand the force on the inner support assembly, it ruptures . The disk assembly is 
moved upstream by the coil spring, opening the flow passage. 
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Figure 2 .  3-10 .  Descent Propulsion Section - Relief Valve Assembly 
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Figure 2 .  3 - 1 1 .  Descent Propulsion Section - Burst Disk Assembly 

Propellant Storage Tanks . 

• OUTLET 

300LM.o4-270 

The propellant supply is c ontained in four cylindrical , spherical-ended titanium tanks of 
identical size and construction. Two tanks contain fuel; the other two , oxidizer. Each pair of tanks 

I containing like propellants is interconnected at the top , and all propellant lines downstream of the tanks 
contain trim orifices ,  to ensure balanced propellant flow. A diffuser at the helium inlet port (top) of 
each tank distributes the pressurizing helium uniformly into the tank. An antivortex device in the form 
of a series of vane s ,  at each tank outle t ,  prevents the propellant from swirling into the outlet port , thus 
precluding inadvertent helium ingestion into the engine. Each tank outlet also has a propellant retention 
device (negative -g can) that permits unrestricted propellant flow from the tank under normal pressur 
ization , but blocks reverse propellant flow (from the outlet : me back into the tank) under zero-g or 
negative-g conditions. This arrangement ensures that helium does not enter the propellant outlet line as 
a re sult of a negative -g or zero-g condition or propellant vortexing; it eliminates the possibility of engine 
malfunction due to helium ingestion. 

2 . 3 . 4 . 9 Throttle Valve Actuator .  (See figure 2 .  3 - 1 2 .  ) 

The throttle valve actuator is a passively redundant, electromechanical, linear- motion 
servoactuator which moves the throttle linkage in n . <Jonse to an electrical input command. Moving the 
throttle linkage simultaneously changes the position .; the flow control valve pintles and the injector 
sleeve . Changing the position of the flow control valve pintles varies the amount of fuel and oxidizer 
metered into the engine and thus changes the magnitude of engine thrust .  The throttle valve actuator is 
located between the fuel and oxidizer flow control valves;  its housing is rigidly attached to the engine head 
end and its output shaft is attached to the throttle linkage . 

The actuator is controlled by three electronic channels , which power three d-e torque 
motors on a common shaft. The motor shaft supplies the input to the ball screw , which converts rotary 
motion to the linear motion of the throttle valve actuator output shaft (total excursion is 0 .  754 ± 0 .  0 1  inch) . 
Nonjamming mechanical s tops prevent overtravel of the output shaft in the retracted and extended posi
tions. All mechanical moving parts of the actuator are w ithin a hermetically sealed portion of the unit 
(pressurized to 0. 25 psia w ith a 9 to 1 mixture of nitrogen and helium) . A diaphragm- type leak indicator 
in the cover of the hermetically sealed portion of the actuator provides visual evidence of loss of vacuum 
w i thin the unit. F ive potentiometers are ganged to the torque motor shaft through a s ingle- stage plane
J2 :·v reduction gear (potentiometer drive gears) . Three of these potentiometers supply position feedback 
information to the three motor amplifier channels , one to each channel. One of the other two potentiom
eters provides throttle actuator shaft pos ition data for telemetry to MS FN.  the other one is a spare . 
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The automatic and manual command signal input voltages are summed and fed into the non
linear shaping network to provide the nonlinear position versus command required to nullify other non
linearities in the engine and provide an overall signal that represents linear thrust versus command volt
age. This signal is summed with the voltage output of the position feedback potentiometer . If the two 
voltages are of equal magnitude, but positive polarity, the error voltage is zero. If they are not equal, 
a positive or negative error voltage is generated. (The error voltage is positive if the command signal 
is greater; negative, if the feedback voltage is greater. ) The error voltage is summed with a preset in
put from the bias network (used to trim the actuator) and is then conditioned and fed into a preamplifier. 
The preamplifier output is summed with the preamplifier outputs of the other channels to control the 
power amplifier that drives the torque motor (clockwise or counterclockwise) . As the motor rotates the 
ball screw, the position feedback potentiometer is driven by the planetary gearing. A current- limiting 
circuit senses motor current and, through feedback, limits the current to 3 amperes per channel under 
normal conditions. A current-cutback circuit senses motor voltage and, under conditions indicative of 
power transistor failure, provides an input to the current-limiting circuit, causing it to limit the 
current to approximately 0 .  75 ampere per channel. 

The redundancy within the throttle valve actuator ensures tha:t failure of any one electrical 
component will not cause the actuator to fail. Failure of one preamplifier channel will be nullified by the 
cross coupling and high-gain feedback and will result in a negligible positioning error. Failure of a 
power amplifier or torque motor circuit is detected by the current-cutback and/ or current-limiting cir
cuits , and any erroneous output is reduced to a level that can be overcome by the other two channels with
out detrimental effects. 

The throttle valve actuator provides a fail-safe system in the event selective malfunctions 
external to the throttle valve actuator occur. If either the primary 2 8-volt d-e power, the command and 
reference voltages , or the +15- or - 1 5  volt reference voltage is lost, the throttle valve actuator causes 
the descent engine to automatically thrust at full throttle position . If 2 8-volt d-e power is lost while the 
descent engine is firing, the throttle valve actuator cannot sustain control , it will be driven to the full 
throttle position by the hydraulic loads imposed by the propellant pressures on the flow control valves 
and the injector. (If there are no hydraulic loads , the throttle valve actuator moves to the position of 
balanced mechanical loads . )  Loss of the - 15-volt reference voltage causes the potentiometer feedback 
voltage to drop to zero. As a result, only the positive command voltage is in control, and the throttle 
valve actuator moves to the full throttle position . If the +15-volt reference voltage fails, the failure
detection circuit that monitors this voltage provides a signal that causes the throttle valve actuator to 
move to the full throttle position. The power source for the command voltage is the +15  volt power 
supply that supplies the input to the plus side of the throttle valve actuator reference . Therefore , loss of 
the command voltage also results in loss of the reference voltage, which causes the throttle valve 
actuator to move to the full throttle position. (Loss of the command voltage alone would cause the throttle 
valve actuator to move to the minimum thrust position. ) 

2 . 3 . 4 . 10 Flow Control Valves .  (See figure 2 .  3 - 13 . ) 

The oxidizer and fuel flow control valves are on the side of the engine , immediately down
stream of the propellant inlet lines. They are secured to the throttle valve actuator mounting bracket. 
The flow control valve pintle assemblies are mechanically linked to the throttle valve actuator by a 
cross beam. 

The flow control valves are cavitating venturis with movable pintle sleeves . 
Engine throttling is initiated by an electrical signal to the throttle valve actuator, commanding an in� 

( 

( 

crease or decrease in engine thrust. Operation of the throttle valve actuator drives the crossbeam to ( a new position, thus changing the position of the pintles in the flow control valves. This axial movement 
of the pintles decreases or increases the pintle flow areas to control propellant flow rate and thrust. Be-
low an approximate 70% thrust setting, flow through the valves cavitates ,  and hydraulically uncouples 
the propellant transfer system (and thereby, the flow rate) from variations in combustion chamber pres-
sure. The movable pintle sleeve, shaft-driven through the valve body, is sealed by two flexible bellows. 
Shear pins in the bearing sleeves permit the valve bearings to operate in redundant modes (rolling or 
sliding) to improve reliability . Normally , the bearings roll; however, under an excessive load , the shear 
pins give to permit the bearings to slide. Both pintle sleeve shafts are attached to a yoke that is driven 
by the throttle valve actuator.  
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Figure 2 .  3- 13.  Flow Control Valve 

Propellant Shutoff Valve Assemblies. 

A-300t.M4- 1 n 

Each of the four propellant shutoff valve assemblies consists of a fuel shutoff valve , an 
oxidizer shutoff valve , a pilot valve, and a shutoff valve actuator. The shutoff valve actuator and the fuel 
shutoff valve are in a common housing. The oxidizer shutoff valve is in a separate housing to isolate fuel 
from oxidizer. It is actuated by a mechanical linkage driven from the fuel shutoff valve. The fuel and 
oxidizer shutoff valves , downstream of the flow control valves,  are exposed to the full propellant pressure 
before engine firing. Propellant leakage at the valve seats is vented overboard. 
2 .  3 .  4 .  1 1 . 1 Pilot Valves and Shutoff Valve Actuators . 

The four solenoid-operated pilot valves control the actuation fluid (fuel) for the fuel and 
oxidizer shutoff valves.  Normally, the pilot valves are closed, the solenoids are deenergized, and the 
actuation fluid is shut off by action of the spring-loaded solenoid plungers on the ball poppet seated in the 
lower pilot valve seats . The back side of the actuator chamber is vented to preclude a fuel buildup 
caused by leakage of the pilot valves , and overpressurization caused by an excessive fuel temperature 
increase. When the pilot valves are open, all solenoids are energized, and the actuation fluid (at approxi-
mately 1 10 psia) acts against the spring-loaded actuator plunger to open the oxidizer and fuel shutoff I 
valves.  At this point, the pilot valve poppets are forced against the upper valve seats , sealing off the 
vent port. When the electrical signal is removed, the valve poppets return to their lower seat to seal off 
the actuation fluid. The propellant shutoff valves are closed by the return action of the actuator piston 
springs , which expels the fuel entrapped in the cylinders and valve passages through the pilot vent port. 
2 .  3. 4. 1 1 . 2  Fuel and Oxidizer Shutoff Valves.  

The fuel and oxidizer shutoff valves are mechanically linked , fuel-actuated ball valves that 
are arranged in a series-parallel configuration. The valve housings are made of aluminum alloy. The 
ball element operates against a spring-loaded Teflon seat to assure positive sealing when the valve is 
closed. All ball valves are supported by ball bearings . The individual valves are rotated by a rack-and
pinion-gear arrangement, which translates the linear displacement of the pistons in the shutoff valve 
actuators.  
2 . 3 . 4 . 12 Variable-Area Injector . (See figure 2 . 3 - 14 . ) 

The variable-area injector consists of a pintle assembly, drive assembly, and manifold as
sembly. The pintle assembly introduces the propellant uniformly into the combustion chamber. The drive 
assembly has a twofold function: first, it serves as a passage for conducting the oxidizer into the pintle 
assembly; second, it contains the bearing and sealing components that permit accurate positioning of the 
injector sleeve . The injector sleeve varies the injection area so that near-optimum injector pressure 
drops and propellant velocities are maintained at each thrust level. The primary function of the manifold 
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Figure 2 .  3 - 1 4 .  Variable-Area Injector - Quarter Section 

assembly is to distribute the fuel uniformly around the outer surface of the sleeve. Fuel enters the mani
fold assembly and is passed through a series of distribution plates near the outer diameter of the 
assembly . 

At the center of the manifold, the fuel passes through a series of streamlined hole rings that 
suppress fuel flow discontinuities . From this point, the fuel is admitted into a narrow passage formed by 
two parallel conical surfaces (the manifold body and a faceplate) .  The passage smoothes out remaining 
gross fuel discontinuities and assists in cooling the injector face. The fuel then passe€J onto the outer 
surface of the sleeve, past a fuel-metering lip. The fuel is injected as a hollow cylinder so that it 
reaches the impingement zone with a uniform circumferential velocity profile and without atomizing, at 
all flow rates .  The oxidizer is injected through a double-slotted sleeve so that it forms a large number of 
radial filaments . Each filament partially penetrates the fuel cylinder and is enfolded by fuel in such a 
way that, following fast liquid-phase reactions and gas evolution, little preferential separation of oxidizer 
and fuel can occur. For given propellant densities, overall mixture ratio, and injector geometry, there 
is a range of propellant injection velocity ratios that result in maximum mixture ratio uniformity through
out the resultant expanding propellant spray. When they occur , the liquid-phase reactions generate gas 
and vapor that atomize and distribute the remaining liquid oxidizer and fuel uniformly in all directions , 
resulting in high combustion efficiency . A separate fuel manifold feeds the barrier cooling orifices to 
minimize engine erosion. 
2 . 3. 4. 13 Combustion Chamber and Nozzle Extension. (See figure 2 . 3- 15 . ) 

The combustion chamber consists of an ablative- cooled chamber section, nozzle throat, and 
nozzle divergent section. The ablative sections are enclosed in a continuous titanium shell and jacketed 
in a thermal blanket composed of aluminized nickel foil and glass wool. A seal prevents leakage between 
the combustion chamber and nozzle extension. 

The nozzle extension is a radiation-cooled, c rushable skirt, made of columbium with an 
aluminide coating. It is attached to the combustion chamber case at a nozzle area ratio of 16 to 1 and 

I extends to an exit area ratio of 54. 0 to 1 .  

2 . 3 . 4 . 14 Gimbal Ring and Gimbal Drive Actuators . 
The gimbal ring is located at the plane of the combustion chamber throat. It consists of a 

rectangular beam frame and four trunnion subassemblies . The assembly permits up to +6° or -6°  roll 
and pitch trim control of the engine . A description of the two gimbal drive actuators is given in para
graph 2 . 2 . 4 . 6 . 
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Figure 2 .  3 - 1 5 .  Descent Engine Combustion Chamber, Nozzle Extension, and Heat Shield 

DESCENT PROPULSION SECTION PERFORMANCE AND DESIGN DATA. 

The performance and design data for the DPS are given in table 2. 3- 1 .  

Table 2 .  3-1 . Descent Propulsion Section - Performance and Des ign Data 

Pressuriz ation section 

Ambient helium bottle 

Volume 1 cubic foot 

Initial filling weight of helium 1 . 12 pounds 

Initial helium pressure and temperature 1 ,  600 psia at +70° F 

Usable helium 1 pound 

Proof pressure 2 , 333 ps i 

Burst pres sure 2 , 62 5  psi 

MAIN PROPULSION SUBSYSTEM 

D· JOOLM-·179 

Mission LM Basic Date February 19 70 Change Date __ 1_A_,p�r_i_l_1_9_7_1 ___ Page __ 2_._3_-_2_5 ___ _ 

I 



• 

• 

I 

I 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2 .  3-1 . Descent Propulsion Section - Performance and Design Data (cont) 

Pressuriz ation section (c .ct) 

C ryogenic helium storage vessel 

Nominal storage pressure and temperature 

Maximum storage pressure and temperature 

Volume 

Density 

Initial filling pressure and temperature 

Initial filling weight at charge pressure 

U sable helium 

Proof pressure 

Burst pressure 

Burst-disk rupture pressure 

Helium filters 

Nominal filtration 

Absolute filtration 

Helium pressure regulators 

Outlet pressure 

Normal operation flow rate range (nominal) 

Nominal flow rate at full throttle 

Inlet pressure range 

Lockup pressure (maximum) 

Maximum flow rate 

Quadruple check valve assemblies 

Opening pressure 

Maximum pressure drop 

Relief valve assembly 

Burst-disk rupture pressure 

Relief valve cracking pressure 

Full-flow pressure 

Fully open flow rate 

Reseat pressure (minimum) 

1, 555 psia at -400° F 

1, 7 10 psia at -320° F 

5. 9 cubic feet 

8 .  7 pounds per cubic foot 

80 psia at -450° F 

5 1 . 2 pounds 

49. 4 pounds 

2 , 274 psia 

3 , 420 psia 

1 ,  881 to 1, 967 psid 

5 microns 

15 microns 

245+3-3 psia at inlet pressure of 400 to 1750 psia 
245+3-5 psia at inlet pressure of 320 to 400 psia 

o.  52 to 5. 5 pounds per minute 

5 .  2 pounds per minute 

320 to 1 ,  7 5 0  psia 

253 psia at inlet pressure of 400 to 1750 psia 
255 psia at inlet pressure of 320 to 400 psia 

19 pounds per minute 

2 to 2. 88 psid 

8 .  0 psi at full throttle 

260 to 275 psi 

260 psi 

275 psi 

10 pounds per minute 

254 psi 
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Table 2 . 3 -1 . Descent Propulsion Section - Performance and Design Data (cont) 

Propellant feed section 

Propellant tanks 

Capacity (each tank) 

Total fuel (unpressurized) 

Total oxidizer 

Ullage volume (minimum) 

Usable fuel 

Usable oxidizer 

Usable fuel and oxidizer 

Unusable fuel 

Unusable oxidizer 

Unusable fuel and oxidizer 

Nominal tank ullage pressure (at full 
throttle position) 

Proof pressure 

Burst pressure 

Nominal propellant temperature 

Propellant temperature range 

Engine interface inlet pressure (trim orifice 
output at full throttle position) 

Propellant filters 

Nominal filtration 

Absolute filtration 

Fuel filter rated flow 

Fuel filter maximum pressure drop 

Oxidizer filter rated flow 

Oxidizer filter maximum pressure drop 

Engine Assembly 

Nominal engine thrust (full throttle) 

Minimum engine thrust 

Nominal combustion chamber pressure (FTP) 

Engine-gimbaling capability 

67 . 0 cubic feet 

7 ,  57 7 pounds 

12 , 085 pounds 

1 ,  728 cubic inches 

7 ,  492 pounds 

1 1 , 957 pounds 

1 9 , 499 pounds 

47 pounds 

90 pounds 

137 pounds 

235 psia 

360 psia 

405 psia 

+70° F 

+50° to +90° F 

222±2 psia 

40 microns 

60 microns 

13. 3 pounds per second 

2 psi 

2 1 .  2 pounds per second 

3 psi 

9, 900 pounds (FTP) 

1, 280 pounds ( 12 .  2%) 

103 . 4 psia 

+6° or -6° for trim control along Y -axis and 
Z-axis 
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Table 2 , 3 - 1 .  Descent Propulsion Section - Performance and Des i r ·  Data (cont) 

Engine Assembly (cont) 

2 . 3 . 6 

Propellant inj ection ratio (oxidizer to fuel) 1 . 6 to l  
Approximate weight 348 pounds 

Overall length 95 inches 

Nozzle exit diameter 63 inches 

D ESC ENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the DPS are as follows: 

• The landing gear must be deployed before descent engine firing. If not deployed, 
the landing gear would be in the path of the descent engine plume and would be 
damaged. 

• Before descent engine starts ,  the RCS +X-axis thrusters must be fired to settle 
the propellants under weightless conditions. Unsettled or insufficiently E"ettled 
propellants will result in rough or erratic starts that could lead to engine 
failure. 

• Propellant bulk temperatures before descent engine start must be between +50° 
and +90°  F. If temperature limits are exceeded, the resultant rough combustion 
may adversely affect engine-component performance,  and ullage pressure 
limitations may be exceeded. 

• The descent engine must be not operated for prolonged periods in the throttling 
nnge of 65% to 92 . 5%. In this range , operation of the cavitating venturis of 
the flow control valves becomes unpredictable and may cause an improper fuel
oxidizer mixture ratio , which will result in excessive engine erosion and early 
combustion chamber burn-through. 

• The DPS must not remain pressurized longer than 3. 5 days before the anticipated 
termination of use. If this limit is exceeded, the pressurization section compo
nents may fail to operate because of the corrosive nature of the propellants. 

• The descent engine combustion chamber must not be subjected to more than 
1 ,  100 seconds of engine operation. Exceeding this limitation will cause the engine 
to operate with a severely charred combustion chamber, possibly resulting in 
burn -through. 

Page 2 . 3 - 2 8  
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ASCENT PROPULSION SECTION INTERFACES. (See figure 2. 3- 16 . ) 

The APS receives 2 8-volt d-e and 1 1 5-volt a-c primary power through the Commander 's 
and LM Pilot's buses of the EPS. The outputs of the APS pressure and temperature transducers,  low-
level sensors,  and valve position indicator switches are processed in the IS and are transmitted via the 
CS to MSFN. The IS also processes the APS caution and warning signals .  The EDS opens explosive 
valves in the APS to enable propellant tank pressurization. Interconnect plumbing between the APS pro
pellant tanks and the RCS thrust chamber assembly feed lines permits the RCS to use APS propellants I during certain mission phases, thereby conserving the RCS propellant supply. 

The GN&CS issues automatic on and off commands to the ascent engine. Ascent engine 
arming, ignition, and shutdown can be initiated by automatic guidance equipment (PGNS or AGS) or by the 
astronauts . The automatic and manual commands are sent to the S&C control assemblies, which provide 
sequential control of LM staging and engine on and off commands . The ascent engine is armed manually 
by setting the ENG ARM switch to ASC or pressing the ABORT STAGE pushbutton. (Either action auto
matically shuts off the descent engine if it is firing.) After setting the ENG ARM switch to ASC (and after 
initial propellant tank pressurization) , the ascent engine can be started manually by pressing the START 
pushbutton and stopped by pressing either STOP pushbutton. In the event of an abort-stage command while 
the descent engine is firing, the S&C control assemblies provide a time delay before commanding LM 
staging and ascent engine firing. This delay ensures that the descent engine has stopped thrusting before 
staging occurs . To stop the ascent engine after an abort-stage start, the ABORT STAGE pushbutton must 
be reset (pressed a second time) to release the switch. (This procedure is necessary because the ABORT 
STAGE pushbutton disables the STOP pushbutton. ) The manual commands override the commands issued 
by the automatic guidance equipment. 

The APS modes of operation are discussed in detail in paragraph 2 .  1. 3. 5. The control 
circuitry is shown in figure 2. 1. 19 .  

2 . 3. 8 ASCENT PROPULSION SECTION FUNCTIONAL DESCRIPTION. 

The APS consists of a constant-thrust rocket engine that is not gimbaled , two propellant 
tanks, two helium tanks , and associated propellant feed and helium pressurization components . (See 
figure 2. 3 - 17 .  ) The engine is installed in the midsection of the ascent stage; it is canted so that the 
center line is tilted 1. 5° from the X-axis,  in the +Z-direction. The engine develops 3 ,  500 pounds of 
thrust in a vacuum, sufficient to launch the ascent stage from the lunar surface- and place it into a pre
determined lunar orbit. The engine can be shut down and restarted, within operational limitations 
and restrictions (paragraph 2. 3. 1 1 ) ,  as required by the mission. 

Functionally , the APS can be subdivided into a pressurization section, a propellant feed 
section, and an engine assembly. 

2. 3 .  B. 1 Pressurization Section. (See figure 2 .  3 - 1 8 . ) 

The propellants are pressurized by gaseous helium, supplied from two identical tanks and 
routed through redundant flow lines into the propellant tanks. The helium is stored at a nominal pressure 
of 3, 050 psia at a nominal temperature of +70° F. A pressure transducer at each tank outlet port is 
connected to the H ELIUM indicator via the H ELIUM MON selector switch. B efore staging, the pres
sure transducers also supply a signal to the IS that will cause the ASC PRESS warning light to go on when 
the pressure in either helium tank is less than 2, 773 psia. This alerts the astronauts to identify and 
isolate the faulty tank. The H ELIUM MON selector switch selects the tank pressure to be displayed. 
When a caution or warning light goes on, a signal is routed from the CWEA to light the MASTER ALARM 
pushbutton/lights (panels 1 and 2) and to provide a 3-kc tone in the astronaut headsets. Pressing 
either MASTER ALARM pushbutton turns off both l ights and terminates the tone, but has no effect on 
the caution or warning light. If the ASC PRESS warning light goes on because pressure in either 
helium tank is less than 2, 773 psia, the l ight goes off upon separation of the descent and ascent stage. 

Before initial ascent engine operation, the helium isolation explosive valves prevent the 
helium from leaving the tanks. These valves can be opened individually or simultaneously. The propel
lants are not pressurized until shortly before initial ascent engine start. To accomplish initial pressuri
zation , the helium isolation explosive valves and the fuel and oxidizer c ompatibility explosive valves 
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(upstream of the propellant tanks) are opened simultaneously Normally, propellant pressurization is 
initiated by setting the ASCENT He SE L switch (panel 8) to r If the HE LIUM indicator shows a leak 
(zero or decaying pressure) in one of the tanks , the ASCEN': ;EL switch is set so that only the ex-
plosive valve leading from the nonleaking tank opens, thus pr .ting helium loss through the leaking 
tank via the helium interconnect line (downstream of the explos tve valves) .  The MASTER ARM switch 
is then set to ON and the ASCENT He PRESS switch is set to FffiE and released, firing the explosive 
valves in the APS. A filter in each helium flow path traps debris from the explosive valve. 

Downstream of the filter , each helium flow path has a normally open latching solenoid 
valve and two series-connected pressure regulators. The downstream regulator is set to a slightly 
higher output pressure than the upstream regulator; the regulator pair in the primary flow path produces 
a slightly higher output than the pair in the secondary (redundant) flow path. This arrangement causes 
lockup of the regulators in the redundant flow path after the propellant tanks are pressurized, while the 
upstream regulator in the primary flow path maintains the propellant tanks at their normal pressure of 
184 psia. If either regulator in the primary flow path fails closed, the regulators in the redundant flow 
path sense a demand and open to pressurize the propellant tanks. If an upstream regulator fails open, 
control is obtained through the downstream regulator in the same flow path. Because the downstream 
regulator normally does not control the output pressure, an open failure of this regulator has no effect. 
If both regulators in the same flow path fail open, pressure in the helium manifold increases above the 
acceptable limit of 220 psia, causing the ASC HI REG caution light (panel 2) to go on. This alerts the 
astronauts to the fact that the failed-open regulators must be identified and the helium isolation solenoid 
valve in the malfunctioning flow path must be closed so that normal pressure can be restored. The 
regulator outlet pressure is sensed by redundant pressure transducers that supply inputs to the IS, for 
telemetry to MSFN. One of these pressure transducers supplies the input signal to the ASC HI REG 
caution light. Excessive pressure is vented by the relief valve assemblies in parallel with the propellant 
tanks . The solenoid valve is closed by setting the ASCENT He REG 1 or REG 2 switch (panel 1) to 
C LOSE; the talkback above the switch will change to a barber-pole display . 

The primary and secondary helium flow paths merge downstream of the regulators to form 
a common helium manifold. The manifold routes the helium into two flow paths: one path leads to the 
oxidizer tank; the other,  to the fuel tank. A quadruple check valve assembly, a series-parallel arrange
ment in each path, isolates the upstream components from corrosive propellant vapors. The check 
valves also safeguard against possible hypergolic action in the common manifold resulting from mixing 
of propellants or fumes flowing back from the propellant tanks . Two parallel compatibHity explosive 
valves ,  downstream of each quadruple check valve assembly, seal off the propellant tank inlets , isolating 
the fuel and oxidizer (liquid and vapor) before initial ascent engine start. This reduces contamination 
problems involving helium components and prolongs the life of the pressure regulators. The fuel and 
oxidizer compatibility explosive valves are opened simultaneously with the helium isolation explosive 
valves before initial engine start. The four compatibility valves are arranged so that two fuel compati
bility valves and two oxidizer compatibility valves , in parallel paths , lead to their propellant tanks . One 
fuel and one oxidizer compatibility valve has dual cartridges ,  the other two are fired by single cart
ridges .  (See figure 2 .  3-20 . ) 

Immediately upstream of the fuel and oxidizer tanks, each helium path contains a burst 
disk and relief valve assembly to protect the propellant tanks against overpressurization. This assembly 
vents pressure in excess of approximately 245 psia (relief valve cracking pressure) and reseals the flow 
path after overpressurization is relieved. A thrust neutralizer eliminates unidirectional thrust generated 
by the escaping gas . To prevent leakage through a faulty relief valve during normal operation, the burst 
disk is located upstream of the relief valve . The burst disk ruptures at a pressure slightly below the 
relief valve setting. The relief valves can pass the entire helium flow from a failed-open pair of regu
lators , preventing damage to the propellant tanks . 

I 2 .  3 .  8. 2 Propellant Feed Section. (See figure 2 .  3 - 1 8 . ) 

The APS has one oxidizer tank and one fuel tank. Each tank has a temperature transducer 
that supplies propellant temperature signals to the FUEL and OXID TEMP indicators ,  and a pressure 
transducer that supplies ullage pressure signals to the FUEL and OXID PRESS indicators . (The same 
TEMP and PRESS indicators are used for the APS and DPS. ) APS data are displayed when the PRPLNT 
TE MP/PRESS MON switch is set to ASC . A low-level sensor in each propellant tank causes the ASC QTY 
caution light (panel 2) to go on when the remaining propellant in either tank is sufficient for only 10 sec
onds of engine operation. The ASC QTY caution light is inhibited when the ascent engine is not operating. 
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Figure 2 .  3- 16 . Ascent Propulsion Section - Interface Diagram 
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Note1: 
1. Helium tank pressure-<2,773 psia before staging. 

Propellant line pressure- <120 psia after staging. 
2. Burst disk rupture pressure - 238 psia 

Cracking pressure - 245 psia 
Full flow pressure - 250 psia 
Reseat pressure - 225 psia 

3. Pressures and temperatures shown are nominal 
values obtained at initial engine burn . 

(See note 2) 
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Figure 2 .  3 -18. Ascent Propulsiori Section - Simplified Functional Flow Diagram 
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Helium flows into the top of the fuel and oxidizer tanks . Diffusers at the top of the tanks 
uniformly distribute the helium throughout the ullage space. The outflow from each propellant tank 
divides into two paths. In the primary path, each propellant flows through a trim orifice to the propellant 
filter in the engine assembly, and then to the isolation and bipropellant valve assemblies (propellant 
shutoff valves ) .  The trim orifice provides an engine interface pressure of 170 psia for proper propellant 
use. The secondary path connects the ascent propellant supply to the RCS. This interconnection, at the 
normally closed ascent feed solenoid valves (part of the RCS) , permits the RCS to burn ascent propel-
lants , providing the APS is pressurized and the ascent or descent engine is operating when the RCS I thrusters are fired. A line branches off the RCS interconnect fuel flow path and leads to two parallel 
actuator isolation solenoid valves . From there, this line routes fuel to the engine pilot valves that actu-
ate the propellant shutoff valves in the engine assembly. The normally closed actuator isolation valves 
prevent possible fuel loss through a leaking pilot valve before initial engine operation or during engine 
shutdown. The actuator isolation valves ,  and the propellant shutoff pilot valves in the engine assembly, 
are opened and closed simultaneously by engine-on and engine-off commands. 

2 . 3 . 8 . 3  Engine Assembly. (See figure 2 .  3 - 19 . ) 

The ascent engine is a fixed- injector, restartable , bipropellant rocket engine with an abla
tive combustion chamber ,  throat, and nozzle extension. Fuel and oxidizer enter the engine assembly 
through inlet ports at the interface flanges and are routed through the propellant filters and the propel
lant shutoff valves (isolation and bipropellant valve as semblies) to the injector; a separate fuel path 
(actuator pressure line) leads to the pilot valves, where fuel pressure actuates the propellant shutoff 
valves . 

Propellant flow to the engine combustion chamber is controlled by a valve package assem
bly, trim orifices,  and an injector assembly. The valve package assembly consists of eight propellant 
shutoff ball valves that make up the two fuel-and-oxidizer-coupled isolation valve assemblies and the 
two fuel-and-oxidizer coupled bipropellant valve assemblies,  four actuators , and four solenoid-operated 
pilot valves .  Inside the valve package assembly, the fuel and oxidizer passages divide into dual flow 
paths , with two series ball valves in each flow path. The paths rejoin at the valve package outlet. The 
propellant s hutoff valves are arranged in fuel-oxidizer pairs;  each pair is operated from a single crank
shaft assembly by an individual fuel-pressure-operated actuator .  Shaft seals and vented cavities prevent 
fuel and oxidizer from coming into contact with each other due to seepage along the shafts . 

After the ascent propellants have been pressurized, the ascent engine can be started manu
ally by setting the ENG ARM switch to ASC and by pressing the START pushbutton. Automatic starts 
are initiated by LGC or AGS engine-on commands . At engine start, the two actuator isolation valves in 
the propellant feed section, and the four pilot valves ,  are opened simultaneously, routing fuel into the 
actuator feed line and to the four pilot valve s .  When the solenoids of the pilot valves are energized, the 
pilot valve spools slide away from the fuel inlet ports and block the overboard vent ports. Fuel enters 
the actuator chambers and extends the actuator pistons, cranking the propellant shutoff valves 9 0 °  to 
the fully open position. The propellants now pass through the shutoff valves and trim orifices directly 
to the inj ector. The orifices determine the thrust level of the engine and the mixture ratio of the pro
pellants by trimming the pressure differentials of the fuel and oxidizer. The physical characteristics 
of the inj ector establish an oxidizer lead of between 40 and 50 milliseconds. This precludes the possi
bility of fuel lead, which would result iu rough engine starts .  

At engine cutoff, the pilot valve solenoids are deenergized, opening the actuator ports to 
the overboard vents so that residual fuel in the actuators is vented into space. (See figure 2 .  3 - 17 for 
vent locations . )  With the actuation fuel pressure removed . the actuator pistons are moved back by 
spring pressure,  causing the propellant s hutoff valves to turn 9 0 °  to the closed position. 

The ascent engine assembly has transducers and valve position indicator switches for 
sensing fuel and oxidizer inlet pressures,  thrust chamber pressure, and propellant shutoff valve posi
tions . The transducer outputs are converted to telemetry data in the IS. These data are transmitted to 
MSFN , where they are used to monitor the performance of the ascent engine. 
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ASCENT PROPULSION SECTION MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. 

Explosive Valves .  (See figure 2 .  3 -20. ) 

A high-pressure helium isolation valve at each helium tank outlet, two low-pressure fuel 
compatibility valves (in parallel) , and two low-pressure oxidizer compatibility valves (in parallel) , are 

( 

the explosive valves used in the APS. Normally, all helium isolation valves and compatibility valves c· are opened simultaneously by a command from the EDS control and fire circuits (or from the ABORT 
STAGE pushbutton on panel 1 ) .  The ASC He SEL switch (normally set to BOTH) permits isolating a de-
fective helium tank by setting the switch to TANK 1 or TANK 2, thereby firing either helium isolation 
valve individually . The ASC He SEL switch determines which helium isolation valves will be opened, 
regardless of whether manual, automatic, or abort stage fire commands are issued. To prevent valve 
failure in the closed position, the two high-pressure helium isolation valves have dual cartridges that 
are fired simultaneously by redundant systems in the EDS. The fuel and oxidizer compatibility valves 
are in redundant parallel flow paths. To ensure propellant tank pressurization, one fuel valve and one 
oxidizer valve are fired by dual cartridges ,  the other two compatibility valves are fired by single cart-
ridges.  A cartridge is fired by applying power to the initiator bridgewire for a few milliseconds . The 
resultant heat fires the initiator, generating gases in the valve explosion chamber at an extremely high 
rate. The gases drive the valve piston into the valve housing to open the valve by shearing a closure 
disk and aligning the piston port permanently with the pressure line plumbing . 

I 2 .  3. 9. 2 Helium Isolation Solenoid Valves .  (See figure 2 .  3-8 . ) 

The helium isolation solenoid valves in the APS are identical with those in the DPS except 
that they are actuated by the ASCENT He REG 1 and REG 2 switches and their position indicator switch 
signal is fed to the ASCENT He REG 1 and REG 2 talkbacks . (Refer to paragraph 2 .  3. 4. 4 for a descrip
tion of the helium isolation solenoid valves. ) 

I 2 .  3 .  9. 3 Helium Pressure Regulator Assemblies . (See figure 2 .  3 - 2 1 . ) 

Each helium pressure regulator assembly consists of two individual pressure regulators 
connected in series.  The downstream regulator functions in the same manner as the upstream regula
tor ; however ,  it is set to produce a higher outlet pressure so that it becomes a secondary unit that will 
only be in control if the upstream regulator (primary unit) fails open. 

• 

PRIMARY 
REGULATOR 

SECONDARY 
REGULATOR 

Figure 2. 3-2 1 .  Ascent Propulsion Section - Helium Pressure Regulator Assembly 
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E ach pressure regulator unit consists of a direct-sensing main stage and a pilot stage . The 
valve in the main stage is controlled by the valve in the pilot sta� -.vhich senses small changes in the 
regulator outlet pressure (Pr) and converts these changes to prt' ionally lan changes in control 
pressure (Pc} . The main stage valve poppet is positioned for va. ; flow dem":.ds by changes in the 
control pressure acting on the main stage piston. A reduction il w demand causes a rise in the regu-
lator outlet pressure because flow from the regulator exceeds th;_ :cw downstream demand. The rise in 
outlet pressure decreases the pilot valve output , thereby reducing flow into the main stage chamber. 
Because the main stage chamber bleeds directly into the regulator outlet line (through a fixed orifice} ,  
reduced flow into the chamber causes a proportional reduction in the control pressure ,  which, in turn, 
moves the main stage valve poppet toward the closed position. The resultant reduced flow through the 
main stage valve matches the downstream flow demand. An increase in the downstream demand causes 
a reduction in outlet pressure which tends to open the pilot valve. The resultant increase in control 
pressure causes the main stage valve poppet to open, thus meeting the increased downstream demand. 

The flow limiter at the outlet of the main stage valve of the secondary unit restricts maxi
mum flow through the regulator assembly to 5. 5 pounds of helium per minute , so that the propellant tanks 
are protected if the regulator fails open. The filter at the inlet of the primary unit prevents particles ,  
which could cause excessive leakage at lockup , from reaching the regulator assembly. 

2. 3. 9. 4 Relief Valve Assemblies. (See figure 2.  3-22 . ) 

E ach helium pressurization line leading to the propellant tanks has a relief valve assembly 
that consists of a burst disk in series with a relief valve . The redundancy within each relief valve as
sembly ensures against helium loss during normal operation and protects the propellant tanks against 
inadvertent overpressurization. The burst disk is held in place by the automatic initiator assembly
When pressure in the pressurization line exceeds approximately 226 psi,  the tensile member breaks , 
causing the helium pressure and the force of the initiator spring to rupture the burst disk. The helium 
then enters the relief valve chamber and acts against the relief valve piston, overcoming the main poppet 
spring, and lifting the poppet off its seat. This opens the helium pressurization line to vent the excess 
helium overboard. A thrust neutralizer at the oulet port prevents generation of unidirectional thrust. 
A filter at the inlet to the relief valve chamber prevents particles from lodging in the valve seat. When 
helium pressure drops below the reseat pressure ,  the relief valve poppet closes to prevent further 
helium loss. Before burst disk rupture,  the light bleed valve spring keeps the bl�ed poppet slightly off 
its seat. This permits a low pressure to be vented and prevents pressure buildup in the relief valve 
chamber in case of a slight burst disk leak. If the leakage pressure builds up, the force of the bleed 
valve spring is overcome and the bleed poppet closes. Pressure then continues to build up and work 
against the relief valve piston. When the pressure reaches approximately 245 psi, the relief valve 
cracks. 

2. 3.  9. 5 Propellant Storage Tanks . 

The propellant supply is contained in two spherical titanium tanks . The tanks are of 
identical size and construction. On tank contains fuel; the other, oxidizer . A helium diffuser at the 
inlet port of each tank distributes the pressurizing helium uniformly into the tank. An antivortex device 
(a cruciform at each tank outlet) prevents the propellant from swiriling into the outlet port, precluding 
helium ingestion into the engine . Each tank outlet also has a propellant retention device that permits 
unrestricted propellant flow from the tank under normal pressurization, but blocks reverse propellant 
flow (from the outlet line back into the tank) under zero-g or negative-g (better than -2g) conditions . 
This arrangement ensures that helium does not enter the propellant outlet line while the engine is not 
firing, thus it eliminates the possibility of engine malfunction due to helium ingestion. A low-level 
sensor in each tank (approximately 4 .  4 inches above the tank bottom) supplies a discrete signal that I 
causes the ASC QTY caution light to go on when the propellant remaining in either tank is sufficient for 
approximately 10 seconds of burn time (48 pounds of fuel ,  69 pounds of oxidizer minimum} . I 

2 . 3 . 9 . 6 Valve Package Assembly. (See figure 2. 3-23 . ) 

At the propellant feed section/ engine assembly interface, the oxidizer and fuel lines lead 
into the valve package assembly. The individual valves that make up the valve package assembly are in 
a series-parallel arrangement to provide redundant propellant flow paths and shutoff capability. The 
valve package assembly consists of two bipropellant valve assemblies, two isolation valve assemblies , 
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Figure 2. 3 - 2 2 .  Ascent Propulsion Section - Relief Valve Assembly 
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and four solenoid-operated pilot valve and actuator assemblie s .  Each bipropellant valve assembly and 
each isolation valve assembly consists of one fuel shutoff valve and one oxidizer shutoff valve . These 
are ball valves that are operated by a common shaft, which is connected to its respective pilot valve and 
actuator ass e mbly. Shaft seals and vented cavities prevent the propellants from coming into contact with 
each other . Separate overboard vent manifold assemblies drain the fuel and oxidizer that leaks past 
the valve seals , and the actuation fluid (fuel in the actuators upon pilot valve closing) , overboard. (See 
figure 2 .  3 - 1 7 . ) The eight shutoff valves open simultaneously to per mit propellant flow to the engine 
while it is operating ; they close simultaneously to terminate propellant flow at engine shutdown. The 
two isolation valve assemblies are exposed to the full pressure of the propellant feed system. The four 
nonlatching, solenoid- operated pilot valves control the actuation fluid (fuel) for the isolation and bipro
pellant valve assemblies. Normally, the solenoids are deenergized, and the actuation fuel is shut off by 
action of the spring- loaded spools blocking the inlet ports. The back sides of the actuator chambers are 
vented to eliminate fuel buildup due to leakage. When the solenoids are energized, all pilot valves are 
opened and the actuation fuel enters the actuators where it acts against the spring-loaded actuator piston 
to open the shutoff (ball) valves. At this point, the pilot valve spools seal off the vent port. When the 
electrical signal is removed, spring action forces the valve spools to seal off the actuation fuel. The 
propellant shutoff valves are closed by the return action of the actuator piston springs, and the actuation 
fuel trapped in the actuator chamber and valve passages is expelled through the pilot valve vent ports. 

I 2. 3. 9 . 7 Inj ector Assembly. 

( 

( 

( 

The injector assembly consists of the propellant inlet lines, a fuel manifold , a fuel ( 
reservoir chamber ,  an oxidizer manifold , and an injector orifice plate assembly. It takes longer to 
fill the fuel manifold and reservoir chamber assembly. Consequently, the oxidizer reaches the com-
bustion c hamber approximately 50 milliseconds before the fuel, resulting in s mooth engine starts . The 
injector orifice plate assembly is of the fixed-orifice type , which uses a baffle and a series of perimetef' 
slots (acoustic cavities) for damping induced combustion disturbances. The baffle is Y -shaped, with a 
120° angle between each blade. The baffle is cooled by the propellants , which subsequently enter the 
combustion chamber through orifices on the baffle blades . The injector assembly face is divided into two 
combustion zones: primary and baffle. The primary zone uses impinging doublets (one fuel and one 
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Figure 2. 3-2 3 .  Ascent Engine Assembly 
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oxidizer ) ,  which are spaced in concentric radial r ings on the injector assembly fac e .  The baffle zone 
( 1 .  75 inches downstream from the injector face) uses impinging doublets placed at an angle to the in
jector face radius . Film-cooling of the combustion chamber wall is achieved by injecting fuel through 
orifices spaced around the perimeter of the injector. Parallel orifices inject fuel parallel to the engine 
centerline; canted orifices inject fuel against the chamber wall to form a film of fuel .  The nominal 
propellant temperature is +70° F as it enters the injecto r .  The temperature range is +50° F to +90° F ;  
the fuel temperature i s  within 1 0 °  F o f  the oxidizer temperature. The temperature range a t  engine 
start may be +40° to +500° F (restart at peak heat soa.kback). I 
2 . 3 . 9 . 8 Combustion Chamber Assembly. 

The combustion chamber assembly consists of an engine case and mount assembly and a 
plastic assembly, which includes the nozzle extension. The engine case and mount assembly is bonded 
and locked to the plastic assembly to form an integral unit. The plastic assembly provides ablative 
cooling for the combustion chamber ;  it consists of the chamber ablative material, the chamber insulator , 
the nozzle extension ablative material, and a structural filament winding. The chamber ablative material 
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extends from the inj ector to an expansion ratio of 4. 6. The chamber insulator ,  between the ablative 
material and the case, maintains the chamb er skin temperature within design requirements. The 
ablative material of the nozzle extension extends from the expansion ratio of 4. 6 to 45 . 6 ( exit plane) and 
provides ablative cooling in this region. The structural filament winding provides the structural support 
for the plastic assembly and ties the chamber and nozzle extension sections together. 

ASC ENT PROPULSION S ECTION P ERFORMANC E AND DESIGN DATA. 

The performance and design data for the APS are given in table 2. 3-2.  

Table 2 .  3-2.  ·Ascent Propulsion Section - Performance and Design Data 

Pressurization section 

Helium tank initial filling weight 

Minimum usable helium weight 

Helium tank initial pressure and temperature 

Helium tank volume 

Helium tank maximum operating pressure and 
temperature 

Helium tanh proof pressure 

Helium tank burst pressure 

Helium filters 

Absolute filtration 

Nominal filtration 

Helium pressure regulator assemblies 

Primary path outlet pressure 
Upstream regulator 
Downstream regulator 

Seeondary path outlet pressure 
Upstream regulator 
Downstream regulator 

Maximum lockup pressure 

Maximum outlet flow rate (each 
regulator path) 

Inlet pressure range 

Nominal helium flow rate 

Quadruple check valve assemblies 

Opening pressure 

Maximum operating inlet pressure 

M aximum pressure drop 

6.  5 pounds per tank 

5 .  1 pounds per tank 

3, 050 psia at +70o F 

3. 35 cubic feet 

3, 500 psia at + 140" F 

4 ,  650 psia at +160° F 

5 ,  250 psia at +160° F 

15 microns 

5 n1icrons 

184±4 psia 
190±4 psia 

176±4 psia 
182±4 psia 

203 psia 

5 .  5 pounds per minute 

400 to 3, 500 psia 

1 .  45 pounds per minute 

2. 0 to 2. 88 psid 

270 psia 

4 .  5 psi at 2 .  13 pounds per minute 
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Table 2 .  3-2. Ascent Propulsion Section - Performance and Design Data (cont) 

Pressurization section (cont) 

Compatibility explosive valves operating 
pressure range 

Relief valve assembly 

Burst-disk rupture pressure 

Relief valve c racking pressure 

Full-flow pressure 

Reseat pressure (minimum) 

Fully open flow rate (minimum) 

Propellant feed section 

Propellant tanks 

Capacity (each tank) 

Total fuel 

Total oxidizer 

100 to 270 psia 

226 to 250 psia 

245 psia 

250 psia 

225 psia 

4 pounds per minute 

3G cubic feet 

2 ,  0 08 pounds 

3 ,  179 pounds 

Ul lage volume (minimum) 0. 5 cubic foot per tank at +90° F 

Usable fuel 1,  993 pounds 

U nusable fuel 6 pounds 

Usable oxidizer 3 ,  190 pounds 

Unusable oxidizer 35 pounds 

Propellant temperature range +50° to +90° F 

Nominal propellant temperature 

!\aminal ullage pressure 1 84 psia 

Proof pressure 333 psia 

Burst pressure 375 psia 

Trim-orifice outlet pressure 165±4 psia 

Engine assembly 

Propellant filters 

Nominal filtration 17 5 n1icrons 

Absolute filtration 200 microns 

Fuel flow rate 4. 3 pounds per second 

Oxidizer flow rate 7. 0 pounds per second 

Propellant injection ratio (oxidizer to fuel) 1. G: 1 
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Table 2 .  3-2.  Ascent Propulsion Section - Performance and Design Data (cont) 

Engine Assembly (cont) 

Propellant feed section 

2. 3 . 1 1  

E ngine thrust 3, 500 pounds 

Injector inlet pressure 

Steady-state operation 170 psia 

Engine start to 90% of rated thrust 0. 3 10 second 

E ngine shutdown to 10% of rated thrust 0.  200 second 

C ombustion chamber pressure 120 psia 

Nominal propellant temperature at injector inlet +70° F 

Approximate maximum weight 180 pounds 

Overall length 47 inches 

Nozzle exit diameter 34 inches 

ASC ENT PROPULSION SECTION OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the APS are as follows: 

• Propellant tank pressure before pressurization must be b etween 62 and 205 psia. 
If these limits are exceeded during dynamic loading, structural failure in the pro
pellant tanks may result, causing loss of the LM. 

• Propellant bulk temperature before ascent engine start must be between +50° and 
+90 ° F. If the temperature limits are exceeded, the engine performance will be 
degraded. 

• Before ascent engine starts (except FITH with DPS burn) ,  the RCS +X-axis 
thrusters must be fired to establish proper propellant tank ullage , to settle the 
propellants under weightless conditions, and to prevent helium from entering the 
RCS interconnect lines. Unsettled or insufficiently settled propellants may result 
in rough or erratic starts that could lead to engine failure . 

• The APS must not remain pressurized longer than 24 hours before anticipated 
termination of use . If this limit is exceeded, the pressure regulator assemblies 
will exceed their qualified propellant exposure time. 

• In the blow-down mode , it is not desirable that the ascent engine be operated when 
chamber pressure has decayed to less than 112  psia. At a pressure of less than 
1 14 psia , firing should be terminated unless engine operation is c ritical to mission 
success. 
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REACTION CONTROL SUBSYSTEM . 

INTRODUCTION. 
The Reaction Control Subsystem (RCS) stabilizes the LM during descent, helps to maintain 

the desired trajectory during ascent, and controls LM attitude and translation about, or along, all axes 
during hover, rendezvous, and docking maneuvers. It also provides acceleration for propellant settling 
in the descent and ascent propellant tanks. Attitude and translation are controlled with 16 RCS thrust 
chamber assemblies (TCA' s) , which are fed by the RCS propellant supplies or by propellants from the 
ascent propulsion section (APS) of the Main Propulsion Subsystem (MPS) . The 16 TCA 's are arranged 
in clusters of four, mounted on four outriggers that are equally spaced around the LM ascent stage. In 
each cluster, two TCA 's are mounted parallel to the LM X-axis, facing in opposite directions; the other 
two are spaced 9 0 °  apart, in a plane normal to lhe X-axis and parallel to the Y -axis and Z-axis . (See -� 
figure 2 .  4- 1 . ) Four plume deflectors are attached to the descent stage , extending upward t o  the nozzle 
of each downward-firing TCA. These deflectors are shields that prevent the downward exhaust plume 
from damaging the LM structure. 

The RCS consists of two parallel, independent systems (A and B) , which, under normal 
conditions, function simultaneously. Each system has its own pressurized propellant supply that feeds 
eight TCA 's (two in each cluster) . The arrangement of the TCA ' s  is such that either system, func
tioning alone, can provide complete control in all axes,  with some translation effects. Moreover, if the 
propellant supply of one system is depleted or fails, a crossfeed capability permits routing p ropellants 
from the operative system to all 16 TCA 's. 

Fuel and oxidizer are loaded into bladders within the p ropellant tanks and into the mani -
fold plumbing that extends from the tanks through the normally open main shutoff valves up to the TCA I 
solenoid valves. Before separation of the LM from the CSM, the TCA's are heated to their operating 
temperature and the explosive valves are fired. Gaseous helium, reduced to a wo rking pressure , 
enters the propellant tanks and forces the fuel and oxidizer to the TCA' s. Here , the 
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Q System A 
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+ x  
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� 
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Figure 2. 4 - 1 .  Reaction Control Subsystem - Component Location 
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propellants are blocked by normally closed fuel and oxidizer valve assemblies until a thruster-on 
command is issued. As the selected TCA receives a thruster -on command, its fuel and oxidizer 
valve assemblies open to route the propellants through the TCA injector into the combustion I chambers, where they impinge and ignite. Switches on panel 2 (LGC THRUSTER PAIR CMDS) 
generate signals for the LGC , telemetry, and caution and warning talkbacks to indicate the 
status of the thrusters. ) 

( 

2 . 4 . 2 SUBSYSTEM INTERFACES. (See figure 2. 4 -2 . ) ( 
Transducer and valve position indicator switch outputs that originate in the RCS are proc

essed by the Instrumentation Subsystem (IS) . The operational measurements that are monitored 
throughout the mission are transmitted via the Communications Subsystem (CS) to MSFN. The IS also 
processes RCS caution and warning signals. The RCS propellant tanks are pressurized immediately 
before separation of the LM from the CSM, by firing of explosive valves by the Explosive Devices 
Subsystem (EDS) . Interconnect plumbing between the TCA feed lines and the APS propellant tanks 
permits the RCS to use APS propellants during certain phases of the mission, thereby conserving the 
RCS supply. The RCS receives 28-volt d-e primary power through the Commander 's  and LM Pilot 's 
buses of the Electrical Power Subsystem (EPS) . 

The Guidance, Navigation, and Control Subsystem (GN&CS) provides commands that select 
and fire TCA 's for durations ranging from a pulse of less than 1 second to steady-state operation. The 
TCA's can be operated in an automatic mode, an attitude hold mode, or a manual override mode. RCS 
operation can be controlled by the primary guidance and navigation section (PGNS) or by the abort 
guidance section (AGS) . A detailed description of RCS operation by the GN&CS is given in paragraph 
2. 1 .  3 .  5. The control circuitry is shown in figure 2. 1 .  17 .  

Normally , translation and attitude are controlled by the PGNS in  the automatic mode, in 
which all navigation, guidance , stabilization, and steering functions are controlled by the LM guidance 
computer (LGC).  Under AGS control, the abort electronics assembly (AEA) and the attitude and transla
tion control assembly (ATCA) take the place of the LGC.  

The attitude hold mode provides semiautomatic operation. In this mode, either astronaut 
can manually determine attitude changes by displacing his attitude controller assembly (ACA),  and 
three-axis translation changes by displa(:ing his thrust/translation controller assembly (TTCA) . When 
the ACA is displaced, an impulse proportional to the amount of displacement is routed to the LGC. The 
LGC uses this impulse to perform steering calculations and to generate a thruster-on command. The 
thruster-on command is routed to appropriate jet drivers in the ATCA ,  firing selected TCA 's.  A display 
and keyboard (DSKY) input to the LGC determines whether the LGC commands an angular rate change 
proportional to ACA displacement, or a minimum impulse for each ACA displacement. When the ACA 
is returned to the detent position, the LGC sends a command to hold the attitude. For translation, 
displacement of the TTCA sends a discrete to the LGC, which sends a thruster-on command to selected 
TCA ' s .  When the TTCA is returned to neutral, the TCA 's are turned off. 

In the attitude hold mode, under AGS control, the AEA generates attitude errors that are 
summed, in the ATCA, with proportional rate commands from the ACA and a rate-damping signal from 
the rate gyro assembly (RGA) . The ATCA then performs the steering calculations and generates the 
thruster on and off commands. Two or four X-axis TCA 's for translation maneuvers and a manual 
override for attitude control in each axis (2-jet direct) can be selected. The four upward-firing TCA 's  
can be inhibited to co:1serve RCS propellants during the ascent engine thrust phase. 

The manual override mode, under PGNS or AGS control, overrides the automatic mode. ( The four-jet hardover command from the ACA is a manual override command, which is applied directly · 

to the TCA 's .  The hardover output fires four TCA 's simultaneously . 

For M PS propellant-settling maneuvers, two or four downward-firing TCA 's can be se
lected. Under PGNS control, the selection is manually keyed into the DSKY for routing to the LGC. 
Under AGS control, the selection is made by setting the ATT /TRANSL switch (panel 1)  to the 2 JETS or 
4 JETS position. Under manual control, pressing the +X TRANSL pushbutton (panel 5) provides a 
command to operate the four downward-firing TCA 's ,  which continue firing until the pushbutton is 
released. F iring two TCA ' s  conserves RCS propellants; however ,  it requires a longer firing time to �. 
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settle the MPS propellants.  Before staging, firing of four TCA' s  may be necessary because thermal 
impingement on the descent stage skin limits operating time for the downward-firing TCA' s  to 40 sec - I 
onds. 

2 . 4. 3  FUNCTIONAL DESCRIPTION. (See figure 2. 4-3 . )  

Functionally, each RCS system (A or B) can be subdivided into a helium pressurization 
section, a propellant section, a propellant quantity measuring device, and eight TCA 's .  All RCS com
ponents are located in the ascent stage. Because RCS systems A and B are identical, only one system 
is described. 

2. 4.  3 . 1 Helium Pre ssurization Section. 

Approximately 1 pound of gaseous helium, at a nominal pressure of 3 , 050 p sia at +70 ° F, is 
stored in the helium tank. Flow from the tank separates into two parallel paths. Each flow path contains 
a normally closed explosive valve that isolates the helium tank from the downstream components before 
RCS pressurization. A sensor (part of·the propellant quantity measuring device) in the helium tank 
senses the pressure-temperature ratio of the helium. The sensor output is  conditioned and routed to 
the A or B QUANTITY indicator (panel 2) , which indicates the combined (fuel and oxidizer) percentage 
of propellants remaining. A pressure transducer at the outlet port of the helium tank monitors the 
helium pressure. It supplies a signal to the PRESS indicator (panel 2) when the TEMP/PRESS MON 
selector switch (panel 2) is set to He. (When the switch is  set to He, the XlO light of the PRESS indicator 
goes on to indicate that the values displayed must be multiplied by 10 . ) The pressure transducer also 
supplies a signal that causes the RCS caution light (panel 2) to go on, when helium pressure at the tank 
outlet port drops below 1 ,  700 psia. When a caution or warning light goes on, a signal is  routed from the 
caution and warning electronics assembly (CWEA) in the IS to light the MASTER ALARM pushbutton/ 
lights (panels 1 and 2) and to provide a 3 -kc tone in the astronaut headsets. Pressing either MASTER 
ALARM pushbutton/light turns off both lights and terminates the tone, but has no effect on the caution or 
warning light. 

When the MASTER ARM switch (panel 8) is set to ON and the RCS He PRESS switch is set 
to FIRE , the explosive valves o;:>en simultaneously to pressurize the RCS . Because of the redundant 
paths, failure of one explosive valve does not affect pressurization of the propellant tanks. Downstream 
of the explosive valves, the two flow paths merge and the helium flows through a filter that prevents 
contamination of downstream components by trapping debris generated by firing the cartridges in the 
explosive valve s. A restrictor orifice, downstream of the filter, dampens the initial helium surge, 
thereby minimizing the possibility of rupturing the burst disk in the downstream pres sure relief valve 
assemblies. 

Downstream of the restrictor, the flow path contains two series-connected pressure 
regulators. The primary (up stream) regulator is set to reduce pressure to approximately 1 8 1  psia.  
The secondary (downstream) regulator is  set for a slightly higher output (approximately 1 8 5  psia) . In 
normal operation, the primary regulator provides proper propellant tank pres surization. A pressure 
transducer senses the pressure at the output of the regulators and provides an input to the PRESS 
indicator via the TEMP/PRESS MON selector switch (PRPLNT position) . U one regulator fails closed, 
or if both regulators fail open, the downstream pressure decreases or increases beyond acceptable 
limits (minimum pressure of 165  psia;  maximum pressure of 2 1 8 . 8  psia) and the RCS A REG or RCS B 
REG warning light (panel 1) goes on. (U the main propellant shutoff valves are closed, this  warning 
light is inhibited and does not go on, regardless of the pressure at the helium regulator manifold. ) 
Downstream of the pressure regulator s, a helium manifold divides the flow into two paths: one leads to 
the oxidizer tank; the other, to the fuel tank. Each flow path has quadruple check valves in a series
parallel arrangement to prevent backflow of propellant vapors into the helium manifold if seepage occurs 
in the propellant tank bladders. The helium flows through the check valves into the propellant tanks. 
A relief valve assembly at the inlet port of each propellant tank protects the propellant tank against 
overpressurization. U pressure in the helium lines exceeds 220 psia, a burst disk in the relief valve 
assembly ruptures. When the pressure reaches 232 psia, helium is vented overboard through the relief 
valve vent port. When the pressure drops below 212  psia, the relief valve closes, permitting normal 
system operation. 
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firing the explosive helium isolation valve exceeds 100%, so that after the valve is opened and the 
helium in the helium tank becomes less dense , the indicated quantity is 100%. During periods of inten
sive TCA firing, when the RCS progellants are consumed at a very high rate , the QUANTITY indicator 
displays a minus error of 5% to 10 1o for several minutes .  

The input device of the PQMD is a Wheatstone bridge that senses pressure/temperature 
(P/T) ratio. The bridge is energized by a bridge amplifier in the analog computer. The analog com
puter contains a power supply , three amplifiers, and three internal system-calibrating adjustments. 
The output voltage of the P/T sensor is  applied to the preamplifier. The amplified signal is  fed to the 
output amplifier ,  which sums this signal with an input reference voltage and provides an analog output 
(0 to 5 volts) to the QUANTITY indicator. The power supply receives an input voltage from the RCS SYS 
B: PQGS DISP circuit breaker (panel 1 6) .  
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Figure 2 .  4-4 .  RCS System A - Ascent Feed Interconnect Valve Arrangement 
(Shown with Secondary Valves in Open Position) 
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Thrust Ch:1mber Assemblies.  (See figure 2 .  4-6 . ) 

A-JOOLM-4- 1 49 

The TCA clusters are enclosed in thermal shields, with the TCA combustion chamber out
board of the second rib and the nozzle protruding from the shield. The thermal shields aid in maintaining 
a temperature-controlled environment for the propellant lines from the ascent stage to the TCA 's ,  
minimize heat loss, and reflect radiated engine heat and solar heat. 

Each TCA contains an oxidizer solenoid valve and a fuel solenoid valve , which, when open, 
pass propellant through an injector into the combustion chamber, where ignition occurs. Each solenoid 
valve contains a primary (automatic} coil and a secondary (direct) coil, either of which, when energized, 
opens the valve. Primary power (28 volts} is applied to the TCA primary coils via the RCS SYS A and 
RCS SYS B :  QUAD TCA circuit breakers (panels 1 1  and 16,  respectively ) .  (See figure 2 .  4-7 . ) Each 
circuit breaker controls power to the primary coils of two TCA' s  in each quad. In the automatic mode, 
the on and off commands are applied to the primary coils of the TCA ' s. When a manual override com
mand (such as attitude hardover or +X-translation) is issued, the command is  applied directly to the 
secondary coils of the TCA 's .  

For attitude control, the duration of TCA firing ranges from a pulse to  steady-state opera
tion. The pulse mo:le is used for small attitude changes in the selected axis. In this mode, TCA 
operation lasts for less than 1 second: the minimum pulse for TCA firing (at 21 volts} is 13 milliseconds. 
In the steady-state mode , operation lasts for 1 second or longer.  For a short-duration pulse (figure 
2. 4-8} , engine thrust is just beginning to rise when the shutdown command is given, and only a very 
small amount of propellant is injected into the combustion chamber.  Under these conditions of minimum 
impulse , the full 100 pounds of thrust cannot be achieved and TCA operation is comparatively inefficient. 
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If the pressure regulator in the helium pressurization section fails closed, TCA operation 
continues briefly, until helium pressure drops below the acceptable limit and propellants are no longer 
injected into the TCA combustion chamber. If both pressure regulators fail open, the relief valves in 
the pressurization section vent the helium overboard; however, TCA operation continues until near
depletion of the helium. In either type of pressurization failure ,  use of the eight TCA 's of the affected 
system is lost until the main shutoff valves are closed and the crossfeed valves are opened to allow the 
operative system to supply propellants to the TCA 's of the malfunctioning system. 

Initial combustion occurs in a preigniter cup which raises the main combustion chamber 
pressure for satisfactory TCA ignition. Fuel and oxidizer pass through preigniter tubes to their re
spective preigniter injection orifices. The fuel is sprayed into the preigniter cup; the oxidizer is 
ejected and impinges with the fuel, causing spontaneous ignition and establishing combustion in the 
preigniter cup. The main fuel flow is routed through four equally spaced holes in the side of the pre
igniter tube, to a chamber that channels the fuel to an annulus. The annulus routes fuel to three 
concentric fuel r ings. Fuel is sprayed from eight orifices in the outermost r ing onto the combustion 
chamber wall, where it forms a boundary layer for cooling. The intermediate middle ring has eight 
orifices that spray fuel onto the outer wall of the preigniter cup. This  fuel cools the preigniter cup 
before it vaporizes. Eight primary fuel orifices of the middle ring eject fuel to mix with the oxidizer. 
The main oxidizer flow is  routed through four equally spaced holes in the side of the oxidizer preigniter 
tube, to a chamber that supplies the eight primary oxidizer orifices of the innermost ring. The eight 
primary oxidizer orifices and eight primary fuel orifices are arranged in doublets,  at angles to each 
other , so that the emerging propellant streams impinge. Due to the hydraulic delay built into the injector, 
ignition at these eight doublets occurs approximately 4 milliseconds later than ignition inside the pre
igniter cup. 
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When the thruster-off command is given, the primary or secondary coil s become de-ener
gized, releasing the armature poppets.  Spring and propellant pressure return the a· ! .1ature popr c't of 
each valve to its seat, shutting off propellant flow into the injector. Propellant trapped in the in.' ctor is 
ejected and burned for a short time, while thrust decays to zero pounds. 

2 . 4 . 3 . 4 . 1 Thrust Chamber Assembly Failure-Detection System. (See figure 2. 4- 7 . ) 

( 

The failure-detection system can detect thruster-on or thruster-off failures when the RCS is (' under PGNS or AGS control. A thruster-on or a thruster-off failure produces the same indication in that it 
causes the RCS TCA warning light (panel 1) to go on and the QUAD talkback associated with the failed 

I TCA to provide a red display. Setting the QUAD switch to (DISABLE) isolates the malfunctioning TCA 
from primary coil commands , causing the QUAD talkback to change to a barber-pole display and the 
RCS TCA warning light to go off. A microswitch in the QUAD switch applies an inhibit signal to the LGC 
to prevent the valves of the malfunctioning TCA from being cycled. 

Thruster-On Failures.  A thruster-on failure is defined as a TCA thrusting condition without an on 
command from the GN&CS. If a thruster-on failure occurs , opposing TCA's  fire when it becomes 
necessary to nullify the effect of the failed-on TCA. For example,  if TCA A4D fails on, TCA's A2D and 
B4U receive on commands. A tabulation of opposing TCA's  is given in figure 2 .  4-9.  

All thruster-on commands are routed through the CWEA which detects the presence of opposing command 
signals. The commands, from the j et drivers, to turn on particular TCA ' s  are routed to the thruster 
failure-detection system, where they are applied simultaneously to two AND gates in each failure
detection circuit. When a thruster-on command (command A4D, figure 2 .  4- 7) and the opposing thruster-on 
commands (commands B4U and A2D) are applied simultaneously to the AND gates, the result is an 
on-failure signal that is applied to the flip-flop via the OR gate . Setting the flip -flop causes the RCS 
TCA warning light to go on and the respective QUAD talk back to provide a red (TCA failure) display. 

I Setting the related QUAD switch (SYSTEM A: QUAD 4) to (DISABLE) applies a reset signal to the flip -flop ( and counter ,  turning off the RCS TCA warning light. . 

Thruster-Off Failures. A thruster-off failure is defined as a nonthrusting condition with an on command 
from its jet driver. With an on command to TCA A4D (figure 2. 4- 8) , and the absence of a response from 
the pressure switch in the TCA, an off-failure signal is initiated at the AND gate . The TCA pressure 
switch closes by the time a maximum pressure of 10. 5 p sia is sensed in the combustion chamber; it 
opens by the time pressure has decayed to a minimum of 3 psia. If the jet driver signal from the AND 
gate lasts longer than 80 milliseconds, it is inverted and applied to the set side of the flip-flop via the 
OR gate. As a result, the RCS TCA warning light and the respective QUAD talkback provide a failure 
indication. Under normal operating conditions,  the TCA 's may not respond to all individual on com
mands, if these commands (pulses) are of short duration (less than 80 milliseconds). Pulse skipping is 
not critical until a number of consecutive short pulses are skipped. When six short pulses have not 
produced a thruster-on response , the seventh consecutive pulse, regardless of duration or whether it 
produces TCA firing or not, will cause the counter to generate a failure output. The counter output sets 
the flip-flop via the OR gate, causing the RCS TCA warning light and the respective QUAD talkback to 
provide a failure indication. 

2 . 4 . 3 . 4. 2 Heaters .  

Thirty-two heaters are used to  heat the 1 6  TCA 's ;  two of the heaters are attached to  each ( TCA flange. The heater s  are fed by a 2 8 - volt d-e input; each heater consumes 17 .  5 watts at 24 volts. \ One heater of each TCA receives power from the SYS A/ B - 1  circuit breaker of its respective cluster; · 

the other heater, from the SYS A/B-2 circuit breaker. In effect, two redundant, independently operating 
heating systems are used to heat each TCA cluster. The heaters normally operate in an automatic mode, 
in which redundant thermal switches (two connected in parallel for each heater) sense the TCA injector 
head temperature and turn the heaters on and off , as required, to maintain TCA temperature within the 
required range. The primary thermal switches are set to maintain TCA temperature at +140° ±8 o F;  the 
redundant thermal switches are set for +147 ° ±7 °  F. A 2 °  deadband permits the temperature to drop 2 °  
below the turn-on temperature. 
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Figure 2 .  4-9 .  Reaction Control Subsystem - Thruster-On Failure Correction 

The heaters of system A/B-1  are connected directly to their circuit breakers and cycle on 
and off , as required, unless the appropriate circuit breaker (HEATERS RCS SYS A/B- 1 :  QUAD circuit 
breakers on panel 1 1) is opened. The heaters of system A/B-2 are connected to their circuit breakers 
(HEATERS: RCS SYS A/B-2 QUAD circuit breakers on panel 1 6) through four three-position switches 
(one for each cluster) . Normally, these switches (RCS SYS A/B-2 QUAD 1 through QUAD 4 on panel 3) 
are set to AUTO to cycle the heaters on and off to maintain the desired temperature. With the switch set 
to OFF, the circuit is interrupted and the heaters in the particular cluster are off. With the switch set 
to MAN, the thermal switches are bypassed and the heaters remain on regardless  of the temperature . 

The astronauts can determine the temperature of each cluster by using the TEMP MONITOR 
selector switch and TEMP indicator (panel 3) .  The inputs to the TEMP indicator originate at four 
temperature transducers , one for each quad. The heaters of the off-temperature cluster can be dis
connected from the electrical power supply by opening the appropriate heater QUAD circuit b reaker. 
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MAJOR COMPONENT/ FUNCTIONAL DESCRIPTION. 

Explosive Valves. 

The explosive valves are single-cartridge-actuated, �mally closed valves .  Setting the 

( 
MASTER ARM switch (panel 8) to ON and momentarily holding the hCS He PRESS switch to FIRE com
pletes the circuit between the explosive-valve cartridge and the EDS buses. A cartridge is fired by 
applying power to the initiator bridgewire for a few milliseconds. The resultant heat fires the initiator, 
generating gase s in the valve explosion chamber at an extremely high rate. The gases drive the valve (' piston into the valve housing to open the valve by shearing a closure disk and aligning the piston port 
permanently with the pressure line plumbing. 

2 . 4 . 4 . 2  Helium Pressure Regulator Assembly. (See figure 2. 4-10. ) 

The helium pressure regulator assembly consists of two individual pressure regulator units 
connected in series. Both regulator units function in the same manner, however, the downstream regu
lator is set to produce a higher outlet pressure so that it becomes a secondary unit that will only be in 
control if the upstream regulator (primary unit) fails open. 

Each pressure regulator unit consists of a direct-sensing main stage and a pilot stage. The 
valve in the main stage is controlled by the valve in the pilot stage, which senses small changes in the 
outlet pre ssure (Pr) and converts these changes to proportionally larger changes in control p re ssure 
(Pc) . The main stage valve poppet is positioned for varying flow demands by changes in control pressure 
acting on the main stage piston. 

During normal RCS operation, the helium flow rate through the regulator assembly is 
relatively low. Consequently, the main stage valve poppet remains closed. The pilot stage valve poppet 
is held open by the pilot stage spring, permitting helium to flow into the regulator outlet line through a 
fixed orifice in the main stage piston. The outlet pressure ,  sensed by the pilot stage bellows, acts 
against the force of the pilot stage spring to maintain the regulator output at a constant preset p ressure. 
The flow limiter at the regulator assembly outlet port restricts maximum flow through the regulator 
assembly so that the propellant tanks are protected if both regulator units fail open. The filter at the 
regulator assembly inlet prevents particles,  which could cause excessive leakage at lockup, from reaching 
the valve seats. 

2. 4 . 4. 3 Relief Valve Assemblies. (See figure 2. 4- 1 1 . ) 

Each helium pressurization line leading to the propellant tanks has a relief valve assembly 
that consists of a burst disk, a relief section, and a vent. The burst disk ensures against helium loss 
while the system is under normal operating p ressure; it protects the propellant tanks against overpres
surization by rupturing if the pressure reaches app roximately 220 psi. During normal operation (burst 
disk is intact) , the vent is open. This creates a vent path that prevents pressure buildup in the relief 
section in case of a slight burst disk leak. If the leakage pre ssure builds up to 1 50 psi, the action of the 
vent spring is overcome and the vent poppet closes .  When line pressure in the system exceeds approxi
mately 220 psi,  the p re ssure forces the belleville spring to snap over,  causing the burst disk to hit the 
punch. This results in a nonfragmentation-type rupture. After the burst disk is ruptured (or after the 
vent poppet closes) ,  the helium pressure acts against the relief poppet, which cracks at approximately 
232 p si.  The relief poppet reseats at approximately 212  psi.  The vent poppet reopens when the relief 
section pressure has dropped to approximately 20 psi. The filter upstream of the relief section prevents 
particles from lodging in the relief poppet seat. 

2. 4. 4.  4 Fuel and Oxidizer Tanks. (See figure 2 .  4 - 1 2 . ) 

The propellants are stored in cylindrical titanium-alloy tanks with hemispherical ends. 
The propellant is in a Teflon bladder,  which is chemically inert and re sistant to the corrosive action of 
the propellants . The bladder i s  supported by a standpipe running lengthwise in the tank. The propellant 
is fed into the tank from a fill point accessible from the exterior of the LM . A bleed line that extends 
up through the standpipe draws off gases trapped in the bladder.  Helium flows between the bladder and 
the tank wall and acts upon the bladder to provide positive propellant expulsion. 
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Figure 2 .  4 - 1 2 .  Propellant Tank Assembly 

Thrust Chamber Assembly. (See figure 2. 4-6. ) 

Fuel <"w : t  Oxidizer Valve Assemblies.  

TITANIUM SHELL 
ASSEMBLY 

The fuel valve assembly and oxidi.zer valve assembly are normally closed, two-coil, 
solenoid valves .  Each valve consists of a spool assembly, spring, armature, and seat assembly. A 
filter at the inlet of each valve provides final filtration of the propellants before they reach the injector. 
The fuel and oxidizer valve assemblies are identical, except for the seat assemblies Jlnd spool assem
blies .  The exit diameter of the metal seat of the oxidizer valve assembly is larger than that of the fuel 
valve seat. The fuel valve spool assembly gives a faster armature response than the oxidizer valve spool 
assembly, resulting in a nominal electrical fuel lead of 2 milliseconds. 

The seat assembly retains the spring and armature in the cavity of the spool assembly. The 
load maintains constant pressure on the armature , forcing the armature 's  poppet-type head into the 
angled seat to form an integral seal A passage in the armature permits propellant to enter the seat-area 
cavity . The spool assembly cons is'. s of a concentric metal body with a three-hole mounting flange ; it 
contains two independent coils (primary and secondary) wound on a magnetic core. 

2 . 4 . 4. 5. 2  Injector Head Assembly. 

The injector head assembly provides support for the fuel and oxidizer valve assemblies, the 
mounting flange for the combustion chamber seal and combustion chamber,  the fuel passages to the fuel 
annulus, the pressure pickup tap fo: 1easuring combustion chamber pressure , and a propellant impinge
ment arrangement (eight-on-eight dr �ulets w ith unlike impingement) for mixing propellants . The injector 
head assembly consists of an injector head housing, injector insulator, injector insert, and pre igniter 

( 

( 

inserts (fuel and oxidizer) . The injector insulator provides thermal insulation between the fuel and oxi- / 
dizer valves and the injector head housing. The injector head assembly has four concentric rings of equally \ 
spaced holes on its face , and a preigniter cup. 

2 . 4 . 4 . 5 . 3 Combustion Chamber and Extension Nozzle. 

The combustion chamber consists of a coated molybdenum combustor. The extension 
nozzle is fabricated from L 605 cobalt base alloy; eight stiffening rings are machined around its outer 
surface. The combustion chamber and extension nozzle are joined together by a large coupling nut and 
lockring. The combustion chamber is mounted on the injector head assembly , with an attach ring as
sembly and bolts. 
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P ERFORMANCE AND DESIGN DATA. 

The performance and des ign data for the RCS are given in table 2 . 4- 1 .  The values listed 
are nominal unless otherwise specified. 

Table 2 . 4 - 1 . Reaction Control Subsystem - Pe rformance and Design Data 

Helium pressurization section 

Helium tank volume (at ambient pressure) 

Helium tank initial fill pressure and temperature 

Helium weight (initial fill conditions )  

Helium tank maximum working pressure 

Helium operating temperature range 

Helium tank proof pressure 

Helium tank burst pressure 

Helium filter efficiency 

Primary regulator pressure output 

Primary regulator lockup pressure 

Secondary regulator pressure output 

Secondary regulator lockup pressure 

Flow rate through pressure regulator assembly 
(single TCA operation) 

Quadruple check valve assembly cracking 
pressure 

Quadruple check valve assembly reverse 
leakage rate 

Relief valve burst-disk rupture pressure 

Relief valve venting pressure 

Relief valve reseat pressure 

Propellant section 

Oxidizer 

Oxidizer tank volume (including ullage ) 

Oxidizer tank ullage volume 

Oxidizer flow rate to each TCA 

Available oxidizer in each system 

Oxidizer loaded in each system ( tank and 
manifold ) 

9 1 0  cubic inches 

3 , 050±5 0 psia at + 7 0° F 

1 .  03 pounds 

3 , 5 00 psia 

+ 4 0° to + 1 00° F 

4 ,  65 0 psia 

5 ,  250 psi a 

5 microns nominal 
1 2  microns absolute 

1 8 1 ±3 psia 

1 88 psia maximum 

1 85±3 psia 

1 92 psia maximum 

0. 036 pound per minute 

5 to 7 psid 

5 x 1 0
-5 

sec/ sec of helium 

220 psia 

232 psia 

212 psia minimum 

Nitrogen tetroxide (N
2

0
4 ) 

2. 38 cubic feet 

273. 0 cubic inches 

0. 24 0 lb/sec 

194 . 1 pounds minimum 

208 . 2  pounds 
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Table 2 . 4 -1 . Reaction Control Subsystem - Performance and Design Data (cont) 

Propellant section (cont) 

Fuel 

Fuel tank volume (including ullage) 

Fuel tank ullage volume 

Fuel flow rate to each TCA 

Available fuel in each system 

Fuel loaded in each system (tank and 
manifold) 

Propellant tank working pressure 

Propellant tank proof pressure 

Propellant tank burst pressure 

Propellant storage temperature range 

Propellant pad pressure 

Propellant temperature 

Propellant filter efficiency 

Ascent feed filter efficiency 

Main shutoff valves , ascent feed 
interconnect valve s ,  crossfeed 
valve s:  

t.P oxidizer flow 

t.P fuel flow 
Response Time 

Thrust chamber assembly 

Engine thrust 

Nozzle expansion ratio 

Chamber-cooling method 

Combustion chamber pressure 

Propellant injection ratio (oXidizer to fuel ) 

Heater ope rating power and type 

Oxidizer inlet pressure (steady state) 

Fuel inlet pressure (steady state ) 

50-50 mixture of hydrazine 
(N2H4) and unsymmetrical 
dimethylhydrazine (UDMH) 

1 .  91 cubic feet 

158. 5 cubic inches 

0 . 1 1 7  lb/sec 

99 . 3  pounds minimum 

107 . 4 pounds 

176 psia 

333 psia 

375 psia 

50 psia 

5 microns nominal 
18 microns absolute 

15 microns nominal 
25 microns absolu� 

2 psi at 0. 88 pound per second 
2. 5 psi at 0. 88 pound per second 
0. 25 second at 250-psi inlet 
pressure 

1 0 0  pounds 

40 to 1 

Fuel-film cooling and radiation 

96 psia 

2 . 05 to 1 

28 volts de; resistance-wire 
element 

1 7 0±1 0 psia 

1 7 0±1 0 psia 
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Table 2 .4-1 . R eaction Control Subsystem - Performance and Design Data (cont) 

Thrust chamber assembly (cont) 

Approximate weight 5 . 25 pounds 

Overall length 13 . 5  inches 

Nozzle exit diameter 5. 75 inches 

OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the RCS are as follows:  

• The RCS/ APS interconnect valves must not be opened until the LM is  experiencing 
a force in the +X- direction (+X-axis acceleration) . The interconnect valves must 
be closed 10 seconds before ascent engine shutdown (except when the downward
firing (+X-axis) TCA ' s  are to be fired beyond APS shutdown, in which case the 
interconnect valves must be closed 10 seconds before downward-firing TCA shut
down) . This ensures that m inimum helium enters the RCS from the APS. Failure 
to meet this requirement may result in erratic thrusting and possible TCA failure . 

• Caution should be exercised in operating the TCA's  when propellant tank temperature 
is less than +40o F or exceeds + 100" F. TCA performance outside the propellant 
temperature limits has not been determined. 

• lf the RCS heaters have been turned off after the TCA ' s  have been fired, the TCA's 
must be warmed before subsequent firing. A cold TCA cannot be fired safely, and 
TCA failure may occur if this requirement is not observed. 

• 

• Maximum allowable continuous f iring time for the downward-firing TCA's  (unstaged) 

.I 

is 40 seconds. If this firing time limit is exceeded, damage to the descent s tage 1 
thermal insulation may result. 

• Maximum allowable continuous firing time for the upward-f iring (-X-axis) TCA 's  
in clusters No . 1 ,  3 ,  and 4 is  30 seconds. If this fir ing time limit is  exceeded, 
damage to the S-band steerable antenna, the VHF antenna, and the RR antenna may 
result due to overheating. 

• The TCA's  must not be fired if cluster temperature is less than +120 ° F. lf some 
heaters fail, a TCA may be as cool as +85 o F while the TEMP indicator (panel 3)  
indicates +120 o F for the cluster with the failed heaters. F iring a TCA whose tem
perature is less than +85 o F may result in an explosion. 
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Figure 2. 4 - 13. Reaction Control Subsystem - Telemetry Points 
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E LE CTRICAL POWER SUBSYSTE M 

IN TRODUC TION. 

The Ele ctrical Power Subsystem ( E PS) , principal source of electrical power for the LM, 
consists of a d- e section and an a- c section. Both sections supply operating power to respective elec
trical buses, which supply all LM subsystems through circuit breakers . 

E le ctrical power is supplied by five batteries (one, a lunar battery) in the des cent stage and I 
two in the ascent stage. Two descent stage batteries (No. 1 and 4)  power the LM from T -30 minutes 
until after transposition and docking, at which time the LM receives electrical power from the CSM. 
After separation from the CSM, during the powered descent phase of the mission, four descent stage 
batteries are paralleled with the ascent stage batteries.  Paralleling the batteries ensures minimum 
required voltage for all LM operations. During lunar stay, specific combinations of the five descent 
stage batteries can be paralleled to provide LM power. 

Before lift-off from the lunar surface, ascent stage battery power is introduced, descent 
power is terminated, and descent feeder lines are deadfaced and severed. As cent stage battery power is 
then used until after final docking and astronaut transfer to the CM. 

The E PS batteries are controlled and protected by electrical control assemblies, a relay 
junction box, and a deadface relay box, in conjunction with the control and display panel. A battery I 
control relay assembly adapts the lunar battery to the four descent battery control circuits. Primary 
a-c power is provided by two inverte rs, which supply 1 1 5 ±  2. 5-volt, 400 ± 0. 4 - cps (synced condition) , 
a- c power to LM subsystems . The operating frequency of the inverters is 400 ± 10 cps , in the nonsynced, 
free- running condition . 

Electrical power is distributed to LM subsystems via the LM Pilot ' s  d- e bus , the Com
mander ' s  d- e bus, and a-c buses A and B .  A complete listing and description of the d- e and a-c circuit 
breakers is in section 3 .  Secondary d- e power distribution is provided by two sensor-power fuse a<Ssem
blies, which supply d-e power to sensors of the Environmental Control Subsystem ( E CS) , Reaction 
Control Subsystem (RCS) , and Main Propulsion Subsystem (MPS) . 

Batteries in the Explosive Devices Subsystem (EDS) provide primary power to trigger LM 
explosive devices. (Refer to subse ction 2. 8 . ) Other batteries supply power to operate the portable life 
support system ( P LSS) and scientific equipment. These batteries are in addition to those in the E PS. 

2 . 5 . 2 

2. 5. 2. 1 

SUBSYSTEM INTERFACES. 

External Power and Signal Interface. (See figure 2 .  5- l . )  

The EPS provides the primary source of electrical power for the LM during the mission and 
is the distribution point for externally generated powe r during prelaunch and docked operations. The E PS 
interfaces with all functional subsystems of the LM. The Commander's and LM Pilot ' s  buses supply 
28 volts de; a- c buses, A and B, supply 1 1 5 -volt, 400- cps ac. Prelaunch d- e and a - c  power is initially 
supplied to the EPS from external ground power supplie s :  d- e power to the Commander ' s  and LM Pilot' s  
buses and a- e power t o  a- c bus A. ( The a - e  power can b e  routed through circuit breakers to a- c bus B. )  
Approximately 7 hours before launch, ground-supplied power is discontinued and d- c power is connected 
from the launch umbilical tower (LUT) to the LM Pilot ' s  bus via the relay junction box (RJB) . The EPS 
distributes internally generated d-e power from launch until LM- CSM docking, at which time LM I 
power is shut down and the CSM supplies 28 volts de to the Commande r ' s  bus . (The d- e power can be 
routed through cir cuit breakers to the LM Pilot's bus. ) Ground return is effected via the floating 
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ELECTRICAL POWER 
SUBSYSTEM 
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translunar bus. (Ground return in the LM is generally accomplished through the metal structure, where
as ground return in the CSM is isolated from the CSM structure . )  Before LM-CSM separation, all LM 
internally supplied electrical power (ac and de) is restored. 

Circuits in electrical control assemblies (ECA' s)  of the EPS monitor and control LM elec 
trical power. The circuits route discrete output signals if operating limits are exceeded. The output 
signals are fed to the Instrumentation Subsystem (IS) for c onditioning before indicator, talkback, or com
ponent caution light display and telemetering. The E PS monitoring signals are representative of mal
functioning batteries, battery currents and terminal voltages, and feed line/battery status. The condi
tioned analogs of these signals are then routed from electronic replaceable assemblies (ERA's)  No. 1 and 
2 in the IS to the E LECTRICAL POWER portion of panel 1 4  for related display. In addition, primary
bus -monitoring signals are connected from the LM Pilot's and Commander ' s  28 -volt buses and a-c bus A 
to the IS for conditioning and subsequent voltage display on panel 14 .  Synchronization pulses (6. 4 kpps) 
are supplied from the pulse-code-modulation and timing electronics assembly (PCMTEA) of the IS to the 
inverters to accurately control a -c output frequency . An inverter inhibit signal path is completed in the 

to OFF. : 
caution and warning electronics assembly (CWEA) of the IS when the INVERTER switch (panel 14)  is set I 

Pressing the ABORT STAGE pushbutton (panel 1 )  supplies an automatic abort stage command 
from the Guidance, Navigation, and Control Subsystem (GN&CS) to the RJB, with a return path via the 
EDS circuit interrupters. Abort staging initiates a switchover from descent d-e power to ascent d-e 
power before stage separation. 

2. 5. 2. 2 Internal Power Interface.  (See figure 2 .  5 -2 . ) 

Battery-generated d-e power is initially supplied to the Commander ' s  and LM Pilot 's  buses 
for distribution through circuit breakers. Inverter-generated a-c power is initially supplied to a-c buses 
A and B for distribution to all subsystems, except the ECS and EDS. The a-c buses supply 1 1 5 -volt, 400-
cps, regulated power through circuit breakers. Figure 2. 5 -2 shows the circuit breakers associated with 
specific subsystems, circuit breaker amperage ratings, and reference designations. 

2 . 5. 3 

2 .  5. 3 . 1 

FUNCTIONAL DESCRIPTION. (See figures 2. 5 -3 through 2. 5-5 . ) 

General. 

The basic EPS power distribution is shown in figure 2. 5 -3 .  The output of each battery is 
applied to an ECA. The descent stage ECA' s provide an independent control circuit for each descent 
battery. The ascent stage ECA' s provide four independent battery control circuits, two control circuits 
for each ascent battery . Reverse-current (R/C) and overcurrent (O/C) conditions are monitored by the 
ECA'  s.  Temperature is monitored within each battery, the overtemperature (O/T) signal is enabled by 
the ECA's.  Each ECA battery control circuit can d!itect a bus or feeder malfunction and operate a main 
feeder contactor (MFC)  associated with the malfunctioning battery to remove the battery from the EPS 
distribution system (overcurrent only). Only the ascent power backup contactors do not have overcurrent 
protection. 

Descent stage battery power (figure 2. 5 -4)  is controlled and monitored by the descent ECA's, 
which switch and apply the power to the RJB and the deadface relay box (DRB). The power feeders of 
descent batteries No. 1 and 2 are routed through the RJB deadface relay to the LM Pilot ' s  circuit breaker 
panel (16).  The power feeders of batteries No. 3 and 4 are routed through the DRB deadface relay to the 
Commander's  circuit breaker panel ( 1 1 ) .  The power from the lunar battery can be routed through the I 
RJB or DRB deadface relays to the LM Pilot' s  or Commander's circuit breaker panel. In all instances, 
this circuit arrangement provides for deadfacing all descent battery power in the event of normal staging 
or abort staging situations . Ascent stage battery power (figure 2. 5- 5) is controlled and monitored by 
the ascent E CA's ,  where the power is switched and applied, through power feeders , to terminal junction 
points at the RJB and DRB. 

Ascent and descent battery main power feeders are routed through circuit breakers to the 
d-e buses. From the d -e buses, d -e power is distributed through circuit breakers to all LM subsystems . 
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Two inverters, which make up the EPS a-c section power source, supply all a-c power re
quirements of the LM. The INVERTER switch connects either inverter to the circuit breakers that supply 
the a- c buses. Closing the appropriate AC BUS A and AC BUS B circuit breakers on panel 1 1  connects the 
selected inverter to feed the a- c buses. Either inverter can supply the LM a- c load requirements. 

2. 5.  3. 2 D- C Section. 

The EPS d- e section consists of the four descent stage batteries,  two descent stage E CA ' s ,  
two relay switching boxes ,  two ascent stage batteries, two ascent stage E CA ' s ,  a lunar battery, a 
battery control relay assembly, a control panel, two circuit breaker panels, and two sensor power fuse 
assemblies. 

After ground facility power is disconnected, descent stage batteries No. 1 and 4 are con
nected at their LV taps.  These batteries are under light load (less than 200 watts) at  this time;  there
fore, the LV taps (at the 17th cell of the 20-cell batteries) are used to facilitate discharge of the inherent 
initial high voltage of the battery. During normal EPS operation, beginning with subsystem activation, 
descent batteries No. 1 and 4 HV taps and batteries No. 2 and 3 are selected with switches on panel 14 .  

Power is then fed from the descent stage batteries through their associated E CA ' s  (batteries 
I No. 1 and 2 through ECA No. 1, batteries No. 3 and 4 through E CA No. 2,  and, the lunar battery through 

E CA No. 1 or 2) to the ascent stage via the RJB and DRB, terminating at the LM Pilot ' s  and Commander ' s  
d-e buses. The battery feeders are connected t o  the d- e buses through the 100-ampere E P S :  B A T  FEED 
TIE circuit breakers (panels 11 and 16) . 

From the d-e buses, d-e power is then distributed to the LM subsystems and to the E PS in
verters through circuit breakers on panels 16 and 1 1 .  During noncritical phases of normal operation, the 
30-ampere EPS: CROSS TIE BAL LOADS circuit breakers (panels 1 1  and 16) are closed to distribute un
balanced loads between buses so that the batteries discharge evenly. The ascent stage batteries supply 
d-e power to the LM Pilot ' s  and Commander 's  buses in essentially the same manner as the descent stage 
batteries. The batteries are selected with the ASCENT POWE R switches (panel 14) . The corresponding 
descent and ascent stage batteries (by respective bus) are paralleled during DPS operation, and the E PS: 
CROSS TIE circuit breakers (panels 11 and 16) are opened, thereby isolating the Commander ' s  and LM 
Pilot's d- e buses. 

I The lunar battery supplies power to input power feeders in E CA No. 1 and 2. Switches 
on panel 14 select the E CA that feeds the associated bus (ECA No. 1 for the LM Pilot ' s  d-e bus, 
ECA No. 2 for the Commander ' s  d-e bus) . The battery control relay assembly logic, in conjunction 
with E CA No. 1 and 2 ,  inhibits placing the lunar battery and battery No. 2 simultaneously, on the 
LMP bus ,  and battery No. 3 and the lunar battery simultaneously on the CDR bus .  The battery con
trol relay assembly logic also inhibits placing the lunar battery on both buses simultaneously. 

Descent batteries No. 1 and 2 supply power to a power feeder in E CA No. 1. Descent bat
teries No. 3 and 4 are connected to separate power feeders in ECA No. 2 and are jumpered to the power 
feeder of the other batteries at the output of the E CA and at the 100-ampere E PS: BAT FEED TIE circuit 
breakers. Failure of battery No. 3 or 4 therefore permits the other batteries to supply both power feed
ers. A power feeder short while operating on descent battery power is detected by an overcurrent
sensing circuit in the respective E CA, which disconnects the one or two descent batteries associated with 
the shorted power feeder. The d- e buses are isolated from the shorted feeder by opening the respective 
EPS: BAT FEED TIE circuit breakers. During an emergency, either operating d-e bus can supply power 
to the inoperative isolated bus if the E PS: CROSS TIE BUS circuit breakers (panels 11 and 16) are closed. 
A similar condition, whereby a shorted feeder is automatically isolated, exists when operating on both 
ascent batteries.  However, the battery associated with the shorted feeder can be connected manually to 
the power feeder of  the other ascent battery by setting the respective BACK UP FEED switch (panel 14) to 
ON, thereby permitting continued use of the battery. 
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Notes: 
1 The number above or below the 

circuit breaker pictorial indi
cates the related reference des
ignation. It should be preceded 
by 4CB 

2. The number adjacent to the cir
cuit breaker schematic symbol 
indicates amperage rating. 
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2 . 5 . 3 . 3 A-C Section. 

LMA790-3 -LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

A-C power is provided to LM subsystems by either of two identical, redundant inverters; it 
is controlled by the EPS: INV 1 and INV 2 circuit breakers (panel 1 1  and 16,  respectively) , the INVERTER 
switch, and the AC BUS A:  BUS TIE or AC BUS B: BUS TIE circuit breakers on panel 1 1 .  The E PS: INV 1 
or INV 2 circuit breaker supplies 28 volts de from the LM Pilot' s  or C ommander ' s  2 8-volt d-e bus to the 
chosen normally synced inverter , where the de is changed to 1 1 5-volt, 400-cps, a-c power (350 volt
amperes,  steady-state) .  The INVERTER switch selects the output of either inverter and routes it to the 
a-c buses via the respective AC BUS: BUS TIE circuit breakers .  Normally, inverter No. 2 is energized 
when the LM subsystems are first activated and connected to the a-c buses . Inverter No. 1 functions as 
backup during the mission, except that it is the operating inverter during DPS and APS engine burns. An 
a-c bus voltage and frequency readout signal is supplied from a-c bus A, via the AC BUS A: AC BUS VOLT 
circuit breaker (panel 1 1 ) ,  to the IS for telemetry and caution light display. An out-of-tolerance frequency 
(less than 3 98 cps or more than 402 cps) or a low-voltage condition (less than 1 12 volts ac) causes the IN
VERTER caution light (panel 2) to go on. The astronaut determines the cause of the malfunction and per
forms corrective action. The INVERTER caution light goes out when the malfunction is remedied. (When 
the INVERTER caution light goes on, the MASTER ALARM pushbutton/light on panels 1 and 2 goes on 
and a tone is generated for the astronaut headsets.  Pressing either MASTER ALARM pushbutton/light 
extinguishes the pushbutton/lights and terminates the tone. ) When set to AC BUS . :he POWER/TEMP �.1QN 
selector switch (panel 14) selects a-c bus A for voltage display on the VOLTS indicator (panel 14) ;  the 
reading on the AMPS indicator has no significance . 
2. 5. 3 . 4  Power Monitoring. 

The primary a-c and d-e voltage levels, d-e current consumption, and the status of all 
main power feeders must be monitored periodically to ensure availability of proper power for all LM 
subsystems , throughout the mission. This monitoring is normally the responsibility of the LM Pilot, 
who controls the ELECTRICAL POWER portion of panel (14). This panel has talkbacks that indicate main 
power feeder status, indicators that display battery and bus voltages and battery current, and component 
caution lights that are used for detecting shorted buses or main power feeder lines and for isolating a 
malfunctioning battery. Availability of redundant a-c and d-e power permits the astronaut to disconnect, 
substitute or reconnect batteries, feeder lines, buses, or inverters to assure a continuous electrical 
supply. 
2 .  5 .  3 .  4. 1 Battery Status -Monitoring Circuits. (See figure 2 .  5 -6. ) 

Talkbacks on panel 14 indicate the status of the descent and ascent batteries (on or off the 
line) . A DESCENT POWER talkback barber-pole display s ignifies that the related battery is disconnected 
from its main power feeder; a gray display, showing LO, that the battery low-voltage tap is connected to the 
power distribution system via the main power feeder;  a gray display , that the high-voltage tap is connect
ed to the power distribution system. A DES BATS talkback gray display signifies that the descent battery 
outputs are connected to the ascent stage; a barber-pole display, that these power lines are discon
nected and the ascent stage is isolated electrically from the descent stage. The ASCENT POWER talk
backs indicate that their related ascent battery is connected (gray) or disconnected (barber pole) from I the respective normal feed or backup feed main power feeder lines.  The LUNAR BAT talkback CDR, 
LMP, and barber-pole displays indicate that the lunar battery is on the CDR bus ,  the LMP bus ,  or 
is off-line. 
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Notes: 
1. The status- monitoring circuit shown 
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ging. 

4. Refer to the functional block dia
grams of the IS for related interfaces. 
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When a descent battery is disconnected from its main feeder line, its related talkback 
provides a barber-pole display. Setting a high-voltage (or low volt: switch (panel 14)  to ON 
energizes the related high-voltage (or low-voltage) MFC r · .y in U, spective E CA. The relay 
contacts close, permitting a signal to pass to a signal bu stage .SRA No. 2 of the IS. D-C 
power, supplied to the buffer stage from the LM Pilot 's Ci • bus, passes to the talkback upon ar
rival of the ECA output signal. Output closure signals of the high-voltage (or low-voltage) signal 
buffer stages are connected to individual coils (in the talkback assembly) ,  which, when energized, 
activate talkbacks to display the status of the batteries. In addition, receipt of an ECA output 
signal at the signal buffer stages causes an event signal to be routed to the PCMTEA, for 
telemetry. 

When the lunar battery is disconnected from its main feeder line in both ECA's,  the 
LUNAR BAT talk back provides a barberpole display. Setting the LMP LUNAR BAT switch (panel 14) 
to ON, energizes the related MFC relay in E CA No. 1 and activates the LUNAR BAT talkback to 
display LMP. When the CDR LUNAR BAT switch is set to ON, the related MFC relay in E CA 
No. 2 is energized and the LUNAR BAT talkback displays CDR. Three conditions are associated with 
batteries No. 1 and 4: high-voltage tap on the power feeder line, low-voltage tap on the povter-feeder 
line, and battery completely off the power feeder line. Two conditions are associated with batteries No. 
2 and 3: voltage on or off the power feeder line. Three conditions are associated with the lunar battery: 
voltage on the LMP or CDR power feeder line, or voltage completely off the power feeder lines. 

Four conditions are associated with each ascent battery: battery on or off the normal power 
feeder line (for that particUlar battery) and battery on or off the backup power feeder line. These con
ditions are determined by the setting of the NORMAL FEED and BACK UP FEED switches (panel 14) .  
Operation of the ASCENT POWER talkbacks and generation of the activating signals are similar to that of 
the DESCENT POWER talkbacks, except that each s ignal buffer stage output closure signal is routed to an 
individual talkback and each talkback provides only two displays (gray or barber pole).  Telemetry signals 
are also generated within the PCMTEA for ascent battery monitoring . 
2 .  5. 3 .  4. 2 Battery Voltage-and Current-Monitoring Circuits. (See figure 2 .  5 -7 . ) 

The VOLTS and AMPS indicators (panel 14 )  enable monitoring the terminal voltage and cur
rent draw of each descent battery (high-voltage tap for voltage only) and ascent battery. In addition, the • 

VOLTS indicator, when used in conjunction with the POWER/TEMP MON selector switch and the ED VOLTS 
switch (panel 14),  monitors the terminal voltage of ED batteries A and B of the EDS. Except that a descent 
ECA controls two batteries and an ascent ECA controls one battery, the voltage- and current-monitoring 
circuits of each EPS battery are essentially the same. Therefore, the voltage- and current-monitoting 
circuits of only one EPS battery are described. 

The positive terminal of the EPS battery is connected through a 1/8 -ampere fuse (in the re
spective ECA) to an attenuator in ERA No. 2 of the IS. The attenuator input signal is in the range of 0 to 
40 volts de. The resultant attenuator output (0 to 5 volts de) is an analog of the input signal. This output 
is routed directly to its assigned terminal of the POWER/TEMP MON selector switch. When the switch is 
set to the battery position (BAT 1 through BAT 6, and LUN for LM 10 and subsequent), the analog is routed 
to the positive terminal of the VOLTS indicator and displayed. (The indicator scale is graduated from 20 
to 40 volts de; although the input signal is of considerably smaller magnitude. ) Only the high-voltage posi
tive tap of each descent battery is monitored in this manner. Each ascent battery has only one positive 
terminal . 

Battery current flowing through the main feeder line (normal or backup feeder for ascent 
batteries , high- or low-voltage feeder for descent batteries) is sensed by the related current monitor coil 

I 

i:; its respective ECA. Each battery has an individual current monitor circuit; the lunar battery uses ·1 
current monitor circuits of battery No. 2 for the LMP bus;  and current monitor circuits of battery No. 3 ,  
for the CDR bus. The monitor senses the magnitude of current flow through the associated main feeder 
line and provides a representative analog output. This analog is routed to a specific terminal (ass ,gned 
by battery number) on a deck of the POWER/TEMP MON selector switch, as are the current analogs 
of all other ascent and descent batteries. When the switch is set to the battery position, the analog is 
routed to the positive terminal of the AMPS indicator and displayed. (The indicator scale is graduated 
from 0 to 120 amperes, although its input signal is of considerably smaller magnitude) . Ascent 
battery current is read directly from the indicator; for descent battery current, the indicator reading 
must be halved . 

E LECTRICAL POWER SUBSYSTEM 
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The positive and negative terminals of the two ED batteries are connected to respective con
tacts of the ED VOLTS switch. When the switch is set momentarily to BAT A or BAT B, that particular 
battery is connected to signal conditioner (SC) No. 1 in the IS.  The SC output is a conditioned analog (0 to 
+5 volts de) that represents the actual ED battery terminal voltage (0 to +40 volts de) ,  which is routed to 
the ED/OFF terminal of the POWER/TEMP MON selector switch, for voltage monitoring. 
2. 5. 3 . 4 . 3  Primary Bus Voltage-Monitoring Circuits. (See figure 2.  5 -8 . ) 

The C ommander's d-e bus, the LM Pilot 's  d-e bus, and a-c bus A are monitored periodi
cally for the proper voltage level, to ensure application of adequate power to all LM subsystems. Moni
toring is accomplished by selecting the bus, with the POWER/TEMP MON selector switch, and reading 
the associated voltage on the VOLTS indicator. The readings on the AMPS indicator have no significance. 
D -C bus voltages are read directly from the indicator s�ale, which is graduated from 20 to 40  volts de ; 
for a-c readings, conversion is required. The d-e scale is equivalent to a range of 62. 5 to 1 2 5  volts ac, 
when monitoring the a-c bus. The indicator green band is equivalent to the nominal a-c range of 1 1 2  to 
1 18 volts. 

The Commander 's  d-e bus is connected via the EPS: DC BUS VOLT circuit breaker (panel 
11 )  to an attenuator in ERA No. 1 of the IS. The attenuated signal is routed to the CWEA and through an 
isolation amplifier. The 0- to 5-volt attenuated d-e signal is an analog, which is fed to the PCMTEA for 
telemetry and to the CDR terminal of the POWER/TEMP MON selector switch. Except that it is pro-

1 cessed through ERA No. 2 ,  the LM Pilot 's d- e bus analog is connected to the LMP terminal of the 
switch in like manner .  The attenuated analogs of the Commander's  and LM Pilot 's  d- e bus voltages 
are fed through buffer amp.lifiers and an OR gate. If the d-e voltage on either bus drops below 
26 . 5 volts, a CWEA relay is energized; its contacts close to provide a ground return to the DC 
BUS warning light (panel 1) , causing it  to go on. The warning light goes off when the bus voltage 
is again within limits. 

A-C bus A ( 1 1 5  volts) is connected via the AC BUS A: AC BUS VOLT circuit breaker to a 
frequency-to-de stage and an ac-to-de stage in ERA No. 1 . The d -c output signals are fed to the CWEA 
and to isolation amplifiers .  The amplifier outputs are fed to the PCMTEA for telemetry. A 0- to 5 -volt 
d-e analog signal from the ac -to-de stage isolation amplifier is sent to the AC terminal of the POWER/ 
TEMP MON selector switch. Selecting this switch position routes the analog signal to the positive terminal 
of the VOLTS indicator. The output signals of the frequency-to-de and ac-to-de converters are also fed 
through buffer amplifiers and an OR gate to an AND gate in the CWEA. An inhibit signal is routed to this 
AND gate when the INVERTER switch is set to OFF, thereby inhibiting signal passage. Setting the switch 
to 1 or 2 removes the inhibit signal. If the a-c bus A voltage is less than 1 1 2  volts, or if the a-c bus 
frequency is less than 398 cps or more than 402 cps, a CWEA relay is energized; its contacts close to 
provide a ground return to the INVERTER caution light (panel 2), causing it to go on. The INVERTER 
light goes off when the a-c bus voltage and frequency are again within limits. 
2. 5. 3. 4. 4 Malfunctioning- Battery Isolation Circuitry. (See figure 2. 5-9. ) 

The BATTERY caution light (panel 2) goes on when there is an overtemperature, overcurrent, 
or reverse-current condition in any EPS battery. The malfunction isolation circuitry associated with each 
battery , within its respective ECA, is essentially the same. Only the isolation circuitry of one battery in 
ECA No. 1 is discussed. 

D-C power from the related SC in the IS is supplied to the paralleled array of mal
function relay contacts within ECA No. 1. Thermal sensors,  in parallel within the battery, close if 
any cells overheat; a reverse-current or overcurrent condition causes the respective relays in the 
E CA to become energized and related relay contacts close.  If either of these conditions exists , the 
d-e power from the SC flows through the respective set of contacts back to the SC and to a CWEA 
OR gate. The OR-gate output energizes a CWEA relay that provides a ground return to the BATTERY 
caution light, causing it to go on. The caution light goes off when the malfunction that caused it to 
go on is eliminated. 

The d-e signal fed back to the SC from the ECA activates an event gate , which provides a 
channeled signal to the pulse code modulator of the IS,  for telemetry. This same d-e signal also activates 
a contact closure gate , completing a circuit from the BAT FAULT component caution light (panel 14) to the 
respective battery terminal of the POWER/TEMP MON selector switch. Setting the switch to this battery 
position applies a ground return to the light, causing it to go on. The malfunctioning battery is identified 
by the placarded switch position. The light goes off when the malfunction is corrected, or the battery is 
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Figure 2. 5-7.  Battery Voltage- and Current-Monitoring Circuits - Simplified Diagram 
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removed from its main power feeder line by momentarily setting the respective switch (panel 14) to 
OFF/RESET. 

2.  5 .  3 .  5 

2 . 5 . 3 . 5. 1 

EPS Stages of Operation. 

The EPS operates in seven basic stages ,  as follows : 

• GSE-vehicle ground power supply (VGPS) to LM until T-7 hours (ac and de) 

• GSE -launch umbilical tower (LUT) power to LM from T-7 hours until T-30 minutes 
(de only) 

• Descent stage power from T-30 minutes through CSM rendezvous and docking 
(two descent batteries on low-voltage taps) 

• Lunar orbit - CSM/LM power 
• Descent stage power (two descent batteries manually switched to high-voltage 

taps and remaining descent batteries switched on) 

• Ascent stage power (on normal main feeders) 
• Staging (normal or abort) 

GSE -Supplied Prelaunch Power. (See figure 2. 5-10. ) 

Before earth launch, a-c and d-e power are supplied to the LM by the VGPS. An umbilical 
cable or a portable power supply is carried onboard the LM and connected to two GSE connectors, one 
under each center side console. At approximately T-7  hours, the VGPS power is replaced by LUT power. 
The SLA/LM assembly is now connected to the LUT by umbilical cable. LUT power is supplied to the 
LM Pilot 's  bus through the RJB. LUT remote control includes LUT deadface relay (LDR) set and reset 
commands, and LM high- and low -voltage off and low-voltage on signals. The LDR supplies power through 
the LM Pilot 's main power feeders to the LM Pilot' s  d-e bus. D -C power is supplied to the Commander's 
bus through the EPS: CROSS TIE circuit breakers. 

2. 5 .  3 .  5 .  2 Descent Stage Power (Low-Voltage Taps) .  

At T-30 minutes , the LUT resets the LDR and connects the EPS descent battery low-voltage 
taps to the respective feeder lines.  The descent batteries supply limited power to certain critical equip
ments from T-30 minutes until completion of CSM transposition and docking . 

2. 5. 3 .  5 .  3 Lunar Orbit - CSM/LM Power. (See figure 2. 5-1 1 . ) 
On completion of CSM rendezvous and docking, an astronaut connects power and control 

umbilical cables from the LM to the CSM. The CSM deactivates LM power and then supplies power to the 
LM critical equipment, using the LM translunar negative bus . CSM/LM control logic prohibits CSM power 
to the LM power distribution system while the LM descent stage batteries are on the main power feeder 
lines. CSM/LM control logic is as follows: 

• CSM deactivates LM power (low voltage off) 
• CSM initiates CSM power to LM 
• CSM deactivates CSM power to LM 
• CSM initiates LM power on (low voltage on). 

2. 5 .  3. 5. 4 Descent Stage Power (High-Voltage Taps). 

I 

•• 

Batteries No. 1 and 4 have m-v and LO-V switches , and talkbacks, on panel 14 . I 
Batteries No. 2 and 3 have only ON-OFF/RESET switches ,  and talkbacks. The lunar battery has 
an ON-OFF/RESET switch for the CDR and LMP bus, and a talkback that indicates which bus 
is selected . 
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Descent stage battery low-voltage and off/reset control lines are routed through the RJB to 
the appropriate ECA; high-voltage control lines are routed directly to the respective ECA. Additional 
low-voltage and off/reset control is effected within the RJB through internal logic control signals.  De
scent battery No. 2 supplies electrical power to the LM Pilot' s  d-e bus via ECA No. 1 and the RJB. 
Descent batteries No. 3 and 4 supply the Commander 's  d-e bus via ECA No. 2 and the DRB. 

2. 5 .  3. 5. 5 Ascent Stage Power 

( 

Each of the two ascent batteries has a NORMAL and BACK UP feeder switch and related c·· talkbacks on panel 14 .  Battery No. 5 normally supplies power to the LM Pilot 's  d-e bus via ECA No. 3. , 

I 

Battery No. 6 normally supplies power to the Commander 's  d-e bus via ECA No. 4 .  

2 .  5 .  3 .  5 .  6 Staging - Normal or Abort. (See figure 2 .  5-12 . ) 

Before stage separation, the LM d-e bus loads are transferred from the descent stage 
batteries to the ascent stage batteries ; d-e power to the bus power distribution system is maintained 
uninterrupted. Automatic transfer is initiated by pressing the ABORT STAGE pushbutton (panel 1) ;  
this applies 2 8  volts de to the EPS abort stage relays in the RJB. These relays close the normal MFC ' s 
of each ascent ECA (if the ECA's  have not been selected previously in the backup feed mode). After the 
ascent stage battery M FC ' s  have placed the ascent stage batteries on the line, additional abort stage re
lay contacts supply an off/reset signal through the RJB, to each descent stage battery and to the deadface 
relays (DFR's ) .  Transfer from descent stage battery power to ascent stage battery power can also be in
itiated manually . In manual transfer, the ascent batteries must be placed on the line before initiating 
transfer with the DES BATS switch (panel 14) .  This is accomplished by setting the ASCENT POWER 
switches (panel 14)  to ON, setting appropriate DESCENT POWER switches (panel 14 )  to OFF/RESET, then 
setting the DES BATS switch to DEADFACE. Auxiliary DFR contacts in the RJB and DRB provide direct 
control of the DES BATS talkback for monitoring the deadface operation. 
2 . 5 . 4 MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. 

2. 5. 4. 1 Descent Stage Batteries . 

The desc ent batteries include the lunar battery, which is identical with descent batteries 
No. 1 through 4 .  The low-voltage tap is used only on batteries No. 1 and 4 .  

Each battery i s  composed of silver-zinc plates, with a potassium hydroxide electrolyte. 
I Each battery has 20 cells , weighs 135  pounds, and has a 4 1 5- ampere-hour capacity (approximately 25 amperes 

at 28 volts de for 16 hours , at +80 o F) when discharged in accordance with the nominal power profile of the mis
sion. The batteries can operate in a vacuum while cooled by an ECS cold-rail assembly to which the bat
tery heat sink surface is mounted. If one descent stage battery fails, the remaining descent stage bat
teries can provide sufficient power for a curtailed mission. Five thermal sensors monitor cell tempera
ture limits (+145° ±5° F) within each battery; they cause the BATTERY caution light to go on to alert the 
astronaut to a battery overtemperature condition. The batteries initially have high-voltage characteris
tics; a low-voltage tap is provided (at the 1 7th cell) for use from T-30 minutes through transposition and 
docking. The high-voltage tap is used for all other normal LM operations. (Manual switchover from low 
to high voltage usually occurs when the battery has discharged to approximately 90% of capacity, less than 
27 volts d-e bus voltage. ) Normally, l'le battery high- or low-voltage outputs are connected to the main 
feeder lines, using the DESCENT POWER switches, but electrical contactor switching is ultimately per
formed in the battery' s  respective ECA. Normally, the descent stage batteries are paralleled so that all 
batteries discharge evenly. See figure 2 .  5 -4 for a functional block diagram of descent stage battery power 
distribution. The terminal voltages of a descent battery are as follows: 

Nominal voltage - 30. 0 volts de 

Minimum voltage during 40-ampere discharge - 28 . 0 volts de 

Maximum voltage (under load) - 32 .  5 volts de 

2 . 5 . 4 . 2  Ascent Stage Batteries .  

( 

\ 

The two ascent stage batteries (No . 5 and 6) are identical . Each battery is composed of 
silver-zinc plates, with a potassium hydroxide electrolyte .  Each battery weighs 125  po�nds, and �as a f 

_
_ 

296-ampere-hour capacity ( 50 amperes at 28 volts de for 5. 92 hours, at +80o F) when d1scharged m \ 
ELECTRICAL POWER SUBSYSTE M 
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accordance with the nominal power profile of the mission. The batteries can operated in a vacuum while 
cooled by ECS cold rails to which the battery heat sink surface is mounted. The nominal operating tem 
perature of the ascent stage batteries is approximately +80° F. Battery temperature in excess of +145° 
±5° F closes a thermal sensor, causing the BATTERY caution light to go on. (The light does not go on if 
the ascent battery normal MFC is open. ) The astronaut then takes corrective action to eliminate the 
faulty battery. Two ascent stage batteries ordinarily supply the d -c power requirement, from normal 
staging to final docking of the ascent s tage with the orbiting CSM or during any malfunction that requires 
separation of the ascent and descent stages. However, if one ascent stage battery fails, the remaining 
battery provides sufficient power to accomplish safe rendezvous and docking with the CSM during any part 
of the mission. 

The ascent batteries do not have low -voltage taps; inherent high-voltage characteristics are 
eliminated because the batteries operate with sufficient loading to bring the batteries to the proper partial 
discharge voltage. Normally, the ascent stage batteries are paralleled to ensure that both batteries dis 
charge evenly. See figure 2 .  5-5  for a functional block diagram of ascent stage battery power distribution. 
The terminal voltages of an ascent stage battery are as follows: 

2 . 5 . 4 . 3 

Nominal voltage - 30. 0 volts de 

Minimum voltage (with two ascent batteries) - 28.  0 volts de 

Minimum voltage (with one ascent battery, abort - 27 .  5 volts de 

Maximum voltage (under load) - 32 .  5 volts de 

Descent Stage Electrical Control Assemblies. (See figure 2. 5 - 1 3 . ) 

The two descent stage ECA' s protect and control the descent stage batteries. Each ECA has 
control circuits for each battery accommodated. 

I In ECA No. 1 ,  one set of control circuits (HV and LV) is used for battery No. 1 ,  one control 
c ircuit (HV) is used for battery No. 2, and one control c ircuit (LV) is used for the lunar battery. In 

( 

( 

ECA No. 2, one set of control circuits (HV and LV) is used for battery No. 4 ,  one control circuit (HV) 

(,· is used for battery No. 3 ,  and one control c ircuit (LV) is used for the lunar battery . 

A failure in one set of battery control circuits does not affect the other set. The primary func 
tion of the ECA is to connect the related batteries or one battery to the associated main feeder line through 
the LV or HV MFC' s. Tlie protective circuits of the ECA automatically disconnect a descent stage battery 
if an overcurrent condition exists, and cause the BATTERY caution light to go on if a battery overcurrent, 
reverse -current, or overtemperature condition is detected. 

Analogs of battery voltage and current (monitored constantly in the ECA) are routed to the IS 
to provide indications on the VOLTS and AMPS indicators. Battery talkbacks (low voltage, high voltage, 
and off) receive drive signals derived from ECA-supplied discrete levels processed through the IS. The 
maj or elements in the descent stage ECA's are LV and HV MFC's ,  current monitors, overcurrent relays, 
reverse-current relays, and power supplies . An auxiliary relay supplies system logic contact closures to 
other control assemblies in the LM power distribution system. 

The M FC ' s  are electrically interlocked to prevent closing an HV contactor when an 
LV contactor is already closed, and vice versa. This prevents short-c ircuiting the tapped sec-1 tions of the respective descent stage battery , this also prevents putting the lunar battery on its 
associated bus when the associated HV contactor is already closed, and vice versa. The 
M FC ' s  are operated by the DESCENT POWER ON-OFF /RESET switches.  

The ECA current monitor produces isolated outputs for the IS ,  overcurrent relay , 
and reverse-current relay from the battery current that flows through the HV or LV MFC ' s .  
The current monitor supplies a d-e level (proportional t o  battery current) t o  the overcurrent re
lay . Voltage in the relay circuit builds up until the close coil of the overcurrent relay is 
energized (reflecting 1 50 to 200 amperes for approximately 13  to 100 seconds ),  at which time 
the HV or LV contactor opens to disconnect the battery from its power feeder . The magnitude 
of battery current is inversely proportional to the time it takes for the close coil of the relay 
to be energized; the greater the initial overcurrent, the less time required for tripping. The 
overcurrent relay is sensitive to magnitude ; it therefore follows the overcurrent trip charac-

1 teristics .  The relay must be reset manually (with the ON-OFF/RESET switches) , once it is 
tripped. A lockout relay (LOR) ensures that the battery cannot be turned on unless the 

E LECTRICAL POWER SUBSYSTEM 
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overcurrent relay has been reset. For each overcurrent circuit, the ECA provides an alarm signal to the 
c aution and warning circuits in the IS, causing the BATTERY caution light to go on. 

The reverse-current relay causes the BATTERY caution light to go on when current flow in 
the direction opposite to normal current flow exceeds 10 amperes for at l east 4 seconds. Unlike the over 
current relay, the reverse-current relay does not open the related MFC' s and is self -resetting when the 
current monitor ceases to detect a reverse-current condition. During reverse-current conditions, the 
related MFC must be switched open manually by setting the DESCENT POWER switches to OFF/RESET. 
The descent stage E CA power supplies  provide ac for current-monitor excitation, and regulated de for the 
other ECA circuits. 

I 2 . 5 . 4 . 4 Battery Control Relay Assembly. 

The battery control relay assembly adapts the lunar battery to the desc ent electrical control 
as semblies. It inhibits battery overtemperature monitoring when the lunar battery is not in use, switches 
current monitor signals and m alfunction indications to the appropriate monitor s,  and inhibits simultaneous 
application of lunar battery voltage to the LMP and CDR buses. It also provides a fused circuit and con
ditioning for lunar battery voltage measurements. 

2 .  5. 4. 5 Ascent Stage Electrical Control Assemblies. (See figure 2 .  5 - 1 4 . ) 

The two ascent stage ECA ' s  individually control and protect the two ascent stage batteries in 
nearly the same manner as the descent stage ECA ' s  control and protect the descent stage batteries. Each 
ascent stage ECA c ontains electrical power feeder contactors, an overcurrent relay, a reverse -current 
relay, and a current monitor. Each ascent stage battery c an be connected to its normal or bach-up main 
feeder l ine via the normal M FC or the backup main feed c ontactor (BU MFC) in its respective ECA. Both 
batteries are thereby connected to the primary d -e power buses. The normal feeder line has overcurrent 
protection; the backup feeder line does not. Otherwise, the ascent stage ECA' s function the same as the 
descent stage ECA' s. The ascent stage ECA' s provide reverse-current monitoring, overcurrent protec 
tion, and contact closures for indicators . The M FC ' s  and BU MFC ' s  in the ascent stage ECA ' s  are manu
ally operated w ith the respective ASC ENT POWER switches.  

2 .  5 .  4 .  6 Relay Junction Box. (See figure 2. 5 - 1 0 . ) 

The R.JB provides the following: 

• Control logic and junction points for connecting external prelaunch power (via the 
LUT) to the LM Pilot' s d-e bus 

• Control and power junction points for connecting descent stage and ascent stage 
ECA's to the LM Pilot ' s  bus 

• Deadfacing of half of the power feeders between the descent and ascent stages . 

The RJ B provides control of all LV contactors (on and off) from the LUT and CSM, and c on
trol of all low - and high -voltage descent power contactors (off) on receipt of an abort stage command. On 
and off control of ground facility power through the LUT is provided by the LDR. The RJB includes abort 
logic relays, which, when energized by an abort stage command, close the ascent stage battery MFC'  s and 
open the deadface r el ays. The RJB deadface relays provide on and off control of the main power feeder of 

I descent batteries No. 1 and 2 and, for LM 1 0  and subsequent, the lunar battery. These relays are opened 
and closed with the DES BATS switch, or are opened automatically when the abort logic relays close. The 
deadface relays in the RJB deadface half of the main power feeders between the descent and ascent stages; 
the other half of the power feeders is deadfaced by the deadface relays in the DRB. The ascent stage then 
provides primary d-e pow er to the LM. 

2. 5 .  4. 7 Deadface Relay Box. (See figure 2. 5 -1 2. ) 

The DRB contains a deadface relay, which controls the output of desc ent stage batteries No. I 3 and 4 and the lunar battery in the same manner as the RJB deadface relay c ontrols desc ent stage 
batteries No. 1 and 2 and the lunar battery. Because the Commander's  and LM Pilot ' s  circuit 
breaker panels are located on opposite sides of the LM cabin, two individual deadfacing facilities 
(one for each circuit breaker panel) provide a physically expedient deadfacing process.  

2 . 5 . 4 . 8 Inverters. (See figure 2. 5 - 1 5 . ) 

Two redundant 400 -cps inv erters individually supply the primary a-c power required in the 
LM. Inverter output is controlled by application of 28 volts de from the Commander ' s  or LM Pilot' s 
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1 AC SUS A --,  
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Figure 2 .  5 - 1 5 .  Inverter No. 1 - Block Diagram 

28 -volt d-e bus through the E PS: INV 1 and INV 2 circuit breakers, the INVERTER switch, and the AC 
BUS A and AC BUS B: BUS TIE c ircuit breakers. The inverters are identical ; therefore, only the invert
er No. 1 circuitry is discussed.  The 28 volts de is applied through an electromagnetic interference (EM!) 
filter and an input filter to a de -to-de converter. The regulated output of the converter is  changed to a 
400-cps square wave in the inverter stage. The output of the inverter stage is controlled by 400-cps 
pulse drives developed from a 6.  4 -kilopulse-per-second (kpps) oscillator , which is , in turn,  synchronized 
by timing pulses from the IS . The output of the inverter stage is 400±0. 4 cps , synchronized; 400±10 cps , 
with a free-running oscillator. The 6. 4-kpps oscillator output is divided precisely by 16 in the divider 
logic circuit and routed to the inverter stage , the electronic tap changer ,  and short-circuit protection 
circuits . The electronic tap changer sequentially selects the output of the tapped transformer in the in
verter stage, converting the 400-cps square wave to an approximate sine wave of the same frequency. The 
output filter minimizes harmonic distortion. The voltage regulator maintains the inverter output at 1 1 5  
volts ac ± 1 %  during normal load conditions by controlling the amplitude of the de-to-de converter output. 
The voltage regulator also compensates for variations in the d-e input and a-c output load. 

Setting the INVERTER switch to 1 routes the inverter No. 1 output to the AC BUS A: BUS 
TIE !NV 1 circuit breaker for a-c bus A application and to the AC BUS B: BUS TIE !NV 1 circuit breaker 
for a-c bus B application. A-C power at bus A is monitored for proper voltage amplitude and frequency 
by the IS via the AC BUS A: AC BUS VOLT circuit breaker (panel 1 1 ) .  When the voltage at bus A is less 
than 112 volts ac, or the frequency is less than 398 cps or more than 402 cps, the INVERTER caution light 
goes on. The light goes off when the malfunction is remedied . 

2. 5. 4 .  9 C ircuit Breaker and EPS Control Panels .  

All primary a-c and d-e power feed circuits are protected by appropriately rated circuit 
breakers on the Commander's and LM Pilot' s  buses. The two d-e buses are electrically connected by the 
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m ain power feeder network. Functionally redundant LM equipment is placed on both d-e buses (one on 
each bus) ,  so that each bus can individually perform a mission abort during emergencies. E PS circuit 
controls and monitoring displays are on panel 14. Section 3 contains a description of all E PS controls 
and displays.  Circuit breaker characteristics are given in table 2 .  5 - 1 .  

2 .  5 . 4 .  1 0  

Table 2 .  5-1 .  C ircuit Breaker Characteristics 

D-C circuit breaker 

Operating voltage 

Operating voltage limit 

Transient voltage limits 

Ripple voltage 

A-C c ircuit breaker 

Steady-state operating voltage 

Transient voltage limits 

Trans ient voltage recovery time 

28 volts 

3 2 . 5 volts 

50 volts above , 100 volts below , 
operating voltage 

Less thm 1 .  5 volts , peak 

1 1 5±2 . 5  Yolts rms 
9 0  to 1 8 8  volts, peak 

1 7 0  milliseconds 

Sensor Power Fuse Assemblies. (See figure 2.  5 - 1 6 . ) 

Two sensor power fuse assemblies ,  in the aft equipment bay . provide a secondary d-e bus 
system that supplies excitation to E CS, RCS, and MPS transducers that develop display and telemetry 
data. During prelaunch procedures , the INST : SIG SE NSOR circuit breaker (panel 16) is open, and 
primary power is supplied to the assemblies from the Commander's 2 8-volt d-e bus ,  via the EPS: DC 
BUS VOLT circuit breaker (panel 1 1) and the closed contacts of relay K6 in  panel 1 1 .  The coil of K 6  is 
energized by the ground- supplied GSE umbilical cable . Before launch, the GSE umbilical is disconnected 
and K6 is deenergized. Closing the INST: SIG SENSOR circuit breaker supplies power directly to the 
sensor power fuse assemblies from the LM Pilot's 28- volt d-e bus. With this circuit breaker closed, 
closing the EPS: CROSS TIE circuit breaker(s) on panel 11 supplies redundant powe r  from the Com
mander's 28-volt de bus . Each assembly comprises a positive d-e bus , negative return bus , and 40 fuses. 
All sensor return lines are routed to a common ground bus. 

2. 5. 5 PERFORMANC E  AND DESIGN DATA. 

The performance and design data for the EPS are given in table 2. 5-2.  

Table 2 . 5-2.  Electrical Powc- r Subsystem - Pcrform�cc and Design Data 

A -C section 

Inverter input voltage 

Inverter output (with 
PCMTE A  sync ) 

Inverter output (with 
internal sync) 

Normal load range 

Maximum overload at 
constant voltage output 

24 to 32 volts de 

1 1 5±1 . 2  volts rms ,  400±0 . 4  cps, 
s ingle phase 

1 1 5± 1 . 2  volts rms, 400± 1 0  c ps ,  
single phase 

0 to 3 50 volt-amperes (at power 
factors 0. 65 lagging to 0. 80 leading) 

525 volt-amperes for 10 m inutes 
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Table 2 .  5-2 . Electrical Power Subsystem - Performance and Design Data (cont) 

D-C section 

Steady-state bus voltage limits 

Nominal supply bus voltage 

Transient voltages 

Power requirements 

Ascent E C A ' s  

Descent E CA's  

E PS displays 

26 .  5 to 3 2 .  5 volts de 

28 volts de 

50 volts above or below nominal 
supply voltage 

84 watts , momentarily during battery 
switching; 10 watts , steady-state 

84 watts , momentarily during battery 
switching; 20 watts , steady-state 

2 watts 

OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the EPS are as follows: 

• When EPS batteries are in use, the primary glycol cooling loop (ECS} must be 
operating. If this restriction is not observed, EPS components will be damaged. 
The only deviation to this is at low power levels (200 watts or less) ;  then batteries 
can operate for 8 hours without cooling. 

• When supplying power,  temperature must be maintained between +29° and +100° F. 
If this restriction is exceeded, battery could be damaged or voltage output could go 
out of specification (less than 26.  5 volts de). 

• Maximum continuous inverter power output must not exceed 350 volt-amperes. De
mand can go to 525 volt-amperes for up to 10 minutes . If this limitation is ex
ceeded, inverter components could be damaged . 

• Maximum CSM power to the LM during docked coast phases in approximately 296 
watts peak (average is approximately 108 watts) .  If this restriction is exceeded, 
circuit breakers in the C SM will trip, shutting off power to the LM. 

• Available ascent electrical energy is 17 . 8 kilowatt-hours at maximum steady- state 
current drain of 50 amperes per battery , at 28 volts de . 

• Available descent electrical energy is 58. 6 kilowatt-hours maximum at steady
state current drain of 25 amper es per battery ,  at 28 volts de . 

• During descent engine burns, the c orresponding descent and ascent stage batteries 
(by supplied bus) must be paralleled to preclude a low bus voltage due to descent 
battery failure. 
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• Both E PS:  CROSS TIE circuit breakers on panel 1 6  must be opened during descent 
engine burns. If this restriction is not observed, a short on one bus will affect 
the other bus. 

• The EPS: CROSS TIE BAL LOADS circuit breaker on panel 1 1  must be closed at 
all times. If this restriction is not observed, redundant power to the Instrumenta
tion Subsystem and EPS displays will not be available. 

• Maximum current drain on one ascent battery during ascent engine burns (abort 
condition) is 104 amperes. At higher current drains, the d-e bus voltage may 
drop below the low operating limit. 

• Inverter output voltage must never drop below 1 10 volts ac; otherwise, the descent 
engine control assembly (DECA) may become inoperative. 
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ENVIRONMENTAL CONTROL SUBSYSTEM 

INTRODUCTION 

The E nvironmental Control Subsystem (ECS) provides a habitable environment fo r two astro
nauts while the LM is separated from the CSM, and permits the astronauts to decompress and repres
surize the cabin in accordance with mission requirements . It also controls the temperature of electronic 
equipment and provides water for drinking, cooling, fire extinguishing, and food preparation. 

The major portion of the ECS is in the cabin. Part of the equipment- cooling loop and two 
oxygen tanks are in the aft equipment bay. Two water tanks are in the upper midsection, two larger I oxygen tanks and two larger water tanks are in the descent stage . (See figures 2 .  6- 1 and 2 .  6- 2 . )  Power 
for the ECS is supplied from the Electrical Power Subsyste m .  (See figures 2. 6-3 and 2. 6- 5. ) The ECS 
(figure 2 .  6-4) comprises an atmosphere revitalization section (ARS) ,  an oxygen supply and cabin pressure 
control section (OSC PCS) , a water management section (WMS), a heat transport section (HTS) , and pro
visions for supplying oxygen and water to the portable life support system ( PLSS) . 

2 .  6. 1 . 1 Atmosphere Revitalization Section. 

The ARS consists of a suit circuit assembly, suit liquid cooling assembly ,  and steam flex I duct leading to a vent. The suit circuit assembly is a closed-loop recirculation system that cools and 
ventilates the pressure garment assemblies ( PGA's) ;  maintains a desirable level of carbon dioxide in the 
atmosphere; removes odors ,  particles , noxious gases , and excessive moisture ; enables control of the 
te mperature of oxygen flow to the PGA' s ;  and, if required, automatically isolates the PGA's fro m the 
system .  The suit liquid cooling asse mbly circulates water and controls its temperature in the liquid-
cooled garment, circulates cabin air ,  when required, and removes lunar dust from the cabin during I ascent from the lunar surface . The steam flex duct carries steam discharged from the suit circuit water 
sublimator,  when operating, to ambient vacuum. 
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Oxygen circulation is maintained by centrifugal fans. Heating and cooling are accomplished 
by passing the oxygen through heat exchangers, where heat i s  either surrendered to, or picked up from, 
the coolant of the HTS. Water separators remove excess moisture after the cooling phase. 

2 . 6. 1 . 2 Oxygen Supply and Cabin Pressure Control Section. 

The OSC PC S stores gaseous oxygen and maintains cabin and suit pressure by supplying oxy
gen to the ARS. This replenishes losses due to crew metabolic consumption and cabin or suit leakage. 
There are four oxygen supplies:  two, in the descent stage, provide oxygen during the descent and lunar- I 
stay phases of the mission: two, in the ascent stage, during the ascent and rendezvous phases of the 
mission. 

2 .  6 . 1 . 3  Water Management Section. 

The WMS supplies water for drinking, cooling, fire fighting, food preparation, and for re
filling the P LSS cooling water tank. It  also provides for delivery of water from ARS water separators to 
HTS sublimators and from the water tanks to ARS and HTS sublimators .  

T h e  water tanks a r e  pressurized before launch, t o  maintain t h e  required pumping pressure 
in the tanks.  The two descent stage tanks supply most of the water required until staging occurs .  After I 
staging, water is supplied by the two ascent stage tanks. 

Pressure-regulated water from the tanks , along with ARS water,  is delivered to the HTS I sublimators via manually controlled shutoff valves . A manual disconnect and shutoff valves are provided 
' 

for control and use of ascent and descent tank water for drinking, food preparation, fire extinguishing, 
and P LSS refills . 

2 . 6. 1 . 4  Heat Transport Section. 

The HTS consists of a primary coolant loop and a secondary coolant loop. The secondary 
loop serves as a backup loop and functions in the event that the primary loop fails . A water-glycol solu
tion circulates through each loop. The primary loop provides temperature control for batteries, electron
ic equipment that requires active thermal control, and for the water that circulates through the LCG and 
the oxygen that circulates through the cabin and PGS' s. The batteries and electronic equipment are mounted 
on cold plates and rails through which coolant is routed to remove waste heat. 

• 

The cold plates used for equipment that is required for mission abort contain two separate 
coolant passages; one for the primary loop and one for the secondary loop. The secondary coolant loop, 
which is used only if the primary loop is inoperative, serves only these cold plates. 

In-flight waste heat rej ection from both coolant loops is achieved by the primary and second
ary sublimators, which are vented overboard. A coolant pump recirculation assembly contains all the 
HTS coolant pumps and associated check and relief valves .  Coolant flow from the assembly is  directed 
through parallel circuits to the cold plates for the electronic equipment, the oxygen-to-glycol heat 
exchangers,  and the water-to-glycol heat exchanger in the ARS. 

2 . 6. 2  SUBSYSTEM INTERFACES . 

An absolute pressure transducer in each descent oxygen tank feed line generates an output 
proportional to tank pressure. The output is routed to the Instrumentation Subsystem (IS) , where it is  
conditioned to  provide a telemetry signal, a caution indication, and through the 02/H20 QTY MON 

I 
s elector switch (panel 2) , a display on the 02 QUANTITY indicator. When descent tank 1 pressure drops 1 
below 135 psia (approximately 5% of capacity), a signal is routed to the Oz QTY caution light . Momentar
ily setting the 02/H 20 QTY MON selector switch to C/W RESET extinguishes the light. 

A pressure transducer in the fill line of each ascent oxygen tank generates an output that is 
also conditioned in the IS to provide a telemetry signal, a caution indication, and a display on the 02 
QUANTITY indicator. The quantity of oxygen remaining in the tanks is read on the indicator by setting 
the selector switch to ASC 1 or ASC 2, as applicable. The 02 QTY caution light goes on if, before staging, 
the pressure in either ascent oxygen tank is less than 684 psia (less-than-full condition) . After staging, 
the signal that causes this indication is inhibited; instead, the light goes on when pressure in ascent tank 
No. 1 is less than 100 psia. The caution light is extinguished by setting the selector switch to C/W 
RESET.  
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FUNCTIONAL DESCRIPTION. 

The fWl( ·jonal description of each of the four major ECS sections is supported by a func
tional flow diagram which, to reduce complexity, does not contain electrical circuitry, Figure 2 . 6-5 
shows all ECS electrical circuits and all ECS interfaces with the Electrical Power Subsystem (E PS) and 
IS. 

2. 6 .  3 . 1 Atmosph ere Revitalization Section. (See figure 2 . 6 - 6 . ) 

The ARS is a recirculation system that conditions oxygen by cooling or heating, and dehumid-
ifying and deodorizing it for use within the PGS 's  and cabin; it also circulates water through the liquid-1 cooled garment to provide cooling during peak heat loads; during ascent from the lunar surface, it re
moves dust from the cabin atmosphere. The major portion of the ARS is within the suit circuit assembly. 

In normal operation the SUIT !SOL valve is set to SUIT '·'LOW and conditioned oxygen flows 
to the PGS 's  and is discharged through the return umbilical to the su1L circuit . Suit circuit pressure, 
sensed at a point downstream of the suits, is referenced to the oxygen regulators that control pressure by 
supplying makeup oxygen to the suit circuit. The suit circuit relief valve protects the suit circuit 
against overpressurization, by venting to cabin ambient. 

The CABIN position of the SUIT GAS DIVERTER valve is used during pressurized-cabin op
eration, to divert sufficief't conditioned oxygen to the cabin to control carbon dioxide and humidity levels . 
Pulling the valve handle selects the EGRESS position to isolate the suit circuit from the cabin. The 
E GRESS position is used for all unpressurized cabin operations as well as closed suit mode with pres
surized cabin. An electrical solenoid override automatically repos ; ti ons the valve from CABIN to EGRESS 
when cabin pressure drops below the normal level or when the PR REG A or PRESS REG B valve is 
set to E GRESS. 

With the SUIT GAS DIVERTER valve set to CABIN, cabin discharge oxygen is returned to the 
suit circuit through the CABIN GAS RETURN valve. Setting the CABIN GAS RETURN valve to AUTO en
ables cabin pressure to open the valve. When the cabin is depressurized, differential pressure closes the 
valve, preventing suit pressure loss ,  

A small amow1t of  oxygen is tapped from the suit circuit upstream of the PGA inlets and fed 
to the carbon dioxide partial pressure sensor, which provides a voltage to the PART PRESS C02 indicator 
(panel 2 ) .  

The primary and secondary carbon dioxide (C02) and odor removal canisters are connected 
to form a parallel loop. The primary canister contains a LM -size cartridl(e; the secondary canister, a 
P LSS-size cartridge. A debris trap in the primary canister cover prevents particulate matter from 
entering the cartridge. A relief valve in the primary canister permits flow to bypass the debris trap if 
it becomes clogged. Oxygen is routed to the C02 and odor removal canisters through the C02 CANISTER 
SE L valve. The carbon dioxide level is controlled by passing the flow across a bed of lithium hydroxide 
( LiOH) ; odors are removed by absorption in activated charcoal. When carbon dioxide partial pressure 
reaches or exceeds 7. 6 mm Hg, as indicated on the PART PRESS C02 indicator,  the C02 component 
caution light and ECS caution light go on. The C02 CANISTER SEL valve is then set to SEC, placing the 
secondary canister onstream. This unlocks �he cover on the PRIM C02 CANISTER. The PRIM C02 
CANISTER VENT pushbutton is pushed to release pressure from the canister before the canister cover is 
removed. The primary cartridge is replaced, the canister cover is installed, and the C02 CANISTER 
SE L valve is set to PRIM , placing the primary canister back onstream. The ECS caution light is extin
guished by the lowering of the carbon dioxide partial pressure below 7. 6 mm Hg. The C02 component 
caution light is on when the C02 level is above 7. 6 mm Hg or C02 CANISTER SEL valve is in the SEC I pos:twn. A flow limit er i n  the primary cartridge makes the flow resistance equivalent to a secondary 
cartridge and maintains suit circuit oxygen flowrates compatible with the water seperator requirements. 
The flow limiter is removable in flight should additional oxygen flow be desired . 

From the canisters, conditioned oxygen flows to the suit fan ass embly, , .  · : ch maintains 
circulation in the suit circuit . Only one fan operates at a time. The ECS : SUIT FAi'. � circuit breaker 
is closed and the SUIT FAN selector switch is set to 1 to initiate suit fan operati on. At startup, a fan 
differential p ressure sensor is in the low position (low P) , which,  through the fan condition signal con
trol, energizes the ECS caution light and SUIT FAN component caution light . The lights remain on until 
the differential pressure across the operating fan increases sufficiently to cause the differential pressure 
sensor to move to the normal position. If the differential pressure drops to 6. 0 inches of water or less, 
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the lights go on and switchover to fan No. 2 is required. The E CS caution light goes off when No. 2 fan is 
selected and the SUIT /FAN warning light goes on. The SUIT FAN component caution light goes off when 
fan No. 2 comes up to speed and builds up normal differential pressure.  The SUIT /FAN warning and SUIT 
FAN component caution lights go off when fan No. 2 differential pressure reaches 9. 0 inches of water . 
The fan check valve permits air to pass from the operating fan without backflow through the inoperative fan. 

From the check valve, the conditioned oxygen passes through a sublimator to the cooling 
heat exchanger. The sublimator cools the oxygen under emergency conditions. Normally, the sub
limator is inoperative; it is placed in operation when the secondary evaporator flow (SEC EV AP FLOW) 
valve of the water control module is opened because a failure in the primary heat transport loop renders 
the cooling heat exchanger inoperative . Heat transfer to the coolant in the heat exchanger reduces gas 
temperature and causes some condensation of water vapor.  

The conditioned oxygen is next routed to two, parallel- redundant water separators through 
the water separator selector (WATER SEP SEL) valve. One separator,  selected by pushing (SEP 1) or 
pulling (SEP 2 )  the WATER SEP SE L valve handle, is operated at a time. The separator is driven by the 
gas flowing through it. Moisture removed from the oxygen is discharged under a dynamic head of pres
sure sufficient to ensure positive flow from the separator to the WMS. A water drain carries some water 
from the separators to a surge (collection) tank outside the recirculation system. 

The conditioned oxygen from the water separator is  mixed with makeup oxygen from the 
OSCPCS to maintain system pressure . The mixture flows through the regenerative (heating) heat ex
changer, where the temperature may be increased, to the SUIT !SOL valves. The SUIT TEMP valve on 
the water control module controls the flow of coolant through the regenerative heat exchanger . Setting the 
valve to !NCR HOT increases oJ<,:ygen temperature; setting it to DECR COLD reduces the temperature . 

If a PGA tears while the SUIT !SOL valves are set to SUIT FLOW, the valves are automatic
ally repositioned to SUIT DISC when suit circuit pressure drops to 2. 9 psia minimum (they can close be
tween 2 . 9  and 3 . 4  psia) , actuated by the suit circuit pressure switch. This action isolates the PGA's  
from the  ARS. At  the same time, the CABIN REPRESS valve automatically opens, repressurizing the ( " I cabin, if the CABIN REPRESS circuit breaker is closed. 

2 . 6 . 3 . 1 . 1 Suit Liquid Cooling Assembly. (See figure 2. 6-6A . )  

The suit liquid cooling assembly assists in removing metabolic heat by circulating cool water 
through the liquid-cooled garment ( LCG) . A pump maintains the flow of warm water returning from the 
LCG through the water umbilical hoses.  An accumulator in the assembly compensates for system 
volumetric changes and leakage. A mixing bypass valve controls the quantity of water that flows through 
the water-glycol heat exchanger for removal of heat; the remaining water is bypassed around the heat 
exchanger.  This bypassed (warm) water, mixed with the cool water downstream of the heat exchanger, 
flows through the water umbilical hoses back to the LCG. A fan circulates cabin air through the lunar 
dust filter.  

2 .  6 .  3 .  2 Oxygen Supply and Cabin Pressure Control Section. (See figure 2. 6- 7 . ) 

The ECS descent stage oxygen supply hardware consists of the following: two descent 
oxygen tanks , two high-pressure fill couplings, high-pressure oxygen control assembly, interstage 
flex line, and descent stage disconnect. The descent tanks pressure transducers, part of the IS , generate 
an output proportionate to tank pressure. The second descent stage oxygen tank connects to the common 
oxygen feed line and branches off into a high pressure PLSS fill line that has its own pressure regulator, 
overboard relief valve, interstage flex line, and descent stage disconnect. Two check valves prevent 
oxygen flow from one tank to the other. 

The ascent stage oxygen supply hardware consists of the following: ascent stage disconnects, 
interstage flex line, oxygen module, two ascent oxygen tanks, low pressure P LSS oxygen disconnect 
(GFE ) ,  and the cabin pressure switch. In addition, the high pressure PLSS fill has its own interstage 
flex line, ascent disconnect, oxygen shutoff valve, high pressure PLSS oxygen disconnect, and a PLSS 
hose .  Two automatic pressure relief and dump valves, one in each hatch, protect the cabin from over
pressurization. Two ascent stage tank pressure transducers and a selected oxygen supply transducer, 
part of the IS, operate in conjunction with OSCPCS. 
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The OSCPCS stores gaseous oxygen, replenishes the ARS oxygen, and provides refills for I the PLSS oxygen storage tank. Before staging, oxygen is supplied from the descent stage oxygen supply . 
After staging, or if the descent supply is depleted, the ascent stage oxygen tanks supply oxygen to the oxy
gen control module. The high-pressure assembly in the descent stage, and the oxygen control module in 
the ascent stage, contain the valves and regulators necessary to control oxygen in the OSCPCS. Two 
cabin relief and dump valves vent excess cabin pressure. 

Descent tank pressure, approximateiy 2690 psia , is reduced to a level that is compatible I 
with the components of the oxygen control module, approximately 900 psig, by a high-pressure regulator. 
A series-redundant bypass relief valve protects the descent oxygen tanks against overpressurization. In 
addition, a series-redundant overboard relief valve protects the oxygen control module against excessive 
pressure caused by a defective regulator or by flow through the bypass relief valve" If the pressure on 
the outlet side of the regulator rises to a dangerous level, the burst diaphragm assembly vents the high
pressure assembly to ambient. A poppet in the burst diaphragm assembly reseats when pressure in the 
high-pressure assembly is reduced to approximately 1, 000 psig" Descent oxygen flows through the inter
stage disconnect to the oxygen control module and is controlled with the descent oxygen shutoff (DES 02) 
valve. The interstage disconnect acts as a redundant seal to prevent loss of oxygen overboard after -
staging. 
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Figure 2 .  6-6A.  Suit Liquid Cooling Assembly - Schematic Flow Diagram 
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When ascent stage oxygen is required, the ascent oxygen shutoff (# 1  and #2 ASC 02) valves 
are used to select their respective tank. A mechanical i nterlock prevents the valves from being opened 
unless the descent oxygen shutoff valve is closed. Thr � : .echanical interlock may he overridden (if the 
descent oxygen shutoff valve cannot be closed and the ascent oxygen shutoff valves must be opened) by 
pressing the INTLK OVRD pushbutton on the oxygen control module. 

From the oxygen shutoff valves, oxygen is routed to oxygen demand regulators (PRESS REG 
I A and PRESS REG B valves) , a low pressure PLSS FILL valve, and a cabin repressurization and 

emergency oxygen (CABIN REPRESS) valve .  The oxygen demand regulators maintain the pressure of the 
suit circuit at a level consistent with normal r equirements .  Both regulators are manually controlled 
with a four-position handle; both are ordinarily set to the same position. The CABIN position is selected 
during normal pressurized-cabin operations, to p rovide oxygen at 4 .  8±0 .  2 psia. Setting the regulators 
to EGRESS maintains suit circuit pressure at 3 .  8±0 . 2 psia. The DIRECT 02 position provides an un
regulated flow of oxygen into the suit circuit . The C LOSE position shuts off all flow through the regulato r .  
In the CABIN and E GRESS positions, the regulator is internally modulated b y  a reference pressure from 
the suit circuit . The demand regulators are redundant; either one can fulfill  the ARS oxygen requirements .  

I Descent tank No. 2 pressure, approximately 2 690 psia, is reduced to approximately 1400 
psia by a high pressure PLSS regulator .  The oxygen is then routed to a high pressure P LSS FILL valve, 
which connects to the P LSS oxygen tank through a flex hose.  A check valve in the P LSS disconnect is 
opened when the hose is connected. The valve automatically closes when the hose is disconnected.  

If cabin pressure drops to 3 .  7 to 4 .  4 5  psia , the cabin pressure switch energizes the CABIN 
REPRESS valve, and oxygen flows through the valve into the cabin. If cabin pressure builds up to 4. 40 to 
5. 0 psia, the cabin pressure switch deenergizes the valv e solenoid, shutting off the oxygen flow. The 
valve can maintain cabin pressure at 3. 5 psia for at least 2 minutes following a 0. 5 -inch-diameter punc
ture of the cabin. It responds to signals from the cabin pressure switch during pressurized- cabin opera
tion. Manual override capabilities are provided. 

The two cabin relief and dump valves are manually and pneumatically operated. They pre- . 
vent excessive cabin pressure and permit deliberate cabin decompression. The valves automatically 
relieve cabin pressure when the cabin-to-ambient differential reaches 5 .  4 to 5. 8 psid. When set to AUTO, 
the valves can be opened manually with their external handle .  Each valve can dump cabin pressure from 
5. 0 to 0. 08 psia in 180 seconds without cabin inflow. In addition to relieving positive pressure, the valves 
relieve a negative cabin pressure condition. 

To egress from the LM, the PRESS REG A and PRESS REG B valves are set to EGRESS, 
turning off the cabin fan and closing the SUIT GAS DIVERTER valve; the CABIN GAS RETURN valve is  set 

I to EGRESS, the CABIN REPRESS circuit breaker is opened; and cabin pressure is dumped by setting the 
cabin relief and dump valve to OPEN. When repressurizing, the CABIN REPRESS circuit breaker is 
closed, the cabin relief and dump valve is set to AUTO, the PRESS REG A and PRESS REG B valves 
are set to CABIN, and the CABIN GAS RETURN valve is set to AUTO. The CABIN warning light goes 
on when the regulators are set to CABIN, it goes off when the cabin reaches the actuation pressure of 
the cabin pressure switch. 

1 2 . 6 . 3 . 3 Water Management Section. (See figure 2. 6-8 . ) 

The WMS stores water for metabolic consumption , evaporative cooling, fire extinguishing , 
and P LSS water tank refill. It controls the distribution of this stored water and the water reclaimed 
from the ARS by the water separators . Reclaimed water is used only for evaporative cooling, in the E :;s 

I sublimators .  Water is stored in two tanks in the descent stage and two identical smaller tanks in the 
upper midsection of the ascent stage. All water tanks are bladder-type vessels, which are pressurized 
with nitrogen before launch. The controls for the WMS are grouped together on the water control module 
located to the right rear of the LM Pilot ' s  station. 
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Water from the descent stage water supply is fed through a manually operated shutoff (DES I H20) valve,  and a check valve, to the P LSS H20 DISCONNECT . Water quantity is determined by a 
pressure transducer with a range of 0- to 60-psia. The output i s  displayed on the H20 QUANTITY in
dicator (panel 2) after the o2/H2o QTY MON selector switch 1s set to DES 1 or DES 2 . A nomograph is 
supplied to convert the readings on the H20 QUANTITY indicator into actual percentage of water in
dications . FULL and 1 6% FULL marks are affixed . to the indicator. When the DES H20 valve is set to 
OPEN, high-pressure water is available for drinking, food preparation, PLSS fill, and fire extinguishing. 

When the vehicle is staged, the descent interstage water feed line is severed by the inter
stage umbilical guillotine and water is supplied from the ascent stage water tanks . Water quantity in 
each ascent stage tank is measured and displayed in the same manner as descent water quantity; the 

I 02/H20 QTY MON switch is set to ASC 1 or ASC2 ,  as required. The water quantity measuring system 
for ascent stage water is similar to the one for descent stage water. The H20 QUANTITY indicator 

I marks are affixed for FULL and 9 5% FULL indications. Water from ascent stage water tank No. 1 is 
fed to the P LSS H20 DISCONNECT through the ascent water (ASC H20) valve for drinking, food pre
paration, P LSS fil l ,  and fire e:\.i:inguishing. 

Water from the ascent and descent water tanks enters the WATER TANK SE LECT valve 
which consists of two water diverting spools. Setting the valve to DES or ASC determines which supply 
is on-line. 

When using the descent supply, water is routed to the primary pressure regulators by 
setting the WATER TANK SE LECT valve to DES. The water flows through the series primary pressure 
regulators ,  which control water discharge pressure in response to suit circuit gas reference pressure, 
at 0. 5 to 1. 0 psi above this gas pressure. With the PRl EVAP FLOW # 1  valve set to OPEN, the water 
is routed through a flow limiter to the primary sublimator.  The flow limiter limits the water flow rate 
during the sublimator startup period. Discharge water from the water separator is routed through the 
secondary spool of the selector valve and joins the water from the primary pressure regulators .  Setting 
the WAT ER TANK SELECT valve to ASC routes water from the ascent tanks through the primary pres
sure regulators and, with PRI EVAP F LOW # 1  valve set to OPE!':, to the primary sublimator. Water 
flow from the water separators is not changed by selection of the ASC position. If the primary pressure 
regulators fail an alternative path to the primary sublimator is provided by setting the PRl EVAP F LOW 
112 valve to OPEN. Water then flows directly from the ascent water tanks through the secondary pres
sure rebrulator , and the PRl EVAP F LOW #2 valve through the flow limiter to the primary sublimator. 

Under emergency conditions (failure of the primary HTS loop), water from the ascent tanks 
is routed through the secondary manifold (secondary pressure regulator) by setting the SEC EVAP F LOW 
valve to OPEN. This al1ows for flow of water to the second in series pressure regulator through flow 
limiters , to the secondary sublimator and the suit circuit sublimator.  Discharge water from the water 
separators is also diverted to these sublimators . To divert water, the WATE R  TANK S E LECT valve is 
set to SEC.  

2 . 6.  3 .  4 Heat T ransport Section. (See figure 2 . 6-9 . )  

The HTS consists of two closed loops (primary and secondary) through which a water-glycol 
solution is circultated to cool the suit circuits ,  cabin atmosphere, and electronic equipment. Coolant is 
continuously ci rculated through cold plates and cold rails to remove heat from electronic equipment and 
batteries . For the purpose of clarity, the primary and secondary coolant loops, and the primary and 
secondary coolant loop cold plates and rails are discussed separately in the following paragraphs . When I necessary , the primary loop is also a heat source for suit loop oxygen and a cooling source for the 
liquid-cooled garment. Heat is removed by absorption and is rejected to space by sublimation. 
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Primary Coolant Loop. 

The primary coolant loop is char\:' d with coolant at GSE fill points and is then sealed. The 
glycol pumps force the coolant through the loop . The glycol accumulator maintains a constant head of 
pressure (5 .  2 5  to 9 psia, depending on coolant level) at the inlets of the primary loop glycol pumps. 
Coolant temperature at the inlets is  approximately +40 ° F. A switch in  a low-level sensor trips when 
only 10±5% of coolant volume remains in the accumulator. When tripped, the switch p rovides a telemetry 
signal and causes the GLYCOL caution light (panel 2)  to go on. 

The coolant i s  routed to the pumps through a filter, which has a bypass to maintain flow if 
the element becomes clogged. Each pump can provide a minimum of 3. 7 pounds per minute of coolant 
flow at 40 ° F with a pressure rise of 30 psid when subj ected to a voltage of 28 volts d e .  They are started 
by closing the ECS:  GLYCOL PUMP 1 and 2 circuit breakers and setting the GLYCOL selector switch to 
PUMP 1 or  PUMP 2. If the operating pump does not generate a minimum differential pressure ( ..1 P) of 
7 ±2 psi (or if the pump �p drops below 3 psid after primary pump operation has been initiated) , the ..1 P 
switch generates a signal to energize the ECS caution light and the glycol pump (GLYCOL) component 
caution light. Manually selecting the other pump deenergizes the lights when the onstream pump develops 
in minimum ..1 P of 5. 0 to 9 .  0 psid. If both pumps fail, the secondary loop is activated by setting the 
WATER TANK SE LECT valve to SEC, setting the GLYCOL switch to INST (SEC) , and closing the ECS:  
G LYCOL PUMP SEC circuit breaker .  Automatic transfer from primary pump No.  1 to primary pump 
No. 2 is initiated by closing the ECS: GLYCOL PUMP AUTO TRNFR circuit breaker and setting the 
selector switch to PUMP 1 .  When transfer is necessary , the ECS caution light and the G LYCOL compo
nent caution lights go on, the transfer is  accomplished, and the ECS caution light goes off. The GLYCOL 
component caution light remains on. 

If primary loop c, P exceeds 33 psia, the appropriate pump bypass relief valve opens and 
routes the coolant back to the pump inlet, relieving the pressure. These relief valves start to open at 
33 psia, are fully open at a maximum of 39 psia, and reseat at a minimum of 32 psia. Check valves pre
vent coolant from feeding back through an inoperative primary pump. 

Part of the coolant le::t\'ing the recirculation assembly flows to the suit circuit heat ex
changer to cool the suit ci rcuit g-as uf the ARS. The remainder of the coolant flows to electronic 
equipment mounted on cold plates.  The flow paths then c onverge and the coolant is directed to the liguid
cooled garment water -glycol heat exchanger to cool suit water as required .  The coolant then flows 
through the aft equipmen' bay cold rails.  A portion of the warm er coolant flov.· returing from the aft 
equipm ent bay cold raib can be diverted to the suit circuit regenerative heat exchanger through the SUIT 
TEMP valve to increase suit inlet gas temperature . The diverted flow returning from the heat exchanger, 
combined with the bypassed coolant, is routed to the primary sublimator.  

The sublimator decreases the temperature of the coolant by re jecting heat to space 
through the sublimation of water, followed by the venting of the generated steam through an overboard 
duct . A thrust deflector located above the duct exit port diffuses the axhaust steam, thereby decreasing 
the thrust effect on the vehicle. Pressure regulators in the subi mat ur water feed line maintain water 
outld pressure at 0.  4 to 1. 0 psid above the referenced suit ci rcuit p ressure. This regulated water outlet 
pr •. " sure will be above 4. 0 psia and will normally be below 7. 0 psia. During the suit pressure integrity 
check, the regulated water outlet pressure can be as high as 10 psia for a short time. The sublimator 
inlet and outlet temperatures are sensed by temperature transducers, which provide telemetry signals. 
Coolant from the sublimator flows through the ascent and descent battery cold rails , then returns to the 
recirculation assembly . 
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( -\ Self-sealing disconnects upstream and downstream of the glycol pumps permit servicing and 
operation of the HTS by GSE .  Interstage disconnects are installed in coolant lines that connect to the 
descent stage . Before staging, coolant flows through the ascent and descent stage battery cold rails . 
After staging, the interstage disconnects separate, the lines are sealed by the interstage disconnects and 
the full coolant flow enters the ascent stage battery cold rails. 

( 

( 

2 . 6. 3 . 4 . 2 Secondary Coolant Loop. 

The secondary (emergency) coolant loop provides thermal control for those electronic as
semblies and batteries whose performance is necessary to effect a safe return to the C SM. Cooling is 
provided by the secondary sublimator .  The procedure for starting up the secondary loop is discussed in 
paragraph 2. 6.  3. 4. 1 .  

The secondary loop i s  also charged with coolant at GSE fill points and is  sealed. A second
ary accumulator identical with the primary accumulator maintains a positive secondary pump inlet pres
sure. As with the primary pump, the secondary pump is protected by a filter which has a bypass to 
maintain flow if the element becomes clogged. A pump bypass relief valve relieves excessive pressure 
by routing coolant back to the pump inlet. A check valve at the discharge side of the glycol pump p revents 
coolant flow from bypassing the HTS during GSE operation. The coolant from the pump passes through 
the check valve ,  to the secondary passage of the cold plates and cold rails of the electronics and batteries 
section. Waste heat i s  absorbed by the coolant. The warm coolant then flows to the secondary sub
limator. 

The secondary sublimator operates in the same manner as the primary sublimator in  the 
primary coolant loop. Water for the sublimator is  provided when the SEC EVAP FLOW valve is set to 
OPEN. The coolant returns to the pump for recirculation. 

2 . 6. 3 . 4 . 3  Cold Plates and Rails.  (See figure 2 .  6-9 . ) 

Equipment essential for mission abort is mounted on cold plates and rails that have two 
independent coolant passages,  one for the primary loop and one for the secondary loop. 

Primary Coolant Loop Cold Plates and Rails . The cold plates and rails in the primary coolant loop are 
arranged in three groups : upstream electronics,  aft equipment bay , and batteries.  

Coolant from the recirculation assembly flows into parallel paths that serve the upstream electronics 
group. In this group , the data storage equipment assembly (DSEA) is cooled by cold rails;  the remainder 
of the group, by cold plates.  The cold plates are located in the pressurized and unpressurized areas of 
the LM. The flow rates through lhe parallel paths are controlled by flow restrictor s ,  installed down
stream of each cold plate group. The first upstream electronics flow path cools the suit circuit heat 
exchange r .  The second flow path cools five cold plates mounted on the pressurized side of the equipment 
tunnel back wall. The third path serves the integrally cooled inertial measurement unit (IMU) and the 
rate gyro assembly (RGA) cold plate, both located in the unpressurized area (on the navigation base) . 
All the plates for the fourth path are in the unpressurized area above the cabin; the ASA is on the naviga
tion base. The fifth path serves the tracking light electronics (T LE) ,  g·i mbal angle sequencing transforma
tion assembly (GASTA) , lighting control assembly ( LCA), and data storage electronics assembly (DSEA) 
plates : one in the unpressurized area in front of the cabin, a second one in the control and display panel 
area, a third one below the cabin floor, and another one on the left wall of the cabin. 

The aft equipment bay is cooled by eight cold rails ;  the flow is  in parallel. The batteries are cooled by 
cold rails .  The ascent batteries are in  the center section of the aft equipment bay . T he descent batteries I 
are on the - Z - bulkhead . During the descent phase, the coolant flow is split between the descent batteries 
and the ascent batteries ;  the asc ent batteries are not used during this time. When the stages are separated, 
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quick-disconnect break the coolant lines and seal the ends; all coolant then flows through the ascent 
battery cold rails.  

Se condary Coolant Loop Cold Plates and Rails .  The secondary coolant loop is for emergency use . Only 
cold plates and cold rails that have two independent passages (one for the primary loop and one for the 
secondary loop) are served by this loop . 

In the upstream electronics area, the secondary coolant flow is split between three cold plates (RGA, 
ASA, and TLE) in parallel.  The flow rate is controlled by flow restrictors downstream of the TLE and 
RGA . After these three plates, the secondary loop cools the ascent battery cold rails and the aft e quip 
ment bay cold rails in a series -parallel arangement. The coolant first flows through three ascent battery 
cold rails in parallel, then through eight aft equipment bay cold rails in parallel. 

. • 
2 . 6 . 4  MAJOR COMPONENT/ FUNCTIONAL DESCRIPTION. 

2. 6. 4. 1 Atmosphere Revitalization Section.  

2 . 6 . 4 . 1 . 1 Suit C ircuit Assembly . 

Suit Circuit Relief Valve. The SUIT CIRCUIT RELIE F valve is an aneroid-ope rated, poppet-type valve 
that p rotects the suit circuit against overpressurization. The valve has AUTO. OPEN, and C LOSE 
positions .  Two externally mounted microswitches provide telemetry signals when the OPEN or C LOSE 
position is selected. 

In the AUTO position, the valve responds to pressure sensed by the aneroid , and c racks open at ap
proxim ately 4 .  3 psia to prevent overpressu rization of the suit loop by allowing oxygen flow to the cabin . 
At 4 .  7 p sia , the valve is fully open and flows approximately 7 .  8 pounds per hour at +90c F. The valve (� reseats at approximately 4 .  3 psia. In the OPEN position, the valve handle displaces the poppet from the 

. seat to open the valve , regardle ss of pressure . In the CLOSE position, if the valve fails to reseat, the . 
automatic poppet is left open,  but an auxiliary poppet is closed, maintaining pressure. 

Suit Gas Diverte r Valve . (See figure 2 .  6- 1 0 . ) The SUIT GAS DIVERT ER valve is a manuually operated, 
two- way valve (one inlet and two outlets) with a solenoid override in one direction. The valve is on the 
ECS package above the oxygen control module. When the valve handle is pushed into CABIN position, 
oxygen is directed into the cabin. The valve is maintained in this  position, against main spring 

TO SUIT LOOP (OUT) 

HANDLE (SHOWN IN 
CABIN POSITION) 

:JOOt.M4-9J 

Figure 2 .  6- 10 .  Suit Gas Diverter Valve - Functional Schematic 

I Page _ __,_2 :...:· 6"-'-'-'2'-"2'---- Mission 
ENVIRONM ENTAL CONTROL SUBSYSTEM 

LM Basic Date 1 February 1970 Change Date _ __:lc..A::..::..;p.::.r.=.;ilc...::.l9.;;..7.:..1;;.__ 



( 

( 

LMA790- 3 - LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

pre s sure , by a deenergized solenoid. Pulling the valve handle to EGRESS position overrides the solenoid 
and pe rmits the valve to reposition to its upper seat, blocking flow to the c abin. 

An automatic c losed-to- c abin feature is provided. If c abin pre s sure falls to below normal level while the 
valve is set to C ABIN, the solenoid is energized by the c abin pre s sure switch, and the m ain spring re
turns the valve to the E GRESS position.  Electrical power is also supplied to the diverter valve when the 
PRESS REG A and P R ESS REG B valves are set to EGRESS. The diverter valve has a valve-position
indicating switch that provides a telemetry signal when the valve is in the EGRESS position. 

Cabin Gas Return Valve . The CABIN GAS RETURN valve is a spring -loaded, flappe r -type valve . The 
valve has AUTO, OPEN, and EGRESS (closed) position s .  In the AUTO position, the valve automatically 
permits cabin gas to return tn the suit circuit. When the cabin is  depressurized, the suit circuit p re s 
sure closes the valve , preventing backflow into the cabin. The OPEN and EGRESS positions provide 
m anual override of the AUTO p osition. Valve -position -indicating switches provide telemetry signals 
when the valve is set  to OPE N  or EGRESS. 

C� Canister Selector Valve, and C02 and Odor Removal Canister s .  The C02 CANISTER SE L valve is  a 
dual-flappe r -type valve that routes flow through the COz and odor removal caniste r s .  The valve has 
PRIM and SEC positions.  One flapper is at the inlet to the canisters;  the other, at the outle t .  

E a c h  c aniste r contains a c artridge filled with lithium hydroxide ( LiOH) and activated c harcoal. The pri
mary c aniste r cover has a debris trap, which may be replaced before , but not during, flight. A relief COz 
valve in the canister permits flow to bypass the debris trap if it becomes c logged. The CANISTER SE L 
valve is sufficiently lea.l;:proof to pe rmit replacement of cartridge s, with the cabin unpre ssurized. 

The PRIM position perm its suit c ir cuit gas to flow through the p r imary canister .  When replacing a satu 
rated p r imary cartridge, the COz CANISTER SEL valve handle is set to S E C .  This unlocks the PRIMARY 
C 02 C ANISTER cove r.  A relief valve ( V E NT PUSH) equalizes the pressure of the cabin and the inte rior 
of the c aniste r before caniste r  cove r re moval . A finger latc h ,  part of  the c aniste r cove r ,  is  released 
before the cove r is rotated to OPEN .  

Suit C i r cuit Fans . Each suit c ircuit fan is operated by a 2 8- volt d - e  brushless motor. A full radial- type 
rotor with a vaneless diffuser is used: it moves approximately 24 cfm at 2 5 ,  000 ±500 rpm. Fan operation 
is controlled b y  the S illT FAN selector switch. The fans permit operation at sea level for checkout 
purp o se s .  A 1 5 -volt d -e input is p rov ided for this purpose.  

Suit C i rcuit Sublimator. The suit c ircuit sublimator has a water inlet and a steam outlet that is  vented 
overboa r d .  Water and suit circuit gas both make a single pass through the unit, which comp rises a stack 
of modul e s  of several laye rs of porous pl:ltes ,  and water .  steam , and suit circu it gas passages .  The 
sublimator rejects suit c i rcuit heat to space if the suit circuit heat exchanger is  inoperative . 

Suit C ircuit Heat Exchange r .  The suit circuit heat exchanger is  a duct- shaped unit of aluminum plate
and-fin construction. It has a single pass for both the coolant and the suit c ircuit gas and is used to re
move excess heat in the ARS. Heat is transfe rred to the HTS coolant supplied to the heat exchange r .  

Water Separator Selector Valve . The WATEH SEP S E L  valve is a manually operated, flapper -type valve 
that enables selection of either of two water separators. The valve handle is pushed in for separator 
No. 1 and pulled for separator No. 2 .  

Wate r Separators.  (See figure 2 .  6- 1 1 . ) Two water separato rs are connected in paralle l ,  but only one i s  
u s e d  a t  a time . Saturated gas and free moisture fed into the separator c ome i n  contact with the inlet 
stator blade s ,  which direct the flow onto a rotor at the prope r angle. Most of the entrained moisture 
collects on the rotating perforated plate, which centrifuge s the w ate r into a rotating wate r trough. A 
stationary pitot tPbe, placed tangentially to the rotating trough, picks up the removed water and discharge s 
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Figure 2 .  6- 1 1 .  Wate r Separator - Functional Schematic 

it  to the WMS. The pitot pumping action c r e ate s a dynamic head of pre ssure sufficient to ensure positive 
flow from the wate r separator to the WMS. Wate r passing through the perforated plate collects on a 
rotating conical drum and is fed into the wate r trough. The oxygen flow drive s the rotating parts of the 
separator. 

E ach wate r separator mounts an angular ve locity transduce r ,  which is a self- ge ne rating magnetic pickup 
that sense s the rotation of the separator shaft. The pickup develops a signal whose frequency is  con
ve rted to a voltage leve l with respect to separator rpm , in a signal conditioner unit. A wate r drain boss 
on each separator drains the c avity between the rotating drum and the outer shell of the unit.  Plumbing 
attached to e ac h  drain boss carrie s wate r away from this are a and dumps it into a surge ( collec tion) tank 
outside the suit c ircuit. 

Suit C ircuit Regene r ative Heat Exchange r .  The suit c i rcuit  regene rative heat exchanger i s  of the alumi
num plate-and-fin type . Heat from the c irculating warm coolant is  transfe rred to the oxygen which make s 
a single pass through the unit while the coolant m ake s two passe s .  

Suit Temperature Control Valve . The SUIT T E M P  valve is a manually operated diverter valve that con 
trols coolant flow through the suit circuit regenerative heat exchanger. Setting the valve to INCR HOT 
increases the tempe rature ; setting it to DE C R  COLD reduces the temperatu r e .  

Suit Isolation Valv e s .  ( S e e  figure 2 .  6-1 2 . ) T h e  SUIT ISOL valves a r e  manually operated, two-position, 
dual -ball valves .  In the SUIT FLOW position, suit c ircuit gas is  directed through the valve into the PGA , 
and fr om the PGA back into the suit c ircuit . In the SUIT DIS C position, the valves keep the gas in the 
suit circuit,  bypassing the PGA 's  and preventing flow in e ither dire ction between the suit circuit and 
PGA ' s .  

Setting the valve handle to S UIT FLOW loads a solenoid -operated spring -return m e chanism . A signal 
from the suit circuit p re s sure switch energizes the solenoid to release the return m e chanism , which 
turns the valve to SUIT DIS C .  The A CTUATOR OVRD leve r enables manual release of the return m echa 
n ism to the SUIT DISC position. A valve position indicator switch provides a telemetry signal when the 
valve is  in the SUIT DISC p osition . 

C a rbon Dioxide Partial P re ssure Sensor. (See figure 2. 6- 1 3 . ) The carbon dioxide partial pre ssure 
sensor ,  in  the suit c i rcuit assembly, is a single - be am ,  dual- wavelength, filte r photomete r,  with ratio 
readout. The senso r ope rate s on the infrared- absorption principle . It measures the amount of  infrared 
ene rgy absorbed by the carbon dioxide in a gas sample that passes through the sensor, by comparing 
transmitted ene rgy of two different wavelengths in the infrared spec trum . (One wavelength is  absorbed 
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Figure 2 .  6- 1 2 .  Suit Isolation Valve - Functional Schematic 
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by carbon dioxide; the othe r is a reference . )  This establishe s  an amplified ratio signal that is indicated 
as a d-e  voltage proportional to the partial pressure of carbon dioxide in the gas s ample . · 

The sensor has two sections: optics and electronics. The optics section has the infrared energy source 
(a small tungsten lamp) , a collimating lens, a lens that reimages the source on the dual filte r,  an ape r
ture to fix the source image on the dual filte r, and a lens that reimages the chopped and filtered source 
image onto the detector target. The electronics section detects and decodes the signal, computes the 
ratio and, then,  reads out a continuous d-e voltage proportional to the partial pressure of carbon dioxide 
in the gas sample. The sensor p rovides an electrical signal to the PART PRESS C02 indicator and the 
CWEA, and a telemetry signal to indicate the carbon dioxide level in the gas supplied to the a stronauts. 

2 . 6 . 4 . 1 . 2  Suit Liquid Cooling Assembly .  

Water-Glycol Heat Exchanger .  The water- glycol heat exchanger transfers heat from the warm water 
returning from the LCG to the coolant of the HTS. This heat exchanger is of the cross -counterflow, 
single -pass water and multipass coolant type.  

Liquid Garment Cooling Valve .  The LIQUID GARMENT COOLING valve is a manually operated diverter 
valve that controls water flow to the water -gylcol heat exchanger .  Part or all of the water may be manu 
ally diverted around the heat exchanger to provide varying degrees of cooling, depending upon astronaut needs . 

Water A ccumulator . The water accumulator consists of an aluminum housing, diaphragm,  spring, 
diaphragm piston guide , and diaphragm piston. The system water pressure opposes the spring action in 
the accumulator to maintain the correct pressure level in the water loop . The accumulator s erves as a 
reservoir  to make up for system leakage and volumetric changes due to temperature fluctuations . 

Water Pump. The water pump is of the diaphragm type; it circulates water through the suit liquid cool
ing assembly. A voltage regulator steps down the 28 volts de to 1 6±2 volts de for pump operation. 
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Suit Water Umbilical Hoses . The water umbilical hoses ci rculate water between the LCG and the suit 
liquid cooling a s sembly . The hoses are flexible silicon rubber, c overed with Beta cloth. 

Multiple Water Connectors. The multiple water conr;ectors are quick-dis connects that connect the water 
umbilical hoses to the LCG recepta cle on the astronout outer suit . The connectors provide dual flow into , 
and out of, the LC G .  Poppet valves minimize leakage during connecting and disconnecting. 

Cabin Fan . The cabin fan recirculates cabin atmosphere for ventilation. The fan motor is  of the brush
l e s s ,  d-e type:  it operates on 28 volts de with an input power of 35 watts average , 1 10 watts peak. T he 
fan moves approximately 5 pounds of ai r per minute at 1 3 , 000 rpm. A filter, mounted on the ascent en
gine cover, r e moves lunar dust from the cabin atmosphere during ascent from the lunar surface. Oxygen 
passes through the filt e r ,  then through a duct to the cabin fan where it is discharged to the cabin. The fan 
permits operation at sea level for checkout purposes . 1 5 -volt d - e  input is provided for this purpose.  

2 .  6 .  4 2 

2 . 6 . 4 . 2 . 1 

Oxygen Supply and Cabin Pressure Control Section. 

Descent Oxygen Tanlcs.  

I Two descent oxygen tanks are located in the descent stage; one each in quads 3 and 4 .  Each 
tank holds 4 8 . 0 1  pounds of oxygen , stored at a pressure of 2, 690 psia. Tank No. 2 provides four P LSS re
fills at L 60 pounds each, and both tanks provide four cabin prepressurizations at 5 .  5 pounds each. Each 
tank is filled through a high-pressure fill port, which is  capped and lockwired before launch. 

2 . 6 . 4 . 2 . 2  High- Pressure Oxygen Control Assembly. (See figure 2.  6 - 1 4 . ) 

The maj or components of the high-pressure oxygen control assembly are a high -pressure 
oxygen regulator, a bypass -oxygen pressure relief valve, an overboard relief valve, and a burst dia
phragm assembly . 

H igh- Pres::;ure Oxygen Regulator.  (See figure 2 .  6 - 1 5 . ) The internally series redundant high-pressure 
oxygen regulator receives high-pressure oxygen from the descent oxygen tank(s) and regulates the pres-

( 

( 

sure to 8 7 5  to 9 60 psia. If the upstream (primary) regulator sensor fails,  t he valve fails open, permitting �, the downstream (secondary) regulator to control outlet pressure. Descent oxygen that enters the regulator 
is sens ed by the primary sensor. As the pressure builds up inside the sensor, it expands and allows the 
primary valve poppet to move towards its seat, regulating the outlet pressure to the secondary regulator. 
The secondary regulator operates in the same manner as the primary regulator .  

Bypass Oxygen Pressure Relief Valve. (See figure 2 .  6 - 1 6 . ) T h e  bypass oxygen pressure relief valve 
protects the d e s cent oxygen tank(s) against overpressurization by bypassing the high-pressure oxygen reg
ulator .  The valve fails open if it malfunctions . Pressure acting on the plunger-and-bellows assembly 
displaces a belleville spring, causing its inside diameter to increase .  This removes the force exerted by 
the belleville spring against the thin-walled tube around the plunger and allows inlet oxygen to vent to the \l.h��>· 
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Figure 2 .  6- 1 4 .  High -Pressure Oxygen Control Assembly - Functional Sche matic 
outlet port.  If the relief valve malfunctions (bellows ruptures) , oxygen is diverted to the guide chambe r ,  
causing the guide t o  close a seal . This places the valve i n  the failed -open condition and bypasses the 
oxygen to a secondary (identical) relief valve. 

Overboard Rel ief Valve . (See figure 2. 6- 17 . ) The series- redundant ove rboard relief valve vents oxygen 
to ambient when the pre ssure downstream of the high- pressure oxygen regulator reache s 1, 025 psig. The 
valve i s  fully open at 1 ,  090 psig and reseats at 985 p sig, at +75 ° F.  System pre ssure at the first stage re
lief valve is  not relieved overboard, due to the force of the poppet load spring. Syste m pre ssure i s  also 
fed to both capsule sensing e lements .  When system pressure reaches 1, 025 psig, the capsule sensing 
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Figure 2 .  6- 1 5 .  High- P re ssure Oxygen Regulator - Functional Schematic 
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elements expand, displacing the fail-safe pistons and exerting a force on the belleville leve r springs.  
Belleville - leve r- spring motion about the fulcrums opens the poppet valve s .  

The relief valve has a fail-open feature . I f  a c apsule sensing e lement leaks, the oxygen is dumped into 
the leakage chambe r.  This le akage bleeds overboard; howeve r, its flow rate is re stricted by a bleed 
o rifice in  the piston. This allows le akage chambe r pre ssure to build up to force the poppet valve open.  
As the piston i s  displaced to  i ts  full trave l ,  proof-pressure stops and seal s make contact, preventing 
furthe r loss of oxygen overboard. The valve can flow from 0 to 50 pounds pe r hour at an inlet pressure 
of 1 ,  100 psig .  

Burst D iaphragm Assembly. (See fiu;ure 2. 6- 1 8 . ) The burst diaphragm asse mbly opens when the flow 
from the de scent oxygen tanks (s) exceeds the relieving capability of the overboard relief valve. An aluminum 
disk in the inlet po rt of the burst diaphragm assembly ruptu re s at a system pressure between 1 ,  300 and 
1 ,  400 psig. System pre ssure causes the diaphragm suppo rt to move away from the disk , causing it to 
rupture . The disk support poppet opens and vents the descent oxygen tank (s) . The diaphragm assembly 
pe rmits a minimum flow of approximately 1 0  pounds pe r  minute . \Vhen descent o"}gen p r e s sure is reduced 
to 1, 000 psia, the disk support poppet reseats to maintain sufficient oxygen for one cabin repre ssurization 
up to 1 hour afte r disk rupture . 

2 . 6 . 4 . 2 . 3  Ascent Oxygen Tanks .  

TwJ identical tanks supply all the oxygen required f o r  metabolic consumption and t o  compen
sate fo r cabin and/o r  suit c ircuit leakage, oxygen component leakage , and loss due to cabin punctu re ,  
subsequent to switchover t o  ascent consumable s. Both tanks are i n  the aft equipment bay. Oxygen flow 
from e i the r tank is controlled by individual oxyge n shutoff valve s on the oxygen control module. 
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Oxygen Filters . 
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Filter s  at the inlets to the m.:ygen control module and the P LSS disconnect remove parti c u 
l a t e  matter from t h e  oxygen .  Filtering capability i s  1 8  m icrons nominal a n d  4 0  m ic rons absolute . 

2 . 6 . 4 . 2 . 5 Oxygen Control M odu l e .  (See figure 2 .  6 -2 . )  

The oxygen control m odule i s  m ounted on the suit C" i r cuit package located to the right rear 
of the LM P ilot ' s  station. It consists of a cast housing that contains filte r s ,  a P LSS oxygen shutoff (P LSS · 
FILL) valve , de scent and ascent oxygen shutoff (DES 02 . 4 1  ASC Oz . '12 ASC Oz ) valves,  oxygen demand 
regulators (PRESS REG A and PRESS REG B) valves ,  and a cabin rcpressurization and emergency oxygen 
(CABIN REPRESS) valve . An interlock prevents opening the a scent oll:ygen shutoff valves until the descent 
oxygen shutoff valve is closed.  

P LSS and Oxygen Tank Shutoff Valves.  Four positive-action, manually operated shutoff valves control 
oxygen flow into the oxygen control module. Rotating the valve handle to OPEN displac e s  a spring-loaded 
s eal. The valves have detents in the OPEN and C LOSE positions; mechanical stops on the handle prevent 

I overtravel.  (An additional P LSS FILL valve, installed in the cabin, is used for the high pressure P LSS 
fill line from the second descent stage oxygen tank. It is not part of the oxygen control module. 

Oxygen Demand Regulators .  (See figure 2 .  6 -1 9 . ) The PRESS REG A and PRESS REG B valves ,  in paral 
lel,  regulate oxygen from the tanks to the suit circuit.  Both regulators a re manually controlled b y  individ
ual four-position selector handle s .  Suit circuit pressure is fed back to an aneroid bellows that actuates 
a poppet.  Rotating the valve handle to CABIN or EGRESS changes the spring force acting on the poppet and 
establ i shes two outlet pressure levels .  

Selecting the DIRE CT Oz position, fully opens the valve . With a n  upstream pre ssure o f  900 p s ia and a 

( 
I 

( 

temperature of + 7 0 ° F ,  one regulator can flow approximately 7 . 0 pounds per hour into the suit circuit.  In ( the C LOSE position, an auxiliary p oppet stops all flow through the regulato r .  Each regulator has a valve \ 
p osition indicator (VPI) switch, and a functional switch which controls electrical c ircuits in the E CS .  

Cabin Re ressurization and Emer enc 0 e n  Valve . (See figure 2 .  6 -2 0 . ) The CABIN REPRESS valve i s  
a solenoid -operated valve with manual override MANUAL and CLOSE positions) .  It is  used t o  rep re s 
surize the cabin after a deliberate decompression and provides a n  emergency flow of oxygen if the cabin i s  
punctured . I f  the cabin i s  punctured and the diameter of the hole does not exceed 0 .  5 inch,  the valve can 
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Figure 2. 6- 1 9. Oxygen Demand Regulator - Functional Schematic 
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Figure 2. 6-20.  C abin Repressurization and Eme rgency Oxygen Valve - Func tional Sche matic 
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mair,tain cabin pressure at 3 .  5 psia for at least 2 m inutes ,  allowing the astronauts to return to a closed
suit environment . The valve is controlled by a three -position handle on  the oxygen control module .  

When the AUTO position is selected, valve operation is  controlled by  the solenoid, which is  actuated by 
the cabin pressure switch . If cabin pressure drops below normal , the cabin pressure switch energizes 
the solenoid. This moves the valve yoke to open the inlet valve and perm its oxygen in the manifold to flow 
through the valve into the cabin . If cabin p ressure increases to normal , the cabin pressure switch de 
energizes the solenoid and spring action closes the valve. When supplied by the descent oxygen tank (s) , 
flow is 4 p ounds per  m inute maximum ; when supplied by the ascent tanks ,  8 p ounds per m inute at 700 psia. 
When the MANUAL posit ion is selected, the handle shaft actuates a cam that moves the yoke to open the 
inlet valve and establish flow to the cabin .  In the CLOSE position, an auxiliary poppet is forced onto its 
seat, shutting off the flow. 

2 .  6 . 4 . 2 .  6 Cabin Relief and Dump Valves .  (See figure 2 .  6 -2 1 . )  

A cabin relief and dump valve is installed in each hatch. The valve has a differential -pres
sure , servo -actuated poppet valve that p revents cabin overpressurization and permits deliberate (manual) 
dumping of cabin pressure . Each valve is controlled with either of two handles :  one ,  inside the cabin; 
the other,  outside . The inside handles can be used to select three positions (DUM P ,  AUTO, or CLOSE) .  
The outside handles have only a DUMP position. A bacter ia filter mounts o n  the forward cabin relief and 
dump valve .  Pressure transducers associated with each valve p rovide a telemetry signal to indicate when 
the valves are relieving cabin pressure. 

Normally, the cabin relief and dump valves are set to AUTO. In this position, the valves 
are operated by the servo valve . One side of the servo valve diaphragm is exposed to cabin pressure; the 
other side is vented overboard. When the cabin-to-ambient pressure differential reaches approximately 
5. 4 psi ,  the servo valve diaphragm overcomes the servo spring pressure and unseats the servo valve. 
This vents the spring side of the main p oppet to ambient and causes a lower pressure . Cabin pressure on · 
the main p oppet overcomes the force of the main poppet spring and opens the valve. Oxygen is vented 
overboard and cabin pressure is reduced to an acceptable value.  When the p ressure differential is 5. 8 
psi ,  one fully open dump valve can dump 1 1 . 1 pounds of oxygen per minute overboard. When the valve 
handle inside the cabin is set to AUTO, the valve can be opened manually from outside . 

Setting the internal handle to DUMP unseats the poppet.  Each valve can dump the cabin 
pressure from 5. 0 to 0 .  08 psia in 1 80 seconds without cabin oxygen inflow. Setting the handle to CLOSE 
p revents the valve from opening at normal p ressures ,  if the servo valve fails .  

2 . 6. 4 . 2 . 7  Cabin Pressure Switch . 

The cabin p ressure switch monitors cabin pressure and enables electrical signals to con 
trol related E CS functions .  The switch i s  an absolute -pressure device that consists of three separate 
hermetically sealed m icroswitch capsules.  The capsules are set to provide switch closure when cabin 
pressure decays to 3 .  7 to 4. 45 psia during pressurized-cabin operation. If this occurs, the S UIT GAS 
DIVERTER valve closes ,  the CABIN REPRESS valve opens, and the CABIN warning l ight goes on. 
L Teasing cabin pressure to 4. 40  to 5. 0 psia opens the cabin pressure switch circuits , closes the CABIN 
HEPRESS valve ,  and deenergizes the CABIN warning l ight. 
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RVO VALVE 
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2 .  6. 4. 3 

2 . 6 . 4 . 3 . 1 

INTERNAL HANDLE 

Figure 2 .  6 -2 1 .  Cabin Relief and Dump Valve - Functional Schematic 

Water Management Section .  

Descent Stage Water Tanks.  

Each descent stage water tank is aluminum with an internally mounted standpipe and bladder.  1 
The bladder contains the water:  the space between the tank and bladder is charged with nitrogen according 
to a schedule dependent on the load (48.  2 psia maximum at +80 ° F). The nitrogen squeezes the water out 
of the bladder through the standpipe and into the system. The tank outlet is connected to the water control 
module. Water from the descent water tank is routed through the WATER TANK S E LECT valve by s etting 
it to DES.  The two tanks are interconnected upstream of the interstage umbilical guillotine. Check valves 
at each tank outlet prevent backflow of water from one tank into the other. 

Descent Water Valve . The descent water (DES H20) valve is a manually operated, poppet -type shutoff 
valv e .  The valve has OPEN and CLOSE positions. In the OPEN position, the valve provides high 
p r e ssure water flow from the descent tank(s) to the water dispense r .  

2 . 6 . 4 . 3 . 2  Ascent Stage Water Tanks. 

The ascent stage water tanks are in the overhead unpressurized portion of the cabin. They 
are similar to the descent stage water tank(s) but are smaller . An initial nitrogen charge of 48. 2 p sia 
at + 80° F is used in each ascent and descent tank. The tank outlets are connected to the water control 
m odule . Water from the ascent water tanks is routed through the WATER TANK SE LE CT valve by setting 
it to ASC. 

Ascent Water Valve . The ascent water (ASC H20) valve, at the top of the water control m odule ,  is a 
manually operated, poppet -type shutoff valve . The valve has OPEN and CLOSE positions. In the OPEN 
p osition , the valve provides high -pressure water flow from the ascent tank No . 1 to the water dispenser. 
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Water Cuntrol Module. (See figure 2. 6-2 . ) 

The manual controls of the WMS a re grouped together on the water control module. The 
module consists of a cast aluminum manifold in which check valves,  shutoff valves,  a water tank selector 
valv e ,  and wat e r  pressure regulators are mounted. All the interconnecting passages, and brackets to 
mount and support the foregoing components as  well as to mount the assembly itself, are an integral part 
of the cast housing of the module. Each water tank outlet is connected to the module, which diverts the 
water to selected flow path s .  

Check Valves.  There are five check valves in the  water control module : one in each tank feed line, and 
one in each discharge line from the ARS water separators. The check valves prevent water flow from the 
module to the water tanks and water separators . One other check valve is in the descent H2o line,  exter
nal to the water module . ( For LM 10 and subsequent, two additional check valves are prov1ded, one at 
each descent stage water tank outlet . ) 

Water Tank S elector Valve .  (See figure 2 .  6-22 . )  T h e  WATER T A NK  S ELECT valve i s  a manually oper
ated, three-position, two-spool valve.  The two spools (primary and secondary) , linked to the valve 
handle, rearrange the internal ports to establish proper flow paths . The valve has DES,  ASC , and SEC 
positions . 

In the DES position, the primary spool establishes a flow path between the descent water tank(s) and the 
primary water manifold. In the ASC position, the primary spool establishes a flow path between the 
ascent tanks and the primary water manifold. When the valve handle i s  moved to the SEC positi on, the 
secondary spool is moved diverting flow from the ARS water separators to the secondary manifold and 
routing water from the ascent water tanks to the secondary manifold. 

( 

Water Pressure Regulators.  (See figure 2 .  6-23 . ) Four water pressure regulators are in the WMS. Two 
are in series in the pri mary manifold, one is in the secondary manifold and one is in the water pressure 
regulator module, external to the water module. The regulators contain a spring-loaded diaphragm that 
senses the differential between ARS reference pressure and the downstream water pressure. The dia -
phragm moves a balanced lever attached to a metering poppet. The water discharge pres sure is main- (-
tained to 0. 5 to 1. 0 psi above the reference pressure. \ 
Primary Evaproator Flow Valve No . 1 .  The Pill E VAP FLOW il l valve is a manually operated, poppet
type shutoff valve .  It has OPEN and C LOSE positions . In the OPEN position, the valve allows flow from 
the asc ent or descent water tanks , through the primary regulators,  to the primary sublimator. 

Primary Evaporator Flow Valve No. 2. The Pill EVAP F LOW 'i 2 valve is a manually operated, poppet
type shutoff val\·e ,  It has OPEN and C LOSE positions. In the OPEN position, the val\-e acts as  !Jack up to 
the PRI E VAP F LOW ;i l valve to provide ascent tank water from the secondary water manifold to the 
primary subli mator. 

Secondary Evaporator Flow Valve.  The SEC EVAP F LOW valve is a manually operated, poppet -type 
shutoff \'alve.  It has OPEN and C LOSE positions . The valve controls water flow from the secondary 
water manifold to the secondary sublimator and to the suit ci rcuit su!Jlimator. 

Water Pressure Regulator Module. The water pressure regulator module consists of a pressure regulator 
and a manifold. The module is in the secondary water circuit ,  downstream and in seri es with the sec
ondary water pressure regulator in  the water control module. 

2 . 6 . 4 . 4  Heat Transport Section. 

2 . 6 . 4 . 4 . 1 Coolant Accumulator. 

The coolant accumulator consists of a two-piece aluminum cylinder that contains a movable 
spring-loaded piston bonded to a diaphragm. The fluid-side contains approximately 46 cubic inches (maxi 
mum) of fluid under pressure. The pressure varies ,  directly with fluid level, from 5 .  6 psia at 5% level to 
8. 0 psi a at 80% level. The accumulator maintains a head ol pressure on the glycol pump inlets to prevent 
cavitation and replaces coolant lost through subsystem leakage. The piston moves in response to volu
metric changes caused by temperature variations in the primary loop or by leakage. The accumulator 
spring side is vented to space. There is one accumulator in the primary loop and an identical one in the 
secondary loop. 
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Figure 2. 6 -2 2 .  Water Tank Selector Valve - Functional Schematic 
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Figure 2 .  6-23 .  Water Pre ssu re Regulator - Functional Schematic 

( 
The accumulators have a low-level sensor with a switch that trips when only 10+5% of the 

coolant volume re m ains. The switch is mounted on top of the accumulator.  A tube extending from the 
top of the accumulato r, houses a rod attached to the piston. The switch provides a telemetry signal. 

2 . 6 . 4 . 4 . 2 Coolant Filters.  

The p r imary coolant filter has a filtering capability of 35 m icrons absolute. It has a pre s 
sure relief bypass that opens at 0 .  27  to 0. 4 psid to maintain coolant flow t o  the pumps if  the filter becomes 
clogged. The secondary coolant filter has a filtering capability of  45  mic rons absolute . It also has an 
integral pressure relief valve,  which opens at 0. 8 to 1 .  0 psid to maintain c oolant flow to the secondary 
pump if  the filte r becomes clogged. 

2 . 6 . 4 . 4 . 3  C oolant Pumps. 

The three coolant pumps are identical. Two pumps are connected in the primary loop; the 
third pump in the secondary loop. The pumps are of the sliding- vane . positive-displacement type ; they 
are d riven by 2 8- volt d-e brushle ss motors .  The motors are of wet or submerged design and are cooled 
by the reci reulating coolant. 

With a fixed system configuration, pump speeds vary with changes in coolant temperature 
and pump input voltages .  As a result ,  system coolant flow rates may vary from 4. 4 to 5 .  4 pounds per ( 
hour,  causing a prima ry pump pressure rise of 12 to 2 5 psi  and secondary pump pressure rise of 8 to 1 8  \ 
psi .  Pump inlet pre ssure varies from 5 to 8 psia, depending on accumulator level.  
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2. 6. 4. 4, 4 Suit Temperature Control Valve .  

The SUIT TEMP valve is a manually operated diverter valve . The amount of  warm coolant 
flowing through the suit c ircuit regenerative heat exchanger is regulated by the handle ,  which can be 
turned from HOT to COLD. 

2. 6. 4.  4.  5 Sublimators . 

The porous-plate-type sublimators (one in the primary loop and another in the seconcntry 
loop) are identical, except that the primary sublimator has a larger capacity. Each sublimator has a 
coolant inlet and outlet , a water inlet, and a steam outlet . Water makes one pass through the 
unit; coolant makes six passes through the primary sublimator and four passes through the sec
ondary sublimator. For p roper sublimator operation, water pressure must exceed 4. 0 psia but must be 
less than 6. 5 psia . However ,  the p rimary sublimator can withstand a transient fluctuation to 1 0. 6 psia 
during the suit pressure integrity test, for a p eriod of 5 minutes .  The water pressure must also be less 
than the suit circuit static pressure plus the head pressure from the water separators to the sublimator.  

The unit rejects heat to space by sublimation of  ice .  Water from the WMS flows through 
the water passages ,  into the porous plates, and is exposed to space environment. The vacuum pressure 
is below the triple point of water ;  this causes an ice layer to develop within the pores and on the inner 
surface of the plates .  As the hot coolant flows through the sublimator passages ,  heat transfers from the 
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coolant to the water and to the ice laye r .  The ice sublimates from the solid state to steam without pass
ing through a liquid state , rejecting its heat load overboard through a duct. The thickne ss of the ice 
layer varies with the heat load imposed on the sublimator,  rer; !ting in a regulated output temperature 
over a range of input temperatures .  

I f  the heat load entering the sublimator drops below i ts  low limit, the ice  layer expands and 
may completely fill the water passages. The expanding ice layer may rupture the sublimator .  If the 
heat load is too high, the ice laye r melts. If the water pressure is too high, a breakthrough of the ice 
layer may occur, forcing water through the porous plates .  In these cases, heat rejection by the sub
limator is greatly reduced because ice is not sublimated.  Water consumption is excessive because there 
is no restraining ice layer.  

2 ,  6,  4 ,  4o 6 Flat Cold Plate s and Cold Rails. 

Electronic equipment that requires active tempe rature control is cooled by cold plates and 
cold rails. Most cold plates are installed between electronic equipment and the LM structure in a manner 
that minimizes heat transfer from the structure to the coolant, to avoid a reduction of the coolant cooling 
capacity. The surrounding structure and equipment may have a te mpe rature range of 0° to + 1 60° F. The 
remaining flat cold plates are installed directly on the electronic equipment without making contact with 
the LM structure . Cold rails are used in the aft equipment bay , in the descent stage and in the DSEA. 
The IMU has an integral cooling circuit. Cold plates and cold rails for equipment e ssential for mission 
abort have two independent coolant passages,  one for the primary loop and one for the secondary loop. 

The flat cold plates are brazed assemblie s with inlet and outlet fittings. The coolant flows 
between two parallel sheets, which are connected by fins for increased heat transfer and structural 
strength. The internal fin arrangement of the cold plates ensures sufficient flow distribution. 

The cold rails are c hannel- and- tube type extrusions; the tubular part forms the inside 
center of the channel.  The tube has fins and, at the ends, coolant inlet and outle t fittings. The cold 

( 

rails are installed in a parallel arrange ment, with equal space between the rails to accommodate equip- (. ment designed for mounting on cold rails. Each cold rail (except the first and the last one) cools two 
adjacent rows of equipment. 

To increase heat transfer in a space environment, an interface material is used between the 
electronic equipment (except the DSEA) and the cold plates or cold rails. The interface material (sili
cone rubber with an aluminum oxide additive) is applied in liquid form to the equipment surface before 
installation and is vulcanized at room temperature after the equipment is mounted. Electronic replace
able assemblies can be installed on, and removed from, their cold plates or cold rails without disturbing 
the coolant circuit. Repeated removal and installation requires removal of old, and application of new, 
interface material. The IMU has flexible line connections and quick-disconnects to facilitate IMU re
placement, if required. 

2 .  6. 5 PERFORMANCE AND DESIGN DATA. 

The performance and design data for the ARS, OSCPS, WMS, and HTS are given in 
table 2 .  6 -1 .  

TablP 2 .  G - 1 .  E n v i ronm ental Control Subsystem - Performance and Des ign Data 

Atmosph e re n· vitalization sectwn 

Oxygen partial pressure in atmosph e r e  
b reathed by astronauts 

Carbon d ioxide partial pressure in 
atmosphere delivered to astronauts 

160 mm Hga ( m 1 n i m u m )  

6 .  7 5  m m  Hga ( m a x i m u m )  

C a b i n  pressure 4 .  8±0 .  2 psia (normal , steady-state) 
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Table 2 .  6-1 . E nvironmental Control Subsystem - Performance and Design Data (cont) 

Atmosphere revitalization section (cont) 

Suit circuit pressure 

C abin mode 

Egress mode 

Minimum 

Maximum 

During EMU checkout (measured 
downstream of PGA's)  

LiOH dust concentration in atmosphere 
delivered to astronauts 

Leakage 

ARS external leakage (with C02 and 
odor removal canister closed, ex
clusive of PGA's)  

S:tit (one man) 

Suit inlet temperature range 

Gas cooled mode 

Liquid cooled mode 

Cabin temperature 

Hclative humidity 

Suit circuit fan flow 

4 .  8 ±0 . 2 psi a (may exceed 5. 0 psia during 
powered flight) 

3 .  8 ±0 . 2 psia (4 . 7 psia maximum during 
powered flight) 

3 .  5 psia 

9 . 6  psia and 5 . 0  psia (with one oxygen 
demand regulator failed open) 

8 .  7 psia (3 . 7 psig) for 5 minutes 

0 .  02 mg per cubic meter (maximum) 

0 .  01 pound per hour (maximum) at 
3 .  7 -psia suit pressure with cabin 
unpressurized 

0. 035 pound per hour (maximum) with 
cabin unpressurized 

With SUIT TEl\IP valve in full COLD 
position, temperature ranges from +38" 
to +G5' F; in full HOT position, from 
+42'  to +100' F .  U nder certain maximum 
operating conditions suit inlet temperature 
may exceed + 1 00' F .  

Within 7' F of HTS glycol temperature at 
liquid circuit cooling package inlet. 

+55' to +90' F .  

40'/o t o  SO% 

At 4. 8 psi a - 36 . 0  pounds per hour (minimum) 
At 3 .  8 psia - 2 8 . 4  pounds per hour (minimum) 

• 

I 

LCG flow At 5 .  65 psid - 4 .  0 pounds per minute (nom) I ( 1 .  9 pounds per minute minimum 
each suit) 

Oxygen supply and cabin pressure control section 

Suit pressure increase 

Cabin repressurization and emergency 
ox')'gen valve delivery rate 

Descent mode 

Ascent mode 

PLSS refill 

First 1 -psi increase may occur in less 
than 1 second . Each succeeding 1 -psi 
increase occurs in not less than 8 seconds . 

4 pounds per minute (maximum) 

8 pounds per minute at 700 psia 

1 .  60 pound/refill at 1430 psia 
Can only be partially filled at lower 
pressures 
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Table 2 .  6 - 1 .  Environmental Control Subsystem - Performance and Design Data (cont) 

Oxygen supply and cabin pressure control section (cont) 

Oxygen regulator flow capability 

Cabin volume 

Oxygen filter efficiency 

Cabin-to-ambient pressure differential 

Manual cabin pressure dum p rate 
(without oxygen inflow) 

Number of cabin repressurizatic · 

Cabin repressurization time 

Cabin pressure switch settings 

Descent oxygen tanks 

Capacity 

Burst pressure 

Ascent oxygen tanks 

Capacity 

Burst pressure 

Gaseous oxygen pressures and 
temperatures 

Normal pressure (regulated) 

Normal pressure (unregulated) 

l\:laxin1um pressure 

Normal temperature 

Leakage 

Oxygen supply components 

Oxygen regulators are capable of sufficient 
flow to maintain minimum suit c ircuit pres
sure of 3. 5 psia with SUIT CIRCUIT RELIEF 
valve failed open and with 550 psia and + 1300 F 
at oxygen control module inlet. 

1 95 cubic feet 

40 microns absolute 

5. 8 psi (maximum) steady state 

One dump valve from 5. 0 psia down to 0. 08  
ps ia  in  1 8 0  seconds .  Both valves in  90  sec
onds .  

4 a t  5 .  5 pounds each 

= 2 minutes 

When cabin pressure drops to 3. 7 to 4 .  45 
psia, contacts close 

\", hen cabin pressure increases 4. 40  to 5. 0 
ps ia , contacts open 

48 .  01 pounds (each tank) at 2690 psia and 
+70o F (residual oxygen: 0.  84 pound , each 
tank at 50 psia and +70° F) 

4 , 500 psi 

2 .43 pounds (each tank) at 840 ps ia and 
70• F (residual oxygen: 0 . 14 pounds , each 
tank, at 50 psia and +70• F) 

1 , 500 psia 

900 �� psia -...... ;:, 
50 to 960 psia 

1 , 100 psia 

0° to +160° F 

Total external leakage of all oxygen supply 
components , under maximum operating 
pressures , does not exceed 0. 010  pound 
per hour of oxygen.  
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Table 2 .  6 - 1 .  E nvironmental Control Subsystem - Performance and Design Data (cont) 

Oxygen supply and cabin pressure control section (con!) 

Leakage (cont) 

Cabin relief and dump valve 

Cabin 

Bypass relief valve 

Full flow pressure 

C racking pressure 

Reseat pressure 

Overboard :"elief valve 

Full flow pressure 

C racking pressure 

Reseat pres sure 

High -pressu rc regulator 

Outlet pressure with primary and 
secondary regulators operating 
norm a l l y  

Normal downstream regulated pressure (psig) 

Temp 
( o F )  

Minimum 
Pressure 

875 

0. 005 pound per hour (maxi m u m )  for each 
valve, up to 5. 25 psid 

0 .  2 pound per hour ( m aximum) at 5 .  0 psia 
and +75° F 

3 ,  030 psig (m inimum ) at +75° F 

2 ,  875 psig (maximum ) at +75° F 

2 , 850 psig ( m inimum) at +75° F 

1 ,  090 psig ( m aximum) at 7 5° F 

1 ,  025 psig ( m inimum) at +75° F 

985 psig ( m inimum) at +75° F 

At inlet pressure of 1 ,  100 to 3 ,  000 psig 
and flow of 0 . 1 to 4 . 0  pounds per hour, and 
inlet pressure of 975 to 1, 100 psig and flow 
of 0 .  1 pound per hour will regulate to: 

Maximum 
Pressure 

960 

Downstream regulated pressure with failed-open primary regulator (ps1g) 

Te mp 
(o F )  

7 5  

M inimum 
Pressure 

8 7 5  

I\Iaximum 
Pressure 

960 

Downstream regulated pressure with failed open secondary regul ato r (psig) 

Te m p  
(" F )  

7 5  

\Vater n1anagcn1ent section 

Descent water tanks 

Capacity 

Initial fill pressure 

R e s idual 

Pressure upon expul sion of all 
expellable water 

M inimum 
Pressure 

8 7 5  

Maximum 
Pressure 

960 

333 pounds (each lank) at 0. 75 fill  ratio 

48. 2 psia (maximu m )  at +80° F 

6. 66 pounds (each tank) 

1 1 . 0 psia (m inimu m )  at +35° F 
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Table 2. 6 - 1 .  E nv i ronmental Control Subsystem - Performance and Design Data (cont) 

Water management section (cont) 

Ascent water tanks 

Capacity 

Initial fill pressure 

Res idual 

Pressu rc upon expul s ion of all 
expellable wate r  

Exte rnal l eakage 

Normal mode (exclusive of 
subl imator in HTS primary loop) 

Redundant mode ( excl us i ve of 
sublimator in HTS secondan· 
l oop) 

· 

Sublimator in HTS primary loop 

Sub! imat<n· in HTS secondary 
l oop 

Extcrml -to - internal l eakage ground 
service d isconnects 

Pressure regulator d i s c h a rge 
pres.:-;urc 

PLSS refill  (each)  

Heat transport section 

C oolant  

Cool ant s l u s h  point 

Exte rnal l cakagc 

P r i ma ry coolant ! oop 

Secondary cool ant loop 

Coolant pump rated flow 

4 2 . 5 pounds (each tank) at 0. 75 fill ratio 

48. 2 ps ia ( m aximu m )  at +80° F 

0. 85 pounds (each tank) 

1 1 . 0 psia (minimum) at +35° F 

0 .  7 00 cc /h r of wate r  (maximum )  at 
50 psid and +7 0° F 

0. 350 cc /hr of water (maximum) at 
50 psid and +70° F 

0 .  090 cc ihr of water (max imum 
combined) at G .  5 ps id and +70° F 

0 .  090 cc.1hr of water at G . .:; ps id and 
+70° F 

1 x 1 0 - 2 
scc/hr of h e l i u m  ( max i n,um 

each) at internal pressure of 500 m ic rons 
and in helium amb i ent of 1 � .  7 p s i a  ancl 
+70° F 

0. 5 to 1 .  0 psi abo\'c ,\HS gas pres s u re 

U .  1 :1  JH > U ntb of water 

Solution of ethylene gl _vcol :uul \\'atcr 
(:3::/'�, and ();J r:;; , re s pect ively , by \\'Ci�ht) 
w i t h  mlubitors (triethanol a m i n o  
phospha te ,  to prevent decom pos ition;  
sod ium m e rcaptoh r> n l'.oth iu zol , to  prevent 
e l ectrolyt i c  corro s i o n )  

Approx imately 3;) pounds ol cool a nt is  
u s e d  m H TS .  

_ ., 1 . 1 2 x 1 0  - c c /scc of helium ( maximu m )  
at 4G psid a n d  +70° F 

- 3  1 .  0 x 1 0  cc/scc o f  hel iu m (maximum) 
at 45 psid and +7 0° F 

222 pounds per hour minimum at +40° F 
and 30 ps id and 2 8 - vdc input 
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Table 2. 6 - 1 .  Environmental Control Subsystem - Performance and Design Data (cant) 

Heat transport section (cant ) 

2 .  6. 6 

Coolant pum p bypass relief va l ve 

Cracking pressure 

F u l l  open pressure 

Reseal pressure 

Coolant temperatures 

Vacuum f il l  requirements 

Primary and secondary coolant 
filters 

Efficiency 

Bypass valve maximum cracking pressure 

Coolant flow 

Primary coolant loop 

Secondary coolant loop 

Cold plates/ cold rails 

Coolant inlet operating 
tem perature 

Coolant inlet operating pressure 

Coolant inlet operating fl o\\· 

35 psi (minimum) 

40 psi ( maximum) 

1 p s i  less than cracking pressure 

HTS withstands internal pressure of 
500 m icrons in sea-level ambient 
pressure environment. 

35 microns absolute for primary 
45 m i c rons absolute for secondary 

0. � psid for prim a ry 
1 .  0 psicl for secondary 

22� pounds per hour ( m inimum) 

222 pounds per hour (minimum) 

5 to �5 psia 

1 �  to 85  pounds per hour, depending on cold 
rail/cold plate s i z e  and heat transfer 
requirements 

OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational l imitations and restrictions for the ECS are as follows: 

• The suit fans and cabin fan must be operated at a reduced voltage of 12 to 15 volts de 
in earth ambient pressure, to prevent damage to the motors . 

• The glycol pumps must be operating before water from the WMS or water separators 
is permitted to flow to the sublimators .  Sublin1ators require minimum heat load to 
p revent freeze -up . 

• The HTS must be stabilized at operating temperatures before IMU or LM guidance 
computer operation, to p revent erroneous and changing operation during temperature 
cycling resulting in invalid outputs. 

• One suit fan must be on when the astronauts are on LM E CS ;  otherwise, atmosphere 
will not be reconditioned, leading to possible loss of consciousness.  
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• The LiOH cartridge of the primary canister must be replaced with a new cartridge 
when carbon dioxide ', : rtial pressure , as indicated on the PART PRESS COz indicator, 
reaches 7 .  6 mm Hg , 

• The cabin fan must be turned off manually when cabin pressure drops below 3 .  0 p s ia 
(in cabin mode) ;  otherwise, it may be damaged. 

• A minimum total heat load of 800 Btu/hr must be maintained when the primary water 
feed is on; otherwise, the sublimator may freeze and rupture, rendering the primary 
coolant loop inoperative .  The heat loads result from crew activity, LiOH reaction, 
structural load, and equipment and battery heat loads. 

• The temperature of the coolant flow to temperature -critical electronics must not 
exceed +50° F .  Overheating may result and lead to degraded performance of critical 
equipment. 

• Nominally , minimum total heat load of 755  Btu/hr must be maintained when the 
secondary water feed is on; otherwise, the sublimator may freeze and rupture, 
rendering the HTS inoperative. During off- nominal or c ontingency situations , 
the m inimum heat load is 140 Btu/hr for continuous operation. 
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COMMUNICATIONS SUBSYS T E M .  

INTRODUCTION 

The C o mmunications Subsystem (CS) provides inflight and lunar surface communications 
links between the LM, CSM , and the Manned Space F light Network (MSFN) , and between the LM and 
extravehicular astronaut ( EVA) .  When the LM is on the lunar surface and both astronauts are outside the 
L M ,  the LM relays communications between the astronauts and MS FN. When the astronauts are in the I lunar roving vehicle (LRV) , the Lunar Communications Relay Unit (LCRU) mounted on the LRV i s  the 
communications relay. The following typ e s  of information can be handled by the CS. 

• S -band tracking and ranging 

• Transponding of VHF ranging signals 

• Voice ( L M - E VA ,  LM-CSM, or LM-MSFN) 

• PCM telemetry ( LM status)  

• Astronaut biomedical data 

• LGC update (up data) 

• Emergency key (Morse code) 

• Television 

• EVA-LM Extravehicular Communications System ( E VCS) data I 
• LM-CSM telemetry data (for retran s mi ssion to MSFN) 

In flight, when the LM is s eparated from the CSM and both ve hicles ar e on the earth side of II 
the moon, the CS provides S- band communications with MSFN, and VHF communications with the CSM . 
When the LM and CSM are on the far s ide of the moon and communication with MSFN is impos sibl e ,  the 
CS provides VHF communications with the CSM . 

In -flight S -band c ommun ications between the LM and MS F N  while the LM is on the earth side 
o f  the moo n ,  include voic e ,  digital uplink signals , and ranging code s ignals from M SF N .  The LM S-band 
equipment t rans m it s  voice , acts as t ransponder to the ranging code signals, transmits biomedical and 
systems tel emetry data, and provides a voice backup capability and an e m e rgency key capability. 

In- flight VHF c ommunications between the LM and CSM while they are on the earth side of 
the moon include voice , backup voice,  and tracking and ranging s ignals . Normal LM- CSM voice com
munications use VHF channel A simplex. Backup voice communication is  accomplished with VHF channel 
B simplex.  VHF ranging, init iated by the C S M ,  uses VHF channels A and B duplex. 

When the LM and CSM are behind the moon and communication with MSFN is impossible . 
V H F  channel A is used for s implex LM- CSM voice communicat ions . VHF channel B is used as a one -way 
data l ink to transm it system telemetry s ignals f rom the L M ,  to be re corded and stored by the CSM . 
When the CSM e s t ablishes S- band contact with M S F N .  the s tored data are transmitted by the CSM at 32 
times the recording speed . 

When the LM is on the lunar surface,  the CS p rovide s S-banc! communications with MSFN and 
VH F communications with the EVA . The LM relays VHF signals to MSFN, using the S- band . C om muni
cations with the CSM may be accomplished by using MSFN as a relay. LM-MSFN S - band capabilities are 
the same as in-flight capabilities, except that, in addition, TV may be transmitted from the lunar surface 
in  an FM m ode . 
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Figure 2 .  7- 1 .  Communications Subsystem - Interface Diagram 

2 . 7 . 2  SUBSYSTEM INTERFACES.  (See figure 2 . 7- 1 . )  

CREW PERSONAL 
EQUIPMENT 

EXTRA 
VEHICULAR 

MOBILITY 
UNIT 

ELECTRICAL POWER 
SUBSYSTEM 

CDR'S 28 VDC BUS 

LMP'S 28-VDC BUS 

1 1 5-VA( BUS B 

JOOLM.'i 19 

The CS interfaces with the Electrical Power Subsystem ( EPS) for primary a- c and d-e  
power.  D-C operating power (28 volts) is supplied to  the CS from the  Commander ' s  and LM Pilot 's  d-e 
buses; a-e power ( 1 1 5  volts, 400 cps) , from a-c bus B .  Redundant C S  operating equipment is  connected 
to separate d-e buses, thereby assuring an operational status if either primary d-e bus becomes in
operative.  

Telemetry data are routed to the CS from the Instrumentation Subsystem ( IS) in nonreturn
to-zero (NRZ) form at a high or low bit rate .  These data are fed through the S-band network for trans
mission to MSFN. When line of sight with MSFN is lost, these data are fed through VHF transmitter B 
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to the CSM , but VHF B uses only low-bit, split-phase data format. The IS supplies two 5 12 -kc signals 
to the premodulation processor (PMP),  a part of the signal-processor assembly (SPA ) .  One signal is 
the 5 12-kc sync signal from the timing electronics equipment (TE) ,  a part of the pulse-code-modulation 
and timing electronics assembly (PCMTEA) . This signal is used for subsequent generation of the 1 .  25-
mc subcarrier. The other signal is  the 5 12-kc subcarrier timing reference signal from the PCMTEA ,  
which i s  used t o  generate the 1 .  024-mc subcarrier.  The data storage electronics assembly (DSEA) of 
the IS provides a voice- recording capability, receiving its input from e ither audio center ' s intercom
munications system (ICS) bus .  

The Commander ' s  and LM Pilot' s attitude controller assemblies (ACA ' s) o f  the Guidance , 
Navigation, and Control Subsystem (GN&CS) each have a push-to-talk (PTT) switch for enabling the SPA 
audio centers,  permitting voice communications. A PTT pushbutton on each astronaut's electri
cal umbilical also enables the SPA audio centers, permitting voice communications . These PTT push
buttons also provide an enabling signal for the PMP in the SPA if emergency key mode is selected . 

Voice signals are generated and received in the astronaut ' s  communications carrier (head
set) and are wired to the SPA for appropriate routing. Biomedical sensors in the astronaut' s pressure 
garment assembly (PGA) continuously generate electrical analogs pertinent to heart beat . This signal 
is fed directly to the PMP for processing and subsequent transmission to MSFN. 

2 . 7 . 3  FUNCTIONAL DESCRIPTION. (See figure 2. 7-2 . ) 

2 .  7. 3 .  1 General. 

The CS includes all S-band, VHF,  and signal-processing equipment necessary to 
transmit and receive voice, and tracking and ranging data, and to transmit telemetry and emer
gency keying. Voice communications between the LM and MSFN are provided by the S-band 
transmitter-receiver assemblies ,  and between the LM and CSM by VHF transmitter-receiver 
assemblies . Telemetry data are transmitted to MSFN via S- band, which also provides MSFN• LM 
ranging and tracking functions. VH F provides ranging and tracking functions between the CSM 
and the LM. The communications links provided by the CS, and their functions ,  are listed in 
table 2.  7 - 1 .  

I 

A digital uplink assembly (DUA) updates the LM guidance computer (LGC).  It receives I data from the S -band transmitter-receiver in a serial digital format, decodes the data, and tran sfers 
the decoded data to the LGC . The DUA also provides S -bank uplink voice backup capability if the S -band 
demodulator circuits in the PMP fail. 

The ranging tone transfer assembly (RTT A) acts as a transponder to allow CSM- LM 
ranging. The RTTA is  u sed with the VHF transceivers. 

2. 7. 3. 2 Power Distribution. 

The CS receives primary electrical power from the EPS: d-e power from the Com
mander 's  and LM Pilot 's  d-e buses; a-c power,  from a-c bus B. The normal d-e voltage 
requirement for all major  CS assemblies is 28 volts , two-wire, negative ground. The required 
steady-state d-e range is 25 to 3 1 .  5 volts; the off-nominal range, 20 to 32 volts for periods not 
exceeding 5 seconds. The CS requires 1 1 5-volt, 400-cps a-c power for the S-band steerable 
antenna electronics package. All operating power is supplied to the CS through circuit breakers.  
Figure 2 .  7 -3 shows all EPS circuit breakers relevant to the CS, major CS assemblies,  and 
related power switches (panel 12 ) .  
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Figure 2 .  7 -2 .  Communications Subsystem - Simplified Block Diagram 

Notes: 
1. Dotted line denotes EVA operation. 
2.  Refer to overall functional block di

agram of the Instrumentation Sub
system, for IS inputs and outputs. 
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Table 2. 7 - 1 .  Communications Links 

Mode Band 

Pseudorandom noise S -band 

Voice S -band 

V oice VHF simplex 

Voice \'HF and S-band 

Low-bit-rate telemetry V H F  (one way) 

Ranging V H F  duplex 

Voice S -band 

Uplink data or uplink voice backup S-band 

Biomed -PCl\1 telemetry S -band 

Voice I s -band 

Voice and data; voice V H F  duplex 

Voice and data V H F ,  S-band 

Voice and data S -band, VHF 

2 . 7 . 3 . 3 Voice Operation. 

·-

Purpose 

Rangin6 and tracking by 
1\ISF!\ 

In-flight communications 

In-flight communications 

Conference (with Ll\1 as 
relay) 

CSM record and retrans -
mit to earth 

Ranging by CSJII 

In-flight communications 

Update LGC or voice 
backup for in-flight 
communications 

Trans mission of biomed 
and vehicle status data 

Conference (with earth 
as relay) 

EVA direct communica-
tion 

Conference (with LM as 
relay) 

C onference (via MS FN-
LM relay) 

All vuice communications are accomplished U1rough the astronaut's microphone and headset 
equipment. Voice communication is used between tile LM and the CSM; between the LM and MSFN; 
between Uw LM, CSM, and MSFN (conference) ; and between tile astronauts . (See figure 2. 7- 4 . ) Each 
astronaut has an audio center subassembly (part of tile SPA) , which serves as tile common acquisition 

( 

( 

and dis tribution center for his voice communications. Each astronaut controls audio volume to his head- �. set with his VOLUME tilumbwheels (panel 8 or 12 ) .  Depending on the selected mode of operation, voice 
is transmitted to MSFN or tile CSM, or s tored on tape in tile DSEA. Voice transmiss ion is initiated w ith 
tile PTT switches or the voice-operated relay (VOX) circuit. In addition, a hot-microphone capability 
exists for intercom only . 
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Figure 2. 7 -4 .  In-Flight Communications 

300lM4-30 

Transducers sense physical data from all subsystems and convert the data into electrical 
outputs acceptable to the IS. The data are transmitted to MSFN, in pulse-code-modulation (PCM) form. 
Biomedical (biomed) analog data from sensors worn by the astronauts are also transmitted to MSFN. 

The IS processes s ignals supplied by the transducers, converts them to digital for m ,  and 
routes them serially to the CS for transmiss ion to MSFN or the CSM. These data, in PCM form ,  are 
transmitted at one of two data rates : 5 1 . 2 kilobits per second (high bit rate) or 1 .  6 kilobits per second 
(low bit rate) . Transmiss ion to MSFN is accomplished via the S-band FM or PM transmitters at either 
data rate. (See figure 2 .  7-4 . ) The PCM data are also transmitted, at the low bi t  rate only , to the CSM 
via the 259 .  7- mc transmitter in the CS dur ing loss of LOS between the LM and MSFN. The CSM records 
these data for subsequent retransmission to MSFN. 

2 .  7.  3. 5 Ranging and Tracking. 

\, LM S-band ranging and tracking equipment enables MSFN to determine accurately, by tri-
angulation, the angular position and range of the LM with respect to earth. In addition, VHF ranging 
equipment enables the CSM to determine accurately the range and range rate of the LM with respect to 
the CSM. 

The S-band transponder receives coded PRN signals from MSFN. These signals are routed 
to the selected PM transmitter for in-phase-coherence transmission back to MSFN. S-band transmission 
is at 2282 .  5 me; reception at 2 1 0 1 .  8 me. 
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Figure 2 .  7 -4A. Lunar Surface Communications 
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The S- band tracking and ranging function uses the Doppler frequency shift caused by LM high 
velocity rates , to track the LM. The coded PRN s ignal transm itted by MSFN is received by a receiver 
with a phase- locked loop, and retransmitted to MSFN. The retransmitted s ignal received by MSFN is 
compared with the originally transm itted s ignal. Range is determ ined by the time it takes for the signals 
to travel from MSFN to the LM and back to MSFN. Once the range has been established accurately by 
the PRN code , the code is discontinued and range is updated continuously by the Doppler technique. The 
phase-locked loop in the LM receiver ensures accuracy of the tracking s ignals (Doppler) by comparing 
the phase of the received s ignal w ith the phase of a local-osc illator output in the detec tor stage. (See 
figure 2. 7-7 . ) The output voltage of the detector, which is proportional to the phase difference between 
the two s ignals , is applied to the local osc illator. This s ignal is applied as a control voltage to alter the 
local-osc illator frequency to bring it in phase w ith the received MSFN signal. 

The VHF tracking and ranging function uses the round trip time delay of tones transmitted by 
the  CSM to the LM and transponded b y  the  LM back to the  CSM. 

2. 7. 3 .  6 Subsystem Operation. 

The normal switch and c ircuit breaker positions for the communications modes are listed 
in table 2 .  7 - 2 .  If a sw itch or circuit breaker is not listed for a particular mode , that mode is not 
influenced by that switch or circuit breaker. The switch pos itions lis ted are for prime pos itions. In 
some cases,  more than one pos ition functions as a prime position; all such pos itions are indicated. 

2 . 7 . 4 MAJOR COMPONENT/FUNCTIONA L D ESCRIPTION. 

The CS is divided into three groups : RF electronic equipment, s ignal process ing equipment, 
and antenna equipment. 

2. 7. 4. 1 RF Electronic Equipment. 

The RF electronic equipment includes all subsystem equipment required for transmiss ion 
and reception of audio, Yideo, ranging, and telemetry data. The antennas mentioned in the discussion of 
the RF electronic equipment are covered in paragraph 2 .  7. 4. 3 .  

· 

S- Band Trans mitter- Receiver Assembly . (See figure 2 .  7- 5 . ) 

The S-band trans mitter-receiver assembly provides deep-space communications between 
the LM and MSFN . S- band communications cons ist of \'Oice and PRN transm iss ion from MSFN to the 
LM, and voice ,  PRN turnaround, biomed , and subsystem data transmission from the LM to MSFN. The 
S- band communications capabilities are listed in table 2. 7- 3 .  

The S- band transmitter- receiver assembly consists of two identical phase- locked receivers,  
two phase modulators w ith driver and multiplier chains , and a frequency modulator. The receivers and 
phase modulators provide the ranging, voic e ,  emergency- keying, and telemetry transmit- receive func
tions. The frequency modulator is provided primarily for video transmission, but accommodates PCM 
telemetry (subsy s tem data), biomed, and \'oice transm iss ion. The frequency modulator provides lim ited 
backup for both phase modulators . The operating frequencies of U1e S- band equipment are 2282 . 5 me 
(transmit) and 2 10 1 . 8 me (receive) . 

The frequency modulator (figure 2 .  7 - 6) uses a voltage- controlled osc illator (VCO) , oper
ating at 76  m e ,  as the basis of its RF c ircuit. The FM transmitter is modulated by an input within a 
10- cps to 1 .  5 - mc range . A portion of the VCO output is routed U1rough a series of frequency divider 
networks U1at reduce the frequency to 9.  2 kc . This frequency is compared to the output (also reduced to 
9. 2 kc) of a 4. 7 - mc cry s tal osc illator, in a phas e detector. The two inputs to the phase detector are 
normally 90 o out of phase.  The phase difference is represented as a voltage at the phase detector output 
and is used to control V CO frequency s tability .  The frequency modulator output is then supplied to the 
selected driver and multiplier chain for transmission through the S- band power amplifie r ,  diplexer, and 
selected S- band antenna to MSFN. 
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Panel 8 (AUDIO) 

S-BAND T/R switch 

ICS T/H switch 

VHF A switch 

VHF B switch 

RELA Y  ON switch 
(See note 1. ) 

MODE switch 
( See note 2 . ) 

AUDIO C ONT switch 

Panel 12 (AUDIO) 

S-BAND T/R switch 

ICS T/R switch 

VHF A switch 

VHF B switch 

H E LA Y ON switch 
(See note 1. ) 

!\lODE switch 

AUDIO C ONT switch 

,. 

S-BAND 
T/R 

I C S  T/H 
or OFF 

OFF 

OFF 

R F LA Y  
OFF 

vox 

NOH I\! 

S-BAND 
T/H 

ICS T/H 
or OFF 

OFF 

OFF 

R ELAY 
OFF 

vox 

NORM 

� ;IT: l�; 
Communications Subsystem - Gcn<>ral Switch and C ircuit Breaker Configuration 

S-Band 
S-Band Hard- Voice Fmer- VHF A VHF B 

PHN Tclem- line- BU gency Sim- Sim-
Hanging ctry Biomed (Downlink) Key TV plex plex 

O F F  OFF OFF S-Br\ND OFF OFF O F F  OFF 
T/H 

O F F  O F F  OFF  ICS T/ H OFF OFF ICS/TR ICS T/H 
or O F F  o r  OFF or OFF 

O F F  OFF OFF OFF OFF OFF T/H OFF 

O F F  OFF OFF OFF OFF OFF O F F  T/H 

OFF ( Sec note 1 .  Only one H E LA Y ON switch can be O F F  OFF 
se t  to  H E LA Y  ON at a t ime. ) 

O F F  O F F  OFF O F F  O F F  OFF vox vox 

NOHJ\1 NOH!\! NOHM NOHJ\1 NOHJ\1 NOHM NOHM NOHM 

OF F OFF OFF S-BAND OFF OFF 
T/H 

O F F  OFF OFF I C S  T/H OFF OFF ICS T/H ICS T/H 
or OFF or OFF or OFF 

O F F  O F F  O F F  OFF OFF OFF T/R OFF 

OFF OFF OFF O F F  OFF OFF OFF T/H 

O F F  ( Se c  note 1 .  Only one H E LA Y  ON switch can be O F F  OFF 
set to  H E LA Y ON at a time . ) 

OFF OFF OFF VOX or OFF OFF vox vox 
PTT 

NORM NORM NORM NOHM NOR !\I NOHI\1 NORM NORM 

---- --------

�-

VHF B 
Telcm-

etry 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

NORM 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

NOH!\! 

VHF A/B 
Duplex 

( LM/CSM) 

OFF 

ICS T/H 
or O F F  

T/H 

O F F  

O F F  

vox 

NORM 

ICS T/H 
or O F F  

O F F  

R C V  

OFF 

vox 

NORM 
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Table 2 .  7 - 2 .  Comnnmic• a tion s Subsystem - Gcncral Switch and C ircuit Breaker Configuration (cont) 

S- B ancl 
S-Bancl liard- Voi ce Emer- V H F  A V I I F  B V H F  B 

S-Dand PTI:l Telem - line B U gcncy Sim- Sim- Telem-
S\vitches and Circuit Breaker s Voice Ran ging etry Biom ccl (Downlink) Key T V  plex plex etry 

U P  DATA LINK switch O F F  OFF O F F  O F F  VOICE D U  O F F  OFF OFF O F F  O F F  
(uplink 
onl v )  

Panel 1 2  ( C O�g i U !\ l C i\ T I O ;:o; S )  

�!ODULATE ,_;witch P:\1 or P�l P�l or P�I or 1'�1 Pl\1 PM PM or PM or Pl\1 or 
F:\1  F:\1  nJ Fl\1 F M  F M  

Xl\ITTI/TICVH swi tch PH! ;II PBI�I P H I J\ 1  P n m r  l'Hmr PHIM PHIM OFF O F F  O F F  

PWTI A M P L  switch O FF O F F  O F F O F F  OF F O F F  PH il\'! OFF O F F  O F F  

VOICE Ft:NCTIO!\ S ;;witch \'OIC L O FF O F F V OIC I· DN VOICE O F F  O F F  OFF O F F  O F F  
D U  

P C !\! F UN C T IOl':S ;;wi tch O F F  PC ;II O F F  OFF KEY OFF OFF O F F  O F F  

HANGE FUNCTIONS ''-\' itch OFF fl .ANGE O F F  O F F  O F F/ O F F/ T V/ OFF O F F  O F F  
TI E SET TI E SET C W E A  

E N-
A B L E  

V I ! F  A Xl\1TTI switch O F F  O F F  O F F O F F  O F F  O F F  OF F VOICE OF F O F F  

V H F  A HCVH S\Yitch OFF O F F  O F F O F F  O F F  O F F  O F F  ON O F F  O F F  

V I ! F  B Xl\ITR switch O F F  OF F O F F  O F F  O F F  O F F  O F F  OFF VOICE D A TA 

V H F  B R C VR switch O F F  OFF O F F  O F F  O F F  O F F  O F F  O F F  O N  O F F  

I3IOl\! E D  T E LEl\IETR Y O F F  OF F O F F  L E F T  or OFF O F F  O F F  OFF O F F  OFF 
switch RIGHT 

PC!\! T E LEl\IETRY S\\'itch I I I  or III c r  H I  or OF F OFF OFF O F F  HI or OF F LO 
LO 1.0 LO LO 

R E C OR D E R  switch OF F O FF O F F  O F F  OFF O F F  O F F  
( See note 3 . ) 

• 

�. 

V H F  AID 
Duplex 

( LM/CS�l ) 

OFF 

P M  or 
Fl\1 

OFF 

OFF 

OF F 

OF F 

OFF 

VOICE 
( See note 
5 ) 

OFF 

OFF 

ON 

OFF 

HI or 
LO 

I I 

I 
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Switch' :� and Circuit l3reakers 

Panel 12 (CO�IM UNlCATIONS 
ANTENNAS) 

VHF selector switch 

S-BAND selector switch 

TRAC K  MODE switch 

PIT C H  control 

YAW control 

Panel 12 (CO�IM) 

U PLINK SQU E L C H  switch 

C ircuit Breaker Panel 1 1  

AC BUS B :  S-BD ANT 

C OM M :  U P  DATA LINK 

C OM M :  SEC &- BD X�! Tll/ 
RCVH 

C OM M :  SEC &- BD P\VH 
A M P L  

C OM M :  V H F  A HC V!l 

C O M M :  V H F  B Xl\ITH 

C OMM :  CDR AUDIO 

6: ·:.::-. 

S-Ilane! 
S-Bancl PHN Telem-
Voice Hanging etry 

FWD or FWD or FWD or 
A F T  A FT AFT 

O F F  O F F  OFF 

f:NAB LF OFF OF!' 

Open Open Open 

Open Open Open 

Open Open OJICI1 

Open Open Open 

Open Open Open 

C losed Open Open 

- -- -

S-llancl 
Hard- Voict: Fmer-
line Bl' gency 

Biom ed ( Downlink) Key 

FWD or FWD or FWD or 
A FT AFT AFT 

O F F  OFF OFF 

O l' F  O F F  O F F  

Open Open Open 

Closed 
(Uplink 
only) 

Open Open Open 

Open Open Open 

Open Open Open 

Open Open Open 

Closed Closed Open 

�\ 

VHF A 
Sim-

TV plex 

AFT 
or FWD 

LUNAH 
STA Y 

OFF OFF 

OFF OFF 

Open Open 

Open 

Open Open 

Open Open 

Open Open 

Open Open 

Open Closed 

V H F  l3 VHF B 
Sim- Telem-
plex etr y  

A F T  A F T  
o r  FWD or FWD 

OFF O FF 

OF F OFF 

Open Open 

Open Open 

Open Open 

Open Open 

Open Open 

Closed Closed 

Closed Ope1 

� ·�� 

l 

V H F  A/Il 
Duplex 

( LM/CSM )  

A FT 
or FWD 

O FF 

OFF 

Open 

f_,: · . : l  

I 
I 

Open 

Open 

Open 

Open 
I 

Closed 

'� 
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Table 2 .  7-2.  Communications Subsystem - General Switch and Circuit Brcrrkcr Configuration (cont) 

S-Band 
S-Hand Hard- Voice Emer- VHF A VHF B 

S-B and PRN Telem- line BU gency Sim- Sirn-
Switches and Circuit Breakers Voice H anging eh·y Biomed ( DO\mlink) Key T V  plex pl ex 

Circuit Breaker Panel 1 6  

C OMM : SE AUDIO Closed Open Open Closed C losed Open Open C l osed Closed 

C OM M :  V H F  A Xl\ITH Open Open Open Open C l osed Open 

C OMM : V H F  B H C V H  Open Open Open Open Open Closed 

C OIV! M :  PRIM S- B D  PWH Open Open Open Open Open Open Closed Open Open 
A M P L  

C O!\! !\I :  P H I M  S-BD Xl\IT H i  Closed C l o s ed C losed C losed Closed Closed Closed Open Open 
R CV R  

C OM M :  S-B D  ANT Open Open Open Open Open Open Open Open Open 

C OI\11\1 :  P M P  Closed Open Clo sed Closed Closed or Open C losed Closed C losed 
Open or Open 

C OM M :  T V  Open Open Open Open Open Open Closed Open Open 

C OM!\!: DISP Closed C lo s ed Closed Closed C l osed Cl osed Closed C losed Closed 

Push-to-Talk ( PTT) Switches 
(See note 4. ) 

Commander ' s  attitude control l e r  
assembly PTT switch 

Ll\1 Pilot's attitude controiicr 
assembly PTT switch 

Commander ' s  electrical PTT 
wnbilical  PTT switch switch 

used as 
keyer 

Ll\1 Pilot' s electrical PTT 
Wllbilical PTT switch switch 

used as 
keyer 

... 

� 

VHF B V H F  A/B 
Telem- Duplex 

etry ( Ll\!/CS:\1) 

Open C losed 

Open Closed 

Open Closed 

Open 

Open Open 

Open Open 

Open Closed 

Open Open 

Closed Closed 
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Table 2. 7 -2:  C ommunications Subsystem - General Switch and C ircuit Breaker Configuration (cont) 

N OTES: 

1 .  The normal positions for switches on the AUDIO portion of panels 8 and 1 2  for relay modes , 
are as follows : 

• CSM-LM VHF A s implex, relayed to MSFN via S -hand 

Panel 8: 

R E LAY ON switch - RE LAY ON 
VHF A switch - T/R 
VHF B switch - OFF 
S-BAND T/R s witch - O F F  or S-BAND RCV 
MODE switch - VOX 

Panel 12:  

R E LAY ON switch - R E LAY O F F  
VHF A switch - O F F  or RCV 
VHF B switch - OFF 
S-BAND T/R s witch - S -BAND T/R 
MODE switch - VOX 

- or -

Panel 8:  

R E L">Y ON switch - R E LAY OFF 
VHF A s witch - OFF or RCV 
VHF B switch - OFF 
S-BAND T/R switch - S-BAND T/R 
MODE switch - VOX 

Panel 12:  

RE LAY ON switch - RE LAY ON 
VHF A switch - T/R 
VHF B switch - OFF 
S-BAND T/R s witch - OFF or S-DAND RCV 
MODE switch - VOX 

- or -

• LM, CSJ\1, l\1SFN voice conference 
with Ll\1 relaying CSM voice to MSFI\ 

NORI\1A L 

Panel 8: 

AUDIO C ONT switch - NORl\1 
RE LAY ON switch - R E LA Y  OFF 
VHF A switch - T/R 
VH F B s witch - RCV 
S-BAND T/R switch - S-BA!'m T/H 
MODE switch - VOX 
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Table 2. 7 - 2 :  Communications Subsystem - General Switch and Circuit B reaker C onfiguration (cant) 

NOTES: (cant) 

2 .  

3 .  

4 .  

5 . 

Panel 12 :  

AUDIO CONT switch - NORM 
R E LAY ON switch - RE L.\Y ON 
V H F  A switch - OFF 
V H F  B switch - OFF 
S-BAND switch - OFF 
MODE switch - V OX 

Panel 14:  

COMM: U P LINK SQU E LCH switch - OFF 

BAChLJ P  

Panel 8 :  

AUDIO CONT switch - BU 
R E LAY ON switch - R E LAY ON 
VHF A switch - OFF 
VHF B switch - OFF 
S-BAND T/R switch - OFF 
MODE switch - VOX 

Panel 1 2 :  

AUDIO CONT switch - KORM 
R E LAY O N  switch - RE L.\ Y OFF 
VHF A switch - T/R 
VHF B switch - RCV 
S-BAND T/R switch - S-BAND TR 
MODE switch - VOX 

Panel 14: 

COMM: U P LINK SQU E LC H  switch - ENA B LE 

The C ommander' s and Ll\1 Pilot ' s !\lODE switches must be set to VOX when combined 
VHF and S-hand equipments arc used ( relay operation) . The ICS/PTT position provides 
hot-microphone capabilities on intercom. 

The setting of the RECORDER switch does not affect any operational mode setting. The 
switch may be set to ON when audio trans mission to MSFN cannot be accomplished . To 
preclude continuous recorder operation in hot mike mode, the RECORDER switch must 
be set to OFF . 

PTT override exists for VOX mode. In the emergengy-keying mode, only one astronaut 
may key at a time. 

For VHF ranging this switch is set to \'OIC E/RNG. 
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Table 2. 7 - 3 .  S-Band Communications Capabilities 

Subcarrier Subcarrier 
Frequency or Rate Modulation F requency 

U PLINK: 2 1 0 1 . 8  me 

300 to 3 ,  0 0 0  cps Fl\I 30 kc 

300 to 3 ,  000 cps Fl\I 70 kc 

9 9 0 .  G kilobits/ sec 

1. 0 kilobits/ sec Flll 7 0  kc 

DOWNLIKK: 2282 . 5  me 

300 to 3 ,  000 cps 

14. 5 kc 

0.:J - ,  5 .-± - ,  7.:3:l - and 
10 .V-kc subcarr1 ers 

300 to 3, 000 cps 

1 4 . 5 kc 

3.�l - .  5 ..-± - ,  7.3S- and 
10.5-kc subcar r i ers 

300 to 3 ,  000 cps 

9 9 0 .  G kilobits/ sec 

1\lorse code 

High bit rate: 5 1 .  2 
kilobits / sec 

Low bit rate: 1.  tj 
kilobits /sec 

: 

F l\1 l .  25 me 

F l\I 1 .  25 lllC 

F l\ 1  1 .  25 m e  
! 
! 

None 
I Kane I 
I 

None I I None I I 

None I !\ one i 
I 

!\one I !\one I 
I 
I 
i 

Alii I S l 2  kc 
I 

Phase Shift ! 1 .  024 me 
Keying ( P:SK) I I 

I ; 

RF Carrier Modulation 

Pl\1 

PJ\1 

P I\  I 

Pl\I 

Pi\1 or Flll 

Pl\I or Fi\1 

Pl\1 or Fi\1 

Direct P I\! bas eband modulation 

Direct Pl\1 baseband modulation 

Direct P l\1 baseband modulation 

Direct P l\1 baseband modulation 

P I\  I 
I 

I I PJ\I 

PM or F i\1 

LTV 10 cps to 500 kc I I FM baseband modulation 

The prime purpose of the phase modulator (f i[':ure 2 .  7- 6) dur ing deep-space m iss ions is to 
provide all i n-flight and lunar-stay communications , except T V, with MSFN. 

The phase modulator uses the output of the 1 9 - m c  VCO in the S- band rec e iver as the basis 
of i ls RF c in·u it.  The VCO output is multiplied to appr. jmately 76 me in the receiver and routed to the 
phase modulator ,  where it is modulat( · '  by wide- or narrow-band information supplied from the SPA or by 
the PilN s ignal rece ived from MSFN. The 76- me carrier is then routed through a series of multipliers 
and drivers , where it is multiplied to the transm i t  carr ier frequency (2282 .  5 me).  
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Figure 2. 7 - 6 .  S- Band T ransmitter - Block Diagram 
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The S- band receivers (figure 2. 7-7)  receive voice uplink data and coded PRN s ignals from 
MSFN. One receiver s e rves as backup for the normally used nnit. The S- band receivers receive a 
2 10 1 .  8- mc carrier w hich is phase- modulated by the 30- and 70-kc subcarriers and the PRN ranging code" 
The output of the 19- me VCO is routed through a chain of multiplier s tages ,  where it is multiplied to 
2054- 3 me , and heterodyned w ith the input carrier to obtain an output frequency of 4 7 . 5 me from the first 
mixer.  The first m ixer output is mixed w ith 38 me, provided by the VCO through a multiplier s tage , 
y ielding a second intermediate frequency of 9 .  5 me.  The second IF provides several narrow-band out
puts, including automatic gain control (AGC) to the firs t IF, tracking AGC (used to position the s teerable 
antenna) , a s ignal- s trength s ignal to the SIGNAL STRENGTH indicator (panel 12) , and AGC - monitoring 
and s tatic phase error s ignals that are supplied to the IS, where they are processed for teleme tering. 
The wide- band s ignal outputs include the 30- kc vo ice subcarrier (routed to the PMP) , the 70-kc data car
rier (routed to the DUA) and the PRN ranging s ignal (routed to the S- band phase modulator).  

Another function of the S- band receivers is to provide an output for use as the exciter fre
quency for the phase modulators.  The 19-mc VCO output is routed through a chain of multiplier stages , 
where it is multiplied to 7 6  me for use by the phase modulators as the base of the phase- coherent down
link carrier. 

2 . 7 . 4 . 1 . 2 S- Band Power Amplifier. (See figure 2 .  7- 8 . )  

The S- band power amplifier amplifies the S- band transmitter output when additional trans
mitted power is required" This ass embly cons ists of two amplitrons , an input and an output isolator 
(ferrite c irculators) , and two power supplies , all mow1ted on a common c has s is .  The RF c ircuit is a 
series interconnection of the isolators and amplitrons. The amplitrons (which are characteristic of 
saturated, rather than l inear,  amplifiers) have broad bandwidth , h igh effic iency , high peak and average 
power output, but low gain. The isolators protec t both amplitrons and both S- band transmitter driver and 
multiplier c hains . The isolators exhibit a minimum isol:ltion of 20 db and a maximum insertion loss of 
0. 6 db. 

Each amplitron is supplied by its own power supply . One amplitron is des ignated primary ; 
the o ther, secondary . Only one amplitron can be activated at a time. Selec tion is made with the PWR 
A MP L  swi tch (panel 12 ) .  When neither amplitron is selected, a feedthrough path through the power 
amplifier is provided, with an insertion loss of 3. 2 db, maximum (feedthrough mode) . 

When an amplitron is select::d, 28 volts de is supplied to its associated power supply . When 
0 .  72 watt RF power is supplied to the power amplifier input from an S- band transmitter driver s tage , the 
minimum output RF power is 18 .  6 watts through the primary s tage or 14, 8 watts through the secondary 
s tag-e at the 2282.  5 - m c  transmit  frequency into a 50 ohm res is tive load with a VSWR of 1 . 1 to 1 or better. 
The sl ightly degraded power output through the secondary stage is caused by the added attenuation of the 
primary stage in ser ies with the secondary s tage. 

2 . 7 . 4 . 1 . 3  VHF Equipment. (See figure 2. 7 - 9 . ) 

The prima ry functions of the VHF equipm ent are to provide voice communications between 
th e LJ\1 and the CSM, to provide CSM- LM- CSM ranging when used with the RTTA , and, during the black
out of transmiss ion to MSFN, to provide lowbit telemetry trans mission from U1e LM to the CSM. When 
U11' Ll\1 m iss ion profile includes extra vehicular activity . U1is equipment also provides EVA- LM voice 
communications , and reception of EVA iJiomed and suit data for trans miss ion to MSFN over the S- band. 

The VHF transmitte r- receiver assembly coasists of two solid- state superheterodyne re
c e iners , two transm itters . a VHF diplexer,  RF antenn� selector switch,  two ill-flight antennas , and an 
E\'A antenna (for lu..1.ar miss ions) .  One transmitter- rec£; ive r combination provides a 296 .  8- mc channel 
(cllar.nel A ) ;  the oth e r ,  a 259 .  7-mc channel (channel B) , for s implex cr duplex voice communications . 
Chatmel B may also be used to transmit  PCM data from the IS at the luw bit rate and to receive biom eci 
and suit data from the EVA during EVA- programmed missions . 

The VHF transmitters (figures 2 .  7- 1 0  and 2 .  7 - 1 1 )  derive voice modulation and trans mitter 
turn on i receiver disable control signals from the audio c enters in the SPA that is initiated by llie VOX 
c ircuit or by operation of the PTT switches. One audio center is connec ted to the Commander 's  mic ro
phO!iC circuit and to the modulation inputs of the VHF trans mitters ; the other audio center is s imilarly 
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SECONDARY 
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AMPliFIER 
(AMPliTRON) 
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NO. 2 
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AMPLIFIER 
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lOAD 

,- ' �<>5 AMP 0 • 
lMP'S 28-VDC BUS 

(REMOTE 
TURN - ON 
CONTROl) 

Figure 2 .  7 - 8 . S - Band Power Amplifier - Block D iagram 

(, connected for the LM Pilot. The input to the channel B trans mitter can be switched from voice to PCM 
transmis s ion by setting the VHF B XMTR switch {panel 12)  to DATA. The PCM signals are generated in 
the PCMTEA. Transmitter outputs are routed to the VHF selector switch {panel 12)  and to the antenna 
via a diplexer that permits simultaneous operation of VHF transm itters and receivers on a s ingle antenna. 

The transmitter uses on- off keyed, carrier amplitude modulation and delivers 5 watts RF 
power to the diplexer . Audio input is clipped and amplified by the chain of limiters and amplifiers in the 
modulator c ircuit. After clipping, the input s ignals appear as square-waves which key the power 
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1. Refer to the overall functional block 
diagram of the Instrumentation Sub 
system for IS inputs and outputs. 
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Figure 2. 7 - 9 .  VHF Equipment - Block D iagram 

amplifier on anci oiL The resultant transmitter output is a pulse- shaped H F  s ignal .  The 30-kc osc illato1· 
in Uw moddator cont UHl ous ly modulates the transm itter.  This eontmuous modulat ion sus tams the re
c e i ver �'\GC level caus i 'll: i t  t o  rem3.in quiet during speech- pause periods. A 98 .  93-mc c rys tal oscil h ! rJr 
;s used a:o llH· lxLs is ot ' . iH R F  nrcuil in tr:J.nc; mitter A:  a 86. " - me cry s tal oscillator is used in tran. 
m ittcr B. The usc:il�ator uutput frequency is tripled to the ' ,- ier frequenc:y and is modulated by UH 
output of till' keyed ampl ifier. 

Ch�t!lllcl A P!'O\'ides the return s ignal to the CSM for CSM- LM VHF tracking and ranging . 
The transm itter rece i\·es its key ing signal from the RTTA. 

Channel B provides PC M data transm ission. Data inputs are c l ipped and amplified in the 
modul::ttor the same as audio s ignals. This transmitter has a voice- data mute c ircuit, w hich is con
trolled w ith the \'HF B XMTR switch. 
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The VHF receiver (figure 2 .  7- 12) is an amplitude- modulation, fixed- tuned, single- conver
sion superheterodyne receiver that uses carrier-controlled squelch. There are two VHF receivers in the 
CS. The receivers can receive voice s ignals at 296 .  8 and 259 .  7 me (channels A and B, respectively) and 
during EVA-programmed missions , biomed and suit data from the EVA via channel B. The frequency of 
a c rystal-controlled- oscillator output is multiplied, and mixed with the received VHF signal in the mixer. 
The heterodyned output is a 30- mc IF s ignal, which is fed through a 30- mc c rystal filter. The filter 
output is supplied to the AGC- controlled IF amplifiers, amplified, and routed to the PMP in the SPA .  
Squelch i s  carrier controlled, and adjusted by the SQUELCH thumbwheels (panel 1 2 ) .  The VHF B 
receiver is also used for CSM-LM ranging. 

2. 7. 4. 2 Signal- Processing Equipment. 

The s ignal-process ing equipment consists of the SPA, DUA and RTTA. 

2 . 7 . 4 . 2 . 1 Signal-Processor Assembly. (See figure 2 .  7- 13 . ) 

The SPA is the common acquis ition and distribution point for most CS received and trans
m i tted data, except that low-bit- rate, split-phase data are coupled directly to VHF transmitter B, and 
TV s ignals are coupled directly to the S-band transmitter. The SPA processes voice and biomed s ignals 
and provides the interface between the RF electronics, DSEA , and PCMTEA .  The SPA consists of an 
audio center for each astronaut and a PMP. The SPA does not handle ranging s ignals and 70- kc uplink 
digital data signals. 

Premodulation Processor. (See figure 2. 7- 14. ) The PMP provides s ignal modulation, m ixing, and 
switching in accordance with the selected mode of operation. The PMP also permits the Ll\1 to be used as 
a relay s tation between the CSM and MSFN and. for EVA-programmed missions , between the EVA and 
MSFN. 

The PMP accepts PCM NRZ data from the PCMTEA at 5 1 . 2  kilobits per second (high bit 
rate) or  1. 6 kilo b i ts per second (low bit rate) . The data are routed to a b iphase modulator ,  where the 
phase of a telemetry subcarrier frequency is controlled. Each logic- level change of the PC M data 
changes the biphase- modulator output by 180 o .  The biphase- modulator output is supplied to the PM or 
FM mixing network, depending on the selected mode, where it is combined w ith other signals processed 
in the PMP. 

Two 5 12-kc clock s ignals are provided by the IS to the CS. A 1 . 024-mc telemetry sub
carrier is generated from a 5 12-kc square wave (reference signal) from the pulse- code-modulation 
equipment of the PCMTEA. This 5 1 2 - kc square wave is routed to a frequency doubler whose output is a 
1 . 024-mc s ine wave , phase- referenced to ti1e PCM NRZ data. A 5 12-kc square wave (sync s ignal) 
received by the PMP , from the TE of ti1C PCMTEA ,  is suppl ied to a tuned amplifier that supplies a 5 12 -
k c  sine wave. This 5 12 - kc s ignal is added to a 1 13-kc s ignal and the result i s  doubled to provide tile 
1 .  2 5 - mc subcarrier. The biphase modulator accepts PCM NRZ data from the IS at the h igh or low b it 
rate . The input level of ti1e data is G �O .  5 volts for logic 1 ;  0 ±0 .  5 volts for logic 0 .  The data modulates 
the 1 .  024-mc subcarrier.  The modulated subcarrier is routed ti1rough a 1 .  024- mc band-pass f ilter to 
the FM or PM mLxing network. 

Emergency keying is pronded in ti1e PMP by gating the 5 1 2 - kc sync s ignal generated from 
the 5 12-kc square-wave sync input from the TE direc tly on tile input line of the S-band phase modulator .  
The PTT switch on each electrical umbilical serves as  tiJe manually operated keyer to gate the output of 
tiJe key gate c ircuit on and off. 

Voice for S-band transmiss ion is accepted by the PMP via a low-pass filter ,  which passes 
300- to 3, 000-cps s ignals. These voice s ignals are passed within ±1 db referenced to 1 ,  000 cps ; s ignals 
above 4, 000 cps are attenuated at least 20 db. The low-pass filter output modulates the 1. 2 5 - mc sub
carrier or is routed directly to the S-band phase modulator for direct baseband modulation. The modu
lated 1. 2 5 - mc subcarrier is routed through tuned, isolation, and AGC amplifiers and supplied to the PM 
mixer or FM mixer. 

Backup vo ice transmission is accommodated via S-band by routing the low-pass-filter output 
directly to a speech-processing network. This network provides 24 db of speech clipping referenced to 
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3 ,  000 cps, and voice preamphasis of 6 db per octave between 300 and 3 ,  000 cps. The speech- processing 
network output is supplied directly to the narrow- band PM input of the S-band equipment. This mode is 
attained by setting the BIOMED TELEMETRY switch (panel 12 )  to OFF and setting the VOIC E FUNCTIONS 
switch to DN VOIC E BU. 

The PMP accepts hardline EKG data from each astronaut and, by external control, selects 
one of these data for S-band transmis s ion. The input is a 0- to 5 - volt  s ignal, at 0 to 30 cps .  It frequency
modulates a 1 4 .  5 - kc subcarrier oscillator, with a maximum deviation of 1 kc . The oscillator input is 
m ixed w ith voice. The composite s ignal modulates the 1. 2 5 - mc subcarrier in the same manner as voice 
for S- band transm iss ion, or  is routed direc tly to the PM or FM mixer for direct baseband modulation. 

Received S- band voice s ignals are routed through the PMP to the microphone and headset  
volume control c ircuits in  the audio centers . A squelch control gate in the received S-band audio c ircuits 
es tablishes the threshold level of the incoming audio at a preset level. During normal voice communica
tions the squelch control gate is turned on by setting the COMM: UPLINK SQUELCH switch (panel 14) to 
ENABLE. This allows incoming audio s ignals w ith an amplitude in excess of 0. 7 volts peak- to-peak to be 
amplified and monitored b y the astronauts . Setting the COMM: UPLINK SQUE LCH switch to OFF disables 
the squelch circuit. The PMP has a discriminator to demodulate the S-band sub carrier. The discriminator 
output, which has a bandwidth of 300 to 3 ,000 cps ±3 db referenced to 1 ,000 cps, is routed to the audio cen
ters via a low- pass filter and mixer network and relay amplifiers. The VH F channel B input has high- and 
low- pass filter s  to separate voice and extravehicular mobility unit ( EMU) data. 

The PM mixing network can process the outputs of the 1. 25- and 1. 02 4 - mc channels (a 
compos ite of voice , biomed data , telemetry data, and EMU data) .  These outputs are then supplied to the II 
selected S-band phase modulator for trans mission to MSFN. The FM mixing network can process the outputs 
of the 1 .024- me data channel and a composite of voice,  biomed data, PCM data, and EMU data, all on the 
1. 2 5- mc subcarrier.  These outputs are then supplied to the S- band frequency modulator for transm iss ion 
to MSFN. FM video, PM ranging, backup voic e ,  and emergency key s ignals are not processed through 
the mixing networks ; they are supplied directly to the selected modulator for baseband modulation. 

Audio Centers.  (See figure 2 .  7- 15 . ) Two identical audio centers (one for each as tronaut) in the SPA 
provide individual selec tion, isolation, and amplification of audio s ignals received by the CS receivers 
and which are to be transm itted by the CS transmitters.  The audio centers are controlled from the AUDIO 
portion of panels 8 and 1 2 .  Each audio center contains a m icrophone amplifier ,  headse t  amplifier, VOX 
circuit, diode sw itches , volume control circuits , and isolation pads. The VOX c ircuit controls the 
microphone amplifier by activating it only when required for voice transmiss ion. 

Audio signals are routed to and from the VHF A, VHF B, and S-band equipments and the 
intercom bus via the audio centers. The intercom bus, common to both audio centers , provides hardline 
communications between ti1e astronauts. Voice s ignals to be recorded by the DSEA are taken from the 
intercom bus . 

Inputs and outputs are controlled by the VHF A, VHF B ,  S- BAND T/R, and ICS T/R (inter
com) switches on panels 8 and 12 . An associated thumbwheel (volume control} for each switch provides 
continuous adjustment of the received audio signal. Panels 8 and 12 also have VOX SENS and MASTER 
VOL thumbwheels . The VOX S E NS thumbwheel perm its continuous adjustment of the VOX control c ircuit 
thres hold; the MASTER VOL thumbwheel, continuous adj ustment of all audio outputs from the headset 
amplifier. Received audio s ignals are isolated and routed through the volume c ontrol circuits, which 
provide a 30- db control range at ti1e output of the headset amplifier. The four inputs (S-band, VHF A ,  
VHF B ,  and intercom) routed through the headse t  circuit have minimum isolation of 4 0  db between any 
two inputs. 

If one audio c enter fails , the astronaut affected by the malfunction can switch to the other 
audio center ,  using the AUDIO CONT switch (panels 8 and 12 ) .  (See figure 2. 7- 16 . ) With the sw itch set to 
NORM, the astronaut is using his own audio center ;  the B U  position sw itches him to the other audio center.  

2 . 7 . 4 . 2 . 2  Digital Uplink Assembly . (See figure 2 .  7 - 1 7 . ) 

The DUA decodes S- band 70 - kc digital uplink commands from MSFN and routes the data to 
ti1e LGC. The LGC processes the data and routes a verification s ignal to the PCMT EA for transmis s ion 
to 1\lS F N  to ind icate that the uplink commands have been processed by the LGC. The DUA also routes a 
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verification signal to the PCMTEA for transmission to MSFN, to indicate that the uplink commands are 
properly decoded and have been routed to selected LM equipment. The digital uplink commands ad
dressed to the LGC parallel those inputs available to the LGC via the display and keyboard (DSKY) . The 
DUA also provides a voice backup capability if the received S-band audio c ircuits in the PMP fail. 

The DUA consists of a 70-kc discriminator, two audio amplifiers , a phase- shift-keyed 
(PSK) demodulator,  two redundant decoders , and a power supply . The power supply converts the 
Commander 's  28-volt d-e bus voltage to the regulated voltages required by the DUA. The power supply 
contains a de- to-de converter with regulators that provide 4. 5 and 24 volts de. The DUA provides two 
modes of operation for uplink communications: data or voice backup. Either mode is selected by the UP 
DATA LINK switch (panel 12 ) .  

Data Mode. Processing of digital uplink commands is initiated by closing the COMM: UP DATA LINK 
c ircuit breaker (panel 1 1) and setting the UP DATA LINK switch to DATA. The 70-kc discriminator then 
receives the 70-kc subcarrier digital uplink commands from the S-hand receiver. Each uplink command 
is composed of a 22- bit, serially coded message compris ing three vehicle address bits, three system 
address bits (message identification), and 16 information bits. 

The discriminator consists of two amplifier stages tuned to approximately 62 to 78 kc . These frequencies 
are the extremes of the FM deviation of the 70-kc digital uplink subcarrier. The demodulated output of 
the discriminator is a two-tone composite modulating s ignal consisting of a 2-kc subcarrier tone and a 
1 -kc coherent synchronization tone. The demodulated output is amplified by the data audio amplifier and 
applied to the PSK demodulator. 

The PSK demodulator converts the signals from the 70- kc discriminator into a series of digital 1 's and 
O ' s  for application to the two redundant decoders. The 2-kc subcarrier (which contains the uplink data) 
is phase- shift- keyed at a 1 - kc binary rate. A subcarrier phase shift of 180 ° denotes a change in logic 
level. The synchronization tone is the same frequency as the binary bit command rate; zero crossings 
are coincident within ±6 microseconds . The demodulator separates the two- tone composite s ignal. It 
detects the phase of the 2-kc subcarrier and provides data pulses , corresponding to 1 and 0 data bits , to 
the decoders . The two tones are used to time sequential clock pulses , which are used to strobe informa
tion into the decoders. 

The decoders process the uplink data and at the direc tion of the uplink data, route information via an 
interface unit to the LGC. The decoders also generate an eight- bit verification word and route it via an 
interface unit to the PCMTEA,  for telemetry , when command or data words are processed in the DUA and 
routed to the LGC. If the three vehicle address bits (of the 22-bit message) are not 0 1 1  or the system 
address bits are not recognizable , the DUA neither processes the uplink data nor generates the verif ica
tion word. 

Voice Backup Mode. The voice backup capability of the DUA is used if the PMP c ircuits that process the 
received S-band 30-kc audio subcarrier malfunction. If such failure occurs , MSFN can transmit audio on 
the 70-kc uplink subcarrier. The DUA operates in the voice backup mode when the UP DATA LINK 
switch is set to VOIC E BU. This supplies power to the voice backup circuits , enabling the 70-kc dis
criminator to demodulate the audio on the 70-kc subcarrier and to route the audio to the Commander ' s  
audio center microphone input. When the DUA i s  i n  the data mode, an audio inhibit circuit supplies an 
inhibit signal to the voice amplifier. This prevents extraneous noise that may appear on the uplink sub
carrier from entering the audio centers . 

2 . 7 . 4 . 2 . 3  Ranging Tone Transfer Assembly. (See figure 2 .  7- 1 8. ) 

The RTTA operates with VHF receiver B and VHF transmitter A to provide a transponder 
function for CSM-LM VHF ranging. The RTTA receives VHF ranging tone inputs from VHF receiver B 
and routes these s ignals ,  properly processed, to VHF transmitter A. 

The VHF ranging tone inputs consist of two acquisition tone signals and one track s ignal. 
No accurate ranging is accomplished until the track s ignal is received and retransmitted. The first ac
quisition s ignal is the 3 .95-kc medium tone transmitted for 4 seconds from the CSM. If the LM responds 
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correctly with a 3. 9 5 - kc tone, the second acquisition signal (3 . 95 kc combined with a 247- cps medium
coarse tone ) is transmitted for 4 seconds from the CSM. If proper retransmission of this signal occurs,  
the track signal, a 3 1 .  6 kc  fine tone, is transmitted by the CSM. When the LM retransmits this tone, 
the VHF ranging system operates in a closed loop and ranging may be accomplished. 

The three RTT A outputs are the transmitter range gate that is used to key VHF transmitter 
A, the noise suppression oscillator disable signal that is used to inhibit the 30-kc oscillator output in the 
modulator portion of VHF transmitter A,  and, during fine tone ranging only; the receiver range gate that 
is used in VH F receiver B to gate the fine tone ranging signal from the CSM. 

The RTTA (figures 2 .  7- 1 9  and 2 .  7 - 20)  consists of f our subassemblies; a power supply, an 
oscillator and counter, a product detector, and a signal sensor and interface .  When the VHF A XMTR 
switch (panel 1 2 )  is set to VOIC E/RNG, 28 volts de is applied to the RTTA. The RTTA power supply has 
current- limiting features so that an RTTA malfunction will not affect the power for the VHF A trans
mitter. 

When VH F ranging is initiated in the CSM, the CSM VHF transmitter B transmits the first 
of two VHF ranging acquisition signals. This 3. 95-kc medium tone signal is received by LM VHF re
ceiver B and sent to the RTTA. The input amplifier amplifies the tone signal and applies the amplified 
s ignal to the 5. 2 67-kc bandpass filter, the clipper, the 3. 95 kc filter and the rectifier. The 5. 2 67-kc 
bandpass filter rej ects the 3 .  9 5- kc tone, but the clipper,  3.  9 5 - kc filter ,  and rectifier accept the tone 
signal. The output of the 3. 95-kc filter and the rectifier are compared in the comparator. (These three 
circuits comprise the s ignal sensor. ) 

If the comparison is good, the VCXO control inhibit line ( midpoint ground) is held at a low I 
level so that there is no signal to the low-pass filter to control the variable controlled crystal oscillator. : 

This condition does not affect the oscillator output frequency ;  consequently ,  the output is at the oscil
lator normal frequency. The VCXO control inhibit line (at a low level) and the output of the clipper 
enable the 3. 95-kc gate, which enables the transmitter gate. The transmitter gate output is applied to 
the transmitter range gate transformer. This is a pulse transformer. The secondary output is the trans
mitter range gate applied to the keyer of VHF transmitter A. This causes VHF transmitter A to be 
keyed at a 3. 9 5- kc rate. The VCXO c ontrol inhibit line (at a low level ! also inhibits the early/late gate 
so that no receiver range gate is generated. 

The second VHF ranging acquisition signal from the CSM is the 3. 95-kc tone signal com
bined with a 247- cps tone signal. This combined signal is the medium-coarse tone signal and the RTTA 
circuits respond to this signal in the same manner as for the 3 .  9 5-kc medium tone signal. VHF trans
mitter A is keyed at the combined rate. 

When the track signal is received at the RTTA; it is a 5. 2 67-kc gate signal, which contains 
s ix cycles of 3 1 .  6 kc . The 5. 2 67 - kc gating of 3 1 .  6 kc is accomplished in the VHF receiver B range 
gate circuit. The signal is amplified by the input amplifier and applied to the four circuits to which the 
acquisition signals were applied. The clipper and rectifier accept the 5. 2 67-kc signal, but the 3 .  95-kc 
filter rej ects the signal. As a result, the comparator does not function and the VCXO control inhibit line 
is raised to a high level. The clipper tries to enable the 3. 95-kc gate, but the gate is inhibited by the 
high level of the VCXO control inhibit line. 

The 5 .  267-kc signal is accepted by the 5. 267-kc bandpass filter and applied to the product 
detector. The output of the 5. 267 -kc delay reference is the othe1 input to the product detector. The 
output of the product detector is d e ,  which is applied to the low - pas s filter since the VCXO control inhibit 
line is at a high level. The d-e  output of the low-pass filter is applied to the variable controlled crystal 
oscillator to control the output frequency. The output of the oscillator is dependent on the d- c control 
voltage. This control voltage varies with range so that, as the oscillator output varies , it causes the 
3 1 .  6-kc transmitter range gate to vary. 

The oscillator output is counted down in the 252- and 126- kc down counter. The 2 5 2  kc is 
applied to a rectifier. The rectifier output is the noise-suppression osc illator disable signal, which is 
applied to the modulator of VHF transmitter A to disable the 30-kc noise suppression oscillator. The 
126-kc output is applied to the 3 1 .6-kc down counter so that 3 1 . 6  kc i s  generated. The 3 1 . 6  kc is applied 
to the 3 1 .  6-kc delay, which is enabled by 126  kc. A 3 1 .  6-kc input is also applied to the early gate. 
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Figure 2 .  7-20.  Ranging Tone Transfer Assembly - Timing Diagram 

The 3 1 .  6-kc delay output is delayed 4.0 microseconds and applied to the 3 1 . 6 kc gate, the 5. 2 67 - kc down 
counter ,  and the late gate. The 3 1 . 6-kc gate enables the transmitter gate whose output is applied to the 
transmitter ran[':e gate transformer. This is a pulse transformer. The secondary output is the trans
mitter range gate ( 3 1 .  6 kc) .  This output is applied to the keyer of VH F transmitter A .  

Two o f  th e  outputs o f  the 5 .267-kc down counter a r e  used to enable the early and late gates 
w hich have, respectively, 3 1 . 6 kc and 3 1 . 6  kc delayed already applied to them. The combination of early 
and late gate outputs and the VCXO control inhibit line (at a high level) enables the early/late gate. The 
early /late gate output is applied to the receiver range gate transformer. The transformer is a pulse 
transformer. The secondary output is 3 1 .6 kc gated at 5. 267 kc,  which is the receiver range gate. This 
output is sent to the range gate c ircuit in VHF receiver B.  The o ther output of the 5 . 267 - kc down counter 
is applied to the 5 .267 -kc delay reference.  

The output of the 5 . 2 67-kc delay reference is delayed 2 8  m icroseconds and applied to  the 
product detector.  The product detector compares the 5 .267-kc output delayed 2 8  microseconds with the 
5 . 2 67-kc input s ignal from the 5 .267 -kc bandpass filter. The result of this comparison is the d-e  output 
voltage that controls the frequency of the variable controlled crystal oscillator so that 3 1 . 6 kc phase 
loc ked to the input s ignal can be generated to key VHF transm itter A. 

2. 7 .  4 .  3 Antenna Equipment. (See figure 2 .  7- 2 1 . ) 

The CS in-flight antenna equipment consists of two S- band in-flight antennas , an S- band 
s teerable antenna, two VHF in-flight antennas , an S-band diplexer and RF selector switch, and a VHF 
diplexer and RF selector switch. The CS lunar surface antenna equipment consists of an E VA antenna 
for E VA - LM VH F communications. 
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S-BAND STEERABLE ANTENNA 

S-BAND IN- FLIGHT ANTENNA 

VHF IN-FLIGHT ANTENNA 
8 300lM5 1 6  

F igure 2.  7- 2 1 .  Communications Subsystem - Antenna Locations 

2 . 7 . 4 . 3 . 1 S - B and In-F lho;ht A ntennas . 

The S- band in- fl ight antennas are omnidirectional: one is forward and one is aft of the LM . 
The antennas are right -hand circularly polarized radiators that collectively cover 90% of the sphere at 
-3 db or bet ter .  They operate at 228 2 .  5±5 me ( transmit) and 2 1 0 1 . 8  me ( receive) . 

2 . 7 . 4 . 3 . 2  S- Band Stee rable A ntenna . (See figures 2 .  7-22 and 2 .  7- 23 . ) 

The S-b:md steerable antenna is a 26- inch-diameter parabolic reflector with a point source 
feed that consists of a pair of cross-sleeved dipoles over a ground plane . The p r ime purpose of this an
tenna is to provide deep- space voice and telemetry communications and deep-space tracking and ranging . 
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F igure 2 .  7- 23 . S- Band Steerable Antenna - Antenna G imbaling 

The S- band s teer able antenna provides 174  o azim uth (yaw) coverage and 3 3 0 "  elevation 
(pitch) coverage. The antetma can be operated manually or automatically . The manual mode is used for 
initial positioning of the antenna to o r ient it w i thin ±12.  5 o  (capture angle) of the LOS s ignal received from 
the MSFN s tation. Once the antenna is positioned w ithin the capture angle , it  can operate in the automatic 
mode. Switches and indicators on the COMMUNICA TIONS ANTENNAS portion of panel 12 are used to 
operate the antenna. 

When the S- BAND selector switch (panel 12)  is set to S L EW (S- band s teerable antenna se
lected) and the TR.A. C K  MOD E sw itch (panel 12 )  is set to AUTO ,  the antenna tracks automatically, providing 
il  was initially positwned w i U un 1 2 . 5 '  of MSFN LOS . When in the automatic mode , s ignals received from 
a MSFN s tation cause the s te e rable antenna electronics to generate error information relative to the 
angular displac ement and d irec tion of MSFN LOS with respect to the existing antenna radiation ax is. This 
mformation is processed and used to operate two servomotors that drive the an tenn�·-· One servomotor is 
mounted on the antenna X- ax i s :  anoth e r ,  on the antenna Y - axis .  Angular displacement data are generated 
by shifting· the received s ignal pattern off the radiation axis in the X- direc tion and Y- dircction, caus ing a 
change in stre nc:o;th of the rece ived s ignal. If s ignal s trength is increased when the antenna pattern is 
s h ifted. the MS FN LOS is d isplaced in the s h ifted direction: if signal strength is decreased, the MSFN LOS 

t:s displaced in the oppos ite direc tion. This per iodic shifting of the antenna pattern perm its generation of 
s e rvo error s ignals by sampl ill� tl1e S- band receiver AGC level.  The sampled AGC s ignal is supplied to 
the stee rable antenna elec tronics subassem bly and, through X- and Y-axis logic c ircuits , drives d-e 
s e rvomotors to posi tion the antenna to obtain the maximum received - s ignal level. 

S- Band Steerable Antenna Heate r s .  Eight heater assembl ies , each cons is ting of a heater and two 
(redundant) U1ermos tats , are used to m aintain the S- band s teerable antenna temperature between -40 o 

and 0 °  F .  Four heater assemblies are installed in the electronics packages, and one each in the 
m ic rowave network. X- and Y - axis gimbal housings , and X-axis gimbal spindle. The S -band steerable 
antenna heaters receive the i r  pow er through the HEATE RS: S- B D  ANT c ircuit breaker (panel 16) .  
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The temperature sensor in the S -band steerable antenna assembly routes the temperature signals to 
E RA -2 in the SCEA. The E RA -2 output is routed to the PCMTE A, CWEA, and the TEMP indicator 
(panel 3 ) .  The S -band steerable antenna temperature is monitored by setting the TEMP MONITOR se 
lector swi tc h  to S- BAND and observing the TEMP indicator .  

2 . 7 . 4 . 3 . 3 Deleted. 

2 -7 . 4 . 3 . 4 S-Band Diplexer and RF Selector Switch. 

The S-band diplexer ,  connected directly to the output of the S -band power amplifier,  permits 
simultaneous transmission ;md reception, using one antenna. Insertion loss i s  0. 9 db (transmit) and 1 .  3 
db (receive). 

The S -BAND selector switch on the COMMUNICATIONS ANTENNAS portion of panel 12 
enables selection of either S -band in-flight antenna (omnidirectional) , the stee rable antenna, or  the 
erectable antenna (during lunar stay only). The insertion loss of the switch,  in the transmit mode of 
operation (2282.  5 me) ;  is less than 0. 2 db. 

2 . 7 . 4 . 3 . 5  VH F  In - Flight Antennas. 

1\vo VH F in -flight antennas are used for VH F/ AM communications. These are right - hand 
circul arly polarized antennas that operate in the 259 . 7 - to 296.  8 -mc range . One of these antennas is on 
each side of the LM, near the top of  the structure. 

2 . 7 . 4 . 3 . 6 VH F EVA Antenna. 

The VH F EVA antenna is an omnidirec tional conical antenna carried stowed on the exterior 
of the LM. When the LM is on the lunar surfac e ,  the antenna is unstowed by an astronaut in the LM. 
This antenna is used fo r LM -EVA communications. 

2 . 7 . 4. 3 . 7  VH F Diplexer and R F  Selector Switch. 

The VH F diplexer permits simultaneous transmission and reception, using one antenna at 
two frequencies. During in -flight phase s of the mis sion, the diplexer permits voice transmission o ver 
one charmel while reception is accommodated over the other channel. The nor mal LM -CSM communica
tions mode is simplex over charmel A; channel B is used for data transmission and voice backup. 

The VH F selector switch on the COMMUNICATIONS ANTENNAS portion of panel 12 enables 
selection of either VH F in -flight antenna (omnidirec tional) or the EVA antenna (during l unar stay) . The 
inse rtion loss of the sw itch, in the transmit mode of operation (29 6 .  8 and 2 5 9 . 7 me) , is less than 0. 2 db. 

2. 7. 5 PERFORMANCE AND DESIGN DATA. 

The performance and design data for the CS are given in table 2. 7 -4 .  

2 .  7 .  6 OPE RATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the CS are covered in paragraph 2. 7. 6. 1 
and 2 .  7. 6. 2 .  
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1 2 . 7 . 6 . 1 Antennas. 

I 

The S- band steerable antenna is mounted ' � two- degree-of- freedom gimbal. Elevation 
(pitch) and aximuth (yaw\ are zero when the antenna L( parallel to the LM Z-axis in a positive 
direc tion. The antenna i lilted 45 o in the LM X-axis Y- axis. (See figure 2 .  7 - 23 . ) Slewing the 
antenna toward the antenna +X-axis is pos itive elevatic !ewing the antenna toward the antenna + Y - axis 
is pos itive azimuth. The angles of elevation and az imuL:. coverage are shown in figure 2. 7 - 2 3 .  The 
restr ictions in elevation and azimuth are shown in figure 2. 7-24 .  

The S-band omnidirectional in-flight antennas cover equivalent overlapping regions. 
forward in-flight antenna covers a 170° cone about a line i n  the X-Z plane 20° above the + Z - axis.  
rear antenna covers a 170° c one about a line in the X-Z plane zoo above the - Z -axis. 

The 
The 

Table 2 .  7-4 . Communications Subsystem - Performance and Design Data 

Power Requirements 
Operating 

Frequency 
Equipment 1\lode (Status) D -C Watts A - C  Watts (me) 

S - band transmitter-receiver Primary or 3G . O  0 
secondary 

Receiver 2 1 0 1 . 8  

Transmitter 228 2 . 5  

S-band power amplifier and Primary or 7 2 . 0  0 
diplexer secondary 

S -band steerable antenna 

Electronics Slew 7 . 6  27 . 9  

Auto 0 . 7  4 . 0  

Heaters On 51 . 7  0 

VHF A transmitter Voice 3 0 . 0  0 296 . 8  

Not transmitting 3 . 5  0 

VHF A receiver On 1 . 2  0 296 . 8  

VHF B transmitter Voice 28 . 9  0 259 . 7  

Data 3 1 . 7  0 

Not trans mitting 3 . 5  0 

VHF B receiver On 1 . :2  0 259 . 7  

Ranging tone trOlnsfer assern- On 5 . 0  0 
bly 

Signal -processor assembly 

Premodulation processor On 4 . 3  0 

Audio center (one) On 4 . 8  0 

C OMMUNICATIONS SUBSYSTEM 
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Table 2. 7 -4 .  Communications Subsystem - Performance and Des ign Data (cont) 

Power Requirements 

Equipment Mode ( Status) D-C Watts A-C Watts 

Digital uplink assembly Uplink data 1 2 . 5 0 

Voice backup � . 5 0 

Biomedical sensors On 3 . 0  0 

CS displays On 3 . 0  0 

TV camera On 6 . 0 0 

- 40 

- 20 

- X A 
-� ---�----------l----�--�- - --- -

---,�: --�-� t�-------:----·-· · 
24C · 221  20) . 1 8 0  . 1 60 - 1 40 . 1 20 . 1 00 - 80 . 60 . 40 

PITCH GIMBAL 

NOTE 

Operating 
Frequency 

(me) 

A xi> notations refer to antenna, 
not vehicle, coord1note� 

Figure 2 .  7 - 2 4 .  S-Band Steerable Antenna - Vehicle Blockage Diagran1 

Mission LM Basic Date 
COMMUNICATIONS SUBSYSTEM 

February 1970 Change Date 15 June 1970 Page_�2�-�7-�4�3�--� 

I 

I 



I 2 . 7 . 6 . 2 

I 

Page 2. 7 -44 

General. 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

The limitations and restrictions imposed on the CS during the mission are as follows: 

• The maximum range of telemetry transmission between the LM and the CSM is 
320 nautical miles.  Greater ranges will cause loss of telemetry transmission .  

e The LOS range of  the VHF transmitter is limited to 740 nautical miles . Greater 
ranges will cause loss of VHF communications . 

• If electromagnetic interference (EMI) in system is identified as caused by the 
tracking light ( regular pulses on audio channel or pulses at approximately 1 pps 
on SIGNAL STRENGTH meter ) ,  the tracking light may be turned off until acquisition 
of data is complete .  

• Once the  S-band steerable antenna is unstowed, i t  cannot be stowed for the re
mainder of the flight . If the steerable antenna is locked on the uplink s ignal , RCS 
thruster impingement will have no effect on antenna orientation . In the absence 
of the uplink signal , the effect of the LM or CSM plume can cause the steerable 
antenna to be reoriented. 

• The S-band steerable antenna provides automatic tracking when its RF axis is 
aligned to within ±12 .  5 '  (capture angle) of MSFN LOS. Exceeding ±1 2 .  5 °  results 
in inability to acquire the MSFN signal. 

• The ma...,.imum S-band steerable antenna tracking velocity is 20° /second. 

• The maximum S-band steerable antenna tracking acceleration is 60 o /second/ 
second. 

• The activation time for the S- band transmitter- receiver is 30 seconds from 
application of power: 5 seconds , after a change of modulation mode (FM to 
PM. or PM to FM) . No S-band communication will result until warmup is 
completed. 

• The warmup time for the S-band power amplifier is 60 seconds maximum. 
The recycle time after RF interruption is 20 seconds . If this restr iction is 
not observed only low-power S-band transmission is available. 

• The warmup time for the S- band steerable antenna elec tronics is 60 seconds 
maximum. No S-band communications will result before warmup is completed, 
unless one of the S-band in-flight antennas can be used. 

• S- band steerable antenna operating temperature must be maintained at - 60 °  
to +1 5 5° F. If these temperature l imits are exceeded, S-band communications 
are unreliable. 

COMMUNICATIONS SUBSYSTEM 
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E XP LOSIVE DEVICES SUBSYSTEM. 

INTRODUCTION. 

The Explosive Devices Subsystem (EDS} permits the astronauts to operate or enable various 
LM equipment, using explosive devices .  The EDS controls deployment of the landing gear; pressuriza
tion of the descent, ascent, and reaction control propellant tanks; venting of descent propellant tanks; and 
separation of the ascent and descent stages .  

The general location of  al l  components of the EDS is shown in  figure 2 .  8-1 .  E lectrical 
power to activate the co mponents in both systems is supplied through circuit breakers on the Commander 's 
c ircuit breaker panel ( 1 1) and the LM Pilot ' s  circuit breaker panel ( 16) . Switches on the E XP LOSIVE 

ED CONTROL 
PANEL 

DESCENT PROPULSION 
HELIUM ISOLATION VALVE 

RCS HELIUM 
ISOLATION VALVES 

LANDING GEAR 
UP LOCK 

(4 PLACES) 

ASCENT PROPULSION 
COMPATIBILITY VALVES 

EO RELAY BOX 
(DESCENT AND ASCENT STAGE) 

Figure 2 .  8 - 1 .  Explosive Devices - Component Location 
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DEVICES portion of panel 8 route this power to relays in the ED relay boxes . The relay contacts route 
ED battery current to explosive cartridges located in LM subsystems . The explosive devices actuated 
by the cartridges perform the EDS functions .  

Ascent propellant tank pressurization and staging (separation of  nuts and bolts, electrical 
circuit interruption, interstage umbilical cable severance) are performed automatically if the ABORT 
STAGE pushbutton (panel 1 ) is pressed. 

There are two separate systems (A and B) in the EDS. (See figure 2. 8-2 . )  The systems 
operate in parallel and provide complete r edundant circuitry ; each system has its own 37 . 1 - volt d - e  
battery , relays , time-delay circuits , fuse-resistors,  buses,  and explosive cartridges .  Two separate 
cartridges are provided for each EDS function. E ach cartridge uses power from a separate ED bus and 
can perform its task without the other cartridge. 

ABORT· 
SEQUENCING 

CONTROL TIME 
DELAY 

AELD (SYSTEM A) STAGE SIGNAL 

LMP'S 28-VDC 
(FROM LOGIC 

PWR B 
CIRCUIT BREAKER) 

EXPLOSIVE DEVICES 
SUBSYSTEM 

ASCENT He PRESS (SYSTEM A) 

-

CDR'S 28-VDC 
(FROM LOGIC 

PWR A 
CIRCUIT BREAKER 

ABORT 
STAGE 

SWITCH 

I EXPLOSIVE I ASCENT He PRESS (SY>TEM Bl 

AELD (SYSTEM B) STAGE SIGNAL I DEVICES PANEL J ...__l"""""'l_� 
r - - - - - - - - - - - - - - - - -, I ED RELAY BOX A 1 I I I 'D RElAYS I i � m�M • J  ::.::�� i 
I �� I 
._ _ _ _  J _ _ _ _  , �R ARM : 

ED I REL�Y I 
BATTERY A I K I 
28-VDC (IN .. _ _ _ _ _ _ _ _  _. 

DESCENT STAGE) 

� - - - - - - - - - - - - - - - - - , 
I ED RELAY BOX B I 
I I 
I J ED RElAYS I : ED BUS I SYSTEM B : 
I 28-VDC 4 I 
I I 
I I 
I &-o I 
I MASTER ARM • - - - - - - - -
1 RELAY 1 .--...o--_, 
I Kl I BATT

E

E�Y B L--------..! 28-VDC ( IN 
ASCENT STAGE) 

I EXPLOSIVE DEVICES I 
t 

FUNCTIONS 
e LANDING GEAR DEPLOYMENT e RCS PROPELLANT PRESSURIZATION 
• DESCENT PROPELLANT e INTERSTAGE STRUCTURAL-

TANK PRESSURIZATION AND CONNECTIONS (NUTS AND BOLTS) 
COMPATIBILITY VALVE ACTUATION SEPARATION 

• DESCENT PROPELLANT VENTING e ELECTRICAL CIRCUIT 

• ASCENT PROPELLANT INTERRUPTION 
TANK PRESSURIZATION AND e INTERSTAGE UMBILICAL 

COMPATIBILITY VALVE ACTUATION SEVERANCE 

Figure 2. 8-2 . Explos ive Devices Subsystem - Overall B lock Diagram 
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SUBSYSTEM INTERFACES.  

EDS relays are actuated by 2 8  volts de received through the Commander 's and L M  Pilot ' s  
buses o f  the E lectrical Power Subsystem (EPS). Contacts o f  these relays route ED battery current to 
associated explosive devices in the Main Propulsion Subsystem (MPS) and the Reaction Control Sub
system (RCS) and to explosive devices that enable landing gear deployment, interstage structural con
nection separation, electrical circuit interruption, and interstage umbilical severance .  In the MPS, 
explosive devices enable descent propellant tank pressurization and venting, and ascent propellant tank 
pressurization. In the RCS, explosive devices enable RCS propellant tank pressurization. 

The EDS receives two commands from the control electronics section (CES) of the Guidance ,  
Navigation, and Control Subsystem (GN& CS).  After the descent engine i s  fired, a delayed des cent engine
on command is received from the CES.  This command actuates the ED relay associated with the ex-
plosive device that enables descent propellant tank pressurization ( with supercritical helium) .  An auto
m atic stage c ommand is received from the CES when the ascent engine is fired . This command I actuates the E D  staging sequence relays . 

ED relay status and malfunction signals are routed to the Instrumentation Subsystem (IS) ,  
which processes them for telemetering to  MSFN . If the master arm relay or the staging sequence relays 
malfunction, a signal is routed to the failure-detection circuits in the caution and warning electronics 
asse mbly (CWEA) of the IS, which causes the ED RE LAYS caution light (panel 2)  and the appropriate 
STAGE SEQ RE LAYS SYS A or SYS B component caution light (panel 8) to go on . Landing gear deploy
ment is monitored by sensors in the landing gear assemblies . A composite s ignal from these sensors is 
sent to the IS, where it is processed for telemetering to MSFN.  The signal causes a gray LDG GEAR 
DEPLOY talkback display (panel 8) . 

2 . 8 . 3  FUNCTIONAL DESCRIPTION . (See figure 2 .  8- 3 . ) 

The redundant c ircuits and components of the EDS operate s i multaneously, as two indepen
dent systems (A and B ) .  E ither system can perform the EDS functions .  Each function is completed before 
initiation of the next function. The EDS functions are performed in the following sequence: 

• Landing gear deployment 

• Reaction C ontrol Subsystem (RCS) propellant tank pressurization 

• Descent propellant tank prepressurization (ambient helium) 

• Descent propellant tank pressurization (supercritical helium) 

• Descent propellant tank venting 

• Ascent propellant tank pressurization 

• Interstage nut- and-bolt separation and ascent stage deadfacing (occur simultaneously) 

• Interstage umbilical severance 

EDS systems A and B are operated from the E XP LOSIVE DEVICES portion of panel 8 .  
Power ( 2 8  volts d e )  from the E P S ,  t o  actuate the relays i n  the syste m A and system B relay boxes ,  
i s  routed through the E D :  LOGIC PWR A circuit breaker (panel 1 1) and the E D :  LOGIC PWR B 
circuit breaker (panel 16 ) ,  respectively. Power for the cartridges is supplied by the ED batterie s .  
When the MASTER ARM switch i s  set t o  O N ,  each battery supplies power to an identical redundant 
bus in the ED relay boxes,  arming the firing circuits and enabling all explosive devices of the LM. 
Firing of any ex"Plosive device is c ontrolled by its respective switch on panel 8 ,  except that the descent 
propellant supercritical helium valves are fired on command from the C E S  (refer to paragraph 2 .  8. 3. 4) . 
Automatic initiation of the staging sequence can be generated by the C ES, and EDS arming and ascent 
propellant tank pressurization can be initiated by pressing the ABORT STAGE pushbutton (panel 1 ) . 
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LOG GEA• 
DEPLOY 

:- - - -.g 
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' L _ _  � 
SAFE 

EXPLOSIVE DEVICES 
PORTION OF PANEL 8 

LANDING GEAR DEPLOYMENT 

RCS PROPELLANT PRESSURIZATION 
' 
1 RCS �- - -� 

SAFE 

� DES START 
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' ' 

SAFE 
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� --- �,� 
SAFE 

DESCENT PROPELLANT 
PREPRESSURIZATION 
(AMBIENT HELIUM) 

DESCENT TANK 
PROPELLANT 

COMPATIBiliTY VALVES 

MASTER ARM 

ON 

ED BUS 
ARMING 

ASCENT PROPELLANT PRESSURIZA liON 

TANK 1 
PROPELLANT ' PRESSURIZA liON ASCENT 
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TANK 2 

0 
SAfE 
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ED RELAY BOX 
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STAGING 

DESCENT PROPEllANT 
PRESSURIZA liON 

(SUPERCRITICAL HELIUM) 

K2 SET 

-=-

K9 

RCS PROPELLANT 
PRESSURIZATION 

LANDING GEAR 
DEPLOYMENT 

DESCENT PROPELLANT 
PREPRESSURIZATION 
(AMBIENT HELIUM) 

DESCENT TANK 
PROPELLANT 

COMPATIBILITY VALVES 
ACTUATION 

DESCENT PROPELLANT 
PRESSURIZA liON 
(SUPERCRITICAL 

HELIUM) 

DESCENT PROPELLANT 
VENTING 

ASCFNT PROPELLANT 
PRESSURIZATION 

STAGING 

e INTERSTAGE 
STRUCTURAL CONN
ECTIONS (NUTS AND 
BOLTS, RELAYS KS 
AND K5A) (NOTE 2) 

Note: 

e ELECTRICAL 
CIRCUIT 
INTERRUPTION 
(RELAY K6) 

e INTERST AGE 
UMBILICAL 
SEVERANCE 
'ELAY K4) 

Switch contacts for routing the 
CDR'S, bus voltage through 
EDS system A are shown. 
These swit::hes ore double
pole, and LMP's bus voltage 
for EDS sy�tem B is 
routed through a second set 
of contacts 

System A actuates the bah� 
system B,the nuts 

( . 300LM4 207 

Figure 2 . 8 - 3 .  Explosive Devices Subsystem - Overall Functional Diagram 
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The status of the master arm relay Kl, and the stage sequence relays K2, K3, K4, K5, 
K5A, and K6, is monitored. Inadvertent operation of any of these relays is indicated by a master 
alarm, an ED RELAYS caution light, and the appropriate STAGE SEQ RELAYS c omponent caution light . 
When the MASTER ARM switch is set to ON, both c omponent caution lights, SYS A and SYS B , go on 
to indicate that both ED buses are armed. MSFN is provided with a telemetry signal for monitoring 
the status of the master arm and stage sequence relays . 

C ontacts of the remaining ED relays (K7 through Kl5) form a series output that provides 
MSFN with telemetry signals for c onstant m onitoring of the status of these relays . If any one, or 
combination, of these relays operates inadvertently, their telemetry signal does not distinguish which 
relay or relays are at fault . 

PART OF ED RELAY BOX 
(SYSTEM A OR B) 

TO S & C TONE GENERATOR 
(J,QOO.CPS AUDIBLE TONE 
TO HEADSETS) 

INHIBIT .__-----\�) 
SIGNAL 

TO EO COMPONENT 
CAUTION LIGHTS 
(SYS A, SYS BJ AND PCM 

*The telemetry code number shown is 
for system B. Code number GY020 1 X  
i s  for system A. 

B 300LM4 1 1 5  

Figure 2 .  8 - 4 .  Stage Sequence Monitoring (Relays K1 through K6) - Simplified Schematic Diagram 
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The ED logic circuits are protected by c ircuit breaker s ;  the firing c ircuits , by current
limiting fuses.  Circuit breakers route the power needed to energize the ED relays . Additionally, they 
protect wiring against deterioration caused by faults or overloads. 

ED circuits are the only electrical load connected to the ED power bus ;  they do not receive 
power from the E PS bus .  The E PS bus energizes the ED relay coils . The explosive devices switch 
(panel B) used determines which relay coil is energized. Relay contacts then route ED battery power 
( battery A and battery B) from the redundant ED buses to the devices (or cartridges) to perform a 
specific function. 

The time delays preclude the possibility of initiating a function out of sequence.  All ED 
firing c ir cuits and the E PS circuits are shielded. Both systems are electrically and physically isolated 
from one another and the wiring is routed separately wherever possible . The circuits are not grounded; 
E PS and instrumentation ground returns are separated and in no way cause the ED c ircuits to become 
grounded. 

EDS design is fail-safe in all respects . There are no mechanical or electr ical cross
overs ,  except for the mechanical actuation in the ED switches . Failure to arm or operate one EDS 
system (A or B) does not prevent performance of a function. Redundant wiring is used where loss of a 
s ingle lead could prevent initiation or control of a function. 

All initiators are protected against static electricity by means of a shorting circuit . The 
cartridge assemblies are connected to the ED negative bus at all times. When the control relay is energiz
ed.  ED bus voltage is routed to the initiators in the cartr idge assemblies .  A fuse -resistor , in series with 
the circuit (between the pyro bus and control relay) ,  protects the initiator br idgewire circuit and ED 
batter ies against overloads .  The fuse-resistors are rated at  20 amperes for 100 milliseconds with 1 -
ohm resistance .  

1 2 . 8 . 3 . 2  ED Bus-Arming. (See figure 2 . 8-5 . )  

The MASTER ARM switch is a triple-pole double-throw switch.  with a common two
position, lever-locking toggle mechanism for the OFF and ON positions.  Before performing any EDS 
functions ,  this switch must be set to ON to arm the ED bus . If the ED RE LAYS caution light and the 
SYS A or SYS B component caution light go on due to the MASTER ARM switch failing in the ON position 
or its relay Kl for one system (A or B) closing inadvertently ,  the affected EDS system should be 
deactivated by opening the ED: LOGIC PWR A or ED: LOGIC PWR B c ircuit breaker .  A subsequent 
EDS failure may jeopardize crew safety. 

Setting the MASTER ARM switch to ON applies 28 volts de from EPS systems A and B 
to the set coils of latching control relays Kl (in EDS systems A and B) .  Contacts of K l  connect the ED I batteries (A and B) to both E D  buses, arming the EDS and enabling performance of all functions . The 
buses are also armed by pressing the ABORT STAGE pushbutton, when staging is to be performed with 
automatic ascent engine firing. The ABORT STAGE switch bypasses the MASTER ARM switch and sets 
the K1 relays . 

Setting the MASTER ARM switch to OFF, deenergizes the ED buses. This position 
applies 28 volts de from EPS systems A and B to the reset coils of relays Kl and breaks the circuit 
between the ED batteries and ED buses.  

E XPLOSIVE DEVICES SUBSYSTEM 
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MASTE l AIM 
ON 

TYPICAL FOR SYSTEM B ED RELAY BOX A 

Figure 2 .  8 - 5 .  Bus -Arming Control - Simplified Sc hematic Diagram 

2 . 8 . 3 . 2 . 1  STAGE SEQ RELAYS SYS A and SYS B Component C aution Lights.  

(.JOOLM4 22 

The STAGE SEQ RELAYS SYS A and SYS B c omponent c aution lights are yellow advisory 
lights .  When the MASTER ARM switch is ON, and the master arm relay (Kl) of both system A and B 
is set, the STAGE SEQ RELAYS SYS A and SYS B lights go on to indic ate that both ED systems are 
armed and ready to perform an EDS function. A telemetry signal advises MSFN that both systems 
are armed . If any of the relays used in the staging function (K1 through K6) inadvertently operate, the 
c orresponding SYS A or SYS B STAGE SEQ RELAYS c omponent caution light and the ED RELAYS c aution 
light (panel 2) go on . (When a c aution light is activated, the MASTER ALARM pushbutton/lights ( panels 
1 and 2) also go on and a tone is generated.  Pressing either MASTER ALARM pushbutton/light turns 
off the lights and the tone . )  When the MASTER ARM switch is ON or the ABORT STAGE switch is 
pressed, an inhibit signal is sent to the c aution and warning electronics assembly (CSEA) whic h inhibits 
the ED RELAYS caution light, and the MASTER ALARM light and tone . MSFN is provided with telemetry 
signals for monitoring the status of the master arm relays and the stage sequenc e relays . 

If there is a master alarm, and the ED RELAYS c aution light, and associated STAGE SEQ 
RELAYS c omponent c aution light go on, indicating the inadvertent transfer of the master arm or staging 
sequence relays, the STAGE RELAY RESET switch should be set mom entarily to the RESET position to 
reset stage relay K2 . If the ED RELAYS c aution light and the STAGE SEQ RELAYS c omponent c aution 
light go off, K2 had failed temporarily. If the lights remain on, the failure is due to relays K1,  or K3 
through K6.  

2 . 8 . 3 . 3  Landing Gear Deployment. (See figure 2 .  8-6 . )  

The l anding gear, stowed in the retracted position at launc h,  remains retracted until just 
prior to LM-CSM separation. The LDG GEAR DE PLOY switch is used to deploy the landing gear 
assemblies . 

An uplock device, with two end detonator cartridges (EDC ' s ) ,  restrains eac h of the 
four landing gear assemblies (legs) . Each E DC is c ontrolled and fired by two separate c ontrol and fire 
c ircuits in parallel . Firing either EDC in the landing gear uplock results in landing gear deployment. 
Setting the MASTER ARM switch to ON arms the ED buses . Momentarily holding the LDG GEAR DE PLOY 
switch to FIRE routes power from EPS systems A and B to the c oils of relays K8 and K8A in both E D  
systems . Contacts o f  these relays route ED battery power t o  the eight landing gear uplock E DC ' s .  When 
all four landing gear assemblies have been deployed, E PS power (28 volts de) is routed through c losed 
c ontacts of eight switches (one on each side of eac h l anding gear assembly) to provide a gray LDG GEAR 
DEPLOY talkback display. (See figure 2. 8 -7 . )  The eight switch closures provide MSFN with a c ombined 
telemetry signal for m onitoring landing gear deployment. 
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Figure 2 .  8-6 .  Landing Gear Deployment - Simplified Schematic Diagram 

Descent Propellant Tank Prepressurization. (See figure 2 .  8-8 . ) 

&-JOOLM4-20 

An ambient helium isolation valve is used in conjunction with two compatibility valves 
(each downstream of its respective quad check valve in the descent stage) when prepressurizing the 
descent propellant tanks . The valves are normally closed. Setting the MASTER ARM switch to ON 
arms the ED buses:  momentarily holding the DES START He PRESS switch to FIRE routes power I from E PS to the coil of relays K14 in both EDS systems . Contacts of K14 simultaneously route 
ED battery power to the cartridges in the ambient helium isolation valve, opening the valve and 
allowing ambient helium to flow to the descent propellant tank c ompatibility valves .  Momentarily 
holding the DES PRP LNT !SOL VLV switch to FIRE routes EPS power to the coil of relays K l 5  in both 
E DS systems . Contacts of K 1 5  route ED battery power to open the compatibility valves . Ambient 
helium then flows freely to the descent engine fuel and oxidizer tanks , pressur izing them. The increase 
in propellant tank pressure is observed on the FU E L  and OXID PRESS indicators (panel 1 ) ;  the drop in 

ambient helium tank pressure .  on the HE LIU M indicator (panel 1 ) .  Ambient helium prepressurization 

( ' 

( 

permits fuel to flow through the fuel/helium heat exchanger before cyrogenic helium flow through the \_ helium/ helium heat exchanger is initiated. 

I With the !\lASTER ARM switch set to ON and the descent engine fired, relay K9 in 
both ED relay boxes rec eives a signal from the CES after a 1 .  3 -sec ond delay. Contacts of K9 
route ED battery power to the supercritic al helium isolation valve. opening the valve . Helium 
from the cryogenic helium storage vessel pressurizes the descent propellant tanks in place of 
the expended ambient helium . Descent helium pressure malfunctions light the DES REG warning 
light (panel l ) .  (Refer to table 2 . 9 -3 . )  
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F igure 2 .  8-7 .  Landing Gear Switches - Schematic Diagram 

2 . 8 . 3. 5 Staging. (See figure 2.  8 - 9 . ) 

P,.JOOLM4·87 

Stage separation involves simultaneous operation of the circuit interrupters (dead 
facing) and separation of the interstage structural connections (nuts and bolts) ,  then umbilical 
severance (cable cutting). This is accomplished by cartridges fired by operation of the STAGE switch 
or a s ignal from the CES when the ascent engine is fired. The signal from the CES bypasses the 
STAGE switch, which is not normally used. 

Setting the MASTER ARM switch to ON arms the ED buses; setting the STAGE switch 
to FIRE, or the signal from the CES when the ascent engine is fired, applies 28 volts de from 
EPS systems A and B to the set coils of latching r elays K2. Contacts of K2 connect the ED stage
sequencing c ircuits (RC time -delay circuits) to the ED bus es, passing current through closed 
contacts of relay K3. This energizes relays K5 and K5A (separation of nuts and bolts) and relays 
K6 (deadfacing) .  Relays K3 and K4 do not operate immediately, due to the time -delay circuitry. 
A time delay is necessary to ensure removal of all power from the interstage umbilical before it 
is cut. After approximately a 1 5 - to 20-millisecond delay (during which the nuts and bolts separate) , 
transistor Q2 applies ED bus voltage to energize K3. Contacts of K3 close and the bus voltage is 
applied to another time -delay circuit (transistors Q3 and Q4 ) .  This circuit has the same RC time 
constant; Q4 applies bus voltage to the coil  of K4 (guillotine r elay), completing stage separation. The 
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F igure 2 .  8-8 .  D escent Propellant Tank Prepressur ization - Simplified Schematic Diagram 

I staging s equence can also be initiated by pressing the ABORT STAGE pushbutton. This arms the ED 
buses (bypassing the MASTER ARM switch) and initiates an automatic asc ent engine fire sequence in 
the CES. The CES fire s ignal initiates the ED staging sequence. Contacts of K3 ensure that the 
deadface relay has removed electrical power from the umbilical before the guillotine detonators are fired.  

2 . 8 . 3 . 6  Ascent Propellant Tank Pressurization. (See figure 2 .  8 - 1 0 . ) 

Two helium isolation valves ,  each with two cartridges and two sets of parallel redundant 
fuel and oxid izer compatibility valves are used when pressurizing the ascent propellant tanks . One fuel 
compatibility valve and one oxidizer compatibility valve uses two cartr idges;  the other two compatibility 
\'alves .  a single cartridge e:tc h. The ASC He SEL switch provides the astronauts with the option of 
us ing either one or both helium tanks to pressurize the syste m .  

The valves a r e  normally closed;  they open when the cartridges are fired , depending on 
the setting of the ASC He SEL switch. In addition. the control relays for the helium isolation valves 
and the compatibility valves can be energized with a direct signal from the ABORT STAGE pushbutton , 
which bypasses the ASCENT He PRESS switch. The ASCENT He PRESS switch is a double -pole 
double -throw switch module . with a lever- locking toggle mechanism for the SAFE position. No;· mally , 
the ASC He SEL switch is set to BOTH so that both helium tanks are used for ascent propellant tank 
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pressurization. Setting the MASTER ARM switch to ON, arms the ED buses.  Momentarily holding the 
ASCENT He PRESS switch to FIRE , routes 28 volts de from the EPS to the coils of control relays K12 
and K 12A of both ED systems. The contacts of K12A (ED system A),  and Kl2,  K12A (ED system B) 
route E D  battery power to the fuel and oxidizer compatibility valves cartridges .  Depending on the 
position of the ASC He SE L switch, the coils of relays KlO and/or K l l  of both ED systems are also 
energized from the EPS, when the ASCENT He PRESS switch is activated. With the ASC He SEL 
switch in  TANK 1 position, relay K10  of  both E D  systems are energized routing ED batte ry power to 
the helium tank No. 1 isolation valves. With the switch in the TANK 2 position, relays K l l  of both 
ED systems are energized, routing ED battery power to the isolation valves of helium tank No. 2 .  
In  the BOTH position, relays K10 and Kl l of both ED systems are energized, firing the valves in  
both tanks. The astronauts are alerted to  ascent helium pressure malfunctions by the ASC PRESS 
warning light (panel 1). (Refer to table 2 .  9 - 3 . ) 

2 .  8 .  3. 7 RCS P ropellant Tank Pressurization. (See figure 2. 8 - 1 1 . ) 

The RCS has two helium fuel, and oxidizer tanks. Each helium tank pressurizes one 
fuel tank and one oxidizer tank. Two parallel helium isolation valves are used in conjunction with 
each helium tank when pressurizing the RCS propellant tanks. Each valve has one cartridge, which 
:s fired by one of the EDS systems .  
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Figure 2 .  8 - 1 1 .  RCS Propellant Tank Pressurization 
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The valves are normally closed; their firing circuits are controlled by relays actuated 
by the RCS He PRESS switch. Setting the MASTER ARM switch to ON arms the ED buses. 
Momentarily holding the RCX He PRESS switch to FIRE routes 28 volts de from EPS systems A and B 
to the coils of relays K7 .  Contacts of K7 complete the circuit between the cartridges in the helium 
isolation valves and the ED buses. The contacts of K7 in relay box A route ED bus voltage to helium 
isolation valves in RCS systems A and B. The other helium isolation valve in RCS systems A and B 
receives its ED bus voltage through contacts of K7 in relay box B. Opening either valve in system A 
and B permits helium to pressurize the RCS fuel and oxidizer tanks. The RCS A REG and RCS B 
REG warning lights and the RCS caution light alert the astronauts to malfunctions of RCS helium line 
pressure and tank pressure. (Refer to table 2. 9-3 . ) 

2 . 8 . 3 . 8  Descent Propellant Tank Venting. 

The descent fuel and oxidizer helium pressurization venting systems each contain an EO
controlled valve in series with a normally open latching valve. The latching valves are normally open; 
actuati:1g the ED valves vents the systems.  Setting the MASTER ARM switch to ON arms the ED buses. 
Momentarily setting the DES VENT switch to FIRE routes EPS power to the coils of relay K13 in 
both ED systems.  The contacts of K13 route ED power to the cartridges of the vent valves, opening 
them . The helium vents through the normally open fuel and oxidizer vent valves. Setting the FUEL 
VENT and OXID vent switches (panel 8 )  to CLOSE, closes the vent valves and causes the talkbacks to 
change from gray to barber-pole displays. 

2 . 8 . 4  

2 .  8 .  4 .  1 

MAJOR COMPONENT/FUNCTIONAL DESCRIPTION . 

Explosive Devices. (See figure 2 .  8- 12 . ) 

Two types of explosive cartridges are incorporated in the LM; detonator cartridges.  
containing high explosive changes ,  and pressure cartridges,  containing relatively low yield propellant 
charges . Each cartridge contains a specially indexed s ingle bridgewire apollo standard initiator 
(SBASI) . All explosive devices and components .  except the circuit interrupters , can be installed at the 
laur.ch site late in the LM assembly and prelaunch activity . To prevent erroneous installation , cartridges 
with different outputs have different connector threads .  Twisted. shielded pairs of firing lines provide 
protection against RF energy. All cartridge assemblies are hermetically sealed to protect the explosive 
materials against grow1d and mission environments .  

The following explosive devices and components separately .  or in  various combinations, 
perform the EDS functions: 

• Single Bridgewire Apollo Standard Initiators . The SBASI's  are fired by ED battery 
power ; they initiate all ell:plosive cartridges and devices required during this 
mission. 

• 

• 

End Detonator Cartridges .  The EDC's are used to detonate explosive charges in 
the interstage umbilical cutter assembly (cable cutter) and to actuate the landing 
uplock device. 

Pressure Cartridges . 
Electrical c ircuit interrupter (ECI) cartridges 
RCS valve cartridges 
Propulsion valve cartridges 
Nut cartr idges 
Bolt cartridges 
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Helium Isolation Valves and Compatibility Valves . Thes e  valves are similar and 
operate in the same manner; they are used s ingly or in pairs ,  depending on the 
function (RCS, ascent, or descent propellant tank pressurization) .  Each RCS 
explosive valve is actuated by a single cartridge . (Redundant valves are used . ) 
Each ascent helium isolation valve and the descent helium and co mpatibility 
valves are actuated by two cartridges .  One of the two ascent fuel compatibility 
valves and two ascent oxidizer compatibility \'alves .  contains two cartridges; the 
other , a s ingle cartr idge . 

Circuit Interrupters .  C ircuit interrupters terminate all s ignal and power leads 
between the ascent and descent stages.  These devices are actuated within 
25 milliseconds after receipt of the stage command. They are actuated by either 
of two cartridges .  

• Explosive Nuts and Bolt s .  The ascent and descent stage structures are jo ined by 
four explosive nuts and four explosive bolts .  each with a s ingle cartridge . The 
four structural tie points are released within 20 milliseconds after receipt of the 
stage command . 

• Guillotine (cable cutter assembly ) .  The guillotine cons ists of two explosively actuated 
blades , interconnected through common manifolds .  E ither blade can sever an u mbilical 
35% greater than the actual umbilical within 100 milliseconds after receipt of the stage 
command. Shielded mild detonating cord ensure that both blades operate even if one I 
initiator fails to receive the fire signal. 

• Landing Gear U plock and Cutter Assemblies .  Two independent EDC 's are used in 
each of the four uplocks . to deploy the landing gear asse mblies . 

Cartr idges . 

The SBASI' s  (figure 2 .  8- 12) in the EDS cartridges provide a high power-to-weight ratio, 
require low energy to initiate , are compact. and have a high degree of reliability. Most EDS functions_ 
use two cartr idges; one is redundant. The ascent propulsion compatibility valves use s ingle cartr idges 
and dual cartridges . (Refer to paragraph 2 .  8 .  3. 6 .  ) When 3. 5 amperes (minimum) is applied to the 
initiator bridgewir e  for a few milliseconds ,  heat is generated. The heat fires the initiator .  E ach 
initiator is controlled by separate . independent contacts of the firing relay s .  Power to fire the initiators 
is supplied by the ED batteries .  

2 . 8 . 4 . 1 . 2  Interstage Structural Connections. (See figure 2 .  8- 12 . ) 

The LM uses four nuts and bolts as inter stage structural connections . These nuts and 
bolts are separated explosively for stage separation. E ach nut and bolt has its own cartridge; firing 
either cartridge separates the stages .  The nut cartridges are fired by EDS system B; the bolt 
cartridges by EDS system A. When one or both cartridges are fired, gases that d rive a piston within 
the nut and/or bolt asse mblies are generated. This results in bolt fracture and nut separation . If 
the nut does not separate from the bolt , bolt fracture ,  alone . results in stage separation. Reaction 
time for complete nut and bolt separation is approximately 15 milliseconds.  Power for the firing 
control circuit is controlled by the stage -sequencing circuitry (ED time-delay circuit) in the ascent 
and descent stage s .  This circuitry provides proper sequencing of the LM staging operations.  

2 . 8 . 4 . 1 . 3 Interstage U mbilical Cutters (Guillotine ) .  (See figure 2 .  8- 12 . ) 

The guillotine consists of two cutter assemblies that sever the interstage electrical 
u mbilical during stage separation. Each cutter assembly consists of an EDC . a transfer booster , a 
blade charge . and a blade . The transfer booster is connected by two manifold crossovers (shielded 
mild detonating cord ) .  one on each s ide of the guillotine housing. The manifold crossovers provide 
for sympathetic ignition needed to operate both blades if one EDC does not f ir e .  

The cutter assembly blades are held safe with shear pins that ensure that the inter-
\ stage u mbilical will not be cut without a positive fire s ignal to the control circuit. Fir ing the detonator 
"·· 
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and explosive blade charge generates a shock wave that drives the cutting blades through the interstage 

I umbilical. The blades sever the umbilical, cutting all electrical wires, the descent water tank supply 
hardline, and the waste management hardline between the ascent and desc ent stages .  Loss of the 
ascent water tank supply is prevented by check valves in the ascent stage plumbing. Reaction time 
for cutter assembly op0ration is approximately 5 milliseconds, after 3. 5 amperes (minimum) of 
direct current is apphc· ·� to the initiator bridgewire. 

2 .  8. 4. 1. 4 Landing Gear Uplock and Cutter Assemblies .  (See figure 2 .  8 - 12 . ) 

E ach landing gear assembly has a landing gear up lock and cutter assembly , which 
contains two E D C ' s .  Firing an EDC generates a shock wave that acts on the base end of the uplock 
cutting blade .  The blades (driven from opposite directions) sever a strap that connects the landing 
gear strut with the LM descent stage , permitting the landing gear assembly to deploy . E ither blade can 
sever a strap 3 5% greater in cross section than the strap used. The operation response time of the 
uplock is approximately 2 0  milliseconds, after 3. 5 amperes (minimum) of direct current is applied to I the EDC.  In operation, the EDC ' s  are stagger-fired. 

2 . 8 . 4 . 1 . 5 Helium Isolation Valves and Compatibility Valves .  (See figure 2 .  8 - 12 . )  

The helium isolation valves and compatibility valves operate in the same manner .  They 
use either a s ingle cartridge or two cartridges , depending on the function being performed . (Refer to 
paragraph 2 .  8. 3. 1 . )  Firing· a cartridge in a valve generates gases in the valve explosion chamber at 
extremely high rates .  The gases drive a piston to shear a c losure disk in the pressure line . This 
opens the valves .  At the end of its stroke , the piston is forced into the valve housing and the piston 
port in each valve is permanently aligned with the pressure line plumbing . 

2 . 8 . 4 . 1 . 6 C ircuit Interrupters (Dead£ ace Connectors ) .  (See figure 2 .  8 - 12 . ) 

( 

Two circuit interrupters are in the ascent stage . (See figure 2 .  8- 1 . )  They are in front ( of the ascent stage tank thermal shielding, immediately above quadrant 4 of the desc ent stage . E ach , 
circuit interrupter has two cartridges .  E ach cartridge can oper·ate the c i rcuit interrupter . Using 
two cartridges for each circuit interrupter provides redundancy to ensure that the electrical power be
tween the ascent and descent stages is ter minated before umbilical severance .  

The c ircuit interrupter cartridges are energized during the st>lging operation . When 
ene"giz ed, the cartridges cause a pres sure buildup in the circnit interrupter combustion c ham ber . 
As pressure builds up in the chamber , two initial lock detents move to their open positions . freeing the 
piston assembly al'cl per mitting its movement when its actuation pressure i :c' reached . When tb: pres
sure in the combustion chamber is sufficient to overcome pin and 0-ring friction .  tiE, piston asRembly 
moves to the open-circuit position. disconnecting the pins of the elect rical connectors .  Spr ing-loaded 
final lock detent pins automatically drop into slots in the piston and retain the piston in the open-circuit 
position. Cir cuit interruption removes all electrical power from the interstage um!Jilicai lines before 
the umbilical is severed . (See figure 2 .  8 - 1 3  for a functional block diagram of circuit interruption. ) 

The stage- sequencing circuits (paragraph 2 .  8. 3 .  5) control c ircuit-interrupter 
operation . If one cartridge fired by the control c ircuit malfunctions,  the other cartridge . fired by the 
redundant control circuit performs the function; normally ,  both cartridv,es fire . Approximately 240 
electrical conductors are routed through each c ircuit interrupter .  The interrupter pin conne ctions 
are normally closed; they are opened by f iring the cartr idge . Operation response t ime of the c ircuit 
interrupters is approximately 20 milliseconds . 

2 .  8 .  4 .  2 ED Batteries .  

Two 2 0 -eell s ilver oxide -zinc batteries provide power to  both E D S  systems to  fire the 
initiators . One battery is in the asc ent stage ; the other one , in thco descent stage . (See figure 2 .  8- 1 . ) 
Normal operation of either battery provides adequate electrical power for EDS opPration . E a r h  
battery is  rated at  3 7 . 1 volts de (open-circuit voltage) , 0 .  7 5  ampere-hour: i t  can produce 7 �  . r mperes 
for 36 seconds . The output voltage of each battery can be monitored periodically on panel 1.J . Setting 
the POWER iTEMP MON selector switch to ED OFF and the ED VOLTS switch to BAT A, provides 
an indication of the output voltage of ED battery A on the VOLTS indicator. Setting· the ED VOLTS l. 
------- ---------------·------�-----� 
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ELECTRICAL CIRCUIT INTERRUPTERS 
(ASCENT STAGE) 

Figure 2 .  8 - 1 3 .  Electrical C ircuit Interrupter - Functional Block Diagram 

A-J00lM4-2l 

switch to BAT B provides an indication of the output voltage of ED battery B. The battery electrolyte 
is potassium hydroxide one-half saturated .  The battery case is constructed of plastic . Excess pres
sure in the batteries is vented into the descent and ascent stages at 30±5 psig. 

2 . 8 . 4 . 3 Explosive Devices Relay Boxes .  

One ED relay box is in the ascent stage; another one , in the descent stage.  (See 
figure 2. 8- 1 .  ) Latching and nonlatching relays are used in the EDS. The latching r elays, used to 
control the bus-arming and staging sequence,  consist of two coils (set and reset) with assoc iated con
tacts. The set coiL when energized , initiates circuit operation; the reset coil, when energized, stops 
circuit operation. The contacts are latched set or reset, depending on the coil pulsed . The nonlatching 
relays , used in control and fire circuits , consist of one coil with assoc iated nonlatching contacts . 
These contacts maintain their normally open or closed position and do not change state until the coil 
is energized. The contacts re main in the changed state only while the coil is energized. 

Fus e - r esistors in the ED r e lay boxes limit the current applied to the initiator bridge 
wire and provide overcurrent protection for the ED batteries.  E ach firing circuit uses one fuse
resistor in series with the initiator bridgewire . Each relay box also contains an RC time-delay circuit 
that is used during the staging sequen c e .  Refer to paragraph 2 .  8. 3 .  5 .  
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PERFORMANCE AND DESIGN DATA. 

The performance and design data for the EDS are given in table 2 .  8 - 1 .  

Table 2 .  8-1 . Explosive Devices Subystem - Performance and Design Data 

Batter, 

Height 

\\'idth 

Length 
Weight (eac h ,  filled) 

Electrical requirements 

Inputs 

From E PS (Commander ' s and LIII 
Pi lot ' s buses) 

From AELD of control electronics 
section 
From ED batteries (svstems A 
and B) 

. 

From DECA 

Outputs 

To initiators (in cartridge a ssemblies)  

ED relay boxes 

Hes istance 

Initiators 

Electrical circuit interrupter 

Fuse-res i s  tors 

3. 03 inches 

� .  75  inches 

G .  7o inches 

3. 50 pounds 

28 volts de 

28 volts de 

37 . 1  volts de (open- c i rcuit 
voltage) 

3 5 . 0 volts de ( minimum) 

28 volts de 

3. 5 amperes for 1 0  m il l iseconds 
(minimum) 

7. 5 to 1 5 . 0 amperes de (for 
at least 10 milliseconds) 

1. 05 ±0. 10 ohms 

Approximately 0. 2 ohm with 30-
millivolt open-circuit voltage and 
maximum 10-microampere short
circuit current 

I .  0 ohm with 20 . 0  amperes (for 
1 0 0  milliseconds) 
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OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

The operational limitations and restrictions for the EDS are as follows :  

• The landing gear legs must be deployed before the descent engine is fired. In the 
stowed position, the legs are in the path of the descent engine plume; descent 
engine firing would damage them. 

• The ASCENT He PRESS switch should not be actuated longer than 24 hours before 
termination of ascent engine operation. The ascent pressurization valves are 
designed to operate for only 24 hours after exposure to propellant vapors .  Ex
ceeding this limit may cause ascent valve failure. 

• The DES START He PRESS and DES PRPLNT !SOL V LV switches should not be 
actuated longer than 3. 5 days before termination of descent engine operation. 
The descent pressurization valves are designed to operate for only 3.  5 days 
after exposure to propellant vapors. Exceeding this limit may cause descent 
valve failure. 
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INSTRUMENTATION SUBSYSTEM. 

INTRODUCTION. 

The Instrumentation Subsystem (IS) monitors the LM subsystems, performs in-flight check
out, prepares LM status data for transmission to MSFN, provides timing frequencies and correlated 
data for LM subsystems, stores voice and time-correlation data, and performs lunar surface checkout. 

The IS consists of subsystem sensors , a signal-conditioning electronics assembly (SCEA), 
pulse-code- modulation and timing electronics assembly (PCMTEA) , caution and warning electronics 
assembly (CWEA) , and a data storage electronics assembly (DSEA) . The SCEA receives most of the LM 
subsystem status s ignals from sensors located in the subsystems . The s ignals are conditioned, then routed 
to the CWEA for monitoring, to displays, and to the PCMTEA for telemetry . 

Each IS assembly receives operating power from the Electrical Power Subsystem (EPS) 
through associated circuit breakers .  (See figure 2. 9- 1 . )  The subsystem sensors receive their operating 
power through the INST :  SIG SENSOR circuit breaker (panel 16 ) .  The electronic replaceable assemblies 
(ERA's) in the SCEA receive their operating power through the INST : SIG CONDR 1 and SIG CONDR 2 
c ircuit breakers (panel 1 1  and 1 6 ,  respectively) . The CWEA power supply receives its operating power 
through the INST:  CWEA circuit breaker (panel 16 ) .  If the CWEA power supply fails, a failure-detection 
c ircuits lights the C/W PWR caution light (panel 2 ) .  When failures are detected, the MASTER ALARM 
pushbutton/lights (panels 1 and 2) go on. These lights receive their operating power through the LTG: 
MASTER A LARM circuit breaker (panel 16) . The PCMTEA de-to-de converter receives its operating 
power through the INST : PCM/TE circuit breaker (panel 16) .  The de -to-de converter supplies voltages 
to operate the PCM analog and digital blocks, which prepare subsystem data for telemetering . T he con
verter also supplies the timing electronics (TE) section of the PCMTEA. The TE section routes LM 
subsystem synchronization signals.  The DSEA power supply receives its operating power through the 
AC BUS A: TAPE RCDR circuit breaker (panel 1 1) and routes voltages to operate DSEA circuits . 

2 . 9 . 2  SUBSYSTE M  INTERFACES. (See figure 2 .  9 - 1 . ) 

The IS draws operating power from the EPS. Data from sensors in all LM subsystems are 
routed to ERA ' s  in the SCEA for voltage level conditioning acceptable to the PCMTEA. The P C MTEA 
routes the data from the SCEA to the Communications Subsystem (CS) in nonreturn-to-zero (NRZ) form 
(5 1 .  2 or 1 .  6 kilobits per second) or split-phase form ( 1 .  6 kilobits per second) for transmission to MSFN. 
The PCMTEA also supplies the CS with a 5 12-kpps sync signal and a 512-kpps reference signal. The CS 
uses the reference signal to generate a 1, 024-kc subcarrier, which is phase referenced to the PCMTEA 
NRZ input and modulated by the NRZ input for transmission to MSFN. The CS uses the sync s ignal to 
generate a 1 .  2 5- mc subcarrier, obtained by doubling the output from mixing the 5 12 -kc sync signal with 
a 1 13-kc voltage control oscillator output. This subcarrier is modulated by voice and biomedical data 
for S-band transmission. The split-phase data modulates a VHF B carrier. Besides these outputs to the 
CS (in s erial digital form) ,  the PC MTEA routes serial digital data received from the LM guidance com
puter (LGC) and abort guidance section (AGS) of the Guidance, Navigation, and Control Subsystem 
(GN&CS) and supplies the LGC and AGS with synchronizing pulses necessary for LM operations.  

The DSE A records voice and provides an interface with the CS and the TE section of  the 
PCMTEA. A voice-operated relay (VOX) keying signal, supplied by the CS,  is routed to the DSEA through 
the intercommunication bus to turn on the DSEA.  The TE section continuously supplies synchronizing sig
nals to LM subsystems and crew displays once the TE's quartz crystal oscillator is pulsed with a 1 ,  024-
kpps s ignal from the LGC. 

The SCEA outputs are also routed to the CWEA and to crew displays . The CWEA provides 
the function needed to trip the warning or caution lights (panels 1 and 2, respectively) and the two MAS 
TER ALARM pushbutton/lights and to enable a 3-kc tone generator in S&C control assembly No.  2 of the 
GN&CS when a subsystem malfunctions. The tone is heard in the astronaut headsets . The CWEA failure
detection c ircuits also provide the voltage needed to trip appropriate component caution lights . 
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FUNCTIONAL DESCRIPTION. (See figure 2. 9-2 . ) 

The IS accepts data, such as temperature ,  frequency, valve position, pressure ,  switch 
position, voltage , and current, from other subsystems through subsystem sensors .  The sensors convert 
physical data to analog and digital (discrete event functions) s ignals that are routed to the SCEA for volt
age level conditioning. If conditioning is not required, the signals are routed directly to the PCMTEA and 
CWEA. The SCEA conditions the sensor outputs and feeds signals of high-level analog (0 to 5 volts de) or 
digital (4 to 6 volts de for logic 1; 0 to 0. 5 volt de for logic 0) data to the PCMTEA, CWEA,  and displays.  
To activate the IS, the c ircuit breakers for each IS assembly must be closed. To enable the MASTER 
ALARM pushbutton/lights, component caution lights , and the caution and warning lights , which operate 
in conjunction with the IS, the LTG: MASTER ALARM circuit breaker (panel 16) and the LTG: ANUN/ 
DOCK/COMPNT circuit breakers (panels 1 1  and 16) must be closed. 

The conditioned s ignals supplied by the SCEA to the PCMTEA and the signals routed directly 
from the sensors to the PCMTEA are changed to serial digital form for transmission to MSFN at one of 
two bit rates :  1 ,  600 bits per second (low rate) or 5 1 , 200 bits per second (high rate ) .  Subcarrier fre
quencies , time reference signals,  and sync pulses are generated in the PC MTEA and supplied to other 
subsystems that require them for proper operation. 

The PCMTEA receives a 1 ,  024-kpps synchronizing signal and three types of data: high level 
analog, parallel digital, and serial digital. Some parallel digital and high-level analog inputs are supplied 
directly to the PCMTEA from the sensors;  others are routed through the SCEA. The SCEA conditions the 
inputs to voltage levels required by the PC M equipment . The 1024-kpps sync s ignal from the LGC pro
vides synchronization for the PC MTEA and those subsystems that use outputs from the TE equipment of 
the PCMTEA. 

Primary control of all units in the PCM equipment is established by the programmer.  
Using submultiples of  the internal or  external 1 ,  024-kpps signals , the programmer provides the basic 
timing for data sampling and processing. It generates signals for bit, word, prime frame , and subframe 
timing intervals.  (See figures 2. 9-3  and 2. 9-4 . ) External format select signals cause the programmer 
to generate commands for a fixed, predetermined program of analog and digital data sampling and to 
sequentially control the sampling operation. The programmer generates synchronization and format 
identification word patterns and inserts this information into the output serial data stream. It also 
generates the command and timing s ignals for synchronizing other LM equipment with the PCMTEA. 

The analog multiplexer drivers receive the timing and command s ignals from the program
mer and route the s ignals to appropriate circuits in the high-level analog multiplexer gates. The analog 
voltage inputs to these gates are selected at the programmed sampling rate and applied to the high-speed 
gates .  The high-level pulse-amplitude-modulated (PAM) outputs from the high-speed gates are routed 
to the analog-to-digital converter (coder) .  The coder produces digitized words that represent the input 
analog data and supplies the words to the digital multiplexer. 

The digital multiplexer gates receive digitized-data signals from the coder and pure digital 
information from other LM equipment. Gating command s ignals from the programmer control sequential 
operation of the digital multiplexer gates according to a fixed program, producing multiplexed data that 
consist of parallel binary words .  The parallel binary words are gated to the output register and data 
transfer buffers (output buffers) .  The output register converts the parallel data to a serial RZ and 
NRZ -C output . It also receives , from the LGC and the AGS , ser ial digital data, which are inserted into 
the serial output of the PC MTEA . 

The PCMTEA supplies timing commands and synchronization s ignals. These signals are 
provided , by the TE and the programmer , to the data transfer buffers located in the TE and PCM sections. 
These buffers supply the signals to other LM equipment. The TE consists of a phase-locked oscillator 
and doublers , a dec ision network, a timing generator . time accumulator, serial time code generator , and 
three oscillator failure-detection circuits . The TE is redundant in critical areas . A 1, 024-kpps 
input from the LGC forces the phase-locked osc illator in synchronism. If the input from the LGC fails, 
the phase-locked oscillator continues to furnish the necessary timing s ignals without loss of data. The 
TE divides the 1024-kpps signal into a number of selected subharmonic frequencies ,  which are routed to 
the PCM equipment and other LM devices . 
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1 SECOND � 1 SUBFRAME � 50 PRIME 
1-4--------- FRAMES ( 1000 MILLISECONDS) ---------1� 

�....-1 ...... I ---�2 1_3 .._I 4__._l_s .._I 6.....�....1 -7 l.__s ...�...�1 �{1 43 1 44 1 45 1 46 1 41 1 48 1 49 1 so 
----1 f.-- 1 PRIME FRAME 

---------.... 1 /50 SECOND � 1 PRIME FRAME � -------� 1 2B WORDS (20 MILLISECONDS) 

I I 2 I 3 I 4 I s I I 7 I a I? {1 121 1 122 1 123 1 124 1 125 1 126 1 127 1 128 1 
_ _J SYNCHRONIZATION 1-- _I  I _ � CODE GROUP ---_, \r----

r--- 1 /6,400 SECOND � 1 WORD � ------1 
I 8 BITS ( 1 56.250 MICROSECONDS) I 
J s i 7 J 6 J s l 4 1 3 1 2 1 I 

-j �I BIT 

� 1 /S 1 ,200 SECOND � 1 BIT 
( 1 9.S31 MICROSECONDS) 

Figure 2 .  9 - 3 ,  Data Format No. 1 (Normal Mode) 

____j [______ 1 SECOND � I SUBFRAME 
-� �---(1 PRIME FRAME) 

� -----i l--- 1 PRIME FRAME 

I 
1-4-----------1 SECOND � 1 PRIME FRAME _________ _, 

(200 WORDS) 

I I 2 I 3 I 4 1 s 1 1 1 1 8 It { 1 1 93 1 194 1 1 95 1 1 96 1 197 1 1 98 1 1 99 1 200 1 
____j SYNCHRONIZA liON I _ ------1 t-___ � CODE GROUP r-- -----, \I . 

f----1/200 SECOND � 1 WORD � -----j 
I B BITS (5 MILLISECONDS) 

I 

f--- 1 BIT � 1 /1 ,600 SECOND � 1 BIT (625 MICROSECONDS) 

Figure 2 .  9-4 .  Data Format No. 2 (Reduced Mode) 
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Analog and digital signals supplied from the SCEA to the CWEA are constantly compared 
with internally generated limits and monitored on display panels .  On detecting a malfunction (out-of
limit condition) , the CWEA provides output signals to energize the associated warning or caution light, 
both MASTER ALARM pushbutton/lights , and a tone generator . The warning lights indicate malfunctions 
that jeopardize astronaut safety and require immediate action. The caution lights indicate malfunctions 
that do not require immediate action. 

The DSEA provides voice-recording capability. The audio signal is supplied from the 
astronaut's bus in the CS to the DSEA, where it is recorded along with time reference signals (mission 
elapsed time) from the PC MTEA. Ten hours of recording time is provided in the DSEA. The tape cannot 
be played back by the DSEA; this must be performed with ground equipment. 

2 . 9 . 4  MAJOR COMPONENT/FUNCTIONAL DESCRIPTION. 

The IS consists of the following: 

• Sensors - sense physical data in other subsystems (temperature, valve and switch 
positions, pressure, voltage, current, water and propellant quantity) .  

• Signal-conditioning electronics assembly - conditions subsystem transducer 
(sensor) signals and events to proper voltage levels .  

• Pulse-code-modulation and timing electronics assembly - prepares subsystem
status s ignals for transmission and provides timing frequencies and mission
elapsed-time data to subsystems . 

• Caution and warning e lectronics assembly - monitors operational levels and gen -

( 

erates signals that cause appropriate caution and warning lights and component ( caution lights to go on and activate the two MASTER ALARM pushbutton/lights 
and a tone generator . 

2 . 9 . 4 . 1 

• Data storage electronics assembly - stores audio and time -correlation data 
(mission elapsed time) on tape . 

Sensing Equipment. 

The IS sensors continuously check the status of other subsystems by sensing temperature ,  
I valve and switch positions, pressure, voltage, current, and water and propellant quantity. These 

sensed data are changed to electrical signals (digital or analog) compatible with the requirements of 
the SCEA or PCMTEA. 

2 . 9 . 4 . 2 Signal-Conditioning Electronics Assembly. 

The SCEA converts all unconditioned subsystem transducer (sensor) signals and events to 
proper voltage levels required by the PCMTEA, CWEA, and displays.  The unconditioned signals are fed 
through amplifiers ,  attenuators ,  ac-to-de converters , analog and discrete isolating buffers,  frequency-to
de converters , resistance-to-de converters ,  and phase-sensitive demodulators to provide the proper out
put voltages .  These seven basic SCEA subassemblies are in each e lectronic replaceable assembly 
(ERA- 1 and ERA-2)  that makes up the SCEA. Each ERA has capacity for 22 plug-in subassemblies (con
ditioning units) and provides the interface connections between other LM subsystems and the IS. (Refer 
to tables 2. 9- 1 and 2 .  9-2 for conditioned and preconditioned interfacing signals . )  These subassemblies 
provide conditioned digital and analog data. Digital data (discrete event functions) outputs appear as a 4-
to 6-volt d-e level for logic 1 or "on" ; as a 0- to 0. 5-volt d-e level ,  for logic 0 or "off. " Discrete s ignals 
to be monitored by displays are in the form of solid-state switch closures.  Analog data varies from 0 to 
5 volts de .  Each ERA contains circuits that route signals to IS assemblies . In tables 2 .  9 - 1  and 2 .  9-2 ,  
the number in  parentheses,  following the conditioning unit numbe r ,  designates the unit location in  ERA- 1 
or ERA-2.  The displays in parentheses are located on the corresponding subsystem panel ,  except where 
otherwise noted. See figure 2 .  9-15  for s ignals routed to the CWEA failure-detection circuits . 
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Table 2 .  9 - l . E RA - 1  - Con ditioned and Prec onditioned Interfacing Signals 

Signal Nomenc lature To To 
and Telemetry ( Conditioning (IS Assembly 

Code No . Unit) Output and Display) 

504-1 (5) 

Suit outlet pressure - Circuit Ko . 1 0 to 5 vdc PCMTEA 
GF 1 3 0 l  (0 to 1 0  psia) 

Display (SIDT PRESS 
indicator) 

Preconditioned 1 .  56 to 5. 0 vdc CWEA (SUIT/FAN warn-
(3. 2 to 10 psia) ing light) 

C02 Partial pressure - Circuit N o .  2 0 to 5 vdc PCIIITEA 
G F 1 5 2 l  (0 to 30 mm Hg) 

Preconditioned 2 . 27 to 5. 0 vdc CWEA (ECS caution 
light) Display (COl 
component caution ight) 

Water separator No . l Circuit Ko.  3 0 to 5 vdc (500 PCMTEA 
and 2 - GF9999 to 3 ,  600 rpm) 

Preconditioned More than 1 530 CWEA (ECS caution 
rpm light) Display (HzO S E P  

c omponent caution . 
light) 

5 0 4 - 1  (7) 

Ascent oxygen tank Circuit N o .  I 0 to 5 vdc PCMTEA 
No. 1 pressure - (0 to 1 ,  000 psia) 
GF3582 

Preconditioned 95 to 684 psia C\VEA (02 QTY caution 
light) 

Circuit N o .  1 0 to 854 psia Display (Oz QUANTITY 
indicator) 

Ascent oxygen tank Circuit No . 2 0 to 5 vdc PCMTEA 
No. 2 pressure - (0 to 1 ,  000 psia) 
GF3583 

Preconditioned 95 to 684 psia CWEA (02 QTY c aution 
light) 

Circuit No . 2 0 to 854 psia Display (Oz QUANTITY 
indicator) 
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Table 2. 9 - 1 .  ERA - 1  - Conditioned and Preconditioned Interfacing S ignals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No. Unit) Output and Display) 
· -

ECS (cant) 504-1  (7)  (cant) 

Descent tank water C i rcuit No. 3 0 to 5 vdc PC MTEA 
quantity - GF4500 (0% to 100%) 

* C i rcuit No. 3 O% to 100% Display (HzO QUANTITY 
indicator) 

504-1  ( 8 )  

Ascent tank 1-<o. 1 C ircuit No. 1 0 to 5 vdc PCMTEA 
water quantity - (0% to 100%) 
GF4582 ( L M  8 )  

Ascent tank No. 1 
water quantity -
GF450 1  (Ll\1 9 
and subq) 

* Circuit No. 1 olfQ tu 100% Display (HzO QUANTITY 
indicator) 

Ascent tank No. 2 C ircuit No. 2 0 to 5 vdc PC MTEA 
water quantity - (0% to 100%) 
GF4583 ( L l\1 8 )  

Ascent tank N o .  2 
water quantity -
GF4502 (Llvl 9 
and subq) 

* C ircuit No. 2 O% to 100% Display (HzO QUANTITY 
indicator) 

5 0G-3 ( 1 0 )  

Water sublimator C ircuit No. 1 0 to 5 vdc PCMTEA CWEA 
coolant outlet tern- (+20 to +120 F) (GLYCOL caution light) 
perature - GF9998 More than +50 F Display (GLYCOL 

0 to +80 F temperature indicator) 

RCS 5 0 4 - 1  (6) 

Helium pressure, C ircuit No. 1 0 to 5 vdc PC MTEA 
tank A - GH 1 10 1  ( 0  to 3 ,  500 psia) 

Preconditioned More than 1 , 7 00 CWEA (RCS caution 
psi a l ight) 

C ircuit No. 1 0 to 3 , 500 psia Display (A PRESS 

indicator) 

Helium pressure , C ircuit No. 2 0 to G vdc PC !viTEA 
tank B - GR 1 102 (0 to 3 ,  500 psia) 

*A nomograph i s  n·quired for quantity determination. The HzO QUANTITY mete r  reading is  mdicativc of pressure 
chang-e only. 
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Table 2 . 9 - 1 .  E R-\-1 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No . Unit) Output and Display) 

504-1 (6) 
(cant) 

Preconditioned More than 1 ,  700 CWEA (RCS caution 

I 
psia light) 

Circuit l\o . 2 0 to 3, 5 00 psia Display (B PRESS 
indicator) 

Helium regulator Circuit No. 3 0 to 5 vdc PCMTEA 
pressure system A - (0 to 350 psia) 
GR120I 

Preconditioned 165 to 2 1 9  psia CWEA (RCS A REG warn-
ing light) 

Circuit No . 3 0 to 350 psia Display (A PRESS 
indicator) 

Helium regulator Circuit No . 4 0 to 5 vdc PCMTEA 
pressure system B- (0 to 350 psia) 
GH1202 

Preconditioned 165 to 2 1 9  psia CWEA (RCS B REG 
warning light) 

Circuit No . 4 0 to 350 psia Display (B PRESS 
indicator) 

504-4 (12) 

�lain shutoff valves Circuit No. 1 4 to 6 vdc (on) CWEA (RCS A REG 
closed , system A - 0 to 0 . 5  vdc (off) warning light inhibit sig-
GR9G09 nal) (For PCM and 

display, refer to circuit 
No . 8 . )  

Main shutoff valves Circuit No.  2 4 to 6 vdc (on) CWEA (RCS B REG 
closed , system B - 0 to 0 . 5  vdc (off) warning light inhibit sig-
GR9G I O  nal) (For PCM and 

display, refer to circuit 
No . 1 0 . )  

System A oxidizer Circuit No. 3 4 to G vdc (on) PCMTEA 
interconnect valves 0 to 0 .  5 vdc (off) 
open - GR9641 0 to 0. 5 vdc (on) Display (ASC OXID talk-

28 vdc (off) back) 

System B oxidizer Circuit No. -± 4 to 6 vdc (on) PCMT EA 
i�terconnect valves - 0 to 0 .  5 vdc (off) 
GH%42 0 to 0 . 5  vdc (on) Display (ASC FUEL 

28 vdc (off) talk back) 

Spare - Z6018 Circuit No. 5 4 to 6 vdc (on) CWEA 
0 to 0 . 5  vdc (off) 
0 to 0 . 5  vdc (on) Display 
28 vdc (off) 

INSTRUMENTATION SUBSYSTEM 
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From 
(Subsystem) 

RCS 
(cant) 

L.MA790- 3 - LM 
APOLLO OPERA TIONS HANDBOOK 

SUBSYSTEMS DATA 

To.Llc 2. 9-1 .  ERA -1 - Conditioned and Precondltioned Interfacing Signals ( cant) 

Signal Nomenclature To l To 
and Telemetry ( Conditioning (IS Assembly 

Code No. Unit) I Output and Display) 

504-4 ( 13) 

Thrust chamber Circuit No. 1 4 to 6 vdc (on) PCI\ITEA ( For CWEA, re-
assembly solenoid 0 to 0.  5 vdc (off) fer to 504-5, location 14. ) 
vah·e A4 closed - 0 to 0. 5 vdc (on) Display (SYSTEM A 
GR9661 28 vdc (off) QVAD 4 talkback) 

Thrust chamber Circuit No. 2 4 to 6 vdc (on) PCI\ITEA (For CWEA , re-
assembly solenoid 0 to 0 .  5 vdc (off) fer to 504-5,  location 1 4 . ) 
valve B4 closed - 0 to 0. 5 vdc (on) Display (SYSTEM B 
G R9662 28  vdc (off) Ql:AD 4 talkback) 

Thrust chamber Circuit No. 3 4 to G vdc (on) PCi\ITEA (For CWEA, re-
assembly solenoid 0 to 0.  5 vdc (off) fer to 504-5, location 14. ) 
valve A3 closed - 0 to 0. 5 vdc (on) Display (SYSTEM A 
G R9G63 28 vdc (off) QuAD 3 talkback) 

Thrust chamber Circuit No. 4 4 to G ,., l c  (on) PCC.ITEA (For CWEA, re-
assembly solenoid 0 to 0. 5 vdc (off) fer to 504-5,  location 14. ) 
vah·e B3 closed - 0 to 0. 5 vdc (on) Display (SYSTEi\I  B 
G R9GG4 28 vdc (off) QL\D 3 talkback) 

Thrust chamber Circuit No. 5 4 to G vdc (on) P C MT EA ( For CWEA, re-
assembly solenoid 0 to 0.  5 vdc (oft) fer to 504-5,  location 14. ) 
vah'e A2 closed - 0 to 0. 5 vclc (on) Display (SYSTEM A 
G R96G5 28  vdc (off) QuAD 2 talkback) 

Thrust chamber Circuit No. 6 4 to G vdc (on) PC!v!TEA ( For CWEA, re -
assembly solenoid 0 to 0.  5 vdc (off) fer to 504-5,  location 14. ) 
vah·c B2 closed - 0 to 0 .  5 vdc (on) Display (SYSTEM B 
G R%GG 28  vdc (off) QUAD 2 talkback) 

Thrust chamber Circuit No. 7 ·l to G vdc (on) PCl\I T EA ( For CWEA, re-
assembly solenoid 0 to 0. 5 vdc (off) fer to 504-5,  location 14. ) 
valve A1 closed - Display (SYSTEI\l A 
GH9667 QL-\ D  1 talkback) 

Thrust chamber Circuit No. 8 4 to 6 vdc (on) PCl\ITEA ( For C\\'EA, re-
assembly solenoid 0 to 0. 5 vdc (off) fer to 504-5, location 14. ) 
vah·c B1 closed - 0 to 0. 5 vdc (on) Display (SYSTEM B 
GH9CG8 28 vdc (off) QUAD 1 talkback) 

HCS/ASC intcrcon- Circuit No. 10 4 to G vdc (on) PC�ITEA 
nect A not closed - 0 to 0. 5 vdc (off) 
GH9G31 0 to 0 .  5 vdc (on) Display (SYSTEM A ASC 

28 vdc (off) Fli E L  talkback) 

HCS/ASC intcrcon- Circuit No. 1 1  4 to G vdc (on) PClllTEA 
nect B not closed - 0 to 0. 5 vdc (off) 
G H9632 0 to 0.  5 vdc (on) Display (SYSTEM B ASC 

28 vdc (off) FUEL talkback) 
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LMA 790-3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Tab;,, 2. ; 1 ·-l. ER•\-1  - Conditioned and Preconditioned Interfacing Si."nals (eont) 

�� -----�Signal '>iomenclature 
F 1 ·om [ und Telemetry 

(Subsystem) , Code No. 

iCCS 
(cont) 

Manliold crossfeed 
valves not elosed -
GH9 6 1 :3  

Thrust chamber as 
sembly solenoid 
valves A4, B4, A 3 ,  
B3, A Z ,  B 2 ,  A l  and 
Bl closed - GR96Gl 
through GH9668 

Quad cluster No. 3 -
GR6002 

Quad cluster No. 2 -
GR6003 

Quad cluster No. 1 -
G R6004 

Quad cluster No. 4 -
G R6 0 0 1  

Suit inlet tempera
ture - G F1281 

To 
( Conditioning 

Unit\ 

50-1 --1 ( 13) 
(cont) 

Ci rcuit :\o. 12 

50-l-5 { 1-t) 

Circuits No . 
throu:;h S 
rcspect;vcly 

506-4 (20) 

Circuit No. 

Circuit l\'o. 2 

Circuit No. 3 

Circuit No. 4 

50G-3 (21)  

Circuit No. 

Output 

4 to G vdc (on) 
0 to 0.  5 ,·de (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

4 to 6 n!c (on) 
0 to 0 • .  ) ,·de (off) 

0 to 5 vdc 
(-Gil to -2 1)0' F) 

- (i0° to · �G O' F 

0 to 5 vdc 
(-60° to e 2 6 0'' F)  

-60" to -260" F 

0 to 5 vdc 
(-60" to �zr;oo F) 

-GO" to +260" F 

0 to 5 vdc 
(-GO" to +260" F) 

- 6 0" to 260° F 

0 to 5 vdc 
(+20° to +12 0 °  F) 
+40 °  to +1 00° F 

INSTRUMENTATION SUBSYSTEM 

To 
(IS Assembly 
anrl Display) 

P C M T EA 

Display ( C H.SFD talkback) 

CWEA ( RCS TCA warn 
ing light inhibit sig11als) 

P C MT EA 

Display (TEi,Il' i:Jd i 
cator, pane i :;) 

P C MT EA 

Display ( T E MP i n c ·  
cator, panel 3) 

PCMTEA 

Display (TEMP i 'H:i i 
cutor, panel :1 )  

PCMTEA 

Display ( T E MP indi
cator, p�mcl 3) 

PCMTEA and dis play 
(SUIT TEMP indicator) 

--
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From 
(Subsystem) 

RCS 
(cont) 

EPS 

LMA790-3 - LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2 . 9- 1 .  ERA-1 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenc lature To To 
and Telemetry (Conditioning (IS Assembly 

Code N o .  Unit) Output and Display) 

506-3 (21) 
(cont) 

Cabin temperature - Circuit No . 2 0 to 5 vdc PC11TEA and display 
GF1651 (+20' to + 1 20' F )  (CABIN T E MP 

+ 40' to + 1 00' F indicator) 

Commander's bus 502-2 ( 15) 
voltage - GC0301 

Circuit No.  3 26 .  G to 40 vdc CWEA (DC BUS 
warning light) 

504-1 ( 1 8) 

Commander's bus Circuit No. 3 0 to 5 vdc PC MTEA and display 
voltage - GC0301 (0 to 40 vdc) (VOLTS indicator) 

503-2 (17) 

Inverter bus Circuit No . 1 4 .  48 to 5 .  0 vdc CWEA (INVERTER 
voltage - GC0071 (112 to 1 25 caution light) (For 

vrms) PCM TEA and display, 
refer to 504-1 (18) 
circuit No.  2 . )  

504-1 (7) 

Selected ED battery Circuit No . 4 0 to 5 vdc E PS display (VOLTS 
voltage - GY0703U indicator) 

Preconditioned 0 to 5 vdc 

504-1 (18) 

Inverter bus Circuit N o .  1 0 to 5 vdc PC MT EA (For CWEA, 
frequency - GC0155 (380 to 420 cps) refer to 505-1 (16) 

circuit N o .  1 . )  

Inve rter bus Circuit No . 2 0 to 5 vdc PC!I! T EA ,  display 
voltage - GC0071 (105 to 1 25 (VOLTS indicator) (For 

vrms) CWEA, refer to 
503-2 ( 1 7) circuit No. 1 . )  

l\Iain water regu- Circuit No . 4 0 to 5 vdc PCMTEA 
lator ill' - GF4101 (0 to 2 psia) 

505-1 (16) 

F requency inverter Circuit N o .  1 2 .  25 to 2 .  75 vdc CWEA (INVERTER 
bus - GC0155 (398 to 402 cps) caution light) (For 

PCMTEA, refer to 
504-1 (18) circuit No . 1 . )  

INSTRUMENTATION SUBSYSTEM 
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I From 
(Subsystem) 

M PS 

(ascent 
propulsion 
section) 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9 - 1 .  E RA-1 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No . Unit) Output and Display) 

504-1 (8) 

Regulator outlet Circuit No . 3 0 to 5 vdc PCJ\!TEA 
manifold pressure - (0 to 300 psia) 
GP0025 

Preconditioned Less than 220 CWEA (ASC ill REG 
psia caution light) 

Helium tank No.  1 Circuit No . 4 0 to 5 vdc PCMTEA 
pressure - GP0001 (0 to 4 ,  000 psia) 

Preconditioned More than 2, 7 73 CWEA (ASC PRESS 
psia warning light) 

Circuit No. 4 0 to 4, 000 psia Display (HELIUM 
indicator) 

504-4 (12) 

Helium primary line Circuit No . 6 4 to 6 vdc (on) PC I\ITEA 
solenoid valve 0 to 0. 5 vdc (off) 
closed - GP031 S 0 to 0 . 5  vdc (on) Display (ASCENT He 

28 vdc (off) REG 1 talkback) 

Helium secondary Circuit No . 7 4 to 6 vdc (on) PCMTEA 
line s olenoid valve 0 to 0 . 5  vdc (off) 
closed - GP0320 0 to 0 . 5  vdc (on) Display (ASCENT He 

28 vdc (off) REG 2 talkback) 

Main propulsion Circuit No. 8 4 to 6 vdc (on) PCMTEA (For CWEA, re-
valve A closed - 0 to 0 . 5  vdc (off) fer to circuit No. 1 . )  
GR9609 0 to 0 . 5 vdc (on) Display SYS A MAIN SOV 

28 vdc (off) talkback) 

Spare - Z6013 Circuit No . 9 4 to 6 vdc (on) CWEA 
0 to 0 . 5  vdc (off) 
0 to 0 . 5  vdc (on) Display 
28 vdc (off) 

Main propulsion Circuit No . 1 0  4 to 6 vdc (on) PCMTEA (For CWEA, re-
valves B closed - 0 to 0 . 5  vdc (off) fer to circuit No . 2 . )  
GR9 6 1 0  0 to 0 .  5 vdc (on) Display (SYS B MAIN SOV 

28 vdc (off) talkback) 

504-1 (19) 

Helium tank No. 2 Circuit No. 1 0 to 5 vdc PCMTEA and display 
pressure - GP0002 (0 to 4,  000 psia) (HELIUM indicator) 

Preconditioned 3. 74 to 5. 0 vdc CWEA (ASC PRESS 
(2, 773 psia) warning light) 

INSTRUMENTATION SUBSYSTEM 
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From 
(Subsystem) 

MPS 
(cont) 

(descent 
propulsion 
section) 

(ascent 
propulsion 
section) 

(descent 
propulsion 
section) 

(ascent 
propulsion 
section) 

(descent 
propulsion 
section) 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9- l .  ERA-1 - Conditioned and Preconditioned Interfacing Sign:J.ls (cont) 

Signal Nomendature To To 
and Telemetry (Conditioning (IS Assembly 

Code l"o . Unit) Output and Display) 

504-1 (19) 
(cont) 

Helium regulator Circuit No . 2 0 to 5 vdc PCi\ITEA 
output manifold (0 to 300 psia) 
pressure - GQ3018 

Preconditioned 3 .  65 to 4. 3 2 vdc CWEA (DES REG warn-
(220 to 260 psia) ing light) 

Fuel bipropellant Circuit l"o . 3 0 to 5 vdc PCllfTEA 
valve inlet (0 to 250 psia) 
pressure - GP1501 

Preconditioned 2 . 4 to 5 .  0 vdc CWEA (ASC PRESS 
(120 to 250 psia) warning light) 

Oxidizer bipro- Circuit No. 4 0 to 5 vdc PCMTEA 
pellant valve inlet (0 to 250 psia) 
pressure - GP1503 

Preconditioned 2 . 4  to 5 . 0  vdc CWEA (ASC PRESS 
(120 to 250 psia) warning light) 

506-3 (9) 

Fuel tank No . 1 fuel Circuit No. 1 0 to 5 vdc PCMTEA 
bulk temperature - (+ 20° to + 1 20°F) 
GQ3718 +40°  to + 1 00°F Display (FUEL TEMP 

indicator) 

Fuel tank No . 2 fuel Circuit No. 2 0 to 5 vdc PCMTEA 
bulk temperature - (+ 20° to + 120°F) 
GQ3719 +40° to + 100°F Display (FUEL TEMP 

indicator) 

Fuel tank, fuel bulk Circuit No . 3 0 to 5 vdc PCMTEA 
temperature - (+20° to +1 20°F) 
GP071 8  +40° t o  + 100°F Display (FU E L  T E MP 

indicator) 

Oxidizer tank, Circuit No . 4 0 to 5 vdc PCJ\1TEA 
oxidizer bulk (+ 20° to + 1 20°F) 
temperature - +40° to + 100°F Display (OXID TEM P 
GP1218 indicator) 

506-3 (10) 

Oxidizer tank No.  1 ,  Circuit No . 3 0 to 5 vdc PCl\!TEA 
oxidizer bulk tern- (+20° to +120°F) 
perature - GQ4218 +40° to + 1 00°F Display (OXID TEM P 

indicator) 

INSTRUMENTATION SUBSYSTE M 
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From 
(Subsystem) 

MPS 
(cant) 

GN&CS 

(control 
electronics 
section) 

I 

LMA7 90 - 3 - L M  
APOL LO OPERATIONS HANDBOOK 

SU BSYSTE MS DATA 

Table 2. 9 - l .  E RA-1 - Conditioned and Preconditioned lnterfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No . Unit) Output and Display) 

506-3 ( 1 0 )  
(cant) 

Oxidizer tank No . 2, Circuit No . 4 0 to 5 vdc PCl\ITEA 
oxidizer bulk tem- (+20° to + 1 20°F) 
perature - GQ42 1 9  + 4 0 °  t o  + 1 0 0°F Display (OXID T E M P  

indicator) 

5 0 2-2 (15) 

Automatic thrust Ci rcuit No . 1 0 to 5 . 0 vdc PCt-1TEA 
command voltage - (0 to 1 2 . 0  vdc) 
G H 1 3 3 1  0 t o  4 . 583 vdc Display ( C MD T HRUST 

(1 O% to 1 00%) indicator) 

Manual thrust Ci rcuit No . 2 0 to 5 . 0  vdc PCMTEA 
command voltage - (0 to 1 4 . 6  vdc) 
GH1 3 1 1  0 . 89 to 4 . 6 58 vdc Display (C l\ID T HHUST 

( 1 0% to 1 00%) indicator) 

Abort sensor as- Circuit No . 4 3 . 857 to 4 .  7 1 4  CWEA (AGS warning 
sembly voltage - vdc light) 
Gll3 2 1 5  

503-2 ( 1 7 )  

Rate gyro assembly Circuit 1\o . 3 4 . 1 9 to 4 . 84 vdc CWEA (CES AC warning) 
pickoff excitation (26 . 0 to 30 vrms) 
( 0 .  8 kc) voltage -
GH1405 

50-1-2 (2) 

Jet No . B2U driver Circuit 1\o . 1 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - Gll 1 4 26 0 to 0 . 5  vdc (off) light) and PC MTEA 

Jet No . B2C driver Circuit 1\ o .  2 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1 427 0 to 0 . 5  vdc (off) light) and PCl\ITEA 

Jet :\o .  A2A driver Circuit No. 3 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - G H H 28 0 to 0 . 5  vdc (off) light) and PC MTEA 

Jet No . I32L driver C i rcuit 1\o . 4 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - G lll429 0 to 0 . 5  vdc (off) light) and PCMTEA 

Jet No . AlC driver Circuit i\o.  5 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1430 0 to 0.  5 vdc (off) light) and P C MT E A  

J e t  No . B 1 D  driver Circuit 1\o .  6 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - G I I 1 431 0 to 0 . 5  vdc (off) light) and P C MTEA 

Jet No . B 1  L driver Circuit 1\o . 7 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - G H 1 43 3  0 to 0 .  5 vdc (off) light) and PCMTEA 
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From 
(Subsystem) 

GN&CS 
(cant) 

(Control 
electronics 
section) 

(abort 
guidance 
section) 

(control 
electronics 
section) 

L MA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2 . 9- 1 . E RA-1 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (lS Assembly 

Code No. Unit) Output and Display) 

504-2 (2) 
(cant) 

Jet No . A1F driver Circuit No.  8 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1432 0 to 0 . 5  vdc (off) light) and PCIIITEA 

504-2 (3) 

Deadband select Circuit No. 1 4 to 6 vdc (on) PCMTEA 
(wide) - GH1603 0 to 0. 5 vdc (off) 

Ascent engine arm Circuit No . 2 4 to 6 vdc (on) PCMTEA 
(from panel 2) - 0 to 0 .  5 vdc (off) 
GH1230 

Thrust chamber Circuits No . 3 4 to 6 vdc (on) PCMTEA CWEA (RCS 
pressures - GR5041 through 8 0 to 0 .  5 vdc (off) TCA warning light) 
through GR5046 

Descent engine arm - Circuit No . 9 4 to 6 vdc (on) PC I\ITEA 
GH1348 0 to 0. 5 vdc (off) 

X-translation over- Circuit No . 10  4 to 6 vdc (on) PCI\ITEA 
ride - GH1893 0 to 0. 5 vdc (off) 

504-2 (4) 

A EA test mode fail - Circuit No. 1 4 to G vdc (on) CWEA (AGS warning 
GI3232 0 to 0. 5 vdc (off) light) 

Jet No . B4U driver Circuit No . 3 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1418 0 to 0 . 5  vdc (off) light) and PCI\ITEA 

Jet No . B4F driver Circuit No. 4 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1420 0 to 0. 5 vdc (off) light) and PCI\ITEA 

Jet No. A4D driver Circuit No . 5 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1419 0 to 0. 5 vdc (off) light) and PCI\ITEA 

Jet No. A4R driver Circuit No . G 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1421 0 to 0 . 5  vdc (off) light) and PCI\ITEA 

Jet No . A3U driver Circuit No . 7 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1422 0 to 0. 5 vdc (off) light) and PCI\ITEA 

Jet No. B3D driver Circuit No. 8 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1423 0 to 0 .  5 vdc (off) light) and PCMTEA 

Jet No . B3A driver Circuit No. 9 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1424 0 to 0 .  5 vdc (off) light) and PCI\ITEA 
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From 
(Subsystem) 

GN&CS 
(cont) 

(Control 
electronics 
section) 

(abort 
guidance 
section) 

(radar 
section) 

EDS 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2 .  9-l . ERA-1 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning ( IS  Assembly 

Code No . Unit) Output and Display) 

504-2 (30) 
(cont) 

Jet No . A3R driver Circuit No.  10 4 to 6 vdc (on) CWEA (RCS TCA warning 
output - GH1425 0 to 0. 5 vdc (off) light) and PCMTEA 

504-2 ( 11 )  

Thrust chamber Circuit No. 1 4 to 6 vdc (on) PCMTEA and CWEA 
pressures - G H5031 through 1 0  0 to 0 . 5  vdc (off) (RCS TCA warning light) 
through GR5040 

505-1 (16) 

Frequency abort Circuit No . 2 0 . 63 to 4 . 38 vdc CWEA (AGS warning 
sensor assembly - (385 to 415 cps) light) 
GI3233 

Spare - Z6015 Circuit No. 3 0 to 5 vdc PCMTEA 
(380 to 420 cps) 

506-3 (10) 

Abort sensor Circuit No . 2 0 to 5 vdc PCMTEA 
assembly temper- + 20' to + 200'F 
ature - GI3301 

506-3 (21) 

Rendezvous radar Circuit No . 3 0 to 5 vdc PCMTEA 
tenwerature - (-2000 to +2000 F) 
GN7723 -54. 07' to CWEA (HEATER caution 

+ 147 . 69' light) 
1 .  25 to 5 .  0 vdc Display (TE MP indicator 
( -1 00' to + 200'F) panel 3) 

Landing radar Circuit No. 4 0 to 5 vdc PCMTEA 
antenna tempera- (-200' to + 200'F) 
ture - GN7563 - 15' to + 150'F 

-1 00' to +200'F 

504-1 (12) 

ED SYS A relay Circuit No . 1 1  4 to 6 vdc (on) PCMTEA 
transfer - GY0201 0 to 0. 5 vdc (off) 

0 to 0 . 5  vdc (on) Display (SYS A campo-
28 vdc (off) nent caution light) CWEA 

(ED RELAYS caution 
light) 
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From 
(Subsystem) 

EDS 
(cont) 

cs 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-1 . E R.<\-1 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No . Unit) Output and Display) 

504-1 (12) 
(cont) 

ED SYS B relay Circuit No. 12 4 to 6 vdc (on) PCI\ITEA 
transfer - G Y0202 0 to 0. 5 vdc (off) 

0 to 0 .  5 vdc (on) Display SYS B component 
28 vdc (off) caution light) CWEA (ED 

RE LAYS caution light) 

504-2 (2) 

Abort commanded - Circuit No. 9 4 to G vdc (on) CWEA (inhibit s ignal) 
GY0050 0 to 0 . 5 vdc (off) and PCM 

Spare - 26002 Circuit No. 10 4 to G vdc (on) CWEA and P C MTEA 
0 to 0 . 5  vdc (off) 

504-4 (13) 

Landing gear legs Circuit No . 9 4 to G vdc (on) PC liT TEA 
deployed - Gl\15000 0 to 0. 5 vdc (off) 

0 to 0 . 5  vdc (on) Display (LDG GEAR 
28 vdc (off) D E PLOY talkback) 

504-v ; 14) 

System A relays K7 Circuit No . 9 4 to G vdc (on) PCI\TTEA 
through K15 closed - 0 to 0 .  5 vdc (off) 
GY0231 

System B relays K7 Circuit No. 1 0  4 t o  G vdc (on) PCI\IT EA 
through Kl5 closed - 0 to 0 . 5  vdc (off) 
GY0232 

EDS system A stage Circuit No.  1 1  4 to G vdc (on) PCMTEA and display 
sequence relays 0 to 0. 5 vdc (off) (SYS A component caution 
(Kl through KG) - light) CWEA (ED 
GY0201 RELAYS caution light) 

EDS system B stage Circuit ;.;o . 1 2  4 to G vdc (on) PCMTEA and display 
sequence relays 0 to 0 .  5 vdc (off) (SYS B component caution 
( K l  through KG) - !ir:ht) CWEA (ED 
GY0202 RELAYS caution light) 

504-1 (5) 

S-hand receiver Circuit No . 4 0 to 5 vdc PCMTEA 
AGC - GT0994 

Preconditioned CWEA (S-BD HCVR 
caution light) 

503-2 (17) 

Spare - Z G 0 1 G  Circuit No. 2 0 to 5 vdc PCMTEA 

INSTRUMENTATION SUBSYSTE M 
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

T ct b k  � . 9 - 2 .  E RA-2 - Conditioned and Prec onditioned Interfacing Signals 

Si�nal i\omenclature 
and Telemetry 

Code Ko . 

Descent OA',;gec tanlz 
pressure - C FOC0-� 

Suit br. \ . . .  
failure - _,;c r o ' :; 

SuL , J .. :: �. �-� . ..::: 

fail'...::c-f- - ;_] F J. 0.3� 

EPS l.' .. J c l2ry 
caut10,J. - G L-l ! L-i :  

Emergcr,cy OA�'gen 
vah·e electrical !\· 
open - GF35<2 

Cooling pump No . 
failure - GF2936 

Coolant pwnp No. 2 
failure - GF2935 

Spare - Z6570 

To 
(Conditioning 

Unit) 

1 .) 0 1 - 1  (8) 

C i rc uit No. 1 

Circuit No . 2 

'iO<l-3 (3) 

Circuit Ko . 2 

Circuit No . 3 

2ircuit No. 6 

Circuit No. 7 

Circuit No . 8 

50-1-4 (12)  

C i rcuit No . 2 

504-5 (13) 

Circuit No . 3 

Circuit No . 4 

Output 

2 .  22 vdc (135 
psia) 

0 to 5 vdc 
(0 to 3, 000 psia) 
0 to 2 ,  730 psia 
(0% to 1 00'/0) 
0 .  5 vdc 

4 to 6 vdc (on) 
0 to 0 .  5 vdc (off) 

..! to 6 vdc (on) 
0 to 0 . 5  vdc (off) 

4 to G vdc (on) 
0 to 0 .  5 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 

4 to G vdc (on) 
0 to 0 . 5  vdc (off) 

4 to 6 vdc (on) 
0 to 0 . 5  vdc (off) 
0 to 0 . 5  vdc (on) 
28 vdc (off) 

Same as circuit 
No . l 

Same as circuit 
N o .  1 

INSTRUMENTATION SUBSYSTEM 

To 
(IS Assembly 
and Display) 

CWEA (Oz QTY caution 
light) 

PC!\! TEA 

Display ( O o  QUANTITY 
indicator) \For CWEA, 
refer to 501 - 1  (S) 
circuit :·; o. : . ) 

P C l\G' L-'1. and CWEA 
(ECS c ae>ti.on light) 

PC 7· IC' '�?. and CWEA 

I (GLYCCL caution lightl 

i PCII�- ��A and CWEA 
(S l1T, FAN warning 
light,l 

PC:.n :;:\ 

PC'\lTEA and CWEA 
(C.,C.BIN warning light) 

PCMTEA 

Display (GLYCOL com-
ponent caution light) 

CWEA (ECS caution 
light) 

P C MTEA 

Mission LM Basic Date February 1970 Change Date. _________ Page __ __:2:..:·__:9_--=l.cc9 __ _ 
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From 
(Subsystem) 

E C S  
(cont) 

I 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature To To 

and Telemetry (Conditioning (IS Assembly 
Code No. Unit) Output and Display 

504-5 (5) 

COz secondary C i rcuit No. 1 4 to 6 vdc (on) PCMTEA 

cartridge - G F 124 1 0 to 0. 5 vdc (off) 

Suit diverter valve C i rcuit No. 2 Same as c i rcuit PC!\ITEA 

position indicator No. 1 
closed - G F 12 2 1  

Suit pressure relief C ircuit No. 3 Same as circuit PCMTEA 

valve position indi- No. 1 
cator closed -
G F 1 2 1 1  

Suit pressure relief C ircuit No. 4 Same as circuit PC !\I TEA 

valve position No. 1 
indicator open -
GF 12 1 2  

Oxygen regulator C i rcuit No. 5 Same as c ircuit PCMTEA 

valve :JOGA locked No.  1 
closed - GF307 1 

Oxygen regulator C i rcuit No. G Same as circuit PCMTEA 

valve 30GA open - No. 1 
G F3070 

Oxygen regulator C i rcuit No. 7 San1e as circuit PC MTEA 
valve 30GB locked No. 1 
closed - GF3073 

Oxygen regulator C i rcuit No. 8 Same as circuit PCMTEA 
valve 30GB open - No.  1 

G F3075 

C abin gas return C i rcuit N o .  � San1e as c i rcuit PC MTEA 

valve position No. 1 
indicator c losed -
G F 12:J I 

Cabin gas return C i rc u it No. 10 San1e as c i rcuit PCMTEA 
valve position No. I 
indicator open -
G F  1 2 3 2  

S u i t  inlet v a l  vc C i rcuit Ko. I I  SanH' as circuit PC !I! TEA 
position indicator N o .  1 
No. 1 closed -
GF 1 2 0 1  

INSTRUMENTATION SUBSYSTE M 
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTE MS DATA 

Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
From and Telemetry (Conditioning (IS Assembly 

(Subsystem) Code No. Unit) Output and D isplay) 

ECS 504-5 (5) (cant) 
(cant) 

Suit inlet valve Circuit No. 12 Same as c i rcuit PCMTEA 
position indicator No. 1 
No. 2 closed -
G F 1202 

506-3 (6)  

Spare - Z6574 Circuit No. 2 0 to 5 \'de PCMTEA 
(+20° to +120° F) 

Main sublimator Circuit Ko. 4 0 to 5 vdc PCl\ITEA 
inlet water (+20' to + 1GO' F) 
temperature - +70'  F normoJ 
G F45ll  

I 
506-3 (20) 

ECS Main sublimator C ircuit No. 1 0 to 5 vdc PCMTEA and display (A 
coolant inlet tem- (+20' to + 1 20' F) TEMP indicator) 
perature - GF2531 +70' F normal 

RCS Fuel tank A tcm- C ircuit No. 2 0 to 5 vdc PCMTEA and display (A 
perature - GR2 12 1 (+20' to - 1 20' F) TEMP indicator) 

-+7 0" F nonnal 
Fuel tank B tem- C ircuit No. 3 0 to 5 vdc PCl\1TEA and display (B 
perature - GR2122 (+20' to + 1 GO' F) TEMP indicator) 

+70" F normal 

E PS 501- 1 (8) 

�. 3 vdc suppl,· - C ircuit No. 3 4. 3 to 5. 0 vdc CWEA (CES DC warning 
GI! HOS l ight) 

Ll\I Pilot's bus C ircuit Ko. .j 0 to 5 \·de PCMTEA and display 
voltage - GC0302 (VOLTS indicator) (For 

CWEA, refer to 502-2 
( 15) circuit No . 4 . ) 

502-2 ( 15) 

Pritnary -·L I voll.s C irc.:uit No. 1 3. GO to ·1 . :3:� vdc CWEA (PEE AMPS 
de - G IIHSx  caution light) 

INSTRUMENTATION SUBSYSTE M 
Mission LM Basic Date February 1970 Change Date 1 April 197 1 Page ____ �2�·�9�-2�1�-----
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From 
(Subsystem) 

EPS 
(cant) 

I 
I 

l 

L MA790- 3 - LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTE MS DATA 

Table 2. 9-2 .  ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

S ignal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No. unit) Output and Display) 

502-2 ( 15) (cont) 

Backup -4. 7 volts C ircuit No. 2 3 .  50 to 4. 33 vdc CWEA (PRE AMPS 
de - G H H 89 caution l ight) 

Abort sensor C ircuit No. 3 3. 94 to 4. 8 1  vdc CWEA (AGS warning 
assembly +28 vdc - l ight) 
GI32 14 

Llll Pilot' s bus C ircuit No. 4 3. 31 to 5. 0 vdc CWEA (DC BUS warning 
voltage - GC0302 l ight) (For PCMTEA and 

display, refer to 501-1 
(8) c ircuit No.  4 . ) 

502-2 ( 16) 

Battery No. 1 C ircuit No. 1 0 to 5 vdc PC M TE A  and display 
voltage - GC020 1 (VO LTS indicator) 

Battery No. 2 C ircuit No. 2 0 to 5 vdc PCMTEA and display 
voltage - GC0202 (VOLTS indicator) 

Battery No. 3 Circuit No. 3 0 to 5 vdc PCI\ITEA and display 
voltage - GC0203 (VOLTS indicator) 

Battery No. 4 Circuit No. 4 0 to 5 vdc PCMTEA and display 
voltage - GC0204 (VOLTS indicator) 

502-2 (17) 

Battery No. 5 C ircuit No. 1 0 to 5 vdc PCMTEA and display 
voltage - GC 0205 (VOLTS indicator) 

502-2 ( 18) 

Battery No. 6 Circuit No. 1 0 to 5 vdc PCMTEA and display 
voltage - GC020G (VOLTS indicator) 

504-4 (4) 

Battery No. 1 high- C ircuit No. 1 4 to 6 vdc (on) PC MTEA 
voltage tap - 0 to 0. 5 vdc (off) 
GC4361 0 to 0 .  5 vdc (on) Display (SE BAT 1 

28 vdc (off) talkback) 

Battery No. 1 low- C ircuj: No. 2 4 to 6 vdc (on) PC MTEA 
voltage tap - 0 to 0. 5 vdc (off) 
GC4362 0 to 0. 5 vdc (on) Display (SE BAT 1 

28 vdc (off) talkback) 

INSTRUMENTATION SUBSYSTEM 

I 

' 

i 
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From 
(Subsystem) 

E PS 
(cont) 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-2.  EH.A-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature 
and Telemetry 

Code No. 

Battery No. 2 high-
voltage tap -
GC4363 

Battery No. 2 low-
voltage tap -
GC4364 

Battery No. 3 high-
voltage tap -
GC4365 

Battery No. 3 low-
voltage tap -
GC4366 

Battery No. 4 high-
voltage tap -
GC4367 

Battery No. 4 low-
voltage tap -
GC43G8 

Battery No. 5 on 
(Commander 's  bus) -
GC4369 

Battery l'io. G on 
(Commander 's  bus) -
GC4370 

Battery No. 5 on 
(LM Pilot' s bus) -
GC437 1 

Battery No. 6 on 
( LM Pilot ' s  bus) -
GC4372 

To 
(Conditioning 

Unit) 

504-4 (4) (cont) 

C ircuit No. 3 

C ircuit No. 4 

C ircuit No. 5 

Circuit No. 6 

C ircuit No. 7 

C i rcuit No. 8 

C ircuit No. 9 

C ircuit No. 10 

C ircuit No. 1 1  

C ircuit No. 12 

Output 

4 to 6 vdc (on) 
0 to 0.  5 vdc (oft) 
0 to 0.  5 vdc (on) 
28 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28  vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28  vdc (off) 

4 to 6 vdc (on) 
0 to 0.  5 vdc (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28  vdc (off) 

4 to ti vdc (on) 
0 to 0 .  5 vdc (off) 
0 to 0.  5 vdc (on) 
28 vdc (off) 

4 to G vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0. 5 vdc (on) 
28 vdc (off) 

INSTRUMENTATION SUBSYSTEM 

To 
(IS Assembly 
and Display) 

P C MTEA 

Display (SE BAT 2 
talkback) 

PCMTEA 

Display (SE BAT 2 
talkback) 

PCMTEA 

Display (CDH BAT 3 
talkback) 

PCMTEA 

Display (CDR BAT 3 
talkback) 

PCMTEA 

Display (CDR BAT 4 
talkback) 

PCMTEA 

Display (CDR BAT 4 
talkback) 

PCMTEA 

Display (BAT 5 BACK UP 
CDR FEED talkback) 

PCMTEA 

Display (BAT 6 NORMAL 
CDR FEED talkback) 

PCMTEA 

Display (BAT 5 NORMAL 
SE FEED talkback) 

PCMTEA 

Display (BAT G BACK UP 
SE FEED talkback) 

Mission LM Basic Date February 1970 Change Date _________ Page ___ 2_._9_-_2_3 __ _ 
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From 
(Subsystem) 

EPS 
(cont) 

MPS 

(descent 
propulsion 
section) 

AGS 

EPS 

LMA 790-3 - LM 
APOLLO OPERA TIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly 

Code No. Unit) Output and Display) 

504-4 (12) 

CWEA power Circuit No. 1 4 to 6 vdc (on) P CMTEA 
supply failure - 0 to 0. 5 vdc (off) 
G L4054 0 to 0. 5 vdc (on) 

28  vdc (off) 

Descent propellant Circuit No. 3 4 to 6 vdc (on) PCMTEA and CWEA 
tanks (liquid level 0 to 0.  5 vdc (off) (DES QTY warning light) 
low) - GQ4455 

Spare - Z6556 Circuit No. 4 Same as circuit Same as circuit No. 2 
No. 2 

AGS mode control Circuit No. 5 4 to 6 vdc (on) PCMTEA 
(attitude hold) - GH164 2  0 t o  0. 5 vdc (off) 

AGS mode control Circuit No. 6 4 to 6 vdc (on) PCMTEA 
(automatic) - GH1641 0 to  0.  5 vdc (off) 

*Battery No. 1 mal- Circuit No. 7 4 to 6 vdc (on) P C MTEA 
function (plus battery 0 to 0. 5 vdc (off) 
fault signal from IS 0 to 0 .  5 vdc (on) Display (BAT FAU LT 
for BAT FAULT com - 5. 0 vdc (off) component caution light) 
ponent caution light) - ( For CWEA, refer to 
GC9961 504-5 ( 1 3) Circuit No. 7. ) 

Battery No. 2 mal- Circuit r-io. 8 4 to 6 vdc (on) PCMTEA 
function (same as 0 to 0 .  5 vdc (off) 
circuit No. 7) - 0 to 0. 5 vdc (on) Sam e as circuit No. 7 
GC9962 5 .  0 vdc (off) (For CWEA, refer to 

504-5 ( 13) circuit No. 8 . ) 

Battery No. 3 mal- Circuit No. 9 4 to 6 vdc (on) PCMTEA 
function (same as 0 to 0 .  5 vdc (off) 
circuit No. 7) - 0 to 0. 5 vdc (on) Same as circuit No. 7 
GC9963 5 .  0 vdc (off) ( For CWEA, refer to 

504-5 ( 1 3) circuit No. 9 . ) 

Battery No. 4 mal- Circuit No. 10 4 to 6 vdc (on) PCMTEA 
function (same as 0 to 0.  5 vdc (off) 
circuit No. 7) - 0 to 0. 5 vdc (on) Same as circuit No. 7 
G C9964 5.  0 vdc (off) (For CWEA, refer to 

504-5 ( 1 3) circuit No. 
10. )  

Battery No. 5 mal- Circuit No. 1 1  4 t o  6 vdc (on) P CMTEA 
function (same as 0 to 0.  5 vdc (off) 
circuit No. 7) - 0 to 0. 5 vdc (on) Same as circuit No. 7 
G F9965 5 .  0 vclc (off) ( For CWEA, refer to 

504-5 ( 1 3) circuit No. 
1 1 . ) 

INSTRUMENTATION SUBSYSTEM 
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From 
(Subsystem) 

EPS 
(cant) 

1\IPS 

( ascent pro-
pulsion 
section) 

LMA7 90-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTE MS DATA 

Table 2. 9-2. ERA-2 - Conditioned ru1d Preconditioned Interfacing Signals (cant) 

Signal Nomenclature 
ru1d Telemetry 

Code No. 

Battery No. 6 mal-
function (same as 
circuit No. 7) -
GC9966 

**Battery No. 1 mal-
function (plus E PS 
battery c aution 
s ignal from IS) -
GC9961 

Battery No.  2 mal-
function (same as 
circuit No. 7)  -
GC99G2 

Battery No. 3 mal-
function (same as 
c ircuit No. 7) -
GC9963 

Battery No. 4 mal-
function (same as 
circuit No. 7)  -
GC9964 

Battery No. 5 mal-
function (same as 
circuit No. 
GC9965 

Battery No. 

7) -

G mal-
function (same as 
circuit No. 7) -
GC996G 

Fuel tank low 
level - G P0908 

Oxidizer tank 
low level - G P 1408  

MASTER ALARM 
identification -
GL4069 

To 
(Conditioning 

U nit) Output 

504-4 ( 12) (cant) 

C i rcuit No. 12 4 to 6 vdc (on) 
0 to 0. 5 vdc (off) 
0 to 0 . 5 vdc (on) 
5. 0 vdc (off) 

504-5 ( 13) 

Circuit No. 7 Same as circuit 
No. 1 

Circuit l'<o. 8 Same as c ircuit 
No. 1 

C ircuit No. 9 Same as circuit 
No. 1 

C ircuit No. 10 Same as circuit 
No. 1 

C ircuit No. 1 1  Same as circuit 
No. 1 

Circuit No. 12 Same as circuit 
No. 1 

50-l-3 (2) 

C ircuit No. 6 4 to 6 vdc (on) 
0 to 0.  5 vdc (off) 

Circuit No. 7 4 to 6 vdc (on) 
0 to 0.  5 vdc (off) 

C i rcuit No. 8 4 to 6 vdc (on) 
0 to 0 .  5 vdc (off) 

INSTRUMENTATION SUBSYSTEM 

To 
(IS Assembly 
and Display) 

PCMTEA 

Same as circuit No. 7 
for CWEA, refer to 
504-5 (13) circuit No. 
12. ) 

CWEA (BATTERY 
caution light) (For 
PCMTEA and display, 
refer to 504-4 ( 12) 
c ircuit No. 7 0 ) 
CWEA (BATTERY 
caution l ight) (For 
PCMTEA and display, 
refer to 504-4 ( 12)  
c ircuit No. 8 . ) 

CWEA (BATTERY 
caution light) ( For 
PCMTEA and display, 
refer to 504-4 ( 12)  
circuit No.  9 . ) 

CWEA (BATTERY 
caution l ight) (For 
PCMTEA and display, 
refer to 504-4 ( 12) 
circuit No. 10 . ) 

CWEA (BATTERY 
caution light) (For 
PCMTEA and display, 
refer to 504-4 ( 12)  
c ircuit No.  1 1. )  

CWEA (BATTERY cau-
tion light) (For PCMTEA 
and display, refer to 
504-4 ( 12) circuit No. 12 . ) 

PCJ\1TEA and CWEA 
(ASC QTY caution light) 

PCMTEA and CWEA 
(ASC QTY caution light) 

PCMTEA 

Mission LM Basic Date 1 February 1970 Change Date _________ Page _ ____:2::..:·c.::9_-.=2c:c5 ___ _ 
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(Subsystem) 

1\!PS 
(cont) 

(ascent 
propulsion 
section) 

ECS 

GN&CS 

(control 
electronics 
section) 

LMA790-3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS Assembly) 

Code No. Unit) Output and Display) 

504-5 ( 14) 

Shutoff valves A/B C ircuit l'<o. 9 S::une as circuit PCMTEA 
in midposition - ''io. 1 
GQ7498 

Shutoff valves G/D C ircuit No. 10 Saine as c ircuit PCMTEA 
in midposition - l'<o. 1 
GQ7499 

Solenoid/bipropellant C ircuit No. 11 Same as circuit PCMTEA 
valves A mismatc h - l\o. 1 
GQ2997 

Solenoid/bipropellant C ircuit No. 12 Same as circuit PCMTEA 
valves B mismatch - No. 1 
GQ2998 

50G-3 (2 1) 

Ascent water line C ircuit No. 3 0 to 5 vdc PCMTEA 
No . 1 temperature - (-200° to +�00° F) 
GF4585T 

Ascent waterline C ircuit No. 4 0 to 5 vdc PCMTEA 
No . 2 temperature - ( -200° to -; 20fr F) 
G F4586T +70° F normal 

5 02-2 ( 17) 

X-trnnslation C ircuit No. 2 0 to 5 vdc PCMTEA 
command voltage -
GHlNO 

Y -translation C i rcuit No. :l 0 to ;-> \·de PCJ\!TEA 
con1n1 and voltage -
G!l12-l l 

Z-translation C ircuit l\o .  4 0 to 5 vdc PCMTEA 
command voltage -
GH1242 

502-2 (18) 
noll logic input error · Circuit No. 2 0 to 5 vdc PCMTEA 
voltage - GH1249 

INSTRUMENTATION SUBSYSTEM 
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APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 2. 9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cont) 

Signal Komenclature I To 
From and Telemetry (Conditioning 

(Subsystem) Code No. I Unit) Output 

Gl\&CS 502-2 ( 18) (cont) 
(cont) 

(control Yaw logic input I C ircuit 1\o. 3 0 to 5 ,·de 
electronics error \'oltage - I section) G H 1247 

Pitch logic input C ircuit No. 4 0 to 5 vdc 
error voltage -
G H1248 

502-2 ( 19) 

� 15-vdc supply - C ircuit Ko. 1 4. 12 to ·L 7 1  vdc 
G H1406 

- 15-vdc supply - C i rcuit 1\o. 2 4. 12 to 4. 7 1  vdc 
G H l407 

+G. 0-vdc supply - C i rcuit :-.:o. 3 :J. 86 to 4. 7 1  vdc 
GH 1493 

-6. 0-vdc supply - C ircuit 1\o. 4 3. 8G to 4. 7 1  vdc 
G H l494 

503-2 (7)  

Rate gyro assembly C ircuit No. 1 3. 83 to 4. 83 vdc 
spin motor line A-B 
voltage - G H 140 1 

Rate gyro assembly C ircuit No. 2 3 .  83 to 4. 83 vdc 
spin motor line B-C 
voltage - G H l402 

Rate gyro assembly C ircuit 1\o. 3 3. 83 to 4. 83 vdc 
spin motor line C-A 
voltage - G H 1403 

GN&CS 504-3 (2) 

(radar CES A-C power C ircuit No. 1 4 to G vdc (on) 
section) supply failure - 0 to 0. 5 vdc (off) 

GlA026 

AGS power supply C ircuit No. 2 4 to 6 vdc (on) 
failure - GlA028 0 to 0.  5 vdc (off) 

Landing radar range C ircuit No. 3 4 to 6 vdc (on) 
data not good - 0 to 0. 5 vdc (off) 
GN752 1 

Mission LM Basic Date 
INSTRUMENTATION SUBSYSTEM 

February 1970 Change Date 1 5  June 1970 

To 
(IS Assembly 
and Display) 

PCl\lTEA 

PCMTEA 

I CWEA (CES DC warning 
l ight) 

CWEA (CES DC warning 
l ight) 

CWEA (CES DC warning 
light) 

CWEA (CES DC warning 
l ight) 

CWEA (CES AC warning 
l ight) 

CWEA (CES AC warning 
light) 

CWEA (CES AC warning 
light) 

PCMTEA 

PCMTEA 

PCMTEA 
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From 
(Subsystem) 

GN&CS (cant) 

(radar 
section) 

(control 
electronics 
section) 

(abort 
guidance 
section) 

GN&CS 

(control 
electronics 
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Table 2 .  9-2. ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (IS A ssembly 

Code No. Unit) Output and Display) 

504-3 (2) (cant) 

Landing radar Circuit No. 4 4 to (i vdc (on) PCJIITEA and CWEA 
velocity data - 0 to 0. 5 vdc (off) 
GN7557 

Rendezvous radar, Circuit No. 5 4 to 6 vdc (on) PCJ\ITEA and CWEA 
no track indication - 0 to 0. 5 vdc (off) (RNDZ RDR caution light) 
GN762 1 

Ascent engine on/ C i rcuit No. 10  4 to G vdc (on) PC MTEA and CWEA 
off to propulsion - 0 to 0. 5 vdc (off) 
GH1260 

Abort guidance C ircuit No. 1 1  4 t o  6 vdc (on) PCMTEA and CWEA 
section warmup - 0 to 0. 5 vdc (off) 
GI3305 

CES d-e power sup- C ircuit !';o. 12 4 to G vdc (on) PCliiTEA 
ply failure - G L4027 0 to 0.  5 vdc (off) 

504-3 (3) 

Primary guidance Circuit No. 1 4 to G vdc (on) PCJI!TEA 
and navigation 0 to 0. 5 vdc (off) 
section - GG9003 

Descent engine Circuit No. 4 4 to G vdc (on) PCJIITEA and CWEA 
on - GH1301  0 to 0 .  5 \"de (off) 

Guidance select Circuit No. 5 4 to G vdc (on) Pc MTEA and CWEA 
switch (AGS) - 0 to 0. 5 vdc (off) 
G H 1 G 2 1  

Pitch trim failure - Circuit No. 9 4 to G vdc (on) PCMTEA and CWEA 
G H1323 0 to 0 .  5 vdc (ofl) (ENG GMBL caution light) 

Holl trim failure - Circuit No. 10 4 to G vdc (on) PCJI!TEA and CWEA 
G H 1330 0 to 0.  5 vdc (ofl) (ENG Gl\1BL caution light) 

LM guidance com- C ircuit No. 1 1  4 to G vdc (on) PCJI!TEA and CWEA 
putcr warning - 0 to 0. 5 vdc (off) ( LGC warning light) 
GG9001 

Inertial subsystem Circuit No. 12 4 to G vdc (on) PCJIITEA and CWEA 
warning - GG9002 0 to 0.  5 vdc (off) (ISS warning light) 

504-5 ( 13) 

Holl attitude control C ircuit /';o. 1 4 to G vdc (on) PClllTEA 
selector - G H1G28 0 to 0.  S vdc (off) 
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From 
(Subsystem) 

GN&CS (cant) 

(control 
electronics 
section) 

(abort 
guidance 
section) 

(control 
electronics 
section) 

(control 
electronics 
section) 
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Table 2. 9-2.  ERA-2 - Conditioned and Preconditioned Interfacing Signals (cant) 

Signal Nomenclature To To 
and Telemetry (Conditioning (lS Assembly 

Code No. U nit) Output and Displa�·) 

504-5 (13) (cant) 

Pitch attitude C ircuit Ko. 2 Same as c ircuit PCI\!TEA 
control selector - No. 1 
G H 1629 

Abort guidance C ircuit No. 5 Same as c ircuit PC J\ITEA 
section standby Ko. 1 
condition - Gl3306 

Yaw attitude con- C i rcuit No. 6 Same as c i rcuit PCl\ITEA 
trol selector - Ko. 1 
G H 1630 

5 0cl-5 (14) 
Abort stage com- C ircuit No. 1 4 to G vdc (on) PC I\! TEA 
mand - GH1283 0 to 0 .  5 vdc (off) 

Engine fire C i rcuit No. 2 San1e as c ircuit PC I\! TEA 
override - G H 1286 No.  1 

PGNS mode select - C i rcuit Ko. 3 Same as circuit PCJ\!TEA 
(automatic) GI! 1643 No. 1 

PGNS mode select - C i rcuit No. 4 San1c as circuit PC I\! TEA 
(attitude hold) - No. l 
Gli 1G44 

Attitude controller C i rcuit No. 5 San1c as c ircuit PCJ\!TEA 
assembly out of i\o.  l 
detent - Gll l20-l 

Automatic enginP-on C ircuit Nu. G Same as circuit PCli!TEA 
command - G IH 2 1 4  No. l 

Automatic engine-of! C ircuit No. 7 San1e as c ircuit PCli!TEA 
command - G I !  12 1 7  No. l 

U nbalanced C i rc u i t  �o. � S;une as c i rcuit PCli!TEA 
couples - G il l � %  No. 1 

::>O< - 1  (!I) 

Pitch gimbal dri,·c Ci rcuit "·o. 1 0 to 5 vdc PCI\!TEA 
actuator position -

G l ! Ll l :L Gil  l:l l-l 
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Table :2. 9-2.  EHA-2 - Conditioned and Preconditioned Interb.cing Sip1als ( • ·ont) 

Signal Nomenclature To To 
From and Telemetry (Conditioning (IS Assembly 

(Subsystem) Code No. Unit) Output and Display) 

GN&CS 507-1 (9) (cant) 
(cont) 

(control Circuit No. 2 San1c as circuit PCMTEA 
electronics No. 1 
section) 

Yaw attenuator Circuit No. 3 S a me as circuit PCMTEA 
error - GH1455 No . 1 

Pitch attenuator C i rcuit No. 4 Same as c i rcuit PCMTEA 
error - G H1456 No. 1 

507-1  ( 10) 

Roll attenuator Circuit No. 1 0 to 5 vdc PCMTEA 
error - G H 1457 (-3. 5 to +3. 5 

\Tms) 

Yaw rate gyro Circuit No. 2 0 to 5 vdc PCMTEA 
signal - G H14 6 1  (-3. 5 t o  +3. 5 

vrms) 

Pitch rate gyro C ircuit No. 3 0 to 5 vdc PCMTEA 
signal - G H 1462 (-3. 5 to +3. 5 

vrms) 

Holl rate gyro Circuit No. 4 0 to 5 vdc PCMTEA 
signal - Gl !l463 (-3.  5 to  f 3 .  5 

vnns) 

cs 5 06-3 (2 1) 

S-band stecrablc Circuit No. ., 0 to 5 vdc Dis[Jlay (TEM P  indi-
antenna electronic (-2 00" to +200" F) cator, panel 3)  CWEA 
assembly temper- 1 .  7 to �. -t vdc (IlEA TER caution 
aturc - GT045·1 light) 

PCMTEA 

SOG-3 (20) 

ECS 1\lain sublimator Circuit No. 4 0 to 5 vdc PCJITTEA and display 
coolant outlet tem- (e20° to +12 0° F) 
perature - G F2 581 +70° F normal 
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2 . 9 . 4 . 2 . 1 D-C Amplifiers . 
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The d-e amplifier subassembly (50 1 - 1 )  contains four d-e amplifier channels which receive 
unipolar or bipolar analog voltage inputs and provides four single - channel linear outputs .  The unipolar 
input range is adjustable from 0 to +0. 2 volts de and 0 to +5 volts de . A maximum input of +0. 2 to + 5  
volts d e  provides a + 5 -volt output .  The bipolar input range i s  adjustable from -0.  1 t o  +0.  1 volts d e  and 
-2 . 5  to c 2 .  5 volts de . A maximum negative input of - 0 .  1 to - 2 . 5 volts de provides zero volts output . A 
maximum pos itive input of +0. 1 to +2 . 5 volts de provides a + 5-volt output. When operating in a unipolar 
mode ,  the output is directly proportional to the input. In the bipolar mode ,  zero input produces a +2 .  5 -
volt output. 

The inputs to the d-e  amplifier subassembly are amplified by a variable-gain d-e  amplifier 
and fed to a 1 .  8-kc modulator .  The modulated signal is routed through a transformer . for impedance 
matching and ground isolation. The signal is then demodulated and fed to a two-stage filter c ircuit that 
attenuates the ripple and provides the required bandpas s .  The d - e  signal is then fed to an output ampli
f ier  to provide a low output impedance . A zener diode across the amplifier limits the output to ensure 
that maximum and minimum voltage output l imits are not exceeded . A zero offset and gain control is 
provided so that zero input voltage results in zero output voltage and the proper gain is realized. 

2 . 9 . 4 . 2 . 2  Attenuator s .  

The attenuator subassembly (502-2) contains four separate attenuation channels , which pro
vide s ignal conditioning and input, output, and ground isolation. Each channel accepts either unipolar or 
bipolar analog d-e  voltage inputs and provides four single -channel outputs (0 to 5 volts de) . When operat
ing in the bipolar mode , the attenuators receive input signals with a range . which is adjustable from -2 . 5  
to +2 . 5 volts de and -20  to T20 volts de.  The maximum negative input (adjustable from -2 . 5 to -20 volts 
de} corresponds to a zero output ; the maximum positive input (adjustable from + 2 .  5 to +20 volts de) , to 
a +5-volt d-e output . Z ero input provides a + 2 .  5-volt output. When operating in the unipolar mode , the 
output is directly proportional to the input . In this mode . analog inputs are zero and 5 volts de (mini
mum attenuation) to 40 volts de (attenuation of 8, or a gain of 1/8) .  The maximum input corresponds 
to a +5-volt output . 

T he input signal is applied to an attenuator, which has a gain c ontrol for setting full-sca!e 
output for maximum input. T he attenuator output is conditioned by a d-e amplifier and fed to a transistor 
c hopper .  The chopper output is routed through a transformer for input, output, and ground isolation. 
This signal is then rectified and fed to a two-stage filte r that attenuates the ripple and provides the re
qutred bandpass. T he d-e signal is then fed to an output amplifier to provide a low output impedance .  A 
zener diode across the amplifier limits the output to ensure that the maximum and minimum voltage out
put limits are not exceeded. 

2. 9 .  4. 2. 3 AC -to-DC C onverters . 

E ach ac-to-de converter subassembly (503 - 2) contains three .separate ac-to-de converter 
nels , which condition sinusoidal a-c input signals within a frequency range of 400±20 cps to 800±20 cps . 
Each c hannel also provides input , outp11t , and ground isolation. The three single -channel analog out
puts are within a r ange of 0 to 5 volts de . The outputs are proportional to the average a -c voltage 
input . Converter gain is adjustable to provide full -s cale output (+5 volts de), corresponding to full
scale inputs of 21 to 31 and 100 to 150  volts rms . 

The input signal is applied to an attenuator,  which has a gain control for setting full-scale 
output for maximum input. The attenuator output is fed through an a-c amplifier to a transformer for 
input. output . and ground isolation. After demodulation by a precis ion rectifier . the signal is fed to an 
active filter tha\ attenuates the ripple and provides proper bandpass and low output impedance . A zener 
diode across the amplifier limits the output to ensure that the ma..'limum and minimu m voltage output 
limits are not exceeded . 

2 . 9 . 4 . 2 . 4  Analog Signal Isolating Buffers . 

The analog s ignal isolating buffer assembly (504-1)  contains four buffer channels which 
receive 0- to 5-volt d-e input signals and provide input, output, and ground isolation and unity gain at its 
four single- output channels . Operation of the buffer channels is similar to that of d-e  amplifier 
subassembly 50 1 - 1 .  except that they all are unipolar and have a fixed unity gain. 
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The input signals are conditioned by a unity gain d-e amplifier and fed to a transistor 
chopper . The chopper output is routed through a transformer for input, output, and ground isolation. 
The signal is then rectified and passed through a filter that attenuates ripple and provides proper band
pas s .  The filter output is fed to an output buffer amplifier to provide a low output impedance. A zener 
diode across the amplifier output ensures that the maximum and minimum voltage output limits are not 
exceeded. 

2 . 9 . 4 . 2 . 5 Discrete Signal Isolating Buffers.  

The discrete signal isolating buffer assemblies (504 - 2 ,  - 3 ,  - 4 ,  and 5) receive remote 
switch (solid-state or mechanical) closures and provide either 10 dual-channel, 12 single-channel, or 
12 dual-channel output step voltages, and solid-state closures . 

Buffer 504-2 has a floating input to provide isolation. The buffer has 10 dual buffer 
channels with discrete output step voltages (0 .  0 to 5. 0 volts de) .  Each channel is fully isolated from 
input, output, and ground. Upon receiving a mechanical or solid-state switch closure at the input , 
the selected channel provides two step voltage output signals . An inpu ·. of 14 to 2 8  volts de or an open 
circuit produces zero volts at the output. A discrete closure input actuates an electronic switch that 
connects a reference square-wave oscillator to a transformer for input-to-output and ground isolation. 
The signals are then rectified and fed to a filter that attenuates the ripple. A zener diode across the 
filter limits the output to ensure that maximum and minimum voltage output limits are not exceeded. 

Buffers 504 - 3 ,  -4, and -5 receive signals from floating sources ; the negative input te
-
r 

minals are grounded to  the LM 28-volt power supply . Buffers 504 -3 and -4 have 12 dual-channel outputs:  
buffer 504 -5 has 12  single-channel outputs . The dual channels of buffer 504 - 3  provide 24 discrete output 
step voltages that are isolated. These output voltages range from 3. 4 to 6 volts de when the buffer is 
turned on ; from 0 .  0 to 0 .  5 volt de when it is turned off. The dual channels of buffer 504 -4 provide 12 
discrete output step voltages that are isolated . They range from 3 . 4  to 6 volts de when the buffer is 
turned on ; from 0 .  0 to 0 .  5 volts de when it is turned off. These dual cha!U1els also provide 12 solid-state 
switch closure outputs that are used for talkback or lamp displays .  The single-channel outputs of buffer 
504 -5 p rovide 12 discrete output step voltages that are isolated. These voltages have the same range as 
those of buffers 504-3  and -4 . 

A discrete closure for these buffers actuates an electronic switch.  which connects the 
+28-volt d-e  power supply to a square- wave oscillator .  The oscillator is coupled to the output through 
a transformer for input , output and ground isolation . The signal is then rectified and fed to a filter 
that attenuates the ripple . A zener diode across the filter limits the output to ensure that maximum and 
minimum voltage output limits are not exceeded . 

2 . 9 . 4 . 2 . 6  Frequency-to-De Converters .  

The frequency-to-de converter subassembly {505- 1 )  contains three frequency-to-de con
verter channels that receive sinusoidal inputs with frequency variations between 380 and 420 cps and a 
carrier amplitude of 2 0  to 130 volts rms .  Zero volts de corresponds to the low limit of the input 
frequency range; 5 volts de ,  to the high limit of the input frequency range. 

The input sine wave is limited and changed to peaked pulses in a differentiator circuit. 
Each positive spike of the differentiator output triggers a one-shot multivibrator at a rate dependent upon 
the input frequency . The multivibrator has an accurate timing circuit , which maintains the on state for 
a definite period. Each state of the multivibrator actuates the switching of a prec ision d-e reference. c .. At the low -frequency limit, the differentiator and multivibrator outputs are equal in time periods, pro-
viding a zero-volt output. At the high-frequency limit, the outputs are unequal in time periods, pro-
viding a voltage that is amplified, transformer coupled for isolation, rectified, and filtered to a 5 -volt 
d-e  level . A zener diode across the amplifier output ensures that maximum and minimum voltage out-
put limits are not exceeded. 

2 . 9 . 4 . 2 . 7 Resistance-to-De Converters.  

The resistance-to-de converter subassemblies (506-3 and -4) contain four dual resistance
to-de converter channels . Each subassembly provides tv:o 0- to 5-volt d-e outputs, c orresponding to re
sistance values of the associated subsystem temperature sensors, at each c hannel. 
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Each resistance-to-de converter includes a de energized W heatstone bridge and an amplifier .  Bridge 
excitation is obtained from a precision regulator circuit. The bridge output is linear with tempera
ture changes as follows: 

Subassembly Temperature ( ' F) Resistance (ohms) 

506-3 +20 to + 120 1, 364 to 1, 67 1 
+20 to + 160 1, 364 to 1, 793  
+20 to + 200 1, 364 to 1, 9 14 
-200 to +200 665 to 1, 9 14 
-200 to +500 665 to 2, 795  

506-4 -60 to +260 1 ,  1 1 3 to 2, 092 

Each 506-3 bridge c ircuit can be shunted to change the bridge sensitivity in accordance with the 
required sensor resistance ranges . The 506-4 is a single - range unit. T he bridge output signal is 
amplified and provides a d-e output voltage, which is an analog of the input resistance .  The d -e voltage 
output is then processed through circuits that ensure that eac h channel provides tw o fully isolated 
voltage outputs . A zener diode ac ross the amplifier output ensures that maximum and minimum voltage 
output limits are not exceeded . 

2 . 9 . 4 . 2 . 8 Phase-Sensitive Demodulators. 

The phase-sensitive demodulator subassembly (507 - 1) receives a-c signals from L M  sub
syste ms, compares them to a reference signal of the same frequency, and provides 0- to 5 -volts d-e  
outputs . The subassembly c ontains four phase-sensitive demodul::!tor channels . E ach c hatmel includes 
an input amplifier, a demodulator, and an active filter .  The sinusoidal input voltage to be conditioned 
is of the same frequency as the phase reference signal and is either in phase or 180 out of phase with 
it (input signal is either positive or negative respectively) . F or negative signals, the output varies 
linearly from 2 .  5 to  0 volts: for positive s ignals, the output varies linearly from 2 .  5 to  5 volts .  The 
relationship between the input signal and the phase cf the reference signal, and the resultant d-e outp.ut 
is as follows: 

Input Voltage D-C Output 
(vrms) Phase Angle (Volts) 

Maximum 1 80° 0 
0. 5 maximum 1 80° 1 .  2 5  
0 . 0 1 80 ° / 0 °  2 . 50 
0. 5 maximum o o  3 . 7 5 
Maximum o o  5 . 0  

The input signal is fed to an attenuator and gain control circuit that permits adjusting 
the full-scale output to 5 volts de for an a-c input of 2. 8, 3 .  5, 15, and 26 volts. The signal then passes through 
an a-c amplifier to a demodulator , where it is compared to the reference signal. The r esultant 
demodulated s ignal passes through a filter circuit that provides the required bandpass. A zener diode 
ac ross the amplifier output ensures that maximum and minimum voltage output limits are not exceeded . 

2 . 9 . 4 . 3  Pulse-Code- Modulation and Timing E lectronics Assembly . 

The P C MTEA converts all data inputs generated by the subsystem sensors into serial digital 
output signals .  These s ignals are routed to the CS for transmission to MSFN or the CSM. The PCMTEA 
consists of pulse- code- modulation equipment that processes subsystem data and timing electronics 
equipment that provides timing and synchronizing signals to other LM subsystems.  The P C MTEA 
(figure 2.  9-2)  consists of the following: 
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• Pulse-code-modulation equipment 
Analog multiplexer gate drivers 
High-level analog multiplexer and high-speed gates 
Analog-to-digital converter (coder) 
C alibrator 
Programmer 
Digital multiplexer 
Output register and data transfer buffers 
Power supply 

• Timing electronics equipment 
Phase-locked oscillator and doublers 
Oscillator failure-detection circuits 
Decision network 
Timing generator 
Time accumulator and serial time code generator 

Analog Multiplexer Gate Drivers. (See figure 2.  9-5 . ) 

Upon command from the programmer , the analog multiplexer gate drivers perform the 
switching required by the high-level analog gates for sampling the analog inputs . Two basic types of 
drivers are used:  row and column. A row driver is used to activate 6 to 24 gates; a column drive::: . 
7 to 14 gates .  A row driver is a compound NPN transistor stage . used in the common-e mitter configura
tion. The row driver is switched on by a positive-going row command from the programmer. Each 
column driver is a two-stage . direct-coupled amplifier that uses NPN and PNP transistors connected in 
the common-emitter configuration. Each column driver is switched on bv a pos it i v e - going column 
command from the programmer .  

2 . 9 . 4 . 3 . 2 High-Level Analog Multiplexer and High-Speed Gates . (See figures 2 .  9 -6  and 2 .  9-7 . ) 

The high-level analog gates sample 277 high-level (0 to 5 volts) analog input channels from 
LM equipment and generate PAM outputs for each channel input. The pulses occur at the sampling rate 
of the channel; the amplitude of each pulse represents the analog input at sampling time . The high-level 
analog gates comprise matrix combinations in an OR-gate arrangement to provide as many as 24 channel 
inputs per row. with multiple rows forming the desired matrices . Fi\·e primary gates in each row use 
a common sequencer gate . The sequencer gate prevents a shorted primary gate from causing loss of 
data from more than four primary gates . The shorted gate is not affec ted and remains on.  allowing 
data to flow continuously . The matrices process the high- level analog inputs and supply four PAM 
outputs to the high-speed gates . The high-speed gates contain four electronic switches and four 
associated drivers;  they sharply time each pulse in the PAM train. The primary and secondary gates 
do not turn off sharply; therefore . the trailing edge of each PAM pulse at the input to the sequencer gates 
gradually trails off to zero.  The high-speed gates cut off each pulse sharply before combining all pulses 
into one serial PAM train . Commands from the programmer to the high-speed gltes connect the output 
of the high- level analog multiplexer to the input of the coder sample-and -hold c ircuitry . 

2 . 9. 4 . 3 . 3  Analog- to-Digital Converter . (See figure 2 . 9 - 8 . ) 

Controlled by the programmer , the analog- io-digital converter (coder) receives analog 
high- level PAM inputs from the high-speed gates. The coder converts analog inpl't data to digital 
form.  Based upon commands from the programmer . the coder provides a digital output o f  e ight-bit 
words to the digital multiplexer.  (Refer to paragraph 2. 9 .  4. 3. 6 . ) The coder converts the input 
voltages to an eight-bit binary code : zero volts is coded as binary 0000000 1 ( 1 10 ) :  5 volts ,  as binary 
1 1 1 1 1 1 10 (254 1 0 ) .  For each additional 1 9 .  7 -millivolt input, the binary code i s  increased b y  binary 
1 .  until the 5-volt level is obtained . Underscale voltages (less than zero) are represented as binary 
00000000 (O) ;  overscale voltages (more than 5 volts) ,  as binary 1 1 1 1 1 1 1 1  (2 5 5 10 ) .  The sample-and
hold circuitry of the coder comprises an input buffer amplifier , a charging capacitor with gates, 
and an output buffer .  The output buffer provides the voltage for driving the current-summing 
junction.  
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ANALOG MULTIPLEXER 
GATE DRIVER CARD A14A3 
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ROW 1 4  
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TO CARD A 14A2, 
A 1 7, A23, A24, A25 

AL FOR ALL CARDS 

Figure 2 .  9-5 .  Typical Analog Multiplexer Driver Card - Simplified Logic Diagram 

A. JOQLM"-61 

During a 39-microsecond sampling period, the capacitor is charged to the PAM analog 
input voltage from the high-speed gates . At the end of 39 microseconds , the sampling gate is disabled 
and the capacitor voltage appears at the output of the sample-and-hold output buffer .  Sample-and-hold 
commands from the programmer , coincident with the buffer output , initiate successive approximation 
cycles.  The timing generator is a counter that is matrix driven by an astable multivibrator that oper
ates at approximately 100 kc .  The generator provides eight sequential timing pulses to the coder . The 
pulses have separate inputs to the coder to provide timing for the weighted-current (WC) decisions 
sensed by the differential amplifier. At the beginning of each timing pulse,  a differential query pulse is 
generated and routed to the differential amplifier gate. 

Commands from the programmer reset all WC flip-flops, except the 128-bit flip-flop, to 
0 state . The 12 8-bit flip-flop is set to a 1 state, providing a path through the 128-bit weighted-
current gate (WCG) for the precision half-scale current input generated by the calibrated reference 
voltage. The PAM sample-and-hold output and the 128-bit WCG output are summed through their 
precision resistors and fed to the summing junction. If the resultant current at the junction is positive , 
the WC was less than the current produced by the PAM voltage. The differential amplifier senses the 
resultant positive current and applies an input to the differential amplifier gates. Query pulses are 
coincident with this input. For differential amplifier outputs that represent a resultant positive summing 
junction current, the query pulses set the differential amplifier flip-flop and provide a 1 output. This 
1 output is coincident with timing pulse No. 1 at the input to the 128-bit AND gate. The 1 output from the 
AND gate is fed to the 128-bit flip-flop, which initially was set to a 1 state . The flip-flop is not reset: 
the 1 output ( 128-bit) is stored . 
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Figure 2. 9-6 ,  High- Level Analog Multiplexer Card - Simplified Logic Diagram 

The timing pulse input fed to the 128-bit AND gate is also fed to the 64-bit WC flip-flop, 
setting the 64-bit WCG. Remaining 12 8-bit current (if any} , the 64-bit current, and the PAM analog 
current are now summed at the summing junction. The differential amplifier again senses the resultant 
current and accepts or discards the 64-bit WCG output. Discarding occurs when the query pulse 
prevents the d ifferential amplifier output from gating through to the differential amplifier flip-flop. This 
provides a zero input at the AND gates ;  there is no output to the digital multiplexer.  

This process continues through timing pulse No.  8 ,  at which time the least significant bit  is 
stored and the W C  flip-flops contain a parallel d igital representation of a code word. The flip-flop 
outputs are strobed through digital multiplexer gates to the output register , to be converted to serial 
NRZ data. 
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The calibrator produces two precision (0 .  1 8%) voltage outputs for system calibration. The 
desired outputs are 85% and 15% of 5 volts (4 .  25 and 0. 750 volts ,  respectively) .  The precision voltages 
are obtained by tapping the desired potentials from a precision resistor network. The calibrator outputs 
may be supplied to the analog gates by external jumpers.  The calibrator precision voltages are used in 
functional loop checks . to determine the operational status of the high-speed gates and the coder. 

2 . 9 . 4 . 3 . 5 Programmer. (See figure 2 .  9-9 . ) 

The programmer establishes the basic timing required for operation of the PC MTEA in the 
normal (5 1 .  2 kilobits per second) or reduced ( 1 .  6 kilobits per second) mode and controls sampling by the 
PCMTEA. To operate in the normal mode , the PC M TELE METRY switch (panel 12) is set to HI. To 
operate in the reduced mode , the switch is set to LO. The LO position is used when the LM is not in 
line of s ight with MSFN.  In this case data are transmitted to the CSM and then relaved to MSFN. 
Additionally, the LO position is used when the LM is on the lunar surface .  The programmer functions 
are as follows: 

• Establishes the basic intervals for timing periods , bits , words ,  prime frames , and 
subframes 

• Generates commands for analog and d igital sampling in conformance with a fixed 
progran1 

• 

• 

• 

Generates commands for coder operation and dat:t transfer operations 

Generates patterns for sync and format identification (ID) words ,  and the commands 
for inserting these words into the output of the PC MTEA 

Generates commands and timing s ignals used to synchronize other LM equipment 
with the PCMTEA. 
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Figure 2 .  9-9 .  Programmer - Block Diagram 

The programmer counter matrix is a flexible counter that provides submultiples of the 
basic 5 12-kpps clock input. The outputs are subsequently decoded to produce specific timing outputs . 
The counter logic consists of 17 bistable stages: seven stages are allotted for a word counter; six, for 
a 50-to- 1  prime frame ID counter ;  and four , for a 10-to- 1 prime frame counter .  Each stage of the 
counter is des!gnated by an F number.  The prime frame ID counter produces the s ix binary numbers 
that identify the prime frames.  The counter is cleared at the end of each subframe by the differ
entiated 1-cps input; it is then stepped through 50 binary states (000001 through 1 10010) .  The binary 
numbers are furnished to the dig·ital multiplexer gates,  for insertion into the PCMTEA data. Dur-
ing normal bit-rate operation, the binary numbers are inserted into word No . 4 of the data input. 
During reduced bit-rate operation, binary 000001 is inserted into word No . 4 of every frame . 

Normal and reduced bit-rate ID control logic implements the switchover from normal to 
reduced bit- rate mode within the programmer. It also produces a command to a digital multiplexer gate, 
which causes the bit-rate format code to be inserted into the PCMTEA serial train during word No. 5 of 
prime frame No .  1. This is accomplished by sampling the output of the remotely located bit-rate 
selector switch and storing this information in two bistables controlled by AND gates. When the normal 
bit-rate mode is selected to replace the reduced bit-rate mode . the mode information is stored at 
reduced word No .  4 .  (See figures 2 .  9-3 and 2 .  9-4 . ) The normal bit-rate ID command is then generated 
during reduced word No. 1 and the format ID word is inserted into the PCMTEA data at the digital 
multiplexer gates . Likewise, when the reduced bit-rate mode is selected to replace the normal mode ,  
the mode information is  stored at prime frame No . 1 ,  word No. 3 .  The reduced bit-rate ID command is 
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generated at normal bit-rate word No. 2 ,  prime frame No. 1. Switchover from normal to reduced bit
rate mode can be accomplished only at the start of a subframe. Thus, if a change is made after prime 
frame No.  1, word No. 3, the remainder of the subframe operates at the normal rate . In the next 
subframe , the reduced bit-rate ID is inserted in the format and the subframe operates at the normal 
rate . Switchover occurs at the start of the next subframe. 

2 . 9 . 4 . 3 . 6  Digital Multiplexer .  (See figure 2 .  9- 10 . )  

The first number in channel identification is the sampling rate of the channel .  The follow
ing letter (A or D) signifies analog or digital data. Letter P, PE,  S,  or H signifies parallel, parallel 
event, serial, or high level data, respectively . The last number ,  letter ,  or combination thereof 
identifies the individual channel. 

Based upon commands from the programmer, the digital multiplexer gates perform gating 
functions for digital inputs from the coder , programmer , time accumulator,  and other LM equipment . 
E ight-bit binary words , resulting from the coding of the analog channel inputs , are received by the 
digital multiplexer gates from the coder . From the programmer , the digital multiplexer gates receive 
a 32-bit word (channel 50DP1) consisting of a 2 6-bit sync code and six bits of frame ID (frame number) , 
and an eight-bit format (high-bit rate or low-bit rate) ID word (channel 1DP1 ) .  From the time accumu
lator, the digital multiplexer gates receive a 32 -bit word for mission elapsed time (channel 10DP1) .  
The digital multiplexer gates also receive multiple digital inputs from other LM equipment: sixty-two 
eight-bit words (channels 1DPE 1 through 1DPE4 5 ,  1DP2 through 1DP10 .  50DPE 1 through 50DPE 4 ,  
and 100DPE 1 through 100DPE4) and one 16-bit word (channel 2 00DPE 1) .  Each o f  these inputs is gated 
along with analog inputs , to the output register on a time-shared basis in the form of eight-bit words . 
Specific multiplexing of these inputs provides word outputs in a definite format . Measurement sampling 
rates and their recurrence are as follows: 

Samples Per Second 

1 
10 
50 

100 
200 

Recurrence 

Every 50th prime frame 
Every fifth prime frame 
Every prime frame 
Twice every prime frame 
Four times every prime frame 

Measurements assigned one sample per second will appear every 50th prime frame 6, 400 
words apart or once per subframe. (See figure 2. 9-3 . ) Measurements assigned 10 samples per second 
will appear every fifth prime frame , 640 words apart, or 10 times per subframe . If the measurement 
first appears in the first prime frame it will next appear in the sixth prime frame and each fifth prime 
frame thereafter . If the measurement first appears in the second prime frame, it will next appear in 
the seventh prime frame and each fifth prime frame thereafter .  For 10-sample-per-second measure
ments , this repetition appears as follows : 

Prime Frame in Which 
Measurement First Appears 1 2 3 4 5 

6 7 8 9 10 
1 1  12 13 14 1 5 

Repeated frames 16 17 18 19 2 0  
2 1  22 23 24 2 5  
2 6  27  2 8  2 9  30 
3 1  32 33  34  3 5  
3 6  37 38  39  40 
4 1  42 43 44 45  
46  47  48  49 50 

Total Samples Per Second 10 10 10 10  10  
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Measurements assigned 50 samples per second will appear once each prime frame , 128  
words apar t .  o r  50 times p e r  subframe ( 1  second) . Measurements assigned 1 0 0  samples p e r  second 
will appear twice per prime frame , 64 words apart,  or 100 times per subframe . Measurements 
assigned 200 samples per second will appear four times per prime frame , 32 words apart, or 200 times 
per subframe . When a digital input consists of more than eight bits , the eight most significant bits of 
the input word are gated to the output register first, then the eight next most significant bits . 

Each digital multiplexer gating structure consists of nine eight-bit word gates . The binary
weighted outputs of these nine gates are OR-gated to eight output lines .  Each word gate consists of eight 
AND structures (one for each bit of input) , followed by an isolation diode that is junction OR-gated to the 
weighted output lines . Multiplexing of the word inputs is controlled by inputs from the programmer .  
When a word is  to  be  gated to  the output register ,  the eight-bit AND structure is  strobed by  a word 
command from the programmer . The input word configuration is transferred to the output register 
through the junction OR gates . 
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The gating structure used for each word gate consists of eight input diodes connected with 
the collector of a two-stage complementary gate driver and eight isolation diodes.  Each junction is OR
gated with the same binary-weighted output of eight other word gate!o The AND function is controlled 
by the gate driver output. During nonsampling time, each input diouc· is reverse biased by a negative 
voltage on the collector of the final stage of the driver. When data are to be gated to the output register,  
the gate driver is pulsed by a word command from the programmer . This saturates the gate driver,  
providing drive to set a 1 into each stage of the output register ,  corresponding to the digits of the digital 
word that are 1 (in excess of +3 . 5 volts) at the input. If a digit is 0 (less than + 1 .  5 volts) , the input 
diode is forward biased and the set current is inhibited. 

2 . 9 . 4 . 3 . 7  Output Register and Data Transfer Buffers .  (See figure 2 .  9- 1 1 .  ) 

The output register receives eight-bit (parallel-by-bit) PCM words from the digital multi
plexer gates and converts these data into serial PCM outputs . It also receives 40- and 24-bit serial 
binary inputs (c hannels 50DS1 and 50DS2) from other LM equipment and converts these data to PCM 
outputs .  The data transfer buffers accept data from the output register,  and inputs from the programmer 
and TE , to provide the following PC M output signals: 

NRZ data 
RZ data 
Split-phase data 
Data rate timing 
Subframe sync 
Two subcarrier reference signals 
One 40-bit serial start 
Two 40-bit serial stop 
Two 40-bit serial sync 
One 24-bit ser ial stop 
One 24-bit serial sync.  

The output register consists of  an eight-stage shift register,  a shift pulse driver,  and 
serial data transfer gates . E ight-bit words (bits 1 ,  2 ,  . . .  B) are parallel loaded into the s hift register 
from the digital multiplexer gates,  on word command to the gates from the programmer. The word 
command is active during bit B of B of each word time that an analog or parallel digital input is sampled. 
Each binary 1 sets a stage of the shift register. Each stage of the shift register is a conventional, 
saturating bistable that uses an input driver and negative steering diodes . During the next word time, 
the word is shifted out at the bit rate, with the most s ignificant bit (bit B) shifted out first. This is 
accomplished by shift pulses developed by the shift pulse driver from a bit rate input furnished by the 
programmer . The final stage of the shift register drives the NRZ , RZ , and split-phase bistables .  

The 4 0 - and 24-bit serial words are also processed by the shift register .  These serial 
words are transferred synchronously from other LM equipment by start .  stop , and bit sync pulses 
furnished by the PCM equipment. Each bit of the words is AND-gated with the word command from the 
programmer , at the serial data transfer gates and furnished as an input to the eighth stage of the shift 
register . Each bit is subsequently entered into this stage and shifted out by the shift pulse as serial 
PC M data. The 50DS1 and 50DS2 inputs are inserted in words No. 1 2 1  through 12B of each prime frame 
during operation in the normal bit-rate mode . When operating in the reduced bit-rate mode ,  channels 
50DS1 and 50DS2 are not sampled. 

The data transfer buffers supply a start pulse one bit time before the beginning of the serial 
digital readout, 40-bit sync pulses (one each read time) ,  and a stop pulse one bit time after readout of the 
40th bit.  

2 . 9 . 4 . 3 . 8 Power Supply . 

The PCMTEA power supply (double-thickness card) is a de-to-de converter .  It converts a 
+2 B-volt input to highly regulated outputs for the PCM analog blocks (+20,  -20 ,  + 10 ,  - 10 ,  and +6.  3 volts) 
and the PCM digital blocks (+ 10 ,  +6 , + 3 .  3, and -3 . 3  volts) .  The power supply also fulfills the power 
requirements of the TE . 
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2 . 9 . 4 . 3 . 9  Phase- Locked Oscillator and Doublers.  (See figure 2 .  9 - 12 . ) 
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DATA TRANSFER 

BUFFERS 

B-3�4-n 

A 1 ,  024-kpps signal from the LGC is routed to the TE doubler circuits through two parallel 
paths (primary and secondary) . In the secondary path, a 2 ,  048-kpps signal (doubler circuit output) 
controls the phase-locked oscillator .  This temperature-compensated quartz crystal oscillator continues 
to operate and drive the timing generator if the 1 ,  024-kpps input from the LGC fails . Additionally, if the 
Schmitt trigger D output in the primary path fails to drive the timing generator , the phase-locked 
oscillator provides the redundancy needed for the timing generator to produce synchronizing signals for 
PCM outputs and other LM subsystems . 

2 .  9. 4 .  3 . 10 Oscillator Failure-Detection Circuits No. 1 ,  2 ,  and 3.  

Three failure-detection circuits in the TE monitor the status of the phase- locked oscillator 
in the secondary path. Failure-detection circuit No. 1 monitors the output of the phase-locked oscillator's  
buffer and provides a digital status signal to the digital multiplexer in  the PCMTEA. Failure-detection 
circuits No. 2 and 3 monitor the 1024-kpps s ignal from the LGC and the output of the phase-locked 
oscillator in the secondary path, and provide an analog status signal to the high-level multiplexer in the 
PCMTEA. If either signal fails, MSFN is cautioned that the TE synchronization output signals to the 
PCM and other LM subsystems are only being supplied through the primary path to the timing generator 
or by an unsynchronized phase- locked oscillator in the secondary path. 
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2 .  9. 4 .  3 .  1 1  Decision Network. (See figure 2 .  9 - 12 . ) 

The decision network is triredundant; it receives inputs from the parallel primary and 
secondary paths in the TE . The primary input from Schmitt trigger D reaches the decision network 
before the input from the phase-locked oscillator. The triredundant circuit allows the phase-locked 
oscillator to continue driving the timing generator if the primary input from Schmitt trigger D does not 
appear at the decision network input. Schmitt triggers A, B, and C s imultaneously route outputs from 
the network to drive the tim ing generator ripple counter s .  For t h e  timing generator t o  continuously 
provide synchronizing pulse;; , two of the three Schmitt trigger outputs (A. B,  and C) are necessary . 

2 .  9 .  4 .  3 .  12 Timing Generator . (See figure 2. 9 - 1 2 .  ) 

The timing generator consists of triredundant majority voting logic that divides the 2 ,  048 
kpps inputs from the decision network into 5 12 -kpps signal for the CS .  The timing generator also divides 
the 5 1 2 -kpps signal down to 1 pps .  The redundant counters provide outputs at 5 12 .  6 .  4, and 1 .  6 kpp s ;  
10 pps ; and 1 p p s  through t h e  PC M and T E  transfer buffers for other LM subsystems and displays.  All 
division is done by integrated circuit bistables . The redundant outputs from each counter are fed to AND 
gates.  If one of the three outputs from the counters to the AND gates fails , the AND-gate arrangement 
provides a continuous output from the two other counters . 

2 .  9. 4 .  3 .  13 Time Accumul:.ltor and Serial Time Code Generator . (See figure 2 .  9- 1 2 . ) 

The time accumulator is a nonredundant device that comprises integrated c ircuitry that 
accepts the 1-pps signal from the redundant counters in the timing generator and divides it into binary
coded -decimal (BCD) outputs (seconds , minutes , hours , and days) .  Total recycling occurs al 39  days . 
An automatic reset c ir cuit resets the tim8 accumulator when power is initially applied to the PC MTEA. 
The BCD outputs are fed ,  in paralle l ,  to the ser ial time code generator as a 26 -bit time code signal . 
The 26 bits represent m iss ion elapsed time . The generator output ( 100 bits per second in NRZ - C  
for mat) i s  routed , with the most significant bit first, to the DSEA for time correlation o f  recorded 
voice .  The first 24  bits are a synchronization code; the following 26 bits represent mission elapsed 
time . 

2 . 9 . 4 . 4  Caution �wd Warning E lectronics Assembly. (See figure 2 .  9- 1 3 . )  

The CWEA provicies the astronauts and MSFN with a continuous rapid c heck of L M  status 
dur ing manned missions . By continuously monitoring the data supplied by the SCEA. malfunctions are 
i mmedi<>.tely detected. When a malfunction is detected , t he CWE A proYides signals that light caution 
lights (panel 2 ) .  warning lights (panel 1 ) ,  component caution lights . and MASTER ALARM pushbutton/ 
lights (one each O!l panel 1 a nd 2 ) .  A malfunct ion also activates a 3 -kc si�;nal that provides a tone in 
the astronaut headsets . and supplies the PC MTEA with a telemetry signal . The warning lights (red) 
indicate malfunctions that jeopardize astronaut safety and require immediate action. The caution lights 
(yellow) indicate malfunctions that do not necessarily require immediate action. 

The CWEA compares analog signals (between 0 and 5 volts de) from the SCEA with pre
selected internally generated limits supplied by the caution and warning power supply as reference 
voltage . In addition to the analog inputs . the CWEA receives discrete on-off and contact c losure signals . 
All inputs are applied to detectors (analog; and discrete) in the CWEA. The detected s ignal is routed 
through log.ic c ircuitry.  ena!Jling the nece ssary relay contacts for the caution or warning light s .  
Simultaneously . the signal is routed t o  a master flip-flop that energizes a master relay drive r ,  enabling 
relay contacts .  These relay contacts route the signal to ligh' the MAST E R  A LARM pushbutton/lights 
and provide the 3 -kc tone to the astronZJ.ut headsets . Pressiic� either MASTER ALARM pushbutton/light 
extinguishes both lights and terminates the tone, but has no effect on the caution or warning lights . 
The MASTER A LARM pushbutton/lights are not resettable when the C/W PWR caution light goes on. 

The CWEA channel detector logic also rec eives automatic reset signals from the power 
supply assembly, and manual caution and manual warning reset s ignals from LM subsystems.  The thrust 
chamber assembly (TCA) logic accepts command input signals that correspond to TCA operation. Auto
m�ttic reset signals from the power supply assembly and reset signals from LM subsystems are accepted 
by the TCA logi c .  TCA outputs are routed simultaneously to a warning relay driver and a talkback relay 
driver . whic h  operate the RCS TCA warning light and a particular QUAD talkback, depending on the quad
rant in which the TCA (system A or B) failed. The master flip-flop monitors the output of all caution and 
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Figure 2. 9 - 1 3 .  CWEA - Functional Block Diagram 

A J00lM4 197 

warning relay drivers.  When one of these relay drivers is energized , the master flip-flop energizes 
master relay drivers .  These drivers operate relays whose contacts provide a path to actuate an 
electronic switch and a telemetry channe l.  When the electronic switch contacts close,  a signal is 
routed to light both MASTER ALARM lights. Resetting the MASTE R  A LARM pushbutton/lights does not 
affect a caution. warning. telemetry , component caution lights . or talk backs . These malfunction 
indications remain until the cause is eliminated or until the appropriate reset or inhibit signal is applied. 
The telemetry channel provides MSFN with the malfunction indication. The power supply assembly not 
only provides operating voltages for the CWEA; it has automatic reset and failure-detection c ircuits . 
The automatic reset circuits operate when power is turned on; they reset the master flip-flop and all 
resettable CWEA logic circuits . Power supply failure is sensed by the failure-detection c ircuit, which 
operates relays that cause the MASTER ALARM pushbutton/lights and the C/W PWR caution light to go 
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on and close a telemetry channel . The 1 6 .  3-volt d-e  output of the power supply asse mbly pro,·ides a 
regulated voltage to a precision voltage reference supply . This supply provides a precise zener voltage 
reference for comparing input signal voltages in the CWEA channel detector logic c ircuits . 

Individual caution and warning light logic circuit - ' figure 2 .  9 - 1 5) arc discussed in the follow-
ing paragraphs . Figure 2 .  9 - 1 5  shows input functions . SCEA. d CWEA logic elements , and output data 
involved in routing a malfunction signal to a caution or warning 1ight. SCEA interfacing of signals is 
discussed in detail in paragraph 2 .  9. 4. 2 .  In all cases the output of the CWE A enables a relay driver 
which energizes a relay , and the closed contacts of this relay cause the cauti on or warning light to go on. 
To avoid repetition this ope;:-dLion is not described for each light. Failure modes detected by the CWEA, 
malfunction limits , and inhibit . enable ,  and reset signals discussed in the following p:tragraphs are 
summarized in table 2 .  9 - 3 .  In the " Light (Te lemetry Code No . ) "  column of the table, the letter "C" 
denotes a caution light , the letter "W''  a warning l il':ht. 

2 . 9 . 4 . 4 . 1 MASTER ALAR M Pushbutton/ Lights and C /W PWR Caution Light . (See figure 2 .  9 - 1 4 . ) 

The C /W PWR c aution light goes on if any one or a combination of the regulated voltages 
(+2 3 ,  +9 ,  +4,  -3 volts de)  or the 10 kc chopper driver voltage generated by the CWEA power supply fails . 
The CWEA power supply receives 2 8  volts de from the LM Pilot's bus through the INST: CWEA c ircuit 
breaker (panel 16) and provides regulated voltages for the CWEA logic c ircuits and the prec ision voltage
regulated supply (PVRS ) .  The PVRS supplies a highly regulated reference voltage to the CWEA com
parators , where inputs from various subsystems are compared for the correct operating voltage . Power 
supply outputs are sent to level detectors ;  the output of these detectors is applied to a NAND gate. 
Normally , when all voltages are present the NAND gate is enabled and the output of the gate is at ground, 
energizing the coil of relays K5, K6 , and K7 . The relay contacts open the ground path for the C/W PWR 
caution light and the MASTER A LARM light causing the m to go off . If a low-voltage condition occurs on 
any power supply output or an overvoltage condition on the +9-volt output , the NAJ\TD gate is disabled. 
deenergizing K5 , K6 , and K7 . Deenergizing these relays causes their contacts to close . Contacts 
of K7 provide a ground to light the C/W PWR caution light; contacts of K5 , K6 , and K7 provide a ground 
to light the MASTER ALARM pushbutton/ lights . 

Ground for the MASTER ALARM pushbutton/lights is also supplied if a L M  subsystem mal
function is sensed by the CWEA master flip-flops .  These flip-flops route the signal to master relays K l ,  
K2 , and K 3 .  Contacts o f  these relays, connected to the same c ircuit a s  those o f  relays K 5 ,  K6 , and K7 , pro
vide a primary ground path to light the MASTER ALARM pushbutton/lights . The LM Pilot's bus voltage 
used for the pushbutton/lights and the ground provided when a malfunction signal is generated are also 
routed to the tone generator in the S&C control assembly. The tone generator routes a 3 -kc tone to 
the astronaut headsets . Except if the C /W PWR caution light is on, the MASTER ALARM pushbutton/ 
lights are resettable .  Pressing either pushbutton 'light resets the master flip-flops and deenergizes 
the master relays .  This interrupts the ground path, extinguishes both pushbutton; lights , and terminatE· 
the 3 -kc tone , but has no effect on the caution or warning light. If the C/W PWR caution light is on, its 
relays provide a redundant ground path for the pushbutton/lights . Pressing either pushbutton/light reseb 
the master relays and interrupts its ground . The redundant ground provided by the C/W PWR caution 
light relays maintain the MASTER ALARM pushbutton/lights on. 

2 . 9 . 4 . 4 . 2  CABIN Warning Light. (See A. figure 2 .  9 - 1 5 . ) 

The CABIN warning light goes on to indicate a loss of cabin oxygen pressure due to a mal
function. If cabin pressure drops below 4. 15 psia, a solenoid in the ECS opens the emergency oxygen 
valve , sending a signal to a d iscrete voltage detector in the CWEA. The detector output enables an AND 
gate causing the CABIN warning light to go on. When cabin pressure exceeds 4 .  45 psia, the e mergency 
oxygen valve closes ,  removing the signal to the CWEA and causing the light to go off . 

During the egress mode,  setting the CABIN REPRESS valve on the ECS module to MANUAL 
causes the e mergency oxygen open valve - pos ition- indicator switch to send an inhibit s ignal to the CWEA. 
This signal is inverted , disabling the AND gate , and thereby inhibiting the light. 
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ECS Caution Light. (See B,  figure 2 .  9 - 1 5 . ) 

The ECS caution light goes on to indicate a glycol pump No. 2 failure . suit fan No . 1 failure , 
excessive C02 partial pressure, or a water separator No. 1 or 2 failure. 

If glycol pump No. 1 fails , the GLYCOL component caution light (panel 2 ) goes on and pump 
No. 2 is selected. If pump No . 2 malfunctions a low-pressure sensor in the coolant recirculation assem
bly sends a s ignal to a discrete voltage detector in the CWEA.  The output of this detector enables an OR 
gate which causes the ECS caution light to go on. The ECS caution light goes off when normal coolant 
pressure is restored. 

If suit fan No . 1 malfunctions ,  a low-pressure sensor in the ECS suit fan assembly sends a 
signal to a discrete voltage detector in the CWEA, enabling the OR gate and causing the ECS caution 
light to go on. The SUIT FAN component caution light (panel 2 ) also goes on at this t ime·. Setting the 
SUIT FAN selector switch (panel 2 ) to 2 selects suit fan No.  2 (backup mode) and causes the ECS 
cautior 1 ight and SUIT FAN component caution light to go off. 

If C02 partial pressure exceeds approximately 7. 6 mm Hg (refer to calibration curve in B ,  
figure 2 .  9 - 1 5  for specific value) a sensor signal greater than 2 .  274 volts d e  i s  detected by a CWEA 
comparator. The comparator output enables the OR gate, causing the ECS caution light to go on . The 
comparator output is also routed to the COz co: · ,nonent caution light (panel 2 ) causing it to go on. The 
increase in C02 partial pressure is monitored ,,:J the PART PRESS C02 indicator (panel 2) . The ECS 
caution light and C02 component caution light go off when nominal C02 partial pressure is restored. 
Setting the C02 CANISTER SE L valve on the ECS module to SEC selects the backup mode. The primary 
C02 cartridge can now be replaced and the C02 CANISTER SE L valve returned to the PRIM position. 
Monitoring the PART PRESS C02 indicator ensures that C02 partial pressure is restored. 

If the operating water separator malfunctions . a low rpm signal .  indicating less than 
792 . 5 rpm (refer to calibration chart in B ,  figure 2 .  9 - 1 5  for specific value) is detected by a comparator ( in the CWEA. The comparator output enables the OR gate causing the ECS caution light to go on . The 
comparator output is also routed to the H20 SEP component caution light (panel 2 ) causing it to go on. 
The lights go off when nominal water separator speed is restored. If separator No . 1 fails , separator 
No. 2 can be selected by pulling the WATER SEP SE L valve handle on the ECS module . 

I 2 . 9 . 4 . 4 . 4 Deleted 
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G LYCOL Caution Light. (See D ,  figure 2. 9 - 1 5 . ) 

The G LYCOL caution light goes on to indicate low coolant quantity in the primarv coolant 
loop or high coolant temperature . sensed at the heat transport section sublimator outlet , in the primary 
coolant loop . If only 10% of coolant remains in the coolant accumulator a low-level sensor sends a 
signal to a d iscrete voltage detector in the CWEA. which enables the OR gate . If coolant temperature 
exceeds +49 .  98° F. a comparator in the CWEA also enables the OR gate. The OR -gate output is applied 
to an AND gate enabled by an inverted outpur from the GLYCOL switch (panel 2 ) ,  causing the G LYCOL 
caution light to go on. Coolant temperature may be monitored on the G LYCOL temperature indicator 
(panel 2 ) .  Setting the G LYCOL switch to INST (SE C )  inhibits the AND gate and causes the light to 
go off . 

2 . 9 . 4 . 4 . 6  02 QTY Caution Light . (See E ,  figure 2 . 9- 1 5 . ) 

The 02 QTY caution light goes on, before staging, to indicate a low-quantity condition 
(less than approximately 5%) in the descent oxygen tank or a less-than-ful l  condition (less than approx
imately 80%) in either ascent oxygen tank. After staging, the 02 QTY caution light goes on to indicate a 
low-quantity condition (less than approximately 10%) in ascent oxygen tank No. 1 .  To determine which 
tank is low, the 02/H20 QTY MON selector switch (panel 2 )  is cycled through all positions and the 
corresponding quantity is monitored on the 02 QUANTITY indicator (panel 2 ) .  

If descent oxygen tank pressure drops below 1 3 5 .  0 psia, a CWEA comparator sets a flip
flop . In the same manner ,  asc ent oxygen tank No. 1 pressure less than 6 8 1 . 6 psia or ascent oxygen 
tank No .  2 pressure less than 6 82 . 4  psia sets a flip-flop through an OR gate . Either flip-flop in a set 
condition enables an OR gate whose output is applied to an AND gate . which is enabled by the normally 
closed contacts of the staging deadface r elay. When enabled, the output of this AND gate is applied 
through an output OR gate to the 02 QTY caution light. causing it to go on.  Separation of the ascent and 
descent stages opens the staging deadface relay contacts . disabling the AND gate and causing the light 
to go off . If . after staging, the ascent oxygen tank No. 1 pressure drops below 99. 60 psia, a CWEA 
comparator sets a flip-flop . The output of the flip-flop is applied to the 02 QTY caution light through 
the output OR gate, causing the light to go on . 

In all cases ,  the light can be turned off by setting the 02/H20 QTY MON selector s witch 
to C/W RESE T .  This applies a s ignal to the r eset side of each flip-flop, res etting it . If the des cent 
tank malfunctions ,  the #1 ASC 02 (ascent tank No.  1 )  valve on the ECS module must be opened . The • 

02 QUANTITY indicator is monitored for this tank by setting the 02/H20 QTY MON selector switch to 
ASC 1 .  If ascent tank N o .  1 indicates a low quantity , the #2 ASC 02 (ascent oxygen tank No.  2) valve 
on the ECS module must be opened . 

2 . 9 . 4 . 4 . 7  SUIT/ FAN Warning Light. (See F ,  figure 2 .  9 - 1 5 . ) 

The SUIT / FAN warning light goes on to indicate a lack of suit pressure or a suit fan mal
function. Suit pressure is c irculated by one of two fans. If fan No .  1 malfunctions, the astronaut 
switches to fan N o .  2 .  If fan No.  2 also malfunctions a signal is sent to a disc rete voltage detector in 
the CWEA. The detector output enables an OR gate , causing the SUIT/ FAN warning light to go on.  The 
SUIT/FAN warning light also goes on if suit pressure drops below 3. 1 1  psia. This condition, detected by 
a CWEA comparator , enables the OR gate and causes the SUIT/ FAN warning light to go on. In addition, 
a signal from the comparator energizes a CWEA relay , which energiz es a relay of the torn suit protection 
circuit. These contacts close the suit isolation valves .  isolating the individual oxygen loops .  Micro
switches on the valves c lose,  routing ground s ignals through the CABIN PRESS switch to energize the 
cabin repressurization valve . Suit pressure may be read on the SUIT PRESS indicator (panel 2 ) .  

Restoring suit pressure to 3 .  1 1  psia o r  more causes the light to g o  off i f  the suit fans 
are operative. If the light is on due to a faulty suit fan, opening the ECS:  SUIT FAN LlP circuit breaker 
(panel 16) causes it to go off . 

2 . 9 . 4 . 4 . 8 RCS A REG and RCS B REG Warning Lights . (See G ,  figure 2 .  9- 1 5. ) 

The RCS A REG warning light goes on to indicate a high- or low-pressure condition in the 
helium line of the RCS.  If helium pressure exceeds 2 1 8 . 8 psia or drops below 164. 4 psia, the 
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maliuncti · is detected by a high- or low-level comparator in the CWEA.  The comparator output is 
applied to an AND gate through an OR gate , enabling the AND gate and causing the RCS A REG warning 
light to go on. Helium r ·  c·ulator pressure for syste m A may be monitored on the A PRESS indicator 
(panel 2 ) .  

I n  the event of a malfunction, the defective system can b e  shut down b y  setting the MAIN SOV 
SYS A switch (panel 2) to C LOSE . This closes the main shutoff solenoid valves of system A, sending 
an inhibit signal to the AND gate in the CWEA and causing the light to go off. The closed-valve condition 
is indicated by the MAIN SOV SYS A talkback (panel 2 ) .  

The logic and operation of the RCS B REG warning light (for system B )  are identical with 
that for the RCS A REG warning light (for system A) . 

2 . 9 . 4 . 4 . 9 RCS Caution Light. (See H,  figure 2 .  9 - 1 5 . ) 

The RCS caution light goes on when RCS helium tank pressure (system A or B) drops below 
1 6 96 psia. Low-pressure signals are routed from pressure transducers at the helium tank of each system 
to low- level comparators in the CWEA. Detection of a low-pressure condition by a comparator sets a 
flip-flop. The output of the flip-flop enables an OR gate , causing the RCS caution light to go on . Setting 
the TEMP /PRESS MON selector switch (panel 2) to He resets both flip-flops . disabling the OR gate and 
causing the light to go off . Helium tank pressure may be monitored on the A PRESS or B PRESS indi
cators (panel 2 ) .  In the event of a malfunction, the re medial action is either to use the ascent interconnect 
(during ascent burn) or the crossfeed (before ascent pressurization) .  

2 .  9 .  4 .  4 .  10 ENG GMBL Caution Light. (See I. figure 2 .  9 - 1 5 . ) 

The E NG GMBL caution light goes on during descent engine operation if a difference between 
the gimbal drive signal and the gimbal response signal from the Y- or Z - axis gimbal drive actuators ,  is 

( 

sensed. The pitch (Y) and roll (Z )  trim malfunction signals are detected by discrete voltage detectors in ( the CWEA. The output of e ither detector enables an OR gate , causing the ENG GMBL caution light to go 
on.  The R CS duty cycle (propellant quantity depletion rate) may be monitored on the A and B QUANTITY 
indicators (panel 2) to determine the eJ-.ient that the center of gravity and trim are off . 

2 . 9 . 4 . 4 . 1 1  HEATER Caution Light. (See J, figure 2 . 9 - 1 5 . ) 

The HEATER caution light goes on to indicate an out-of-tolerance temperature condition in 
the S- band stee rable antenna assembly or the rendezvous radar antenna assembly . Detection of an out
of-tolerance condition signal by a high- or low- level comparato•· in the CWEA enables an OR gate,  the 
output of which sets a flip-flop. When set, the flip-flop enables the output OR gate,  causing the HEATER 
caution light to go on.  The out-of-tolerance temperatures that cause the HEATER light to go on are as 
follows : 

S-band steerable antenna assembly - less than -64 . 1 °  F or greater than + 1 53 .  7o F 

Rendezvous radar antenna assembly - less than - 50 . 48°  F or greater than + 1 4 8 .  go F 

To determine which heater malfunctioned, the TEMP MONITOR selector switch (panel .3) is 
cycled to RNDZ and S-BAND, and the corresponding temperature is monitored on the TEMP indicator 
(panel 3 ) .  When the TEMP MONITOR selector switch is set to the affected heater position, the flip-flop 
in the CWEA is reset, causing the light to go off . High-temperature conditions are eliminated when the 
affected heater assembly circuit breaker (HEATERS: S-BD ANT on panel 1 6 ,  HEATERS: RNDZ RDR ( on panel 1 1 ) is opened .  

2 . 9 . 4 . 4 . 12 RCS TCA Warning Light . (See K ,  figure 2 . 9 - 1 5 . ) 

The RCS TCA warning light goes on if there are repeated short commands or an extended 
command to fire a specific thruster ,  but no chamber pressure response at that thruster, or if opposing 
collinear j ets are commanded on simultaneously.  The logic shO\\ in figure 2 .  9 - 1 5  illustrates failure 
detection for the A4D and A4R jet driver pair and is typical for the other seven jet driver pairs.  
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Jet dri\·er commands are routed to a disc rete voltage detector in the CWE A .  The detector 
output enabl e s  an Ah'D gate Lf the SYSTEM A QUAD 4 switch is set to OPE N .  The AND gate output is 
routed to a three- input AND gate for detecting on failures . a counter for detecting off failures resulting 
from repeated short commands with no response ,  and an AND gate assoc iated with a pulse width 
diseriminator (PWD) used to ddect off failures resulting irom an extended command with no response.  
If either of the three log·ic e lements (AND gate , counter . or PWD) is enabled , the output enables an OR 
gate that sets a flip-flop .  The output of the set flip-flop enables an OR gate, causing the RCS TCA 
warn ing l ight �o go 011.  The Hip-flop ';Jutput is also routed to a QUAD talkback (SYSTEM A QUAD 4 talk
back.  in the case of A4D and A4R failures) .  Setting the SYSTEM A QUAD 4 switch to C LOSE resets the 
f l ip-flops and countet·s .  inhibits the command input AND p;ate , and causes the RCS TCA warning light to 
.:;o off. 

An 011 failure is a thrusting condition without the presence of an on command from the LGC. 
This condition is caused by a malfunction of the co mmand signai sources upstream of the TCA's or by a 
short cir cuit within the TCA valves . Uncorrected , this condition results in excessive propellant consump
tion . Opposing collinear TCA ' s  are not fired simultaneously unless it is necessary to compensate for the 
effect of a failed -on TCA. The AND gate senses this failure and causes the RCS TCA warning light to go 
on. 

TCA ' s  may not respond to all indi\·idual command signals if they are of short duration (less 
than 80±8 milliseconds) .  Pulse skipping i s  not cr itical until six consecutive short pulses do not produce 
a thrust response signal (off failure) .  After s ix pulses without a response , the next command pulse 
(even if accompanied by a response) enables the counter and causes the RCS TCA warning light to go on . 
If one long pulse (in excess of 80±8 milliseconds) is skipped and a thrust response signal is not produced. 
the input to the PWD is not inhibited: the PWD is enabled , causing the RCS TCA warning light to go on . 

2 .  9 .  4 .  4 .  1 3  DC BUS Warning Light. (See L .  figure 2 .  9 - 1 5 . ) 

The DC BUS warning light goes on to indicate a low-voltage condition (less than 2 6 .  5 volts) 
on the Commander ' s  or LM Pilot's d-e bus .  Conditioned s ignals representing d-e bus voltages are 
routed to low-level comparators in the CWEA. Detection of an out-of-tolerance voltage condition by a 
comparator enables an OR gate , causing the DC BUS warning light to go on.  Bus voltages may be 
monitored on the VOLTS indicator (panel 14) by setting the POWE R/TE MP MON selector switch (panel 14) 
to the CDR BUS or SE BUS (LM Pilot ' s  bus) . The light goes off when nominal voltage conditions are 
restored . 

2 . 9 . 4 . 4 . 14 INVERTER Caution Light. (See M, figure 2 . 9 - 1 5 . ) 

The INVERTER caution light goes on if the a-c bus voltage is less than 1 12 .  0 volts or if 
the a-c bus frequency is less than 3 98 . 0 cps or more than 402 . 0  cps . Conditioned signals representing 
a-c bus voltage and frequency are routed to CWEA comparator s .  Detection of an out-of-tolerance condi
tion by a comparator enables an OR gate. The OR gate output enables an AND gate , causing the INVERTER 
caution light to go on. Setting the INVERTER switch (panel 14)  to OFF thereby inhibiting the AND gate 
in the CWE A ,  or restoration of a within-tolerance condition causes the light to go off. Setting the 
INVERTER switch to 1 selects inverter No. 1 (backup mode) .  Voltage on the a-c bus may be monitored 
on the VOLTS indicator (panel 14) by setting the POWER/TE MP MON selector switch (panel 14) to AC 
BUS .  

2 .  9 .  4 .  4 .  1 5  BATTERY Caution Light. (See N ,  figure 2 .  9 - 1 5 . ) 

The BATTERY caution light goes on to indicate an overcurrent, reverse-current, or over-
temperature condition in any of the two ascent o r  five descent batter ies . If a malfunction occur s ,  a I 
failure sign�tl is sent to a discrete voltage detector in the CWEA. The output of any detector enables an 
OR gate . causing the BATTERY caution light to go on. To determine which battery malfunctioned the BAT 
FAULT component caution light must be monitored as the POWE R/TE MP MON selector switch (panel 14) 
is cycled from BAT 1 through BAT 6. The component caution light goes on when the POWER/TE MP MON 
switch is set to the affected battery position. The BATTERY caution light goes off when nominal 
conditions are restored or if the affected battery is turned off. 
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2 .  9. 4 .  4. 16 ASC HI REG Caution Light. (See 0. figure 2 .  9- L . )  

The ASC HI REG caution light goes on if the helium pressure downstream of the regulaton 
i n  the ascent helium lines exceeds 2 19 . 5 psia. A CWEA comparator detects a malfunction signal and 
causes the ASC HI REG caution light to go on. The light goes off when nominal pressure is restored. 

The remedial action, in the event of a malfunction, is to set the ASCENT He REG 1 and 
REG 2 switches to C LOSE . This closes ascent regulator solenoid valves No. 1 and 2 and causes the light 
to go off . If, upon opening valve No. 1, the light goes on, this valve malfunctioned; valve No. 1 must be 
closed and valve No. 2 opened . 

2 .  9 .  4. 4. 17 ASC PRESS Warning Light. (See P ,  figure 2 .  9 - 15 . ) 

The ASC PRESS warning light goes on if the pressure in either ascent helium tank drops 
I below 2 ,  773 psia before staging. The CWEA receives si gnals indicating hilium p ressure from the 

MPS. These inputs are routed to low -level comparators.  If the compared input is less than 2, 773 psia 
I (helium tank) , low -pressure signals are fed through an OR gate to an AND gate. An input signal from 

the staging deadface relay and the low -pressure input enable the AND gate and cause the ASC PRESS 
warning light to go on. If the pressure in a helium tank is low , the other tank is used. The light goes 
off upon separation of the descent and ascent stages. Stage separation disables the AND gate , and 

I the light is inhibited. 

2 . 9 . 4 . 4 . 1 8  ASC QTY Caution Light. (See Q ,  figure 2 . 9- 1 5 . ) 

The ASC QTY caution light goes on when the quantity of fuel or oxidizer re maining in the 
ascent tanks is sufficient for only approximately 10 seconds of burning time . Low-level signals are 
detected by a d isc rete voltage detector in the CWEA. The detector output enables an OR gate , the output 
of which enables an AND gate if an ascent engine-on signal is present. The AND-gate output causes the ( ASC QTY caution light to go on . Manually shutting dov-'11 the ascent engine prevents possible explosion due 
to depletion of either propellant before the other .  Additionally, this malfunction indication advises that 
ascent engine thrusting is not available for midcourse correction or rendezvous braking. If feasible , the 
astronaut will prepare to use the RCS for thrusting. 

2 . 9 . 4 . 4 . 1 9  DES QTY Warning Light. (See R .  figure 2 . 9- 1 5 . ) 

The D ES QTY warning light goes on if, before staging, the quantity of fuel or oxidizer in the 
descent tanks is sufficient for approximately 2 minutes of burn time. A discrete voltage is routed to a 
discrete buffer signal conditioner .  This provides a solid- state closure directly to the relay driver, 
causing the light to go on.  The CWEA is bypassed; therefore . the MASTER A LARM lights and tone do 
not go o n .  

2 . 9 . 4 . 4 . 20 DES REG Warning Light. (See S .  figure 2 . 9- 1 5 . ) 

The DES REG warning light goes on if, before staging, pressure in the descent helium lines 
downstream of the regulators exceeds 2 5 9 .  1 psia or drops below 2 1 9 . 2 psia. Out-of-tolerance s ignals are 
detected by hig·h- or low-level comparators in the CWEA. The output of the comparators is applied 
thro,ugb an OR gate . which is enabled by the normally closed contacts of the staging deadfaee relay . The 
Al\D- gate output is applied to the output AND gate . which is enabled by the output of a flip-flop. The flip
flop it; set by the descent engine ar m <.:ommand . When the output AND gate is enabled .  the DES REG 
w�trning light goes on. Restoration of nominal pressure.  or staging (which opens the contacts of the stag- 1 ._ ing de<tdfac:e relay . thereby inhibit in� the AND gate) . <.:auses the li�ht to go off. \ 

2 .  9 .  4 .  4 .  2 1  C E S  AC Warning Light. (Se e T .  figure 2 .  9 - 1 5 . ) 

The CES AC warning light goes on to indicate an excessive increase or decrease in voltage 
from the GN& CS 2 8 -volt , 800- cps . single -phase and 26 -volt. 800-cps , three-phase a-c power supplies . 
Cond itioned s ignals . representing a-c power supply output voltages are routed to the high- and low-level 
c o mp�nators in the CWEA. Out-of-tolerance \'Oltage s ignals are detected in the comparators; the output 
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of any comparator enables an OR gate which sets a flip-flop. When the flip-flop is set, the CES AC 
warning light goes on.  Momentarily setting the GYRO TEST switch (panel 3) to POS RT or POS LE F T  
resets the flip-flop and causes the light t o  g o  off. The light will not go o n  again until the out-of-tolerance 
voltage condition is corrected and another failure is detected. 

2. 9 .  4. 4 .  22 PRE AMPS Caution Light. (See U, figure 2. 9 - 1 5 . ) 

The PRE AMPS caution light goes on to indicate an out-of-tolerance condition (less than 
-4. 2 volts de or more than - 5 . 2 volts de)  in either of the two parallel redundant - 4 .  7 -volt d - e  power 
supplies in the CES ,  which power the TCA preamplifiers . Conditioned signals , representing voltage out
puts from the primary and backup - 4 .  7 -volt d-e  power supplies are sent to high- and low-level compara
tors in the CWEA. Out-of-tolerance signals ,  detected by the comparator s ,  enable an OR gate . The OR
gate output, along with the signal from the normally closed contacts of the staging deadface relay , enables 
an AND gate causing the PRE AMPS light to go on. Pressing the ABORT pushbutton (panel 2) inhibits the 
AND gate and causes the light to go off. The ABORT pushbutton is used when aborting a mission, using 
the descent engine.  After staging, the staging deadface relay contacts open ,  disabling the AND gate and 
causing the light to go off. 

2 . 9 . 4 . 4 . 23 CES DC Warning Light. (See V ,  figure 2 . 9 - 1 5 . ) 

The CES DC warning light goes on to indicate an excessive decrease or increase in voltage 
from the GN& CS +4.  3 - ,  +6- ,  - 6 - ,  + 1 5 - .  and - 1 5-volt d-e power supplies.  Conditioned signals repre
senting d-e power supply output voltages .  are routed to high-level comparators in the CWEA. Out-of
tolerance voltage signals are detected by the comparators .  The output of any comparator enables one of 
five two-input OR gates , setting a flip-flop through a five- input OR gate . When the flip-flop is set, the 
CES DC warning light goes on. Momentarily setting the GYRO TEST switch (panel  3)  to POS RT or POS 
LE FT resets the flip-flop and causes the light to go off. The light will not go on again until the out-of
tolerance voltage condition is corrected and another failure is detected. 

2 . 9 . 4 . 4 . 24 LGC Warning Light. (See W, figure 2 . 9 - 1 5 . ) 

During LM guidance computer ( LGC) operate periods ,  the LGC warning light goes on in the 
event of the following LGC failures: power failure, certain scaler failures , and restart or counter fail
ures . The light also goes on in response to an alarm test program. If an LGC failure occurs a failure 
signal is sent to a discrete voltage detector in the CWEA. The detector output enables an AND gate (if the 
GUID CONT switch on panel 1 is not set to AGS) causing the LGC warning light to go on. The light goes 
off when the failure is corrected or if the GUID CONT switch is set to AGS. In the AGS position, the 
signal from the GUID CONT switch disables the AND gate , causing the light to go off. 

2 . 9 . 4 . 4 . 2 5 ISS Warning Light. (See X,  figure 2 . 9 - 1 5 . ) 

The ISS warning light goes on to indicate a failure in the inertial subsystem section (ISS) of 
the 3. 2 - kc power supply, the pulsed integrating pendulous accelerometer (PIPA) during main engine 
thrusting, the gimbal servo, or the coupling data unit (CDU ) .  A failure s ignal from the ISS or an inhibit 
signal from the GUID CONT switch (panel 1) is routed through logic circuitry s imilar to that for the LGC 
warning light. The ISS warning light goes off when the failure is corrected or if the GUID CONT switch 
is set to AGS .  
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2 .  9. 4 .  4 .  26  RNDZ RDR Caution Light. (See Y ,  figure 2 .  9 - 1 5 . ) 

The RNDZ RDR caution light goes on if no tracking indication or if velocity data �· · ., not good. 
E ither condition c auses a failure signal to be sent to a disc rete voltage detector in the CWE A .  Nhen the 
RENDEZVOUS RADAR selector switch is set to AUTO TRACK, a signal is applied to a flip-flop, resetting 
it. The reset flip-flop inhibits the output AND gate , and the RND Z RDR caution light remains off even 
though a data-no-good c ondition may exist.  When both no tracking indication and velocity data-good
signals are sent to the CWEA, an OR gate is inhibited and the low-level output of this gate is inverted , 
enabling an AND gate and thereby setting the flip-flop. If a data-no-good condition occurs now, the RNDZ 
RDR caution light goes on because the output AND gate is enabled by the OR-gate output.  the set flip-flop 
output, and the no tracking indication input. The light goes off when the data-good condition or tracking 
indication is restored. 

2 . 9 . 4 . 4 . 27 AGS Warning Light. (See Z ,  figure 2 . 9- 15 . )  

The AGS warning light goes on to indicate an incorrect output from the abort guidance section 
(AGS) +2 8- and +12-volt d - e  and 28-volt, 400- cps power supplies or an abort electronics assembly (AEA) 
malfunction. Conditioned signals , representing voltage outputs of the d-e  supplies or the frequency of the 
output of the a-c supply, are routed to high- and low-level comparators in the CWE A .  Out-of-tolerance 
signals are detected by the comparators .  The output of any comparator enables an OR gate , which 
enables a c entral OR gate , which in turn enables an AND gate if the AGS STATUS switch (panel 6) is not 
set to OFF.  When the AND gate is enabled, it enables an OR gate which causes the AGS warning light to 
go on. If the memory and logic self-test results indicate an AEA malfunction. a failure signal is sent to 
a discrete voltage detector. The detector output enables the AND gate which enables an OR gate causing 
the AGS warning light to go on. Setting the AGS STATUS switch to OFF inhibits the AND gate and causes 
the light to go off. 

2 . 9 . 4 . 4 . 2 8 ED RE LAYS Caution Light. (See AA, figure 2 . 9 - 1 5 . ) 

The ED RE LAYS caution light goes on when a failure occurs in the master arm relay (K1) or 
in any one or combination of the stage sequence relays (K2 through K6) located in both ED relay boxes 
(EDS system A and B) . A malfunction signal from the EDS is detected by a discrete voltage detector in 
the CWEA. The detector output enables an OR gate, which enables an AND gate (if the MASTER ARM 
switch (panel 8) is not set to ON ) . causing the ED RE LAYS caution light to sO on. The SYS A and/ or SYS 
B component caution lip hts on the E XP LOSIVE DEVICES portion of panel 8 also go on. If any one or 
c ombination of relays K3 through K6 caused the ED R E LAYS light and the SYS A and/or SYS B component 
caution lights to go on. there is no way of isolating the faulty relay or relays.  However , K2 c an be reset 
by momentarily holding the STAGE RE LAY switch (panel 8) to RESE T .  If the lights go off K2 was at 
fault . If the lights do not go off, the ED: LOGIC PWR A and/ or LOGIC PWR B c ircuit breakers (depend
ing on which component caution light is on) on panels 11 and 16. respectively,  must be opened . 

The MASTER ARM switch (panel 8) must not be touched . If this switch is set to ON while a 
failure exists in the stage sequence relays,  a complete staging operation, or part of the staging operation 
(depending on which relay or relays failed) would result. Deactivating one EDS system (A or B) will not 
prevent performance of EDS functions. Either system can perform EDS functions . 

2 .  9 .  4 .  4 .  2 9  S-BD RCVR Caution Light. (See AB, figure 2 .  9 - 1 5 . ) 

The S- BD RCVR caution light goes on if the S-band rec eiver automatic gain control fails 
(los s of S-band uplink voice) . Loss of MSFN reception can be monitored on the SIGNAL STRENGTH 
indicator on panel 12 . It will indicate less than 1. Communications c an be obtained by setting the 
XMTR/RCVR switch (panel 12) to SE C .  The S-BD RCVR caution light c ircuitry is enabled only if the 
RANGE FUNCTIONS switch (panel 12) is set to TV /CWEA ENABLE. The light goes off when this switch 
is set to OFF /RE SET. 
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T�ble 2 .  9-3.  C�ution ancl W�rning Electronics Assembly - Malfunction Data Summary (Cant) 

CWEA 
Volt�ge 

Trip Light 
Level (Telem etry Inhibit/Enable 

Malfunction Illuminated By (\'olts de) Code No.  ) Reset (Telemetry Cork No. ) 

Low glycol Low-level s ignal (< 1 0% re- GLYCOL Inhibited when 
quantity maining in accum ulator) from (GL40 5 8 )  GLYCOL switch i s  

sensor i n  coolant accumulator c set to INST (SEC)  

Coolant H igh-temperature s i gnal 1 .  489 Restored Inhibited when 
evaporator (>+50° F) from sensor at sub- temperature GLYCOL switch i s  
outlet high limator outlet of primary set to INST (SEC)  
temperature coolant loop 

Low Low-pressure s ignal (< 1 3 5  0 . 5 02 QTY o2/H20 QTY Enabled by staging 
descent- psia or less than 5% re- ( GL4057 ) MON selector deadface switch 
oxygen-tank maining) from sensor in c switch set to 
quantity descent oxygen tank C/W RESET 

Ascent tank Less-than-full pressure s ig- 3 . 408 
No. 1 less- nal ( > 684 psia)  before staging 0. 498 
th�n-full or low-pressure s ignal ( > 9 9 .  6 
JHPSSUrc psia) from sensor in tank �ftcr 
or low staging 
pressure 

Ascent tank Less-than-full pressure s ig- 3 . 1 1 2  
No .  2 less- nal ( > G 8 2 .  4 psia)  from sensor 
than-ful l  i n  t�nk before staging 
prP- S S ll l'C' 
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Input Description 
(Tel emetrY Code l'!o . ) 

::;uit outlet p r c o sure 
(G F 1 3 0 1  P) 

Suit fan No.  2 
failure (G Fl 08·1X) 

Helium regulator 
pressure ,  system 
A (GR1 201 P) 

Helium regulator 
pressure,  system 
B (GR1202P) 

ncs helium 
pressure l::tnk A 
(G!U l 0 1 P) 

RCS helium 
pressure , 
tank B 
(GR 1 1 0 2 P) 
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Table 2 .  9 - :J .  Caution and Warning Electronics Assembly - M alfunction D:1ta Sum m a ry (cant) 

CWEA 
Voltage 

Trip Light 
Level (Telemetry lnhihi t/ Enable 

J\lal function illuminated By (volts de:) Code No. ) Reset (Telemetry Code Ne. ) 

Low suit Low-pressure s ignal (< :J .  1 1  l . S56  S U IT/FAN Restored 
pressure psia) from sensor in suit (GL4037) suit 
(spare suit c i rcuit w pressure 
con1pressor 
failure) 

Low ClP Low ClP signal across suit Inhibit - E CS: SUIT 
(< 6 in. H20) fan section when suit fan F AN 2 c i rcuit 
in suit fan No. 2 i s  in use (SUIT FAN breaker (panel 1 G) 
No. 2 component caution light , 

panel 2 ,  goes on. ) 

High or low High- or low-pressure 2 . 9 1 8  R C S  A REG Restored Inhibited if  main 
helium regu- s ignal ( >2 1 8 .  8 or < 1 6 4 .  4 2 . 349 (GL4032) pressure shutoff solenoid 
Ialor outlet psia) from sensor in w valves in system A 
pressure in hel ium line are closed (GR9609) 
RCS system 
A 

lligh or low High- or low-pressure 2 . 91 8  RCS B REG Restored Inhibited if main 
helium regu- signal (> 2 1 8 .  8 or < 1 61 .  4 2 . 349 (GL4033)  pressure shutoff solenoid 
lator outlet psia) from sensor in w valves in system B 
pressure in helium line are closed (GR96 1 0) 
RCS system 
B 

Low helium Low-pressure s ignal 2 .  1 2 :1 RCS TEMP/ 
tank pres- (<1 , 69G .  1 ps ia) from (GL40G2) PHESS 
su t·e in !(('S sensors at helium tank c MON 
system A selector 

switch 
(panel 2) 
set to He 

Low helium Low-pressure signal 2 . 123 TEMP/ 
tank pres- (< 1 , 696 . 1 psia) from PRSS 
sure in RCS s ensors at helium tank :.ION 
system B selector 

switch 
set to He 
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Input Des c ription 
(Telemetry Code No. ) 

Pitch trim (GH1 323X) 

Roll trim (Glll.1:lOX) 

Temperature - qu<td 
I cluster (GRGOO!  T) 

Temperature - quad 
3 cluster (GilG002T) 

Temperature - qu<td 
2 cluster (GHGOO:lT) 

Temper<tture - qu<td 
1 cluster (GRG001T) 

1\endezvous r<tdar 
temperature 
(GN772 :lT) 
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Table 2 .  9 - 3 .  Caution and Warning Elec tronics A s sembly - l\lalfunclion Data Summary (conl) 

CWEA 
Voltage 

Trip Light 
Level (Telemetry Inhibit/Enable 

l\Trtlfunction Illuminated By (volts de) Code N o . ) Reset (Telemetry Code N o . )  

F ailure of Discrepancy between gimbal E N G  GMBL Enabled by descent 
automatic drive s ignal and gimbal re- (G L4043) engine arm signal ; 
function in spon s e  from Y- or Z - axis c inhibited when s t<tg-
Y- or Z - t r i m  function ing occurs 
axis of the 
descent en-
gine gimbal 
drive 
assembly 

RCS Iligh- or low-temperature 2 . 790 H E ATER T E M P  MASTER A LARM 
thruster s ignal (>+241° F or · 1 .  725 (GL4053) MONITOH lights and tone 
quad < + l :l 0° F) from heater c switch are disabled 
he<tter as sembl i e s  (panel 3)  
failure set to 

affected 
heater 
position 
(Switch 
must be 
set to all 
positions ,  
including 
return to 
starting 
position . )  

Hendcz- High- or low-temperature 1 .  8G9 
vous signal (<- 50 . 4 8 ° F  or 1. 361 
radar >+H 8 . 9° F )  
<tntenn<t 
assembly 
heater 
failure 

/--'. .� 

Detail 
(Fih'll rf'  
2 . 9- 1 5 )  

I 

,J 

I 
I 

;:t> "' 
0 

I Ul � c::: o t-< 
to o ;;:: � "' >  Ul M ....:t 
>-l ::o '"'  M ;:t> o 
B:: >-l L,  Ul '""' o 
o o t-< ;:t> � E:: 
;; r;  8 

to 8 
� 

\ 



� [/J [/J 
0 

I � 
?:? 
�' n 
ti !" 
ro-...... 
"'' ('!) cr ... "' -
!" z ... ()) >-3 
...... :::0 "' c  
1 <3 � 
() z 
:::r >-3 
:;.; ;J> 
::> >-3 ()q -
('!) 0 

ti z 
!" ()) 
� c ('!) til 

'0 
!" 

()q ('!) 

"" 
"' 
I 

O'l 
<:.]1 

()) >-<: ()) 
>-3 
1:'1 
� 

Input Description 
(Tel emetry Code N o . ) 

S-band antenna tem-
peratu re 
(GT0454T) 

.Jet driver A·1 ll out-
put command 
(Gl!l 41 D\') 

Thrust chamber 
A4 D response 
(GR3032P) 

Jet driver A4R out-
put command 
(GH1 4 2 1  V) 

Thrust chamber 
A4R response 
(GR503 4P) 

.Jet driver B•l\1  out-
put command 
(Glll -1 1 8V) 

Thrust chamber 
B4U response 
(GR50 3 1 P) 

Jet driver B4F out-
put command 
(GI!l42 0\') 

Thrust chamber B4F 
response (GR 5 0 3 3 P) 

,Jet driver A3U out-
put command 
(GII142 2V) 

iii • 
---------' 

Table 2 .  9 - 3 .  Caution a n d  Warning E lectronics Assembly - Malfunc tion Data Summary (cont) 

C WE A  
Voltage 

Trip Light 
Level (Telemetry Inh ibit/En able 

Malfuncti on Illuminated By (volts de) Code N o . )  Reset (Telemetry C o de No . )  

S-b::md steer- High- or low-temperahtre 1 .  7•13 
able antenna s ignal (<- G·l. 1 F o r 4 .  •12 1  
a s s embly > +1 5 2 .  G F) 
h e ater 
failure 

F:lilurc of Discrepancy between HCS TCA Inhibited when isol n -
T C ,\ i n  prin1ary coil conunand (GL40:3 1 )  W lion valve as s oc iated 
Hl'S system to fire specific TC A with fai led T C A  is  
,\  or l l  a n d  chamber pressure clos e d  (QUAD switch , 

response at that T C A ,  pan el 2 ,  s e t  to 
o r  failure such that C LOSE) 
opposing collinear 
jets are on simul-
taneou sly (If T C A  
fail s ,  associated 
QUAD talkback (panel 2)  
provides a red display . ) 

-

Detail 
(F igure 
2 .  D - 1 :5) 

J 
(cont) 
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Tabl e 2 . 9- 3 . 

Input Description 
!Tel emetry Code :'lo. ) � l a l funct ion 

Thrust chamber A:JU 
r esponse (GHGO: J5P) 

. J et d r i ve r  ,\:\H out-
put command 
(Glll 4 2 5 V) 

Thrust chamber ,\:J R 
response (GH50 :J 8 P) 

.Jet driver B:JD out-
put command 
( G H 1 4 2 3V) 

Thrust chamber B3D 
response (GR503GP) 

,Jet driver A3R out-
put command 
(C; [ IH2 4\') 

Thrust chamber B3A 
response (GHfi037P) 

.Jet driver A2D out-
put con1n1and 
( G i l l · 1 2 7 V) 

Thrust chamber A2D 
response (GHGO·IOl') 

.J ct dri vcr A2A out-
put command 
(Gl l l 4 2 8V) 

Thrust chamber A2A 
response (GR5041 P) 

( r-

I! : :��� 
Caution and Warning E lectronics  As sembly - Malfunction Data Summary (cant) 

C\VEA 
Voltage 

Trip Light 
Level (Telemetry Inhibit/ Enable 

Illu m i n a t ed By (volts de) Code No. ) H e  set (Te\emet r:.· Code N o . ) 

ncs TC A 
(cant) 

,...--, :'f" 

Detail 
( Fif':UI'C 
2 . 9- l G) 

K 
(cant) 
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T:tblc 2 .  9<L 

Input Des cription 
(Telemetry Code No. ) �!a !function 

Jet driver B2U out-
put commGnd 
(GHH2 GV) 

Thrust chamber Il2U 
response (Gl15 0 �l 9 P) 

Jet driver Il2L out-
put commGnd 
(GH1 429V )  

Thrust chamber Il2 L 
response (GH5042P) 

Jet driver Al l! out-
put command 
(GH1430V) 

Thrust chamber Al U 
response (Gl150 4 3 P) 

Jet driver A l F  out-
put command 
(GH1432V) 

Thrust chamber AlF 
response (GH5045P) 

Jet driver Il l D  out-
put command 
(GHH3 1V) 

Thrust chamber IllD 
response (Gl1504·1 P) 

J e t  drive r Bl L out-
put con11nancl 
(GH1433V) 

I' ' ' 

.-------, 

Caution and \\"arning Electron i c s  ,\ssembly - l\lalfunction Dat:> Sum mar�· (cont) 

C WE A  
Voltage 

T r i p  Light 
Level (Telemetry Jnhi bit/ E n Gble 

Illuminated Ily (volts de) Code No. ) neset (Telemetry Code N o . ) 

ncs TCA 
(cont) 

.. 

� 

Deta i l  
( l,. i gure 
2 .  n- l S) 

K 
(con i )  
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Table :! n - :l . C aution cmd \\'arninp, Electronics  r\ssemblv - 1\Ialfunction Data Summary (cont) 

"' 

"" 
<D 
I 

Ol 
00 

� "' "' 
5 

Input Description 
(Telemetry Code l\o . )  

Thr u s t  chamber BlL 
response (G H504GP) 

C ommande r ' s  bus 
voltage ( G C O :lOl V) 

Ll\1 P il ot ' s bus 
voltage (G C O :lO�V) 

�lalfunction 

l .ow-vol tage 
condi t ion 

Low-voltage 
cnndi tion 

Illuminated By 

Low-volt�u�:e signal 
(< 2 G .  SOv) 

Low-voltage s ignal 
1< 2 G .  00v) I � � 

Z' � I ----t --+-
"' c:: 
;:;· � 
tl t"l 
� �  
<!) > >--3 
'"' 0  >-r:1 Z  
<!) Ul 
g' c:: 

Inverter bus voltap,c 
IGC0071 V) 

Inverter bus fre
quencv ( G C O L i C> F) 

In\'crter out
put \'olta gc 

lnvcrtcr out
ptot frcqucnc\ 

" IJj $:.) Ul 1------- ··-r-· 
·� � 
,.. >--3 
<D i:'l  

3 � 
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:r 
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<r:i <!) 
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Battery N o .  5 
( G C 0 9 G S U) 

Battery :--l o .  G 
( G C 9 9 6 G l') 

Battery N o .  2 
(GC99G2l') 

Battery :\o .  :1 
( G C 9 9 G :lU) 

Battery No. •l 
( G C n 9 G · l U )  

Failure in 
nn�· one of 
the four de
scent ( l �  
two ascent 
batteries 

Out-of-tolerance 
voltage s i �nal 
(<11 2v) 
from a-c 
bus 

Out-of-tolerance 
frequency (<:l 9 8  cps 
o r > 4 0 2  c ps) 

Overcurrent, reverse
current,  or over-tcnl
perC�ture condition in 
any one or tnore of the 
s ix bC�tlcrics 

Inhibit/Enable 
(Telemetry Code No . )  

Inhibited when 
INVERTEH 
switch (panel 1-1) 
i s  set to OFF 

Inhibited when affected 
battery is turned off 

f� 

Detail 
(Figure 
2. 9 - 1 5) 
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(cant) 

L 

1\[ 

N 

� 

> 
'1:l 0 
t" Ul t"  

c:: o t" � 0 � 
><: "0 �  Ul t"l -J  
>--3 � <0 t"l > 'f' � >-3 w  (il ..-. , o O t> � � 

;; �  
8 
� 



� 
Ul 
Ul 
0 ::> 

I � 
o:l � 
g!, n 
t::l 
� C1) ..... 
� 0' '1 c:: -� z '1 Ul 

>-3 
,_. ::0  CD C  
-J � 0 1:'1  
n z 
;:r >-3 
� ;t> ::> >-3 

crq -
C1) 0 
t::l z 
� Ul <b § 

"0 
� crq C1) 

""" 
CD 
I Ol CD 

Ul � >-3 
1:'1 
� 

Input Description 
(Telemetry Code K o . ) 

Regulator outlet me>ni-
fold pressure 
( G P0025P) 

Helium te�nk No. 1 
pressure (G P0001 P) 

Helium tank No. 2 
pressure (G P0002P) 

Fuel bipropellant 
valve inlet pressure 
(GP1501P) 

Oxidizer bi propel-
!ant valve inlet 
pressure (GP1 G O :lF) 

Fuel te>nk low level 
(GP0908X) 

Oxidizer tank low 
level (GP1408X) 

Descent propellant 
tanks (GQ4455X) 

I 
�' 47i2' 

��-� 
�1f·i 

T::tble 2. 9 - 3 .  Caution a n d  \V:>rning Electronics Assembly - l\lalfunction Dat::t Summary (conl) 

CWEA 
Vol tage 

Trip Light 
Level (Telemetry lnhibit/Ene�blP 

:lhlfunction Illuminated By (volts de) Code N o . ) He set (Telemetry Code No . )  

H igh e>sccnt- lligh-pressure sign::tl :l . G58 A S C  III Ileduced 
Helium- reg- ( >2 1 9 . ;,  psia) from sensor REG pressure 
ulator outlet in ascent helium lines (GL4 0 4 1 )  ( Close 
pressure downstream of rcgula.tors c affected 

regulator . )  

Low helium- Low-pressure si"-rna.l 3. 7<12 ASC Restored E n abled before 
tank pressure (<2 .  77 2 . 8 p s ia) from PRESS pressure staging (dead-

sensors (two) in tank (GL4022) (poss ible fa.cing) Inhibited 
w only if a.fter staging 

temperature 
r ises) 

Low propel- Low-pres sure s ignal 2 . 39;, He stored 
! ant pres sure (< 1 1 9 .  8 psia) from sensors pressure 
at bipropel- in fuel line at bipropel l ant 
!ant nllve in- valve 
let of e�scent 
str1ge 

Low asc ent Low-quantity - level signal ASC QTY Ene>bled when e>scent 
fuel quantity from sensor in ascent ( G IA042) engine is on 

fuel te>nk c ( GH1260) 

Low ascent Low-quantity - level signal 
oxidizer from sensor in ascent 
quantity oxidizer tank 

Low descent Low-quantity - level signa.! DES QTY MASTER A L A HM 
propellant from sensors i n  descent (G L4024) lights and tone arc 
quantity fuel or oxidizer ta.nks w d i s a.bled. 

(approxima.tely 2 minutes 
of burn time remaining) 

.. 
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Detail 
( F ip;ure I 2 .  9 - 1  "l 
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Input Description 
(Telemetry Code No. ) 

Helium regulator 
outlet manifold 
pres sure (GQ30 1 8 P) 

28 vac , <1> 1  (GH140 ' /  

2 6  vac , ¢ A  (Gli1401V) 

2G VClC, <I> B  ((;111402\'\ 

2 6  vac, ¢ C  (GH1 403V) 

-4. 7-volt supply 
(GH1488V) 

- 4. 7-volt supply 
(GH1 489V) 

Attitude and transla-
tion control assembly 
power supply : 

+15 vdc (G H1 40GV) 

- 1 5  vdc (GH1 40 7 V) 

/----· 

t . • 

Te�ble 2 .  9 - 3 .  Caution and Warning E l e c tronics As sembly - Malfunction Data Summary (con!) 

CWEA 
Voltage 

Trip Light 
Level (Telemetry Inhibit/Enable 

l\la!function Illuminated By (volts de) Code No . )  Il.eset (Telemetry Code N o . ) 

l!igh or low High- or low-pressure 4. 3 1 8  DES H E G  He stored Ene�bled before staging 
descent- s ignal (>260 or < 2 2 0  psia) 3. G!i·l (GIA023) pres sure (deadfacing) and de-
helium-reg- from sensor in descent w layed (Gt O .  G- second 
u lator outlet helium line downstream delay) descent engine-
pres sure of regulators on command ((;IIJ  :348) 

Failure in Out-of-tolerance voltage CES AC GYHO TEST 
either of s if.,rnal:  (GIA02G) switch set 
two a-c w to POS Il.T 
power sup- 28 vac (< 26v or > 30v) ·1 . 1 9 4  o r  N EG H T  

l i <'s in C E S  4 . 8 3 9  
2 G  vac (<23v or > 2 9v) 3 . 8 3 3  

4 . 833 

Failure of Out-of-tolerance voltage 3 . 500 PHE A M PS He s tored Enabled by DES l1ATS 
regul ated s ignal (>-4. 2v or<-5. 2v) 4 . 333 (GL40SO) voltage switch (panel 1 4 ) ; in-
power sup- from either of two para!- c hibited by ABOfn' 
ply that lei redundant - 4 .  7-volt pushbutton (pe�ne I 1 )  
provides regulated power supplies (GY0050) 
power to in C E S  
rrcs j et pre-
amplifiers 

Failure of any Out-of-tolerance voltage C E S  DC GYHO TEST 
d-e power sup- s igna l :  (GL4027) switch 
ply in C E S  w (panel :3) set 

to POS RT 
or N E G  H.T 

< 1 4 \' or > l G V  4 . 1 1 8  
4 . 7 0 6  

< - 1 6 .  0 or > - 1 4 V  

. ......--...., • 

Detail 
( F igure 
2 . 9 - 1 :>) 
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Input Description 
(Telemetry Code No. ) 

+4. 3 vdc (GH1408V) 

+6 . 0 vdc (GH1493V) 

- 6 .  0 vdc (GIIl494V) 

LJII guidance computer 
(GG90 0 1 X) 

Inertial subsection 
(CG9002X) 

Rendezvous radar 
data (GN7G21X) 

1: •• ·) 

T�ble 2 .  9-3 .  Caution and Warning Electronics Assembly - l\lalfunction Data Summary (cont) 

CWEA 
Voltage 

Trip Light 
Level (Telemetry Inhibit/Enable 

Malfunction illuminated By (volts de) Code No . )  Reset (Telemetry Code No . )  

< 3 . 8v or > 4. 8v :1 . 800 
4 . 800 

< 5 . 4v or > G . Gv :1 . 857 
4 . 7 1 4  

<-6. G or>-�. 4 

Failure in Out-of-tolerance volt�ge LGC Hestored Inhibited when G UID 
any LGC reg- s ignal from 2R- , 3 - ,  or (GlA029) voltage CONT switch (prrnel 
ulo.ted power 1 3-volt supply w 1) is set to i\GS 
supply (GHl!l21)  

Counter Failure in counter, sensed 
failure by program checks 

Scaler Failure in sealer,  sensed 
failure by program checks 

Inertirrl Excessive servo error ; ISS Inhibited when GUJD 
measure- 3 . 2 -kc power supply ; (GL4030) C ONT switch is set 
ment unit 800-cps 5% supply 
(IIIIU) 

w to i\GS (GH1G21) 

failure 

PIP!\ PIPA failure during main 
failure engine thrusting 

Rendezvous Data-no-good HNDZ HDH Restored Enabled when H ENDEZ -
radar data s ignals from (GL4048) data-good VOUS RADAH selector 
no good (no sensors in c condition switch is set to AUTO 
track con- rendezvous radar THACK and data good 
dition) electronic as sembly signal is acquired. 

• 

Detail 
(Figure 
2. 9 - l fi) 
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Table 2 .  9-3 .  C aution and  Warning Electronics As sembly - Malfunction Data Summary (cont) 

Input Desc ription 
(Telemetry Code No. ) 1\lalfunction illuminated By 

ZR-volt su pplv Failure of < 2 � .  2v or > 3 0 .  8v 
(GI321 4V) re!?;ltlatccl 

power 
supply in 
AGS 

1 2 - volt supply < 1 0 .  8 v  or > 1 3 .  2v 
(GJ:l 2 ! 5V) 

AEA test mode 
failure (GJ32 32V) 

< 38!i cps or > 4 1 fi cps 

28 1 \ t , 400-cps 28 volts (< 2 5 .  2v or 
su�piy (GI3233F) >30 . Sv) 

Master arm relay Any one or Relay contact closure 
K1 or any one or combination (SYS A and/or SYS B 
combination of of ED relays component c aution lights , 
stage sequence K 1  through panel 8 ,  also go on. )  
relays K2 through KG fails on .  
K G  (GY0201 X -
E DS system A,  
and GY0202X -
EDS system B) 

S-band receiver Failure in SIGNAL STR E N GTH 
(GT0994V) S-band i ndicator (panel 1 2) 

receiver indicates less than 1 .  
automatic 
gain control 
(loss of up-
l ink voice) 

C\\'EA power Failure of Out-of-tolerance voltage 
supply CWEA signal from C W E A  

regulated +9- , +23 - ,  +4- , and 
power - 3-volt power supplies 
supply 

,r---,, 

CWEA 
Volta!?;e 

Trip L ight 
Level (Telemetry 

(volts de) Code No . ) 

AGS 
(GL402 8) 
\V 

3 . 857 
-1 . 71 4 

O . G25 
4 .  :l7fi 

3 . 937  
4 . 812  

ED RE LAYS 
(GL4051)  
c 

1 . 07 1  S - B D  RC VR 
c 

C/W PWR 
(GL4054) 
c 

� 

He set 

He stored 
voltage 

·-

I f  relay K2 
fails , 
STAGE 
R ELAY 
switch 
(panel 8) 
set to 
RESET 

RANGE 
FUN C T IONS 
switch 
(panel 1 2) 
set to 
OFF/HESET 

Restored 
voltage 

Inhibit/Enable 
(Tele metry Code No . )  

Inhibited when AGS 
STATUS switch 
(panel G) is set to 
O F F  (GJ :l :J05) 

Inhibited when 
MASTER ARM 
switch (panel 8) 
or ABORT STAGE 
pushbutton (panel 1 )  
i s  used 

E n abled when 
HANGE FUNC TIONS 
switch is set to 
T V/CWEA ENABLE 

� r;��J 

Dcta il 
( Figure 
2. 0-1 5) 

z 

A A  

A B  

Sec 
figure 
2 . 9 - 1 4  
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2 . 9 . 4 . 5 

L MA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Data Storage Electronics Assembly. (See figure 2 .  9 - 16 . ) 

The DSEA is a single- speed, four-track, magnetic-tape recorder that stores voice and time
correlation data (TCD) (mission elapsed time) .  A maximum of 10 hours of recording time is provided 
(2 . 5 hours on each track) by driving the tape in one direction over the record head and , on completion of a 
pass ,  switching to the nex-t track and reversing tape direction. The tape is supplied in a magaz ine . con
sisting of a supply reel and takeup reel. Once the magazine is properly placed in the DSEA and the control 
logic is placed in track No. 1 forward condition (reset), the DSEA is operated with the RECORDER switch 
on the COMMUNICATIONS portion of panel 12 in conjunction with the VOX trigger s ignal supplied by the 
signal-processing assembly (SPA) of the CS.  

The DSEA operates in either a manual or semiautomatic mode.  In the manual mode , the 
ICS T/R switch on the AUDIO portion of panel 8 or 12 is set to ICS T/R and the MODE switch on either 
panel is set to PTT. The PTT position bypasses the automatic voice sense c ircuits . The Commander 
or LM Pilot can c lose a push-to-talk switch (on the attitude controller assemblies or the umbilicals) and 
speak into a microphone.  The push-to-talk switch energizes the VOX key relay, providing a ground for 
activation of the power control logic in the DSEA. In the energized state, this relay routes an enabling 
signal through the RECORDER switch and is applied to the recorder electronics.  The audio signal gener
ated by the astronaut is conditioned by the SPA and fed to the recorder for transfer to tape . For operation 
in the semiautomatic mode ,  the MODE switch is set to VOX. With the switch set to this position, the VOX 
trigger circuit is enabled . The VOX sense circuit senses voice input from within the cabin or from the 
communications receivers and feeds this signal to the VOX trigger circuit . When the two inputs are co
incident, the trigger is activated. Setting the MOD switch to ICS/PTT results in a continuous key for 
the recorder. When operating in this mode, recorder operation is manually controlled with the 
RECORDER switch (panel 12 ) .  With the MODE switch in the ICS/PTT position, the RECORDER switch 
must be in the OFF position until voice is to be taped. The RECORDER TAPE talkback (panel 12) 
indicates tape motion during recording. 

The DSEA consists of signal-conditioning electronics,  a power supply, control logic , and a 
tape-motion amplifier. The signal-conditioning electronics accepts audio and TCD signals and conditions 
them before they are fed to the record head. Audio signals routed through the astronaut' s  intercommun
ications bus are applied to a voice amplifier that provides the band-pass filtering, impedance matching, 
and signal amplification required to drive the record head. Simultaneously with the voice input, TCD is • 
supplied (as binary inputs) from the serial time code generator in the PCMTEA. A DSEA time-correlation !;I data modulator accepts and converts serial binary- coded decimal data to frequency-coded data for 
recording. The binary input signals modulate a voltage- controlled oscillator to produce an output fre-
quency of 4 ,  17 5 cps , with a binary 1 input; 4, 62 5 cps , with a binary 0 input. These voice and timing 
signals are mixed with the outputs of a reference oscillator that supplies a constant 5 .  2 -kc signal for 
subsequent use in the DSEA test station, servoamplifiers, and a bias oscillator, which provides a 33-kc 
signal that eliminates nonlinear response in playback of voice and data. This permits recording multi-
plexed data on each of the four tracks . The control logic provides transport control, automatic track 
switching for the four tape passes ,  and starting and stopping of the DSEA. The tape transport uses a 
closed-loop capstan drive system with controlled tension in the record/reproduce head area. Dual 
capstans with a high angle of tape wrap provide sufficient driving friction without the use of pinch rollers.  
The drive motor in the tape transport is of the single-phase ,  400-cycle , hysteresis ,  synchronous type 
with constant speed (+0 .  1% of input power) .  During recording, the reproduce head reads the recorded 
track and, through the tape-motion amplifier, supplies the signal that operates the TAPE talkback 

2 . 9 . 4 .  5 . 1 Power Supply. 

The DSEA power supply consists of a power converter and voltage regulator , which provide 
regulated d-e  power for all DSEA electronics . The power converter conditions 1 1 5-volt, 400-cps , power 
supplied from control logic circuits , to voltage levels of + 17 and -8 volts de.  The + 17 volts operates 
relays in control logic and tape -motion monitor circuits . It is also applied to the voltage regulator , along 
with the -8 volts . A-C power for the c apstan drive motor is supplied from a tap on the primary winding 
of a transformer (T1) .  The voltage regulator regulates the + 17 and -8 volts de from the power converter 
to + 1 1 .  5 and -4 . 5 volts , respectively. These voltage levels are required for DSEA electronic circuitry . 
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LMA790- 3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

2. 9 . 5 PER FOR!'v1ANCE AND DESIGN DATA. 

The pe rformance and design data for the IS are given in table 2. 9 - 4 .  

Table 2 . 9-4 .  Instrumentation Subs.vstem - Perform,mce and Design Data 

Pu lse-�ode-modulation and 
tim ing electronics assembly 

Height 

Width 

Length 

Weight 

Power requirements 

Exc itation 

Consumption 

Operating tempe r ature (ambient) 

Reliability 

Component calibration 

Calibration levels 

Accuracy 

High-level analog signals 

Number of channels 

Normal hit rate (51 . 2 kilobits per 
second) 

Reduced bit rate ( 1 .  G kilobits per 
second) 

Signal levels 

Analog error 

Sampling rate 

Bits fornH•d per channel input 

Parallel digital signals 

l\u mher of channels 

l\ormal bit rate 

Heduced bit rate 

G. /2 inches 

5 . 1 �  inches 

1 :1 . 7 5 inches 

2 3 . 0 pounds (approximate) 

20 to 32 volts de 

11 watts 

Amplifiers , analog-to-digital converte r ,  and all analog circuitry 
with functions common to 10 or more measurements 

4. 250 volt s ,  0. /50 volts 

±9 millivolts on high level 

2 7 7  

2 0 0  channels e"iernally programmed, 77 channels internally 
redundant 

1 1 3  channels externally programmed ,  41 channels internally 
redundant 

0 to 5 volts 

0. 5�; (maximum) 

1 ,  1 0 ,  flO, 100 , or 200 sample s  per second 

7 5  

1 ,  1 0 ,  5 0 ,  1 0 0 ,  or 2 0 0  samples per second 

1 sample per second 
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Table 2 0 9-4 0 Instrumentation Subsystem - Performance and Design Data (cont) 

Pulse-code-modulation and 
timing electronics assembly (cont) 

Parallel digital signals (cant) 

Signal levels 

+3 . 5 to +10 volts 

Binary 0 -0 . 5  to +1 . 5 volts 

Bits per output word 8, 1 6 ,  or 32 

Sampling sequence for 8-, 1 6- ,  and 
32-bit input words 

Sequential , with eight most significant bits first 

Serial digital signals 

Number o f  channels 

Signal levels 

Binary 1 

Binary 0 

Word length 

Normal bit rate 

Reduced bit rate 

1 ,  024-J..:pps input signals 

Type 
Amp l i t ude 

NRZ output 

Bit rate 

Signal levels 

Binary 

Binary 0 

HZ output 

Ilit rate 

Signal levels 

Page ___ 2_o _9_- 7_6 ____ Mis sion 

� channels, serial by bit 

+3 0 5 to +10 volts 

- 0 . 5 to +1 . 5 volts 

. One 2 4-bit channel 
One 40-bit channel 

50 samples per second 

None 

Square wave 

7 ±3 vol t s ,  peak to peak 

5 1 . 2  or 1 .  G kilobits per second 

+6± 0 .  5 volts 

0. 0 to +0. 5 volt 

5 1 . 2 or 1. G kilobits per second 

4 0 5±2 volts , peak to peak 

INSTRUMENTATION SUBSYSTEM 
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Table 2 .  9-4 . Instrumentation Subsystem - Performance and Design Data (cant) 

Pulse-code-modulation and 
timing electronics assembly (cont) 

Data rate timing output 

Frequency 5 1 . 2  or 1 .  6 kpps (selected by remote switching) 

Signal levels 4. 5±2 volts, peak to peak 

Subcarrier reference output 

Frequency 5 1 . 2  pps 

Signal levels 

1 0-kilohm output load 0. 0 to +0. 5 volt and -t{i±O . 5 volts 

1 0 0-ohm output load 4.  5±2 volts, peak to peak 

Subframe sync pulse output 

Frequency 1 pps 

Signal levels 4 .  5±2 volts , peak to peak 

5 1 2-kpps timing output signals 

F requency 512 kpps 

Signal levels 0.  0 to 0. 5 volt and +3 . 0 ±0 . 5 volts 

6. 4-kpps timing output signals 

F requency 6, 400 pps 

Signal levels 0. 0 to 0. 5 volt and +3 . 0 ±o. 5 volts 

1. 6-kpps timing output signals 

Frequency 1, 600 pps 

Signal levels 0. 0 to 0. 5 volt and +3 . 0 ±0. 5 volts 

10-pps liming output signal 

Frequency 10 pps 

Signal levels 0.  0 to 0.  5 volt and +3 . 0 ±0. 5 volts 

1024-kpps timing output signal 

F requency 1024 kpps 

Signal levels 0. 0 to 0. 5 volt and +3. 0 !O. 5 volts 

Time-correlation data 

40-bit serial start 

Frequency 1 pps 

Signal level 4. 5:1 volts, peak to peak 

INSTRUMENTATION SUBSYSTEM 
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Table 2 .  9-4 . Instrumentation Subsystem - Performance and Design Data (cont) 

Pulse-code-modulation and 
timing electronics assembly (cont) 

Time-correlation data (cont) 

40-bit serial stop 

Frequency 

Signal level 

40-bit serial sync 

Frequency 

Signal level 

24-bit serial sync 

F requency 

Signal level 

24-bit serial stop 

F requency 

Signal level 

Low-bit-rate spl it-phase data outputs 

Bit rate 

Signal levels 

Analog-to-digital conversion 

Each analog sample 

Full-scale input to ADC 

Zero input 

Greater than full scale 

Less than zero 

Signal-conditioning electronics assembly 

Height 

Width 

Length 

Weight 

ERA-1 

ERA-2 

1 pps 

4. 5±1 volts, peak to peak 

2 kpps 

4. 5!:1 volts, peak to peak 

1. 2 kpps 

4.  5:!::1 volts, peak to peak 

1 pps 

4. 5�1 volts, peak to peak 

1. 6 kilobits per second 

+6. 0 :!:0. 5 volts (up level) 
+0. 0 to 0. 5 volt (clown level) 

8-bit binary word output 

1 1 1 11 1 1 0  

00000001 

1 1 1 1 1 1 1 1  

00000000 

8 .  0 inches 

5 .  25 inches 

23. 90 inches 

3 5. 44 pounds 

35. 25 pounds 
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Table 2 ,  9 -4 ,  Instrumentation Subsystem - Performance and Design Data (cont) 

Signal -conditioning electronics 
assembly (cont) 

Power requirements 

Excitation 

Consumption 

ERA- 1 

E RA-2 

Thermal characteristics 

E nvironn1ental lin1its 

Vibration 

Acceleratior. 

Shock 

Temperature 

Operating 

Nonoperating 

D-C amplifiers 

Inputs 

Unipolar mode 

Bipolar mode 

Output 

Attenuators 

Inputs 

Unipolar mode 

Bipolar mode 

Output 

AC-to-de converters 

Input frequency 

Output 

Analog signal isolating buffer 

Input 

Output 

2 8  volts de 

1 6 .  04 watts 

14, 23 watts 

An efficient thermal path exists between heat-producing sources 
within subassemblies and an external hectt sink. 

8. lg rms from 2 0  to 2,  000 cps 

Sg 

15g sawtooth 

<W' to + 1 3 Cf F 

0 to 200 millivolts de and 0 to 5 volts de 

- 100 millivolts to -2. 5 volts de and + 1 00 mill ivolts to +2. 5 
volts de 

0 to 5 volts de (four single channels) 

0 to 5 volts de (minimum attenuation) 
0 to 40 volts de (attenuation of 8) 

-2. 5 to + 2 ,  5 volts de and -20 to +20 volts de 

0 to 5 volts de (four single channels) 

3 8 0  to 840 cps 

0 to 5 volts de (three single channels) 

0 to 5 volts de 

0 to 5 volts de (four single channels) 

Mission LM Basic Date 
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Table 2 .  9-4 . Instrumentation Subsystem - Performance and Design Data (cant) 

Signal-conditioning electronics 
assembly (cant) 

D iscrete s ignal isolating buffers 

504-2 

Turn-on voltage 

Output voltage 

504-3-4 

Output voltage 

504-5 

Output voltage 

F requency-to-de converter 

Input frequency 

Output 

Resistance-to-de converters 

Resistance changes 

Output 

Phase-sensitive demodulators 

Output 

0. 5 to 2 .  5 volts de 

O.to 5 volts de (10 dual channels) 

0 to 5 volts de (12 dual channels) 

0 to 5 volts de (12 s ingle channels) 

3 8 0  to 420 cps 

0 to 5 volts de 

665 to 2, 795 ohms (-200" to +500" F) 

0 to 5 volts de (four dual channels) 

0 to 5 volts de 

Caution and warning electronics assembly 

Height 7 .  0 inches 

Width 6. 750 inches 

Length 1 1 .  750 inches 

Weight 19 .  75 pounds (approximate) 

Power requirements 

Excitation 28 volts de 

Consumption 13 watts 

Internally generated +4, +23, + 12, + � .  -:l. · 7, and 1G .  :l volts de, rectified 

Three 34-volt, zero-to-peak, 1 0-kc, center-tapped square waves 

One 15. 5-volt, zero-to-peak, 1 0-kc, center-tapped square wave 

Two 10-kc reference signals 

INSTRUMENTATION SUBSYSTEM 
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Table 2 .  9-4 . Instrumentation Subsystem - Performance and Design Data (cont) 

Caution and warning electronics 
assembly (cont) 

Environmental l imits 

Temperature 

Operating 

Nonoperating 

Vibration 

Shock 

Acceleration 

Input signals 

Caution 

Discrete 

Analog 

Inhibit 

Enable 

Warning 

Discrete 

Analog 

Inhibit 

Enable 

Indicator reset 

Caution 

Warning 

-65° to + 160" F 

8. 1g rms from 20 to 2, 000 cps 

15g sawtooth 

Sg 

26 

23 

3 

10  

22 

2 

1 0  

Thrust chamber assembly (I'CA) logic 

Command (discrete or analog) 16 

Hesponse (discrete) 1G 

Output s ignals 

Caution light 1 7  

Warning light 14 

Component caution light 2 

Talkback 8 

l\1ASTE H A LAHl\1 pushbutton/light 2 

INSTRUMENTATION SUBSYSTEM 
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Table 2 .  9 -4 .  Instrumentation Subsystem - Performance and Design Data (cont) 

Caution and warning electronics 
assem bly (cont) 

Inputs 

Analog signals 

Disc rete, malfunction 

Discrete, no malfunc tion 

Out-of-l imit inputs 

Teleme try output 

Malfunc tion 

l'<o malfunction 

Voltage l i m its 

Upper 

Lower 

Data storage e lech'oJlic s a ssembly 

Height 

Width 

Length 

Weight 

Power requirements 

Power supply input 

Heset command 

VOX command input 

Output 

Magnetic heads 

Voice record amplifier 

Input level 

Frequency response 

Bias oscillator 

Output frequency 

Output level 

0. 5 to 5.  0 volts de 

3. 4 to G. 0 volts de 

0 to 0. 5 volt de 

Delay time (input to output) : 0. 5 s econd maximum 

Relay contacts open 

Relay contacts closed 

Output signal generated when preset voltage is exceeded 

Output signal generated when preset voltage is exceeded 

2. 05 inches 

4 .  0 inches 

G. 22 inches 

38 olll!ces 

1 15±2 .  5 vol ts  rms , 4 0 0  c p s ,  single phase 

28±4 volts de 

2 8 � - 8  volts de 

+17  volts de unregulated, '"1 1 . 5  vol ts de regulated 2 G . O  
volts rms 

Two rec ord/reproduce heads to provide four tracks 

- 3  to +7 clbm 

:wo cps to 3, 000 cps "�3 db 

5o 1 milliamperes 

INSTRUMENT AT ION SUBSYSTEM 
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Table 2 .  9-4 . Instrumentation Subsystem - Performance and Desig11 Data (cont) 

Data storage electronic s assembly (cant) 

2 . 9 . 6 

Tape 

Speed 

Total recording time 

Length of tape between sensor 
strips 

Power Source 

AC 

DC 

DSEA transport 

Speed error 

Start time 

Stop time 

Record time 

End of tape 

Time-correlation data 

input 

input levels 

Binary 1 

Binary 0 

0. 6 inch per second 

10  hours (ma.ximum) 

450 feet (minimum) 

1 1 5±2 . 5 volts rms 

2 8  volts de 

0 .  05 of input power deviation 

100 milliseconds after receipt of VOX trigger 

300 milliseconds after cessation of VOX trigger 

Total of 10 hours 

Automatically sensed 

Serial NRZ-C (100 bits per second) 

6±1 volts 

-0 . 5  to 1 .  5 volts 

OPERATIONAL LIMITATIONS AND RESTRICTIONS . 

The operational limitations and restrictions for the IS are as follows: 

• The PCMTEA, SCEA, and signal sensors (for preconditioned transducers) must be 
warmed up for 5 minutes after coolant-loop stabilization, before use .  If the 5-
minute warmup period is not allowed , the accuracy of data will  be uncertain . 

• Total recording time (voice keyed) for the DSE A voice tape recorder is 10 
hours . The DSEA will not record voice after 10-hour use.  
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2 .  10 LIGHTING. 

2 .  10. 1 INTRODUCTION. 

LMA790-3-LM 
APOL LO OPERATIONS HANDBOOK 

SUBSYST E MS DATA 

Exterior and interior lighting aids in the performance of c rew visual tasks and lessens 
astronaut fatigue and interior-exterior glare effects . Exterior lighting is used for LM and CSM tracking 
and docking maneuvers .  Inter ior lighting illuminates the cabin and the controls and displays on the Com
mander's and LM Pilot' s  panels . Power for exterior and interior lighting is routed through the 2 8-volt 
d-e  LTG circuit breakers on panels 1 1  and 16 and the 1 1 5-volt AC BUS A and AC BUS B lighting c ircuit 
breakers on panel 1 1 .  

2 .  1 0 . 2 FUNCTIONAL DESCRIPTION. 

LM lighting is provided by exterior and interior lights and lighting control equipment. (See 
figure 2 .  10 - 1 . ) The exterior lighting enables the astronauts to visually guide and orient the LM and CSM 
to achieve successful tracking or docking. Interior lighting provides general cabin illumination, integral 
electroluminescent ( E L )  lighting of displays and controls, and radioluminescent (RL) and photoluminescent 
lighting of switch tips and window reticles.  

2 . 10 . 2 . 1 Exterior Lighting. (See figure 2 .  10-2 . )  

Exterior lighting includes a radioluminescent docking target, radioluminescent E VA hand
rail markers , five docking lights, and a high- intensity tracking light. The color, b rightness , and 
lighting method of the exterior lights are listed in table 2 . 10- 1 .  The EXTE RIOR LTG switch on the 
LIGHTING portion of panel 3 controls the five docking lights and the high-intensity tracking light on the 
exterior of the ascent stage. 

2 .  1 0 .  2 .  1 .  1 Docking Lights . (See figure 2 .  10- 3 . ) 

Five running lights mounted on the exterior of the LM provide visual orientation and per mit 
gross attitude determination relative to a line of s ight through the CM windows during rendezvous and 
docking. The lights are controlled with the EXTERIOR LTG switch. Before earth launch,  this switch is 
set to DOCK to provide for future automatic turn-on of the docking lights. For transposition and docking, 
the docking lights are turned on by the normally open SLA/LM antenna transfer switch (located at SLA 
attachment points) .  This switch is automatically released to the closed position upon deployment of the 
space craft- Lunar Module adapter (SLA) panels. Upon transfer of power f rom the CM to the LM, the 
docking lights go off. Setting the EXTERIOR LTG switch to OFF interrupts the input power to the 
docking lights .  The lights are visible , and their color recognizable, at a maximum distance of 1 ,000 feet. 

2 .  10. 2 .  1. 2 Tracking Light. 

The tracking light permits visual tracking of the LM from the CM. It is turned on by setting 
the EXTERIOR LTG switch to TRACK. A flash tube in the tracking light electronics asse mbly causes the 
light, which has a 60° beam spread, to flash at a rate of 60 flashes per minute. 

2 .  10 .  2 .  1 .  3 Docking Target. 

Tne docking target is a three-dimensional, self - illuminated standoff c ross that is separated 
by a shaft from a circular base .  Illumination is provided by radioluminescent disks , which outline the 
c ross and circular-base markings .  The docking target provides for visual alignment of the CSM to the L M  
during final docking maneuvers .  (Refer t o  paragraph 2 .  1 1 .  6 .  2 .  ) 

2 .  10 . 2 . 2 Interior Lighting. (See figure 2.  10-2 . )  

Interior lighting consists of integral E L  panel and display lighting, backup floodlighting, 
RL lighting, and general ambient lighting. The color , brightness,  and lighting method of the interior 
lights are listed in table 2. 10-2 .  Interior lighting c ontrols are located on the LIGHTING portion of 
panels 3 and 5 .  

LIGHTING 
Mission LM Basic Date 1 February 1970 Change Date _________ Page _ ___:2:..:·c..:1:.:0:.:--=1'-----



LMA790- 3 - LM 
APOLLO OPE RATIONS HANDBOOK 

SUBSYSTEMS DATA 

2 .  10 .  2. 2. 1 Integrally Lighted Components .  

There are three types of integrally lighted components: panel areas , displays, and caution 
and warning annunciators.  The integrally l ighted components use EL or incandescent devices that are 
controlled by on-off switches and potentiometer-type dimming control s .  All panel placards are integrally 
lighted by white EL lamps with overlays. The displays have EL lamps within their enclosures . The nu
meric displays show green illuminated digits on a nonilluminated background. Displays with pointers 
show a nonilluminated pointer travelling over an illuminated background. The brightness of the EL dis
plays can be controlled manually w ith potentiometer- type dimming controls . Each EL dimming control 
can be bypassed by a related override switch, so that full brightness is maintained should a dimming con
control fail. 

With the ANUN OVERRIDE switch (panel 5) set at OFF, the ANUN potentiometer of the 
triple-potentiometer ANUN/NUM dimming control adjusts the light intensity of the caution and warning 
annunciators (except the C/W PWR caution light) , the component caution lights (except the DC FEEDER 
FAULT , and STAGE SEQ RELAY SYS A and SYS B lights) , the incandescent pushbuttons , and the power 
failure indicator lights at the top of indicators on panels 1 and 2 .  The C/W PWR caution light goes on 
if a CWEA power supply failure is detected. For this reason, it is not affected by the ANUN iNUM dim
ming control. The DC FEEDER FAULT component caution light goes on if an EPS bus voltage failure is 
detected. For this reason, it, too, is not controlled by the ANUN/NUM dimming c ontrol. The STAGE 
SEQ RE LAYS SYS A and SYS B component caution lights are connected directly to 5 volts de and are not 
controlled by the ANUN/NUM dimming control. If the ANUN potentiometer of the dimming control fails , 
setting the ANUN OVE RRIDE switch to ON routes 5- volt d-e power directly to the lights. 

When the NUM OYERRIDE switch (panel 5) is set to OFF,  power is provided to the NUM 
potentiometer of the ANUN/NUM dimming control. This potentiometer adjusts the light intensity of the 
E L  numeric displays (except the DSKY). If the NUM potentiometer fails, setting the NUM OVERRIDE 
switch to  ON bypasses the potentiometer and routes 1 15-volt a-c bus voltage directly to the numeric 
displays. The third potentiometer of the ANUN/NUM dimming control receives a voltage from the DSKY 
and routes a reduced voltage back to the DSKY to control the brightness of its numeric displays. There 
is no override capability to bypass this potentiometer.  

The SIDE PANELS switches (panels 3 and 5 )  turn the E L  lighting for the Commander ' s  and 
LM Pilot ' s  side panels on and off. With these switches set to ON, the integral side panei lights are con
nected to the INTEGRAL dimming control (panel 5) and the INTEGRAL OVERRIDE switch (panel 5 ) .  The 
INTEGRAL dimming control adjusts the light intensity of all E L panels when the INTEGRAL OVE RRIDE 
switch is set to OFF.  If the INTEGRAL dimming control fails ,  setting the INTEGRAL OVERRIDE switch to 
ON, bypasses the INTEGRAL dimming control and routes 1 1 5-volt a-c bus voltage directly to the EL panel 
lamps. 

Two MASTER ALARM pushbutton/lights (panels 1 and 2 )  go on to alert the astronauts when 
a failure or out- of-tolerance condition is sensed by the CWEA. The signal that causes the MASTE R  
ALARM pushbutton/lights to go o n  also activates a n  audio tone (3 kc) generator . Except when the C/W 
PWR caution light is on, pressing either MASTER ALARM pushbutton/light extinguishes the MASTER 
ALARM lights and deactivates the tone generator. 

2 .  10 . 2. 2 .  2 Lunar Contact Lights . (See figure 2 . 10- 1A) 

Both LUNAR CONTACT lights (panels 1 and 3) go on when one or  more of the three lunar
surface sensing probes contacts the lunar surface. When on, the lights advise the crew to shut off the 
descent engine. 

Each probe contains a pair of mechanically actuated switches that open when the probe con
tacts the lunar surface. Opening the + Y pair of switches removes the ground from, and applies 
forward bias voltage to, the bases of transistors 1Q1 and 1Q2, energizing relays 1K2 and 1K3 . Contacts 
of 1K2 and 1 K3 close to complete the ground circuit for both LUNAR CONTA CT lights .  Similarly, opening 
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the -Z or - Y pair of switches removes the ground from the bases of transistors 2Q1  and 2Q2 , energ1zmg 
relays 2K2 and 2K3 . Contacts of 2K2 and 2K3 close to provide an additional ground for both LUNAR 
CONTACT lights. 

The STAB; CONT: ATCA circuit breaker (panel 16) and the STAB/CONT: ENG CONT cir
cuit breaker (panel 11)  provide the 28-volt d-e power sources to the LUNAR CONTACT lights circuitry, 
through interlocking relay s .  

The interlocking relays ensure that the required voltages a r e  available only when the descent 
engine is in operation. When descent engine-on relay contacts K16B are open, descent engine override 
relays 1 K5 and 2K5 are energized; this energizes lunar probe relays 1K1 and 2K1 ,  respectively. 
Thus, the required voltages are routed through relay contacts 1K1A and 2K1A instead of relay contacts 
3K7A and 3K7B . When the descent engine is shut down, the interlocking relays become deenergized and 
the LUNAR CONTACT lights go off . 

2 .  1 0 .  2 .  2 .  3 Floodlighting. (See figure 2 .  10-4 . )  

Floodlighting is used for general cabin illumination and as a secondary source of illumination 
for the control and display panels . Floodlighting is provided by the Commander' s overhead and forward 
floodlights , the LM Pilot' s overhead and forward floodlights, and recessed floodlights in the bottom of 
extending side panels and on the circuit breaker panels. These floodlight fixtures provide an even distri
bution of light with minimum reflection. For redundancy every panel area is illuminated more than one 
lamp. 
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Figure 2 .  10- 1A .  Lunar Contact Lights Circuits 
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Table 2 .  10- 1 .  Exterior Lights - Color, Brightness ,  and Lighting Method 

Brightness at 
Lighting Method Color Rated Capacity 

Radioluminescent Green 0. 3 foot-lambert 
minimmn (at 
time of launch) 

Radioluminescent Green 0 .  3 foot-lambert 
minimum (at 
time of launch) 

Brightness 
Adj ustment 

Fixed 

Fixed 

Landing gear down- Phosphorescent Red - Fixed 
lock mechanism 

Docking lights 

Port 

Starboard 

Forward 
(2 lights) 

Aft 

Trac,e<ng light 

Component 

Control panels and 
pushbuttons (illumi-
nated-character 
type) 

Floodlights 

Circuit breakers 

Numeric displays 

LUNAR CONTACT 
lights 

MAST E R  ALARM 
pushbutton/lights 

Caution lights 

Warning l ights 

i>ower failure 
indicator l ights 

Component caution 
lights 

Page 2 . 10-6  

Incandescent Aviation red 0. 15 candlepower F ixed 
minimum 

Incandescent Aviation green 0 .  15 candlepower Fixed 
minimum 

Incandescent Aviation white (+Y) 0. 23 candlepower Fixed 
Yellow (-Y) minimum 

Incandescent Aviation white 0 , 23 candlepower Fixed 
minimum 

Gaseous White 9,000 effective beam Fixed 
discharge candlepower 

Table 2 . 10 . . 2 .  Interior Lights - Color, B rightness ,  and Lighting Method 

Primary Color Under 
Lighting Brightness Incident 
Method Color Adjustment illumination 

Integral White Continuous from zero Control panels �  gray 
(EL) foot-lamberts Pushbuttons 
(primary) Background� black 

Characters : white 

Flood White Continuous from less 
(incandescent) (unfiltered) than 0 . I foot-candle 

Flood (EL) White Continuous from zero Background: gray 
foot-lamberts Characters : white 

Integral (EL) Green Continuous from zero Background: gray 
foot-lamberts 

Integral Blue F ixed Background: nonspecular 
(incandescent) gray 

Integral Aviation red F ixed (press to reset) Background: translucent 
(incandescent) gray/white 

Legend: black 

Integral Aviation yellow Continuous from less Background : translucent 
(incandescent) than 1 .  5 foot-lamberts gray/white 

Legend: black 
Aviation red 

Integral Aviation red Continuous from less Translucent gray /white 
( incandescent) than 0.5 foot-lambert 

I 
Integral Aviation yellow I Continuous from less Background : translucent 
(incandescent) than 0 .5 foot-lambert gray/white 

Legend: black 
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Table 2 . 10-2 . Interior Lights - Color, Brightness,  and Lighting �1ethod (cant) 

Primary Color Under 
Lighting Brightness Incident 

Component Method Color Adjustment Illumination 

Engine START Integral Aviation red Continuous from less Background: translucent 
pushbutton/light (incandescent) than 0. 5 foot-lambert gray/white 

Legend: black with 
white letters 

Engine stop Background : translucent 
pushbutton/lights gray/white 

Computer status Integral Aviation white Continuous from zero Background : translucent 
condition indicator (incandescent) foot-lamberts gray/white 
(DSKY and DEDA) 

Computer caution Aviation yellow Legends : black 
condition indicator 
(DSKY) 

Self-luminous Radio- Green Fixed Pale green 
devices (toggle luminescent 
switch tips) 

Landing-point Photo- Green Fixed Outer window: pale green 
designator and , luminescent and I docking window 

I 
Red 

reticles Inner window: pale red 

Talkbacks 
Two-position Integral (EL) 1 .  - Continuous from z ero 1 .  Gray 

2 .  Black and foot-lamberts 2 .  Black and white 
white stripes stripes 

Three-pas ition Integral (EL) 1 .  - Contjnuous from zero 1 .  Grav 
2 .  Black and foot-lamberts 2 .  Bla�k and white 

white stripes stripes 
3 .  Red 3 .  Red 

Interior pointers Silhouette of Black-yellow "Switzer" -
EL flood rocket red or fire orange 

Indicia (arrows , Integral (EL) White Continuous from zero Black - white 
symbols , etc) foot-lamberts 

Characters (numbers Integral (EL) White Continuous from zero Black - white 
and letters on foot-lamberts 
displays) 

Time-shared labels Integral (EL)  Green Continuous from zero None 
and multipliers foot-lamberts 
(X10 indicator) 

Range marking Integral (EL) Green Continuous from zero Green 
(color bands , foot-lamberts 
normal mode) 

Immediate or Integral (EL) Yellow Continuous from zero Alternate yellow and 
emergency action foot-lamberts black striping, at 45• 
controls (Yellow is three times 

thickness of black. ) 
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Figure 2 .  10- 3 .  Exterior Lighting 

+ 

B.JOQLM,. 50 

When the SID E  PAN E LS switches are set to OFF,  the Commander ' s  and LM Pilot ' s  s ide 
panel integral lighting is interrupted. Setting the FLOOD toggle switch (panel 3 )  to ALL routes 28 volts 
de to the C ommander' s and LM Pilot ' s  overhead and forward floodlights and to their side panel flood
l ights .  The OVHD/FWD F LOOD dimming controls (panels 3 and 5) adj ust the intensity of the LM Pilot ' s  
and Commander ' s  respective overhead and forward f loodlights .  There is no intensity control f o r  the side 
panels. Setting the F LOOD toggle switch to  OVHD/FWD routes 2 8  volts de to the Commander' s  and LM 
Pilot ' s  overhead and f orward floodlights only. With the F LOOD toggle switch set to  OFF,  all floodlights 
are off, unless the overhead hatch is open. The overhead hatch actuates a microswitch that overrides 
the FLOOD toggle switch and routes the 2 8 -volt d-e bus voltage through the dimming controls to light the 
overhead and forward floodlights . 
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Figure 2. 10-4.  Floodlighting and Utility Lights - Simplified Diagram 

2 . 10 . 2 . 2 . 4  Portable Utility Lights . (See figure 2 . 10-4 . ) 

A-JOOLMS- 1 1  

Two portable utility lights are used , when necessary , to supplement the cabin interior 
lighting. The lights ,  when removed from the interim stowage assembly, must be connected to the over
head utility lights panel. Power is applied to the connector from the CDR's 28-volt de bus through the 
LTG: UTIL circuit breaker (panel 1 1 )  and the CDR and LMP UTILITY LIGHT switches on the overhead 
panel. The switches provide one-step dimming for the light-intensity control. The intensity of the 

\ brightness obtained with the CDR switch in the BRIGHT and DIM positions is greater than that obtained 
with the LMP switch. 

2 .  10.  2. 2 .  5 Optical Sight Reticle Light. 

The crewman's optical alignment sight (COAS) , used to sight the docking target on the CM, 
has a reticle that is illuminated by a 28-volt d-e lamp. Power to the lamp, supplied by the CDR's 28-
volt d-e bus ,  is routed through the FLIGHT DISPLAYS: COAS circuit breaker (panel 1 1 )  and the COAS 
switch (panel 8 ) .  (Refer to paragraph 2. 1 1 .  6 .  1 for details . )  
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2 .  1 0 .  2. 2 .  6 Alignment Optical Telescope Lights . 

A thumbwheel on the computer c ontrol and reticle dimmer assembly controls the brightness 
of the AOT reticle. The lamp voltage is adjustable from 0. 2±0. 1 to 4. 0±0. 5 volts rms.  The lamps edge
light the reticle with incandescent red light. 

2 .  10 . 2 .  2. 7 Lamp and Tone Test. (See figure 2 .  10 - 5 . ) 

The LAMP /TONE TEST selector switch (panel 3) is used to perform a functional test of 
lights and the master alar m tone. The ALARM TONE position tests the MASTER A LARM pushbutton/ 
lights and related tone . The C/W 1 ,  C/W 3 ,  and C/W 4 positions test the lamps of some of the caution 
and warning annunc iators (panels 1 and 2 ) .  The ENG PB-C/W 2 position tests the lamps in the engine 
stop and START pushbutton/lights (panels 3 and 5) and the remainder of the caution and warning annunci
ators.  The COMPNT position tests the component caution lights and the LUNAR CONTACT lights 
(panels 1 and 3 ) .  
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Figure 2 .  1 0 - 5 .  Lamp and Tone Test Circuits 
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PERFORMANCE AND DESIGN DATA. 

The performance and design data for LM lighting are given in tables 2.  1 0 -3 and 2. 1 0-4. 

Table 2 . 10-3 . Exterior Lights - Performance and Design Data 

Tracking Light 

Type High inten sity , flashing 

Intensity 9, 000 beam candlepower (minimum) 

Visibility Cone centered on Ll\l +Z-axis ,  with semivertex angle of 30° 

Docking lights 

Type 

Intensity 

Visibility 

Docking target 

Type 

Intensity 

EVA handrail disks 
Type 

Intensity 

\"isual: 10 to 1 4 0  nautical miles 
CSl\1 sextant: 30 to 400 nautical miles 

Incandescent 

Fixed 

1 ,  000 feet (gross attitude) 
2 00 feet (orientation) 

Self-luminous 

Fb:ed 

Self-luminous 

Fixed 

Table 2 . 10-4 . Interior Lights - Performance and Design Data 

Intens ity Power 

Control panels and pushbuttons 

Primary 0 .  5±0 . :l foot-lambert 7S vol ts. ·1 00 cps 

Backup 0. 2 foot-candle  (minimum) 24 volts de 

Circuit breakers 0. 5o 0 .  :l foot-lambert 75 volts. 400 cps 

EL numeric readout 7 foot-lamberts (minimum) 1 15 volts, 400 cps 
volts, 800 cps) 

LUNAR CONTACT lights 5 0 ± 1 0  foot-lambcrts 5 volts de 

C aution and warning annunciators 30 to GO foot-lamberts 5 volts de 
(one light operating) 
12 foot-lamberts 
(5 lamps operating) 

I 
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Table 2 . 10-4 .  Interior Lights - Performance and Design Data (cont) 

Intensity Power 

MASTER ALARM pushbutton/lights 150±30 foot-lamberts 28 volt-- !c  

DC BUS FAULT component 8 to 18 foot-lamberts 28 volts clc 
c aution light 3. 1 foot-lamberts at thresh- 18 volts de threshold voltage 

old voltage 

All other component caution lights 8 to 18 foot-lamberts 5 volts de 

Engine START and stop 
pushbutton/lights 

Incandescent 8 to 18 foot-lamberts 5 volts de 

E L  0 .  5±0. 3 foot-lambert 75 volts, 400 cps 

Computer status condition indi- 15+ 13-7 foot-lamberts 5 volts de 
cators (DSKY and DEDA) 

Self-luminous devices 0 .  05+0. 03-0. 04 foot-lambert -
Talkbacks (two- and three-position) 0. 5±0.  3 foot-lambert 75 volts, 400 cps 

Displays 

Characters and indicia 0. 5±0. 3 foot-lambert 75 volts, 400 cps 

Labels and multipliers 7 foot-lamberts (minimum) 1 1 5  volts, 400 cps 

Range markings 7 foot-lamberts (minimum) 75 volts. 400 cps 

Immediate or emergency controls 0. 1 foot-lambert (minimum) 75 volts, 400 cps 

Indicator power failure lights 20±5 foot-lamberts 5 volts de 

I 2 . 10. 4 OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

Page 2 . 10-12 

The operational limitations and restrictions for LM lighting are as follows : 

• The tracking light should be turned off when the docking lights are visible . When 
docking, the tracking light is not visible; therefore, unnecessary power is used if 
it is left on. 
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CREW PERSONAL EQUIPMENT .  

INTRODUCTION. 

This subsection covers c rew personal equipment, which includes equipment required for life 
support and astronaut safety, and accessories related to successful completion of the mission. The 
portable life support system (PLSS) oxygen and water recharge connectors interface with the Environ
mental Control Subsystem ( E CS) for refills of oxygen and water .  The pressure garment assembly (PGA) 
interfaces with the ECS for conditioned oxygen, through oxygen umbilicals; with the Communications Sub
system (CS) and Instrumentation Subsystem (IS) for communications and bioinstrumentation, through an 
electri cal umbilical; and with the ECS for water supplied to the LCG, through a water umbilical. For 
stowage locations of crew personal equipment, refer to paragraph 2. 1 1 .  8. 

2. 1 1 .  2 EXTRAVEHIC ULAR MOBILITY UNIT. (See figure s 2 . 1 1 - 1 ,  2 . 1 1 - 2 ,  and 2 . 1 1- 3 . ) 

The extravehicular mobility unit (EMU) provides life support in a pressurized or unpres- I surized cabin,  and up to 7 hours of extravehicular activity (depending on the astronaut' s  metabolic rate) . 

In its extravehicular configuration, the E M U  is a closed-circuit pressure vessel that envelops 
the astronaut. The environment inside the pressure vessel consists of 100% oxygen at a nominal pres
sure of 3 .  75  psia. The oxygen is provided at a flow rate of 6 cfm . The extravehicular life support equip
ment configuration includes the following: 

• Liquid cooling garment 

• Pressure garment assembly 

• Integrated thermal micrometeoroid garment 

• Portable life support system 

• Oxygen purge system 

• Communications carrier 

• EMU waste management system 

• EMU maintenance kit 

• PLSS remote control unit 

• Lunar extravehicular visor assembly 

• Biomedical belt 

• Extravehicular EV gloves 

During intravehicular phases of the mission , several configurations are possible . The basic 
configuration provides intravehicular life support independent of the ECS.  It includes the following: 

• Pressure garment assembly (with PLSS) 

• Integrated thermal micrometeoroid garment 

• Communications carrier 

• Constant-wear garment (not used in LM) 

• Liquid cooling garment 
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• Urine collection and transfer assembly 

• Auxiliary equipment. 

Liquid Cooling Garment. (See figure 2 . 1 1- 1 . ) 

The LCG is worn by the astronauts while in the LM and during all extravehicular 
activity . It cools the astronaut 's body during extravehicular and intra vehicular activity by absorb
ing body heat and t ransferring excessive heat to the sublimator in the PLSS or the ECS. The LCG is a 
one-piece, long-sleeved, integrated- stocking undergarment of netting material. It consists of an inner 
liner of nylon c hiffon, to facilitate donning, and an outer layer of nylon Spandex into which a network of 
Tygon tubing is woven. The tubing does  not pass through the stocking area. A double connector for in
coming and outgoing water is located on the front of the garment. Cooled water, supplied from the P LSS 
or from the ECS, is pumped through the tubing. Pockets for bioinstrumentation signal conditioners  are 
located around the waist. A zipper that runs up the front is used for donning and doffing the LCG; an 
opening at the crotch is used for urinating. Dosimeter pockets and snaps for attaching a biomedical belt 
are part of the L'C G. 

2.  11 .  2 .  2 P ressu re Garment Assembly. (See figures 2 .  1 1- 2  and 2. 1 1- 3 . ) 

The PGA is the basic pressure vessel of the EMU. It provides a mobile life-support 
chamber if cabin pressure is lost due to leaks or puncture of the vehicle. The PGA consists of a 
helmet, torso and limb suit, intravehicular gloves ,  and various controls and instrumentation to provide 
the crewman with a controlled environment. In an emergency, the PGA is designed to be worn for 
1 1 5  hours at a regulated pressure of 3. 75 ±0. 25 psig, in conjunction with the LCG. 

2. 1 1 .  2 .  2 .  1 Torso and Limb Suit . 

The torso and limb suit is a flexible pressure garment that encompasses the entire body, 
except the head and hands. It has four gas connectors , a PGA multiple water receptacle, a PGA elec
trical connector ,  and a PGA urine transfer connector for the PLSS/PGA and ECS/ PGA interface. The 
PGA connectors have positive locking devices; they can be connected and disconnected without assistance .  
The  gas connectors comprise an oxygen inlet and outlet connector, on  each side of  the  suit front torso. 
Each oxygen inlet connector has an integral ventilation diverter valve. The PGA multiple water receptacle, 
mounted on the suit torso, serves as the interface between the LCG multiple water connector, PLSS 
multiple water connector, and the ECS water supply. A protective external cover provides PGA pressure 
integrity when the LCG multiple water connector is removed from the PGA water receptacle. The PGA 
electrical connector, mated with the vehicle or P LSS electrical umbilical, provides a communications, 
instrumentation, and power interface to the PGA. The PGA urine transfer connector is used to transfer 
urine from the urine collection transfer assembly (UCTA) to the waste management system. 

The PGA urine transfer connector, on the suit right leg, permits dumping the urine collection 

I bag without depressurizing the PGA. A PGA pressure relief valve on the right-leg thigh vents the suit in 
the event of overpressurization. The pressure relief valve relieves pressure in excess of 5. 4 psid. If I the valve does not open, it can be manually overridden. A pressure gage on the left-arm wrist cone indi
cates suit pressure. A low-pressure warning-tone switch and pressure transducer are part of the PLSS 
equipment. 

2 . 1 1 . 2 . 2 . 2  Helmet . 

The helmet is a Lexan (polycarbonate) shell with a bubble-type visor,  a vent-pad assembly, 
and a helmet-attaching ring. The vent-pad assembly permits a constant flow of oxygen over the inner 
front surface of the helmet . The astronaut can turn his head within the helmet neck-ring area . The helmet 
does not turn independently of the torso and limb suit .  The helmet has provisions on each side for 
mounting a lunar extravehicular visor assembly (LEVA). When the LM is unoccupied, the helmet protective 
bags are stowed on the cabin floor at the crew flight stations . Each bag has a hollow-shell plastic base 
with a circular channel for the helmet and the LEV A, two recessed holes for glove connector rings, and 
a slot for the EMU maintenance kit. The bag, made of B eta cloth , folds towards the plastic base when 
empty . 
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The> intraveh · ;ular gloves are worn during operations in the LM cabin .  The gloves are 
secured to the \1 :· ist ring uf the torso and l imb suit with a slide lock; they rotate by means of a ball
bearing race .  Freedom oi rotation, along with convoluted bladders at the wrists and adjustable antibal
looning restraints on the knuckle areas , permits manual operations while wearing the gloves . 

2 . 1 1 . 2 . 2 . 4  Controls .  

All PGA controls are accessible to the crewman during intravehicular and extravehicular 
operations . The PGA controls comprise two ventilation diverter valves, a pressure relief valve with 
manual override , and a manual purge valve . For intravehicular operations, the ventilation diverter 
valves are open, dividing the PGA inlet oxygen flow equally between the torso and helmet of the PGA . 
During extravehicular operation, the ventilation diverter valves are closed and the entire 6 .  0-cfm oxygen 
flow enters the helmet . The pressure relief valve accommodates flow from a failed-open primary oxygen 
pressure regulator .  If the p ressure relief valve fails open, it may be manually closed. The purge valve 
interfaces with the PGA through the PGA oxygen outlet connector . Manual operation of this valve initiates 

I an 8-pound-per-hour purge flow, providing carbon dioxide (C02 ) washout and minimum cooling during 
contingency or emergency operations. 

2 . 1 1 . 2 . 2 . 5  Instrumentation . 

A pressure transducer on the right cuff indicates pressure within the PGA . Biomedical 
instrumentation comprises an EKG (heart) sensor, ZPN ( respiration rate) sensor, de-to-de converter , 
and wiring harness .  The Z PN sensor is only operational with the spacecraft telemetry system. A personal I radiation dosimeter (active) is attached to the integrated thermal micrometeoroid garment ITMG for 
continuous cumulative radiation readout. A chronograph wristwatch (elapsed-time indicator) is readily 
accessible to the crewman for monitoring. 

I 

2 . 1 1 . 2 . 3  Communications Carrier . 

The communications carrier (cap) is a polyurethane-foam headpiece with two independent 
earphones and microphones , which are connected to the suit 2 1 -pin communications electrical connector .  
The communications carr'er i s  worn with o r  without the helmet during intravehicular operations . It is 
worn with the helmet dur ,ng extravehicular operations . 

2 . 1 1 . 2 . 4 Integrated Thermal M icrometeoroid Garment .  

The ITMG is worn over the PGA. It protects the astronaut from harmful radiatwn, heat 
transfer ,  and micrometeoroid activity. 

The ITMG is a one-piece ,  form-fitting multilayered garment that is  laced over the PGA and 
I remains with it . The LEVA, gloves ,  and boots are donned separately . From the outer layer in, the 

ITMG is made of a protective cover , a micrometeoroid-shielding layer, a thermal-barrier blanket 
(multiple layers of aluminized mylar) ,  and a protective line r .  A zipper on the ITMG permits connecting 
or disconnecting umbilical hoses.  

2 .  1 1 .  2 .  4 . 1 Extravehicular Gloves . 

For extravehicular activity, the PGA gloves are replaced with the extravehicular gloves . 
The extravehicular gloves are made of the same material as the ITMG to permit handling intensely hol 
or cold objP<'t s outside the cabin and for protection against lunar temperatures. 

2. 1 1 .  2. 4. 2 Extravehicular Boots . 

I For extravehicular activity, the extravehicular boots are worn over the PGA boots. They 
are made of the same material as the ITMG . The soles have additional insulation for protection against 
intense temperatures . 
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2 .  1 1 .  2 .  4 .  3 Lunar Extravehicular Visor Assembly. (See figure 2. 1 1 -4 . )  

The LEVA, which fits over the clamps around the base of the helmet, provides added pro
tection against solar heat , space particles, solar glare, ultra -violet rays , and ace idental damage to the 
helmet. The LEVA is comprised of a plastic shell, cover, hinge assemblies , three eyeshades (left, 
center and right ) ,  and two visors (protective and sun visors ) .  The protective visor provides impact ,  
infrared, and ultra-violet ray protection. This visor can b e  positioned anywhere between full u p  t o  full 
down. The sun visor has a gold c oating which provides protection against light and reduced heat gain 
within the helmet .  The sun visor can be positioned anywhere between full up and full down providing that 
the protective visor is  lowered. The eyeshades,  two located on each side and one in the c enter , reduce 
low-angle solar glare by preventing light penetration at the sides and overhead viewing areas. The LEVA 
can be attached or detached from the helmet without the aid of tools . A latc hing mechanism allows the 
lower rim of the LEV A to be tightened and secured around the neck area of the helmet. A LEV A for each 
astronaut is stowed in the LEV A helmet stowage bags and secured on the floor at his station during 
launch. When the LM is occupied, the LEVA'S are stowed in helmet stowage bags and secured on the 
asc ent engine cover. 

2 . 1 1 . 2 . 5 Portable Life Support System . (See figures 2 . 1 1 - 5  and 2 . 1 1 - 6 . ) 
The P LSSis  a self-contained, self-powered, rechargeable environmental control system .  In 

the extravehicular configuration of the EMU, the PLSS is worn on the astornaut' s back. The P LSS supplies 
pressurized oxygen to the PGA, cleans and c ools the expired gas, c irculates cool liquid in the LC G through the 
liquid transport loop, transmits astronaut biomedical data, and functions as a dual VHF transceiver for 
communication. 

The P LSS has a c ontoured fiberglass shell to fit the back, and a thermal micrometeoroid protec
tive cover . It has three control valves , and, on a separate control unit, two control switches , a volume control, 
and a five-position switch for the dual VHF transceiver. The remote control unit is set on the chest, below the 
neck ring. 

Fully charged, the equipment can assimilate an average astronaut output of 1, 600 Btu per hour with 
peak rates of 2, 000 Btu per hour .  The PLSS can operate for 7 hours , depending upon the astronaut 's metabolic I rate , before the oxygen and feedwater must be replenished, the battery and l ithium hydroxide (LiOH) cartridge 
must be replaced, and condensate discharged.  The basic systems and loops of the PLSS are: primary oxygen 
subsystem,  oxygen ventilation loop, feedwater loop, liquid transport loop, and electrical system. 

The PLSS attaches to  the astronaut 's  back, over the ITMG ; i t  is connected by a shoulder 
harness assembly.  When not in use , it is stowed on the floor or in the left-hand midsection. To don the 
PLSS , the astronaut backs against the pack, makes PGA and harness connections , and unhooks the PLSS 
straps from the overhead attachment .  

2 .  1 1 .  2 .  5 .  1 Primary Oxygen Subsystem. (See figure 2 .  1 1-6 . )  

The primary oxygen subsystem is rechargeable .  It provides regulated oxygen for the oxygen 
ventilation loop. The subsystem consists of a primary oxygen bottle ,  recharge connector, primary oxygen 
regulator assembly,  and associated instrumentation. 
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Figure 2. 1 1 -4 .  Lunar Extravehicular Visor Assembly 
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Primary Oxygen Bottle . The oxygen bottle contains 1 . 0 pound of usable oxygen, at 900 psia and +65°  F .  
This supply provides adequate makeup oxygen for a 1 ,  200-Btu/hr metabolic load and t o  compensate for 
EMU leakage for 4 hours of extravehicular activity . Recharge time from a 900 ± 50-psig source, at oa  
to  + 60 ' F ,  i s  1 hour . 

Primary Oxygen Regulator Assembly. The primary oxygen regulator assembly is a single-stage unit that 
regulates the oxygen ventilation loop at 3 .  75  ± 0 .  1 5  psig . It is used with the oxygen purge subsystem 
(OPS) during purge operation. A flow-limiting orifice upstream of the regulator valve restricts flow to 
3 .  6 lb/hr to protect the PGA against overpressurization if the regulator fails open. All oxygen flow from 
the primary oxygen subsystem is controlled manually with the primary oxygen shutoff valve. 

Instrumentation. A high-oxygen-flow- rate sensor activates an audible 3-kc warning tone when the flow 
rate exceeds 0. 62 lb; hr .  The primary oxygen bottle contains two independent pressure transducers that 
provide separate signals for telemetry and crew visual readout. In addition, two independent pressure 
transducers monitor PGA pressure: one provides telemetry data; the othe r ,  activates an audible 1 .  5 -kc 
warning tone when PGA pressure drops below 3 .  15 ± 0. 05 psia. 

2. 1 1 .  2. 5. 2 Oxygen Ventilation Loop . (See figu.re 2 .  1 1- 6 . ) 

The oxygen ventilation loop is a closed-loop system that reconditions and recirculates 
oxygen through the PGA . The loop consists of a contaminant control assembly, a section of a porous 
plate sublimator, a water separator, a fan/motor assembly, two PLSS oxygen connectors, and instru
mentation. 

Contaminant Control Assembly. This assembly contains an expendable LiOH and charcoal cartridge that 
filters foreign particles and removes carbon dioxide and odors from the oxygen ventilation loop. The 
cartridge is rated at 1 ,  200 Btu/hr for a 4-hour operational lifetime. 

Sublimator and Water Separator . A section of the porous plate sublimator dissipates heat and condenses 
excess water from the oxygen ventilation loop . The water separator removes the entrained water and 
directs it to the drain water section of the feedwater reservoir .  The maximum water separation rate is 
0. 54 lb/hr at 2 ,  000 Btu/hr . 

Fan/Motor Assembly . A centrifugal-type fan, operating at 18 , 000 ± 600 rpm , circulates oxygen at 6 .  0 
cfm between the P LSS and PGA . The fan is powered by a 16 . 0  ± 0 .  8-volt brushless d-e motor . The heat 
generated by the motor is transferred to the liquid transport loop by the fan cooling jacket heat exchanger.  

PLSS Oxygen Connectors .  The PLSS oxygen connectors provide an interface between the oxygen ventila
tion loop and the PGA inlet and outlet gas connectors.  

Instrumentation. A low-ventilation-flow-rate sensor activates an audible 1 .  5-kc warning tone when the I oxygen flow rate drops below 5 ± 0 .  3 cfm . 

2. 1 1 .  2 .  5 .  3 Feedwater Loop . (See figure 2 . 1 1 - 6 . ) 

The feedwater loop is rechargeable .  It supplies expendable water to the sublimator and 
stores condensation removed by the water separator .  The loop consists of a reservoir; water fill , vent , 
and drain connectors;  a water shutoff and relief valve; sublimator ;  and instrumentation. 

Feedwater Reservoir and Vent Connector .  The reservoir is  a bladder-type tank that p rovides 8 .  40 ± 0 . 25  
pounds o f  expendable feedwater for sublimation. Drainwater from the water separator is stored in  the 
volume between the reservoir housing and bladder .  The combination of stored drainwater and oxygen 
ventilation loop pressure provides the necessary differential pressure to expel feedwater from the bladder. 
The bladder contains a vent line for removal of entrapped gas to assure a full charge . 

Water Shutoff and Relief Valve .  When open, this manually operated valve allows feedwater to flow to the 
sublimator .  When closed, the valve acts as a pressure relief device to prevent feedwater reservoir over
pressurization. The valve relieves at 58 . 5  ± 6. 5 psig and resets at 40 . 0  psig. 
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Water F ill  and Drain Connectors.  These connectors allow access to both s ides of the reservoir bladder 
to facilitate recharging and draining. Because the reservoir contains a bladder,  filling and draining 
are performed simultaneously. Recharge time from a 40-psig source is 1 5  m inutes .  

Sublimator.  The sublimator transfers heat, by conduction, from the liquid transport loop and the oxygen 
ventilation loop cooling passages to the feedwater loop passages .  The heat in the feedwater is then 
dissipated by sublimation of ice .  

Instrumentation. A pressure transducer provides systems telemetry monitoring to identify sublimator 
breakthrough and feedwater reservoir low level .  

2 .  1 1 .  2 .  5 .  4 Liquid Transport Loop. (See figure 2 .  1 1 - 6 . ) 

The liquid transport loop is a recirculating loop that provides thermal control of the EMU 
by dissipating heat through sublimation. The loop consists of a water accumulator, water fill connector ,  
pump/motor assembly, water diverter valve , a section o f  the porous plate sublimator, a multiple water 
connector ,  and instrumentation. 

Water Accumulator and F ill  Connector .  The accumulator m aintains makeup transport water at an outlet 
pressure between 1 1 . 9  and 2 0 . 0 psig . The water fill connector permits initial charging of the loop and 
topping-off the accumulator charge between extravehicular excursions . A recharge key required for 
recharging the accumulator is stowed in the EMU maintenance kit . 

Pump/Motor Assembly . A vibrating-diaphragm-type pump imparts a coolant flow rate of 4 .  0 ± 0 .  2 
lb/ min through the liquid transport loop . A 1 6 . 8 ± 0 .  8-volt brushless d-e motor operating at 9 ,  000 ± 300 
rpm powers the pump, creating a pressure rise of 5. 65 ± 0 .  30  psig . 

Water Diverter Valve .  The water diverter valve is a manually operated, three-way, three-position valve . 
It regulates the coolant flow rate through the sublimator to provide thermal control for the liquid transport 

( 

loop . In the m inimum and intermediate positions, the valve diverts the flow so that most of the water ( bypasses the sublimator .  In the maximum position, the entire flow passes through the sublimator before 
returning to the LCG . The sublimator and bypass flow rates are :' " follows:  

Diverter Sublimator Flow Bypass Flow 
Valve Position Rate ( lb/m in) Rate ( lb/m in) 

Maximum 4 .  0 ± 0. 1 0 

Intermediate 0 . 5 ± 0 . 05 3 . 5 ± 0 . 05 

Minimum 0 . 2 5 ± 0 . 05 3 .  75 ± 0. 0 5  

Sublimator .  The porous plate sublimator contains liquid transport loop passages and provides thermal 
control through sublimation of ice .  

P LSS Multiple Water Connector .  This connector interfaces with the  PGA multiple water receptacle,  
providing a single PGA penetration with dual passages to the LCG . 

Instrumentation. The water accumulator contains a dip- stick-type indicator that shows the water level .  
The liquid transport loop has three individual temperature t ransducers that monitor LCG water inlet 
temperature and LCG water differential temperature to provide telemetry rlata. 

2. 1 1 .  2 .  5 .  5 Electr ical Power Subsystem . (See figure 2 .  1 1 - 6 . ) 

The PLSS electrical power subsystem provides d-e power to the fan; motor and pump/motor 
assemblies , communications , and instrumentation. The power is supplied by a 1 6 .  8 ± 0 .  8-volt, 1 1 - cell ,  
silver-zinc alkaline battery rated at 14 . 3  ampere-hours . This provides 4 hours of nominal operation at 
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3 .  75 amperes and 60 watts .  Current limiters protect the electrical circuits against overcurrent. The 
power consumption is as follows : 

Space suit communicator (including all 
transducers , indicators, and microphones )  

Pump 

Fan 

1 1 .  55  watts 

10 .  0 watts 

30.  0 watts 

E MU Electrical Connectors. (See figure 2. 1 1 - 7 . ) During EMU checkout and recharge ,  the crewman is 
required to make and break the following electrical connectors :  

PLSS 

J-3 PLSS battery connector 

J-4 PLSS electrical umbilical 
connector 

J-5 PLSS antenna connector 

PGA 

J-7 communication connector 

J-8 biomedical connector 

J-9 PGA electrical connector 

The following two connectors provide an interface between the space suit communicator and the two 
terminal boxes. They do not require crew action. 

J -1 terminal box A-1  J-2 terminal box A-2 

Current Limiters.  For PLSS/EVCS current limiter values, refer to the EMU AOH, Volume I (System 
Description), CSD-A- 789- ( 1 ) .  

Instrumentation. The battery current and voltage transducers share the same telemetry frequency. 
Manual actuation of the mode selector switch on the PLSS remote control unit determines which trans
ducer output is being telemetered. 

2 . 1 1 .  2. 5. 6 Extravehicular Communications System .  (See figures 2 . 1 1 - 5  and 2 . 1 1 -6. ) 

The extravehicular communication system (EVCS) has the following basic capabilities: 

• Simultaneous and continuous telemetry from two extravehicular astronauts 

• Duplex voice communications between earth and one or both extravehicular 
astronauts 

• Uninterruptable voice communications between the astronauts 

• Provides 30 telemetry channels ,  30 x 1 1/2 PAM for each extravehicular 
communicator (EVC) ;  26 channels are for status information 

• Provides separate subcarrier frequencies for continuously monitoring 
each E KG during EVA 

• Generates an audible alarm for 1 0 ±2 seconds if an unsafe condition occurs. 
(If the EVC mode selector switch position is changed, this warning tone 
comes on again for 1 0 cr2 seconds if the condition still exists . ) 
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The EVCS consists of a pair of extravehicular communicators (EVC-1 and EVC-2) ,  which 
are an integral part of the PLSS. The EVC-1 consists of two AM transmitters, two AM receivers , one 
FM receiver, signal-conditioning circuits ,  a telemetry system, a warning system,  and other compon
ents required for system operation. The EVC-2 is similar to the EVC-1 ,  except that it has an FM 
transmitter instead of  an FM receiver. 

Each EVC is  controlled with a four-position switch. (See figure 2. 1 1 - 5 . ) The 0 position 
is the off position; AR, for dual-mode operation; and A and B, for primary- and secondary-mode 
operation, respectively. 

The dual mode is the normal operating mode. In this mode, the EVC-2 transmits a 0. 3- to 
2. 3 -kc voice signal and two interrange instrument group subcarriers (3 . 9 and 7. 35 kc) via a 2 79-mc 
FM transmitter. The transmitter has an unmodulated output in excess of 500 mw. The composite 
signal from the EVC-2 is  received at EVC-1,  mixed with a 0. 3- to 2. 3 -kc voice signal and two interrange 
instrument group subcarriers (5 .  4 and 10. 5 kc) ,  and transmitted to the LM on a 2 5 9. 7-mc AM link. 
This composite signal of voice and four subcarriers is then relayed from the LM to earth via S-band. 
The EVC-2 also receives EVC-1 output (which includes the original EVC-2 transmission) via a 259 .  7-mc 
receiver; thus, a duplex link between the two extravehicular astronauts is established. Communications 
signals are transmitted from earth to the LM via S-band and are then relayed to both astronauts on the 
296-mc AM link. 

The outputs of the FM and AM receivers are summed with an attenuated input voice signal 
and applied to the earphones. The audio output levels of both receivers are individually controlled by 
separated volume controls on the RCU affixed to the chest of the PGA. The input voice signal is 
attenuated 1 0  db to provide a sidetone for voice-level regulation. 

The dual mode provides uninterruptable duplex voice communications between the astro
nauts and the LM-earth linkup, plus simultaneous telemetry from each astronaut via relay through 
the EVC- 1 .  If a malfunction occurs in the dual mode, the system has backup in the primary and 
secondary modes. Both E VC 's should never be in the primary or secondary modes simultaneously. 
Severe distortion and interference will occur, and communications will be temporarily lost. 

In the primary and secondary modes, duplex voice communication is  maintained between 
the two astronauts and the LM. The secondary mode has no telemetry capability . Also, the secondary
mode transmitter is inoperative unless activated by the voice-operated switch or the manual switch. 
The dual- and primary-mode transmitter is  continually operative. 

In all modes of operation, the telemetry systems provide a warbling 1 .  5-kc tone to warn 
of high oxygen flow, low vent flow, low PGA pressure, and low feedwater pressure. The tone alerts 
the astronaut to check his remote control unit for a visual indication of the problem area. Each 
telemetry system can accommodate as many as 26 commutated channels at 1 - 1/2 samples per second, 
and one E KG channel .  Data accuracy is 2% rms . 

The LM communication relay unit (LCRU) enables the communication relay to M S FN via 
S-band. 

2 .  1 1 .  2. 5. 7 PLSS Remote Control Unit. 

The PLSS remote control unit is a chest-mounted instrumentation and controls unit. It has 
a fan switch, pump switch, SSC mode selector switch, volume control, PLSS oxygen quantity indicator, 
five status indicators, and an interface for the OPS actuator. 

2 . 1 1 . 2 . 6 Oxygen Purge System. 

The OPS is a self-contained, independently powered, high-pressure , nonrechargeable 
emergency oxygen system that provides 30 minutes of regulated purge flow. The O PS consists of two 
interconnected spherical high-pressure oxygen bottles, an automatic temperature control module, an 
oxygen pressure regulator assembly, a battery, an oxygen connector, and checkout instrumentation. In 
the normal extravehicular configuration, the OPS is mounted on top of the PLSS and is used with PLSS 
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systems during emergency operations. In the contingency extravehicular configuration, the OPS is 
attached to the PGA front lower torso and functions independently of the PLSS . The OPS has no com
munications capability, but provides a hard mount for the SSC VHF antenna. Two OPS 's are stowed 
in the LM. 

2. 11. 2 .  6 .  1 OPS Oxygen Bottles.  

The OPS oxygen bottles contain a total of 4 pounds of usable oxygen at 7, 500::c750 psig. 
I This supply provides a 30-minute operational lifetime at a purge flow rate of 8 pounds per hour. 

2. 1 1 .  2. 6.  2 OPS Oxygen Pressure Regulator Assembly. 

This assembly is a single-stage , variable -orifice regulator that regulates PGA inlet oxygen 
pressure to 3 .  45 ±0. 2 5  psi g. The regulator has an inline heater and automatic temperature control 
module to offset the adiabatic expansion cooling of the oxygen and to maintain PGA inlet oxygen tempera
ture between +50 o and +80 o F.  The manually operated OPS oxygen shutoff valve is me chanically coupled 
to the heater switch. 

2. 1 1 .  2 .  6.  3 OPS Battery. 

The battery supplies 27  volts de to the 1 16-watt heater and automatic temperature control 
module.  The battery is rated at 2 .  5 ampere-hours . 

2 .  1 1 .  2 .  6 .  4 OPS Oxygen Connector s .  

The O P S  connector interfaces with the PGA inlet gas connector . The GSE fill connector i s  
used only f o r  initial ground charge. 

2. 1 1 .  2 .  6. 5 OPS Instrumentation. 

The regulator and heater have preoperational checkout systems . The OPS pressure gage 
monitors the OPS oxygen bottles and is used for ground fill  and preoperational checkout . The gage 
verifies regulated flow (8 pounds per hour) through an orifice mounted on the stowage plate. The heater 
circuitry is checked before egress ,  with a momentary- contact switch which, when actuated, causes a 
yellow light to go on to indicate circuit continuity. 

2. 1 1 .  2. 6. 6 PLSS Condensate Transfer. (See figure 2 . 1 1 - 8. ) 

PLSS condensate transfer and PLSS feedwater recharge occur simultaneously. When the 
PLSS is re charged with water, it forces condensate waste out through the PLSS drain port and the 
transfer hose into the PLSS condensate transfer assembly. The condensate waste comes in contact 
with the ai r-water separator and germicide. The separator prevents the waste liquid from entering 
the cabin. The germicide prevents biological contamination of the lunar surface. The transfer hose 
can be connected to the vent connector to bleed off the nitrogen bubble, thus enabling topping off the 
PLSS to full capacity . The PLSS condensate transfer assembly can be quickly disconnected and jet
tisoned to the lunar surface. 

2 . 1 1 . 2 . 7 EMU Maintenance Kit. 

The EMU maintenance kit consists of an accumulator key for the PLSS , lubricant, spare 
0- rings, and patching tape for repair of the E MU. The kit is stowed in the helmet stowage bag until 
needed for extravehicular activity. 
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Figure 2. 1 1 - 8. PLSS Condensate Transfer - Schematic Diagram 
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The umbilical assembly consists of hoses and connectors for securing the PGA to the E CS ,  
CS ,  and IS. Separate oxygen, electrical, and water umbilicals connect to  each astronaut. A buddy I umbilical system is provided for extravehicular-activity emergency. 

2. 1 1 .  3. 1 Oxygen Umbilical. 

The oxygen umbilical consists of silicone rubber hoses ( 1 .  25-inch inside diameter )  with wire 
reinforcement. The connectors are of the quick-disconnect type,  with a 1. 25-inch, 70 o elbow at the 
PGA end. Each assembly is  made up of two hoses and a dual- passage connector at the E CS end and two 
separate hoses (supply and exhaust) at the PGA end. When not connected to the PGA, the ECS connector 
end remains attached and the hoses stowed. 

2 . 1 1 . 3 . 2 Electrical Umbilical. 

The electrical umbilical carries voice communications and biomedical data, and electrical I power for warning tone impulses. 

2 . 1 1 . 3 . 3 Buddy System Umbilical. (See figure 2. 1 1 - 9. ) 

The buddy system umbilical is used by the EVA ' s  if oxygen or water flow fails in either 
PLSS. If PLSS oxygen flow fail s  the OPS is turned on to provide approximately 50% flow and the buddy 
umbilical is used to circulate water coolant to the other PGA (a function formerly performed by OPS 
flow).  This enables conservation of oxygen. If water flow fails in one PLSS, the buddy umbilical is  
also used to  restore the water cooling function. 

Use of the buddy umbilical to provide alternative functions if these failures occur ,  
increases the EVA walkback limit to 2 kilometers. 

The buddy umbilical, approximately 9 feet long, permits an effective distance of 5 feet 
between the EVA 's.  When use of the buddy umbilical is required, the extravehicular activity is aborted 
and the astronauts must return to the LM. 
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CREW LIFE SUPPORT . 

The crew life support equipment includes food and water ,  a waste management system , 
personal hygiene item s ,  and medical equipment for in-flight emergenc ies.  A potable-water unit and 
food packages contain sufficient life - sustaining supply for completion of the LM mission. 

2 . 1 1 . 4 . 1 Crew Water System . 

The water dispenser assembly consists of a Trevarno mounting bracket, a coiled hose ,  and 
a trigger -actuated water dispenser. The hose and dispenser extend approximately 72 inches to dispense 
water from the ECS water feed control assembly . The ECS water feed control valve is opened to permit 
water flow . The dispenser assembly supplies water at + 50° to +90 ' F for drinking, food preparation, and 
fire extinguishing. The water dispenser is inserted directly into the mouth for drinking. Pressing the 
trigger-type control supplies water . 

2 . 1 1 . 4 . 2 Food Preparation and Consumption 

The astronaut 's food supply (approximately 2, 500 calories per man per day) includes liquids 
and solids with adequate nutritional value and low waste content. Food packages are stowed in the LM 
midsection, and in the left-hand side stowage compartment (LHSSC) of LM 8. 

The food is vacuum-packed in  plastic bags that have one -way poppet valves into which the 
water dispenser can be inserted. Another valve allows food passage for eating. The food bags are 
packaged in  aluminum-foil-backed plastic bags for stowage and are color coded: red (breakfast),  white 
(lunch) ,  and blue (snacks). 

Food preparation involves reconstituting the food with water .  The food bag poppet-valve 
cover is cut with scissors and pushed over the water dispenser nozzle after its protective cover is 
removed. Pressing the water dispenser trigger releases water.  The desired consistency of the food 
determines the quantity of water added. After withdrawing the water dispenser nozzle, the protective 
cover is replaced and the dispenser returned to its stowage position. The food bag is kneaded for approx
imately 3 minutes ,  after which the food is considered reconstituted. After cutting off the neck of the food 
bag, food can be squeezed into the mouth through the food-passage valve. A germicide tablet, attached 
to the outside of the food bag, is inserted into the bag after food consumption, to prevent fermentation and 
gas formation. The bag is rolled to its smallest size ,  banded, and placed in the waste disposal compart
ment . 

2 . 1 1 . 4 . 3  EMU Waste Management System. 

The EMU waste management system provides for the disposal of body waste through use of 

I a fecal containment system and a urine collection and transfer assembly, and for neutralizing odors .  
Personal hygiene items are stowed in the left-hand stowage compartment. I 

2 .  1 1 . 4 .  3 .  1 Waste Fluid Transfer . 

Waste fluids are transferred t o  small waste fluid collector assemblies by a controlled I 
difference in pressures between the PGA and cabin (ambient) . 

A waste storage c ontainer in the desc ent stage provides ur ine stowage, P LSS con
densate stowage, and gas separation. The size and skin thickness (and therefore the weight) of 
the container are minimized because the pressure caused by accumulated gases are vented to 
the lunar environment. Biological contamination of the lunar su rfac e is avoided by incorpora-
tion of a germicide in the container and a bacteria filter at the vent port . An electrical heater and a 
pressure control valve prevent ice accumulation at the inlet and vent ports. A urine receptacle (stowed) 
in the cabin) collects urine by direct interface with the crew. 

The quick-disconnect on the urine receptacle and the overboard dump line contains a self
sealing valve. This feature enables cabin pressure to be retained when the quick-disconnect is broken. 
In addition, a safety pressure cap on the hose quick-disconnect provides a redundant method of 
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preventing loss of cabin atmosphere. The hose assembly also mates with the vent and drain ports of the 
PLSS for water recharge. PLSS condensate is  transferred to the descent stage container , using the pres
sure available at  the P LSS to effect the transfer. 

2 . 1 1 . 4 .  3,  2 Fecal Device. 

( 

I The fecal containment system consists of an outer fecal/emesis bag (one layer of Aclar) and 

I 

a smaller inner bag. The inner bag has waxed tissue on its inner surface. Polyethylene -backed toilet 
tissue and a disinfectant package are stored in the inner bag. 

To defecate , the astronaut removes the inner bag from the outer bag. After unfastening the 
PGA and removing undergarment s ,  the wa' ' tissue is peeled off the bag 's  inner surface and the bag is  
placed securely over the anal area. After ecating , the used toilet tissue is deposited in  the used bag 
and the disinfectant package is pinched and lJroken inside the bag. The used bag is then c losed ,  kneaded ,  
and inserted in the outer bag. The wax paper is  removed from the adhesive o n  the fecal/ emesis bag , i t  i s  
sealed ,  then placed i n  the waste disposal compartment. 

2 . 1 1 . 4 . 4 Personal Hygiene Items. 

Personal hygiene items c onsist of wet and dry cleansing cloths ,  chemically treated and sealed 
in plastic c overs ,  and packs of teeth -cleansing , ingestable chewing gum. The c loths measure 4 by 4 
inches and are folded into 2 -inch squares. They are stored in the food package container along with the 
chewing gum. 

2 . 1 1 . 4 . 5 Medical Equipment. 

The medical equipment consists of biomedical sensors , personal radiation dosimeters ,  and ( e mergency medical equipment. 

2 .  1 1 .  4 .  5.  1 Bioinstrumentation. 

Biomedical sensors gather physiological data for telemetry. Government-furnished imped
ance pneumographs c ontinuously record heart beat (EKG) and respiration rate. Each assembly (one for 
each astronaut) has four electrodes which contain e lectrolyte paste; they are attached with tape to the 
astronaut' s  body. 

2. 1 1 .  4. 5. 2 Personal Radiation Dosimeters. 

Six dosimeters are provided i '  · ach astronaut. They contain thermoluminescent powder , 
nuclear emulsions , and film that is sensitive to beta , gamma, and neutron radiation. They are placed on 
the forehead or right temple , chest , wrist , thigh, and ankle to detect radiation to eye s ,  bone marrow , 
and skin. Serious , perhaps critical , damage results if radiation dosage exceeds a predetermined level. 
For quick , easy reference each astronaut has a dosimeter mounted on his E MU. Dosimeters are govern
ment-furnished equipment. 

2. 1 1 . 4. 5.  3 E mergency Medical Equipment. 

The emergency medical equipment consists of a kit of six capsules :  four pain killers 
(Darvon) and two pep pills (Dexedrine ) .  For LM 8 and LM 9, the kit is attached to the forward exterior 
side of the flight data file; for LM 10 and subsequent , at the left-hand midsection , readily accessible to 
both astronauts. The emergency medical equipment is  government furnished. 
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CREW S UPPORT AND RESTRAINT EQUIPMENT. (See figure 2. 1 1 - 10. ) 

The crew support and restraint equipment includes armrests , handholds (grips ) ,  Velcro 
on the floor to interface with the boots ,  and a restraint assembly operated by a tensioned rope- and
pully arranc;ement that secures the astronauts in an upright position unde r zero-g conditions. 

2 . 1 1 . 5 . 1  Armrests .  

The armrests , at each astronaut station, provide stability for  operation of the thrust/ 
translation controller assembly and the attitude controller assembly, and restrain the astronaut laterally . 
The armrests are adjustable ( four positions) to accommodate the astronaut: they also have stowed (fully 
up) and docking (fully down) pos itions . The armrests ,  held in position by spring- loaded detents ,  can be 
moved from the slowed position by grasping them and applying downward force . Other pos itions are 
selected by press ing latch buttons on the armrest forward area. Shock attenuators are built into the 
armrests for protection against positive-g  forces ( lunar landing) . The ma..ximum energy absorption of 
the armrest assembly is a 3 00-pound force, which will cause a 4- inch armrest deflection. 

2 . 1 1 . 5 . 2  Handholds . 

The handholds , at each astronaut station and at various locations around the cabin, provide 
support for the upper torso when activity involves turning, reaching, or bending : they attenuate movement 
in any direction. The forward panel handholds are single upright. peg-type, metal grip s .  They are fitted 
into the forward bulkhead, directly ahead of the astronauts,  and can be grasped with the left or right hand . 

2 . 1 1 . 5 . 3 Restraint Assembly. 

I 

The restraint assembly consists of cables ,  restraint rings , and a constant- force reel system.l 
The cables attach to D- rings on the PGA sides, waist high. The constant- force reel control provides a 
downward force of approximately 30 pounds ; it is locked dur ing landing and docking operations. When the 
constant-force reel is locked , the cables are free to reel in. A ratchet stop prevents paying out of the 
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I cables and thus provides lunar-landing restraint. Docking pins on the Commander 's restraint cables 
may be used during docking maneuvers. Inserted into panel 5, they enable the Commander to maintain 
his equilibrium while leaning backwards to use the crewman optical alignment sight (COAS) at the over
head (docking) window. 

2 .  1 1 .  6 DOCKING AIDS AND TUNNEL HARDWARE.  

Docking operations require special equipment and tunnel hardware to effect linkup of  the LM 
with the CSM. Docking equipment includes the COAS and a docking target. A drogue assembly , probe 
assembly , the CM forward hatch, and hardware inside the LM tunnel enable completion of the docking 
maneuver. 

I 2 . 1 1 . 6. 1  Crewman Optical Alignment Sight. (See figure 2. 1 1 .  1 1 . ) 

I 

The COAS provides the Commander with gross range cues and closing rate cues during the 
docking maneuver .  The closing operation, from 1 50 feet to contact ,  is an ocular, kinesthetic coordina
tion that requires control with minimal use of fuel and time . The COAS provides the Commander with a 
fixed line-of-sight attitude reference image, which appears to be the same distance away as the target . 

The COAS is a collimating instrument. It weighs approximately 1 .  5 pounds, is 8 inches 
long, and operates from a 28-volt d-e power source.  The COAS consists of a lamp with an intensity con
trol, a reticle, a barrel-shaped housing and mounting track, and a combiner and power receptacle . The 
reticle has vertical and horizontal 10° gradations in a 10° segment of the circular combiner glass ,  on an 
elevation scale ( right side) of - 10° to + 3 1 .  5 ° . The COAS is capped and secured to its mount above the 
left window (position No . 1 ) .  

T o  u s e  the COAS, i t  i s  moved from position No . 1 t o  its mount on the overhead docking 
window frame (position No . 2) and the COAS switch (panel 8) is set from OFF to OVHD. The intensity 
control is turned clockwise until the reticle appears on the combiner glass;  it is adjusted for required 
brightness . 

Pa[!:e 2 . 1 1 -2 2  
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Figure 2 .  1 1 - 1 1 .  Crewman Optical Alignment Sight 
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Docking Target. (See figure 2 .  1 1 - 1 2 . ) 

The docking target permits docking to be accomplished on a three-dimensional alignment 
basis . The target is located at the intersection of + Y46 . 3  and + Z203 ;  it does not protrude beyond the LM 
launch configuration envelope or the maximum contact envelope.  The target consists of an inner circle 

I 

and a standoff cross of black with self-illuminating disks within an outer circumference of white .  The I 
target-base diameter is 1 7 . 68 inches . The standoff cross is centered 1 5  inches higher than the base and, 
as seen at the intercept, is parallel to the X-axis and perpendicular to the Y-axis and the Z-axis . 

2 . 1 1 . 6 . 3  Drogue Assembly . 

The drogue assembly consists of a conical structure mounted within the LM docking tunnel . 
It is secured at three points on the periphery of the tunnel ,  below the LM docking ring . The LM docking 
ring is part of the LM midsection outer structure, concentric with the X-axis . The drogue assembly can 
be removed from the CM end or LM end of the tunnel. I 

Basically , the assembly is a three-section aluminum cone that is secured with mounting lugs 
to the LM tunnel ring structure.  A lock and release mechanism, on the probe, controls capture of the 
CM probe at CM- LM contact. Handles are provided to release the drogue from its tunnel mounts . I 
2 . 1 1 . 6 . 4  Tunnel Hardware .  

The tunnel contains hardware essential t o  final docking operations . This includes connectors 
for the electrical umbilical s ,  docking latches,  probe-monnting lugs, tunnel lights , and deadfacing switches .  

2 . 1 1 . 6 . 5  Probe Assembly . 

The probe assembly provides initial CM-LM coupling and attenuates impact energy imposed I 
by vehicle contact .  The probe assembly may be folded for removal and for stowage within either end of 
the CM transfer tunnel. I 
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Figure 2 .  1 1 - 1 2 .  COAS Functional Schematic and Docking Targets 
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The CM tunnel has two forward hatches: an inner ( forward pressure) hatch and an outer 
( forward thermal) hatch. The forward pressure hatch can be removed into the Cl\I crew compartment. 
The hatch is retained at the aft end of the CM tunnel by a latching mechanism whose linkage is driven 
from the crew compartment by a handle .  A socket opposite the handle .  on the tunnel side of the presst :·e 
hatch, permits hatch removal from the LM side . 

The CM forward thermal hatch can be removed from the tunnel .  into the CM crew com
partment or into the LM . The hatch is retained at the forward end of the CM tunnel by an expanding 
peripheral latching mechanism,  which also serves as a water barrier.  The linkage that operates the 
mechanism is driven by an off-center handle, from the CM crew compartment side . and by a socket , 
using emergency tool B, on the LM side. The thermal hatch is reinstalled from the CM side only ; 
three of the 1 2  docking latches have expendable stops, which position the thermal hatch a.xially for proper 
engagement of the latching mechanism . The CM thermal hatch is stowed in the Cl\1 right equipment 
bay, within a thermal stowage bag . 

2 . 1 1 . 7 CREW MISCELLANEOUS EQUIPMENT . 

Miscellaneous equipment required for completion of crew operat ions consists of in-flight 
data with checklists , emergency tool B, and window shades . 

2 . 1 1 . 7 . 1 In-flight Data. 

The in-flight data are provided in three polyethylene-coated [HCkages. The Commander ' s  
checklist and the in-flight data kit are stowed i n  the flight data file compartment. The packages include the 
flight plan, expe riments data and checklist, mission log and data book, systems data book, and star charts .  

2 . 1 1 . 7 . 2 Tool B .  (See figure 2 . 1 1 - 1 3 . ) 

Tool B (emergency wrench) is a modified A llen-head L-wrench. It is G .  2 5  inches long and 
has a 4 .  250-inch drive shaft with a 7; 1 6- inch drive. The wrench can apply a torque of 1 ,  4 75 inch
pounds; it has a ball-lock device to lock the head of the drive shaft . The wrench is stowed on the right 

I side stowage area inside the cabin. It is a c ontingency tool for use with the probe and drogue,  and the 
CM hatch from outside. Tool B is also used for CM forward hatch operations from the LM side only . 

t 
I 7 / 1 6-INCH HEX 4.250 INCHES _j_ TOOL B (EMERGENCY WRENCH) 

JOOLM4-1'26 

Figure 2 . 1 1 - 13 .  Tool B 
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2 . 1 1 . 7. 3  Window Shades. 
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Window shades are used for the overhead docking window and forward windows. The window 
shade material is Aclar with a deposit of inconel; light transmissibility is approximately Oo 1%, with high 
reflectivity on the surface facing outside the cabin. The shade is secured at the bottom (rolled position) . 
To cover the window , the shade is w1rolled ,  flattened against the frame area and secured with Velcro. 

2. 1 1 .  8 MODULARIZED EQUIPMENT STOWAGE ASSE MBLY. (See figures 2. 1 1 - 14 through 2 .  1 1 -17 . ) 

The modularized equipment stowage assembly (MESA) is located on quad 4 of the descent 
stage . It i s  deployed by the extravehicular astronaut when the LM is on the lunar surface .  The MESA 
contains fresh PLSS batteries and LiOH cartridges ,  a TV camera , tripod , cable , tools for obtaining lunar 
[';eo logical samples ,  containers in which to store the samples ,  and other scientific devices. It contains a 
folding work table that also serves as a bracket on which the equipment transfer bag , used to transfer the 
PLSS batteries and LiOH cartridges to the cabin , is hung. 

a 

In addition , four portable pallets are provided upon which items such as batteries , LiOH I 
cartridges ,  a LM communicatioTI relay unit (LCRU) , food, a stereo cassette container ,  an azimuth 
elevation unit , and a cosmic -ray plate experiment bag are fastened. These pallets facilitate acces s ,  
transfer , and handling of stowed items.  

The PLSS LiOH cartridges and batter ies are temperature -sensitive . To prevent exceeding 
the minimum allowable temperature , there are heaters on these items (see figure 2 . 1 1 -17 . ) Low 
emissivity coatings on exposed MESA surfaces,  and a segmented insulation blanket , are also provided. 

2 .  1 1 .  9 STOWAGE . 

Figures 2 .  1 1 - and 2 .  1 1 - show forward and aft views of the LM cabin. 
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Figure 2 .  1 1 - 14 .  Modularized Equipment Stowage Assembly 
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Figure 2 .  1 1 - 16 .  Modularized Equipment Stowage Assembly Application 
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Figure 2 . 1 1 - 18 .  LM Cabin Interior , Forward View 
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Figure 2 . 1 1 -19 .  LM C abin Interior, Aft View 
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A POLLO L UNAH S URFACE EXPERIMENT PACKAGE. (See figure 2. 1 1 -20. ) 

The Apollo lunar surface experiment package (ALSE P) is a self-contained package of s cien
tific instruments and supporting subsystems capable of transmitting scientific data to earth for 1 year. 

I 

These data will be used to derive information regarding the composition and structure of the lunar body , its mag
netic field, atmosphere, and solar wind. Two containers are stowed in the descent stage . The con- I tainers are deployed by the extravehicular astro•1aut when the LM is on the lunar surface. (See figure 2. 11 -2 1 . ) 

The laser ranging retroreflector (figure 2 .  1 1 -22 ) ,  is a passive experiment : a target 
for earth-based laser beams. It will reflect a beam back to earth to enable precise measurement of earth
moon distances, of fluctuations in the earth 's  rotation rate , and of gravity influence on the moon. 

ALS E P  p1wer is  suppliE:d by a radioisotope thermoelectric generator (RTG) .  Electrical 
energy is developed through thermoelectric action. THE RTG provides a minimum of 16 volts at 
5 5.  2 watts to a power-conditioni ng unit. The radioisotope fuel capsule emits nuclear radiation and 
approximately 1 .  500 thermal watts continuously. The surface temperature of the fuel capsule is ap
proximately 1 ,  400 o F. The capsule is stowed in a graphite cask, which is  externally mounted on the 
descent stage. The capsule is  removed from the cask on the lunar surface and installed in  the RTG. 
(See figure 2 .  1 1 - 2 3 . ) 

2 .  1 1 .  1 1  LM COMMUNICATION RE LAY UNIT . (See figure 2 . 1 1 - 14 . ) 

The LCRU, on pallet No . 1 in the MESA for LM 10 and subsequent, is a complete portable 
communication relay unit. It p rovides a direct communication link between the E VA's  and MSFN. The 
unit can transmit with its own antenna or ,  when near the LM, using the LM S-band antenna. 
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Mission LM 
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Figure 2 .  1 1 -20 .  Apollo Lunar Surface Experiment Package 
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Figure 2. 1 1 -22.  Laser Ranging Retroreflector 
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Figure 2 .  1 1 -24.  Apollo Lunar Surface Experiment Package Deployed (Typical) 
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INTRODUCTION 
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CONTROLS AND DISPLAYS 

SECTION 3 

CONTROLS AND DISPLAYS 

This section contains detailed descriptions of the LM controls and displays. A 
cross-reference system ,  which permits quick and easy reference to any control or 
display, is provided in table 3 - 1 .  This table lists each item alphabetically, the item 
reference designation, the panel that contains the item,  and the page number on which 
the item is to be found. 

Figures 3 - 1  and 3 -2 ,  at the end of this section, show the controls and dis 
plays ,  panel areas , and panel numbers. 

Column headings for the tabular presentation, and the description of the entries 
made under each, are as follows: 

• Location/Ref Des ,  Notes the location, by panel number,  of a particular 
control or display in the LM, and lists the reference designation. 

• Name and Position. Gives the placarded nomenclature of the control or 
display and the control positions exactly as placarded on the panel. In 
the absence of placards, a functional name is assigned, and control posi
tions are described. 

• Function, Gives a brief description of the function of the control or display. 

• Circuit Breaker. Gives the nomenclature and location of the circuit 
breaker(s) that controls the electrical power to the control or display. 

• Power Source . Gives the rating and nomenclature of the immediate bus or 
source that supplies power to the control or display . 

• Remarks. Contains additional data and explanatory remarks. 
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Table 3 - 1 . Controls and Displays - A lphabetical Index 

I NA ME A KD 
_
R

_
E
_

F_· E_· R
_

r:: __ N_c_E_- _D_
E_s_rG_N_

A
_

T
_r_o_N_· 

----------���- E�: _L _

_

_

_

_ 

"r--�P�N-;_g __ E_· � 

#1 ASC 02 valve control ( 7 H 2 1 )  .

-r�S 3 -142 
#2 ASC o2 valve control (7H5)  I' ECS 
+X T M N S L  pushbutton ( 1 S l2)  5 

- A -
A BORT STAGE pu;;hbutton ( 1 S l 4 ) . 
ABOH T pushbutton ( 1 S 1 3 l  . . . . 
AC B US A: AC BUS VO LT circuit breaker ( 4 C B 2 7 )  
AC B U S  A :  A O T  LA M P  circuit breaker ( 4 C B 2 12) . 
AC BUS A: B US TIE !NV 1 c i rcuit breaker (4CB23) 
A C  BUS A :  B US TIE Il\V 2 circuit breaker (4C B24) 
A C  BUS A: CDR FDA! circuit breaker (4 C B 2 09) . .  
AC BUS A: C D R  WI KD HTR circuit breaker (4CB 144) 
AC BUS A :  DECA Gi\!BL circuit breaker ( -± C B 2 07 ) . 
AC B US A: GASTA circuit breaker ( 4 C B2 0 1 )  . . . .  
A C  BUS A :  I N T G L  LTG circuit breaker (4CB2 1 1 ) . .  
AC BUS A :  RKDZ RDR circuit breaker (4CB20G)  . . . . .  
A C  BUS A: RNG/RNG RT; A LT/ A LT HT circuit breaker ( 4 C B 2 0-±) 
A C  B US A :  TAPE RCDH circuit breaker (4CB203) . .  
AC B US B: A G S  circuit breaker (4C B203) . . . . .  . 
AC B US B: AOT LAI\IP circuit breaker (4Cl3 � 14) . .  
AC BUS B :  B U S  TIE Il\V l circuit breaker (4C IH85) . 
AC B US B: BUS TIE l!':V 2 circuit breaker (4CB 186) . . . . 
AC BUS B: He/PQGS PROPt:L DIS P circuit breaker (4C B 1 69) 
A C  B US B :  N UI\1 LTG circuit breaker ( 4 C B 2 0 0 )  
A C  B U S  B :  ORDEA L circuit breaker ( 4 C B22G) . . .  
A C  BUS B: S-BD ANT circuit breaker (4C B34) . •  

A C  BUS B: SE FDA! circuit breaker ( 4 C l33 1 0) . . .  
AC B US B :  SE WIND HTR circuit breaker (4C B 1 52)  
AC A/4 J E T  switche;; (CDH &: LJ,IP) ( 1 S2 1 )  ( J S� : . , . 
ACA PROP ;;witch ( 1S25) . . . . .  . 
ACA PROP switch ( 1 S2 6 )  . . . .  . 
Address indicator ( 121\ll ) . . . . . . 
AG� MODE CONTHOL switch ( l lS25) . 
AGS STATUS switch ( 12817)  
A G S  warning; l ight (GDS&) 
ALT light ( 3 DS 2 0 9 )  
A LT SE T control (9Hl) . . . .  
A lt itude/ran�e indicator ( 9 �1:!) . 
A l\!PS indicator (4 l\13) . • . • . 
A l\ t:l' OVERRIDE ;;witch ( l 6S4) 
A l\ UN/NUM control ( 1GH2) 
AOT indicator (3M7) . . . .  . 
ASC lie SE L switch (2S3) . .  . 
ASC HI R E G  caution l ight ( 6DS2 l )  
ASC HzO valve (71-1 1 3 )  . . . . .  
ASC PH ESS warnin� lig;ht ( GDS'Z) . 
ASC QTY caution li�ht (GDS22) . . 
A S C E N T  He REG l switch ( 1  OS3) . 
A S C E NT He R E G  I talkback ( J OF L 1 )  
ASCENT He R E G  2 switch ( 1 084) . .  
A S C E N T  H e  REG 2 talkback ( I OFLZ)  
ATT/TRANSL switch ( 1 S6) 
ATTITUD E  CONTROL: PITC H switch ( 1 183)  
A T TITUDE COKTROL: ROL L  switch ( 1 184) . 
ATTIT UDE CONTROL: YAW switch ( 1 1 S5) 
A ttitude control assembly (CDR) ( l A l )  
Attitude control assembly ( LMP) ( 1 A 2 )  
ATTITUDE IliON switch ( C D H )  (9S3) . 
A T TITUDE !\ION switch ( Ll\!P) (981 0) 
A UDIO CONT switch ( 1 5AS5) . . . . .  

J 1 
11 
l. l 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
l l  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1 
11 
1 1  
1 1  
1 1  
1 1  

.j 

2 
G 

G 
1 

12 

URD E A L  
1 

1 4  

AOT 
b 
2 

E C S  
I 

I 
3 
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3 
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2 
B 
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Table � - 1 .  Controls and Displays - Aiphabetical Index (cant) 

BAL C PL switch ( 1 S9) . . . . . . . . . .  . 
BAT FAULT component caution light (4DS1) . 
B A T  5 BACK UP CDR F E E D  switch (4S 1 2 )  
B A T  'i BACK U P  C D H  F E E D  talkback ( 4 F L7 ) .  
BAT 5 1\0H !VL-\ L Li\IP F E ED switch (4Sl0) . .  
B A T  5 NORI\L-\ L LMP F E E D  talkback ( 4 F L5 ) . 
BAT G BACK UP L M P  F E E D  switch ( 4S 1 3 )  . .  
BAT 6 BACK U P  Llv!P F E E D  talkback ( 4 F L 8 )  
BAT G :\OH I\L-\L CDR F E E D  switch (4Sl l )  . .  
BAT G NOR i\1.-\ L CDH F E ED talkback ( 4 F L G ) . 
BATTEHY caution l ight ( G DS2 1 )  . . . . .  . 

C /W PWH caution l i gh t  (6DS34 ) • . . . .  
CABIN GAS H E TURI\ val vc (7Hl7)  
CABIN PRESS indicator ( 7 M 2 A )  . . . . .  
Cabin rel ief and dump val ve ( 7 H l l )  ( 7 H 2 0 )  
CABIN R E PR ESS valve ( 7 H 3 )  . . . . 
CABIN T E M P  indicator (7 M3A) . .  . 

CABIN warning l i ght ( 6 DS 1 6 )  . . .  . 
C A M R :  SEQ c i rcuit breaker (4CB33) 
C DH BAT 3 switch ( 4S3 ) . . . 
C DR BAT 3 talkback ( 4 F L 3 )  . 
C DR BAT 3 talkback ( 4 F L 3 )  . 

C D H  BAT 4 H I - V  switch (4S4) 
CDR BAT 4 LO-V switch (4SS ) 
C DR BAT 4 talkback ( 4 F L 4 )  . 
C DH UTILITY LIGHT switch ( 16 S l 9 )  
C ES AC warning light ( 4 DS6) . 
C E S  DC warning light (GDS7 ) . . . 
C LH pushbutton ( C DH ) (3S:) )  . . .  
C L R  pushbutton ( L I\I P) ( l 2S 1 3 )  . .  
C02 CANIS T E H  S E L  va l ve (7 H l 9 )  . 
COz component caution l ight (7 DS6) 
COAS switch ( l 6 S I 4 )  . . . . • .  

C O M !\! :  C D H  A U DIO ci rcuit breaker (4CD8G) . 
C O M M :  DISP c i rcuit breake r (4CB 1 G 3 )  
COMI\1: P M P  c i rcuit breake r (4CB I 02 )  

-B-

-C -

C O M I\1 :  PHII\1 S-BD P\VH A �1PL c i rcuit breaker (4CB:J O )  
COI\Il\1: PlUM S- B!J X M T H / H C V H  ci rcuit breaker (4CB 1 1 1 )  
C O M M :  S-BD A:\T c ircuit breake r (4C B 1 0 )  . . . . . . 
C O M M :  SE A U DIO c ircuit breaker (4CB85) . . . . . . . 
C O M J\1 :  SEC S-BD P\\1\ ,\ 1\IPL c i rcuit breaker (4CB 13ti) 
C0!\11\1 : SEC S-BD X lll T H / H C VH circuit breaker (4CB 137 ) . 
COJ\1 1\1 :  T\' c i rc u i t  b re ake r (4C B 1 04 )  . . . . .  
C O M I\1 :  UPDATA LI;\K c i rcuit breaker (4CB228)  
COI\1 M :  U P LINK SQUELCH sw itch ( 1 3S 1 7 )  . . .  
C O I\l l\ 1 :  VIIF .\ H C VH c i rcuit breaker (4CB87) . 

CO M J\1 :  VHF ,\ X l\ITH c 1 rcuit breaker (4CB J l 5 )  
COJ\11\1 :  VIIF 1 \  H C V H  c trcuit breaker (4CB 1 1 4 ) . 
C O M J\1 :  VHF B X i\I T H  c ircu it breaker (4CB 1G2) 
COl\1PTR :\ C T Y  cond i t i on indicator (3DS15) . .  
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 3 - 1 .  Controls and Displays - Alphabetical lL �x (cont) 

NAME A ND REFERENCE DESIGNATION 

CRSFD switch ( 8S20) . .  
CRSFD talkback (8FL1 7) 

Data display registers (CDR) (3M4) (3M5)  ( 3M6) 
Data indicator ( L MP) ( 12M2 ) . . . . . . . . . 
DC FEEDER FAULT component caution l ight (4DS2) 
DC BUS warning light (6DS14)  . 
DEAD BAND switch ( 1 1S2)  . . . . 
DES BA 1'S switch (4S9) . . . . . . 
DES BATS talkback (4FL9) . . . .  
DES ENG C MD OVRD switch ( 1Sl9 )  
DES Hz O valve (7H26 ) . . . . .  . 
DES Oz valve (7Hl5 ) . . . . . .  . 
DES PROPULSION FUEL VENT switch ( 10S9) 
DES PROPULSION F UEL VENT talkback ( 10FL5) 
DES PHOPULSlON 0},.'1D V E NT switch ( 10510)  
DES PROPULSION OXJD VENT talkback ( lOFLG)  
DES PRPLNT !SOL VLV switch (2S9) 
DES QTY warning light (6DS4 ) 
D ES RATE switch ( 1S5) 
DES HEG warning light (6DS3) 
DES VENT switch (2S6 ) 
DESC ENT He HEG 1 switch ( 10S5) . 
DESC ENT He REG 1 talkback ( 10FL3) 
DESC EN T I!e REG 2 switch ( 1087 ) . .  
DESC ENT He HEG 2 talkback ( 1 0 FL4) 

EAHTI ! - L UNAR switch (9525 ) . 
ECS caution light (6DS36 ) . 
ECS:  CABIN FAN circuit breaker (4C B107)  
ECS: CABIN FAN C ONT circuit breaker (4CB 109 ) 
ECS:  CABIN REPRESS c ircuit breaker (4C B 1 13)  
ECi:  C Oz SENSOR circuit breaker (4C B84) 
ECS:  DISP circuit breaker (4CB140)  
ECS:  DIVERT VLV circuit breaker (4CB112)  . 
ECS:  GLYCOL PUJIIP 1 circuit breaker (4C B 1 17 )  
ECS: GLYCOL PUMP 2 circuit breaker (4C B 14 1 )  . 

-D-

-E-

ECS:  GLYCOL PUMP A UTO TRNFR circuit breaker (4C B� 1 7 )  
ECS: 
ECS: 
ECS: 
ECS:  
Eco;: 
ECS: 

GLYCOL PUMP SEC circuit breaker (4C B% )  
LCG PUMP (4CB1 08 ) . . . . 
S UI T  FAN t>P circuit breaker (4CB120)  
SUI T  FAN 1 circuit breaker (4C B138)  
SUI T  FAN 2 circuit breaker (4C B 1 19 )  
SUI T  FLOW C ONT circuit breaker (4CB234 ) 

ED HELAYS caution light (GDS 3 1 )  
ED: LDG G EAH FL\G circuit breaker (4C B H 9 )  
E D :  LOGIC PWH A c ircuit breaker (4CH7G ) 
ED: LOGIC PWH B c ircuit breaker (-1 C ll75) 
E D  VOLTS switch (4S 17)  
ENG AH�l switch ( 1S1 )  
ENG G �IBL caution l ight (6DS23)  
ENG G �!BL switch ( 1S8)  
Engine START pushbutton ( 182) 
Eng-ine stop pus hbutton (C DR) ( 1S3)  
Engine stop switch ( LMP) ( 1S4 ) 
El':Tll. pushbutton (DEDA) ( 12S14)  
E:-\TH pushbutton (DSKY) (3S8) 
E PS :  .-\SC E C A  circuit breaker (4CB15)  
E P� :  ASC ECA circuit breaker (·I C B H )  
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LMA7 90-3- LM 
APOLLO OPE RATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 3- 1 .  Controls and Displays - Alphabetical Index (cont) 

NAME AND REFEHEKCE DESIGNATION 

E PS: ASC ECA C ONT circuit breaker (4CB6) 
E PS :  ASC ECA C ON T  circuit breaker (4CB7) 

-E-

E PS :  BAT FEED TIE (2 )  circuit breakers (4CB18)  (4CB26) 
EPS: BAT FEED TIE (2 )  circuit breakers (4CB 1 7 )  (4CB25) 
E PS :  -CROSS TIE - BAL L OADS circuit breaker (-±CB184 ) . 
E PS :  -CROSS TIE - BAL LOADS circuit breaker (4CB183) . 
E PS:  -CROSS TIE - BUS circuit breaker (4CB20 )  
E PS :  -CROSS TIE - B US circuit breaker (4CB19)  
E PS :  DC BUS V OLT circuit breaker (4CB22 )  
E PS :  D C  BUS VOLT circuit breaker (4CB2 1 )  
E PS: DES ECA circuit breaker (4CB10)  
E PS: DES ECA circuit breaker (4C B 1 1 )  
E PS:  DES ECA C ONT circuit breaker (4CB8) . 
E PS: DES ECA C ONT circuit breaker (4CB9) . 
E PS:  DISP circuit breaker (4CB16)  
E PS:  INV 1 circuit breaker (4CB 1 2 )  
E PS :  I N V  2 circuit breaker (4CB13)  
E PS:  XLUNAR B US TIE circuit breaker (4CB4 ) . 
E PS:  XLUNAR BUS TIE circuit breaker (4CB5) . 
EVENT TIMER indicator ( 9 M l l )  
EVENT TIMER RESE T/C ONT switch ( 9S 1 1 )  
EVENT TIMER SLEW CONT M I N  switch (9Sl3)  
EVENT TI!v!ER SLEW CONT SEC switch (9S14) 
EVENT TIMER TIMER C ON T  switch (9S 12 )  
EXTERIOR LTG switch ( 16 S 1 7 )  
Eyepiece adjust lever (3H3) 

FDA! 1 switch (9S23) 
FDA! 2 switch (9S24) 
Flight director attitude indicator ( FDA!) ( 9 M 1 )  
Flight director attitude indicator ( FDA!) (9MG) 

-F-

F LIGHT DISPLAYS: CDR FDA! circuit breaker (4CB97) 
FLIGHT DISPLAYS: C OAS circuit breaker (4CB188)  
FLIGHT DISPLAYS: GASTA circuit breaker (4CB88) 
FLIGHT DISPLAYS: MISSION TIMER circuit breaker (4CB159) . 
FLIGHT DISPLAYS : ORDEAL circuit breaker (4CB227 )  . . . . . . . . . 
FLIGHT DISPLAYS: RNG/RNG RT; ALT/ALT RT circuit breaker ('I C B123)  
FLIGHT DISPLAYS: THRUST circuit breaker (4C B16 8 )  
FLIGHT DISPLAYS: CDR X-PN Til circuit breaker (4C B133)  
F LOOD OVHD/FWD control ( 16R4 )  
FLOOD OVHD/FWD control ( 16Rl)  
FLOOD OVHD/FWD switch ( 16S6 ) . . . . . . . . . . . .  . 
FLT DISP: EVENT TIMER/SE FDA! circuit  breaker UCB 12G ) 
FLT DISP: SE X-PNTH circuit breaker ('1C B134) 
FUEL QUANTITY indicator ( 10M5B) 
FUNCTION PC!\! switch ( 13S4) 
F UNCTIONS RANGE switch ( 13S1 )  
FUNC TIONS V OICE switch ( 13SG ) 

GIMBAL LOCK condition indicator (3DS9) 
G LYCOL caution light (6DS38)  
GLYC OL indicator panel failure indicator ( 16DS95 ) 
GLYCOL component caution l ight (7DS3) 
GLYCOL PRESS indicator (71\15A ) 
GLYCOL selector switch (7S3) 

-G-
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APOLLO OPE RATIO�S HANDBOOK 

SUBSYSTEMS DATA 

Table 3- 1 .  .atrols and D i s plays - Alphabetical Index (cont) 

I 
i : 

�rU l E  At\D R E F ERENCE DESIGNATION 

GLYCOL TE:\11' indicator (Dl5B)  . 
GUID C OI\T switch (9Su) . . . . .  
GYRO T EST Pa3 RT switch ( 1 1S 1 )  
GYH.O T EST ROLL switch ( 1 1S 7 )  

HzO QUANTITY indicator ( D l -± 8 )  . . . 
HzO S E P  component caution light ( 7 DS7 ) 
He PRESS ASC E N T  switch (2S-! ) . . 
He PRESS DES START switch ( 2 S 1 )  . . 
l ie  PRESS H.CS switch (2S2 ) . . . . . . 
IlEA TER caution light (GDS33) 

-G-

-H-

H EATERS RCS SYS A/B - 1 :  QUAD 1 circuit breaker (4CB2 1 8 )  
H EATERS R C S  SYS A/B- 1 :  QUAD 2 circuit breaker ( 4 C B 2 1 9) 
H EATERS RCS SYS A/B- 1 :  Q UAD 3 circuit breaker ('1CB220)  
HEA TERS RCS SYS A/B- 1 :  QUAD -± circuit breaker (-!CB22 1 )  
H EATERS: A OT circuit breaker ( -± C B2 13) . . . .  . 
H EATERS: DISP circuit breaker ( 4 C B6 8 )  . . . .  . 
H EATERS: D OC K  WINDOW circuit breaker (4C B 12 9 )  
HEATERS: LDG R D R  circuit breaker HCB157)  . . .  
HEATERS: 'I!E SA circuit breaker (4CB2-±2)  
: l :ATERS: H.:\TDZ OPH circuit breaker (4C B1 55) . .  
i L:A TERS: RNDZ RDH STBY circuit breaker (4C B1 5Gl 
JIEATEH.S: S-BD ANT circuit breaker (4 CB3 1 )  . . . .  
HEATERS: R C S  SYS A/B-2 : QUAD 1 circuit breaker (4C B222) . 
HEATERS: H C S  SYS A/B-2 : QUAD 2 circuit breaker ('1 C m23)  . 
HEATERS: R C S  SYS A/11-� : QUAD :l circuit breaker (4 C B224)  . 
HEATEHS: H C S  SYS A/Il-2 : QUAD 4 circuit breaker (4 C m25) . 
HEATEHS: UHINE LIJ\E circuit breaker (4 C B24 1 )  
H E LIUM indicator (10Ml ) . . . . . .  
H E LIUM MON selector switch (10SG) . 
Hi PLSS Oz fill valve (7H29)  
HOLD pushbutton ( 12S16)  . . . . .  . 
HTR CONT MESA switch ( 1CS22) . 
HTR CONT URINE LINE switch ( 16S2 l )  

ICS T/R switch (CDH) ( 15AS3) . . . . . 
ICS T/H switch ( L IVIP) ( l :'iBS3)  
ICS VOL1.':\IE thumbwheel ( C DR) ( 15AH� ) . 
ICS V OLU:\!E thumbwheel ( DIP) ( 1GBH7) . 
IMU CAGE switch ( 3 S l )  . . . . . . . . 
INST : CWEA circuit breaker (4CB99)  . .  
INST:  PClii/TE circui t  breaker ( 4 C B 12 5 )  
INST: SIG C ONDH 1 circuit breaker (·I C B 1 3 1 )  
INST : SIG C ON DH 2 circuit breaker (4 C B 1 )  
INST: S I G  S E NSOI\ circuit breaker (·I C B 132)  
INTEGRAL control ( 1G H 3 )  . . . . .  
INTEGRAL OVERRIDE switch ( 1GS3) . 
I!'-.'VERTER caution lig-ht (6DS2G) 
INVERTER switch (4Sl4)  . . . 
ISS warning lig-ht (GDS lO)  . . . . .  . 
KEY R E L  condition indicator (3DS 7 )  . . . . . 
KEY R E L  pushbutton ( 3S 7 )  . . . . . . . .  . 
Keyboard pushbutton ( DEDA) ( 1 2 S 1  thru 12S12)  
Keyboard pushbuttons (DSKY) (3S 10 thru 3S2 1 )  

-1-

- K-
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SUBSYSTEMS DATA 

Table 3 - 1 .  Controls and Dis plays - Alphabetical Index (cont) 

l\"A � I E  .-\.l\"D R E F ERENC E DESIGNATIO?\ 

L.:.. :, rP/TO?\E T EST selector switch ( 16 S 1 0 ) . 
LDG A"iT switch ( l /S5 ) . . . . . . . 
LDG GEAR DEPLOY switch (2S 1 0 )  . . 
LDG GEAR DEPLOY talkback ( 2 FL 1 ) . 

LGC warning light ( 6 DS 9 )  . . • . .  

LIGHTic-lG switch ( �S 2 6 )  • . . . .  

LIQCID GARJ\IEJ\"T COOLI:\G valve 
L�IJ> BAT 1 HI-V switch (4 S 1 )  
Ll\IP BAT 1 LO-V switch (4 S5) 
L ;\IP DA T 1 talkback (4 F L 1 )  
L :\ I P  DA T 2 switch H SJ \  
Lii!P BA T 2 talkb ack (-1 F L2)  
Li\1 1 '  UTILITY LIGH TS switch (16s2oi . . . . . .  . 

-L-

LTG : A?H.:l\/DOCK/COl\I P:\T c ircuit breaker (•1 C B146) 
LTG: A >i lP.-1/DOCK/COl\IP:\T circuit breaker (4 C B1 4 8 )  
L T G :  F LOOD circuit breaker (4 C B1 2 8 )  . . . . .  

LTG: iiiASTER ALAJU\1 circuit breaker (4 C BH 7 \  . 
LTG: TRACK circuit breaker (4C B1 60) 
LTG: UTIL circuit breaker (4 C B2 3 6 \  
LUNAR B A T  CDR switch (4S7\ . . . 
L lJJ\"AH BAT LMP switch (4 SG) . . • 
LL'C\AH DAT talkback (4 F L 1 0 )  
L UJ\AR CONTA C T  l ight (CDR) ( 1 DSJ ) 
L Ul\AH CONTACT l ight (L�!P)  (J DS2 ) 

�IAHK X pushbutton (3S2:J )  . . . . .  . 
�!.\HI� Y pushbutton ( 3S 2 � )  . . . . . . 
:\IA \' THROT switch ( I S \ 1 1 \  . . . . . 
:\!AS TER ALAH�I pushbutton/light ( C D R )  (GS2) 
i\lA.STEH ALAH�I pushbutton/light ( L � I l') (GS3\ 
:\IASTEH A Hill switch (2S7 ) . . . . . . . .  
1\IASTEH V OL thumbwhecl ( C D R )  ( 15A H 1 5 )  . . 
ii!ASTER V OL thumbwhcel ( L :I I P )  ( 1 5 B R 1 5 ) . . 
MISSION TI:\IER indicator ( 9 �1 1 2 )  . . . . . . 
l\IISSJON TL\IE H :  S L EW C Ol\T !IOUHS switch ( (1,; 2 2 )  
MISSION TI:\IEH: S L EW C ON T M i l\  s w i tch ( 9S2 1 )  . 
i\IISSION Tli11Eit: S L E\\. C ONT S E C  swi tch ( 9S20) . 
i\IISSIOI\ TT111 EH :  Til\I EH C: O:\T s w i tch (�S 1 9 )  
:v!Oill': S E L  switch ( 9S5 J )  
�lODE switc h  UJS2 7 )  . . . 
MOllE switch ( 15,\SG ) 
:\l ODE switch ( 1 5DSG ) 
:IIODULATE s w i tch ( l :lS.) )  

N O  A TT condition i nd i cator ( 3DS�) . 
NO TI'.AC K  light ( 1 7 DS 1 )  . . .  
NOUN dis play indicator ( 3 i\13)  . 
NOUN pushbutton ( 3S·1) . . . . 
NUill OVEHRIDE switch ( 1GS5) 

Oz Q TY caution l ight ( G DS 3 7 )  . . . . . .  . 

02 Q UANTITY indicator ( 7 :\l,lA ) . . . . .  . 

02/Hz QTY l\ION selector switch ( 7 S 2 )  . . . 
OPR ERR condition indicator ( DSKY) ( 3 DS LI) 
OPH ERH condition indicator ( D E DA) ( 12 DS J )  . 
OXIDIZEH QUANTITY indicator ( 1 0i115A) . . . 

-ill-

- 1\ -

-0-
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Table 3- 1 .  Controls and Displays - Alphabetical Index (cant) 

NAIIIE A ND REFERENCE DESIGNATION 

PART PRESS C Oz indicator ( 7 :\1 1 )  
PGI\S :\!ODE CONTROL switch ( 1 1524 ) 
PGNS: I:\! U OPR circuit breaker (4CB124)  
PG0:S:  DIU STBY circuit breaker (4CB16 1)  
PGNS: LDG RDR circuit breaker (4CB105)  
PGNS:  LGC/DSKY circuit breaker (4CB12 2 )  
PGNS: RNDZ RDR RDR c ircuit breaker (4CB29) 
PGKS: SIG STR DISP circuit breaker (4CB154) 
PITCH control ( 14B2) . 
PITCH indicator ( 14M3) 
PLSS FILL valve (7H4) . . . . . . . . . . 
POWER/TEMP MON selector switch (4515) . 
PRE AMPS caution light (6DS30) . 
PRESS indicator ( 10M3)  
PRESS indicator power failure indicator ( 16 DS90) 
PRESS indicator (System A )  (BMlA) 
PRESS indicator (System B) (8:\I lB )  
PRESS indicator po,ver failure indicator (16DS96) 
PRESS indicator power failure indicator ( 16 DS93) 
PRESS REG A valve (7H l '  
PRESS REG B valve (7H2 .' 
PRI EVAP FLOW # 1  valve (7H2 5 )  
PRI EVAP F LOW 112 valve (7Hl 6 )  
PRIMARY C Oz CANISTER 
PRO pushbutton (3S6) . 
PROG condition indicator (3DS10)  
PROG display indicator ( 3 i\l l )  

- P-

PROPUL: ACS He REG circuit breaker (4CB53) 
PROPUL: DES He REG/V E :\T circuit breaker (4C B74) 
PHOPUL: PQGS circuit breaker (-lCB32)  . . . . . . . .  . 
PHOPUL: DISP/ENG OVHD LOGIC circuit breaker (4CB103)  
PRPLNT QTY M ON switch ( l OSS) . . . . 

-
PHPLNT TEMP/PRESS M00: switch ( lOSl)  
PWH AMPL switch ( 13S2) . 

QUANTITY indicator ( 8M4) 
QUANTITY indicator power failure indicator ( 16DS98) 
QUANTITY indicator power Llilure indicator ( 16DS9·l) 

H.ADAH TEST switch ( 17S6 ) . . . . . 
RATE/EHR MON switch (CDR) ( 9S2)  . 
RATE/ERR i\ION switch ( L:IIP) (9S7 ) .  
RATE SCALE switch (9S29 )  
R C S  A REG warning light (6DS12)  
RCS B REG warning light (6DS 1 3 )  
RCS caution light (6DS 3 2 )  
RCS QUAD 1 heater switch ( 1 1S4) 
HCS QUAD 2 heater switch ( 1 1S5)  
RCS QUAD 3 heater switch ( 1186 ) 
RCS QUAD 4 heater switch ( 1 1S7 ) 
RCS SYS A: ASC F E E D  1 circuit breaker (4CB5 1 ) . 
RCS SYS A :  ASC F E E D  2 circuit breaker (4CB2 3 1 )  
R C S  SYS A :  !SOL VLV circuit breaker (4CB6 7 )  
RCS S Y S  A :  Jl.lAIN SOV circuit breaker (4CB72) . 
RCS SYS A: Q UAD 1 TCA circuit breaker (4CB63) 
RCS SYS A :  QUAD 2 TCS circuit breaker (4CB62 ) 
RCS SYS A: QUAD 3 TCA circuit breaker (4CB6 1 )  
RCS SYS A :  QUAD 4 TCA circuit breaker (4CB60) 

-Q-

- R-
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L;..IA7 9 0- 3- L:\1 
APOLLO OPE RA TIONS HANDBOOK 

SUBSYSTEMS DATA 

TJ.ble 3 - 1 .  Controls and Dis plays - Alphabetical Index (cont) 

NA �IE AKD H E F EH EN C E  DESIGNATION 

RCS SYS B: ASC F EE D  1 circuit breaker (4CB52 ) . 
HCS SYS B: ASC F E E D  2 circuit breaker (4CB232) 
RCS SYS B :  CRSFD circuit breaker (4CB54) 
RCS SYS B :  !SOL V LV circuit breaker (4CB49) 
RCS SYS B :  1\IIAI;-.J SOV circuit breaker (4CB73) . 
RCS SYS B: PQGS/DISP circuit breaker (4 C B 1 2 1 ) . 
RCS SYS B: QUAD 1 TCA circuit breaker ( 4 C B4 5 )  
RCS S Y S  B :  Q U A D  2 TCA circuit breaker (4C B44) 
RCS SYS B: QUAD 3 TCA circuit breaker ( 4 C B4 3 )  

- R-

RCS SYS B: QUAD 4 TCA circuit breaker ( 4 C B42 ) . . . . .  . 
RCS SYS B :  TE �IP/PRESS DJSP-FLAGS circuit breaker (4CB50) 
RCS TCA warning l ight (6DS 1 1 )  
READOUT pushbutton ( 12 5 1 5 )  
R E C OHDER switch ( 1 3S 1 1 )  
R E C ORDER TAPE talkback ( 13 F L 1 )  
REJE C T  pushbutton (3S24 ) 
R E LA Y  ON switch (CDR) ( 15AS4) 
RELAY ON switch ( LMP) ( 15BS4) 
RENDEZVOUS RADAR mode s elector switch ( 17S3) 
RESTART condition indicator ( 3 DS 1 1 )  
Reticle control ( 3 H 1 )  
Reticle illwnination control 
RNDZ RDH caution light (6DS2 8 ) . 
RNG/ALT MON switch (954) 
RH GYRO S E L  switch ( 1 7 S9) 
RSET pushbutton (3S9) 

S-BAND selector switch ( HS 5 )  . 
S - BA ND T/H switch ( C DR) ( 15AS 1 )  
S-BAND T/R switch ( L :VIP) ( 15 B S 1 )  
S-band V OL UME thwnbwheel ( C DR) ( 15AR H )  
S-band VOLUME thwnbwheel ( L M P )  ( 15 B R H ) . 
S - BA N D  XMTR/RCVH switch ( 13S8) 
S - BD RCVR caution light (6DS40) 
SEC EVAP FLOW valve ( 7 H 1 8 )  
S E C ONDARY C 0;2 CANISTER 
S H F T/TRUN f switch (9S8) . 
SIDE PANELS switch (CDR) ( 1 6S 1 ) . 
SIDE PANELS switch (L!IIP) ( 16S9) 
SIGNAL STHENGTH indicator ( H l\! 1 )  
SIGNAL STRENGTH indicator ( 17 l\l l)  
SLEW RATE switch ( 17S2) 
S L EW switch ( 17S l)  
S L EW switch ( 9S2 8 ) . . . . . . . . 
SQUELCH V H F  A thumbwheel ( 1 3R10)  
SQUELCH V H F  B thwnbwheel ( 1 3R15) 
STAB/CONT: A B ORT STAGE circuit breaker (4CB3) 
STAB/CONT: ABOHT STAGE circuit breaker (4CB2) 
STAB/CONT: AEA circuit breaker (4CB2 8 )  
STAB/CONT: A EA circuit breaker (4CB28)  
S TAB/CONT: A E L D  circuit breaker (4CB40) 
STAB/CONT: A ELD circuit breaker ( 4 C B4 1 )  

-S-
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A POLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 3 - 1 .  Controls and Displays - A l phrrbetical Index (cant) 

N A M E  Al\D H E F ERENCE DESIG:'!A TIO!\ 

-S-

STAB/CONT: AS.\ circuit breaker (4CB7 9) 
STAB/CONT: ATCA (AGS) circuit breaker (4CB230) . 
STAB/CONT: A TCA ( PGNS) circuit breake r  (4CB8 1 ) . 
STAB/CONT: ATCA circuit breaker (4CB82)  
STAB/CONT: TCA DIR CONT circuit breaker (4CB59) 
STAB/CONT: DECA PWR c ircuit breaker (4CB69) . 
STAB/CONT: DES ENG OVHD circuit breaker (4CB233)  
STAB/CONT: ENG AR?v1 circuit breaker (4CB37) 
STAB/CONT: ENG CONT circuit breaker (4CB80) . 
STAB/CONT: ENG STAHT OVRD circuit breaker (4CB 1 0 6 )  
S T A G E  switch ( 2 S 5 )  . 
STAGE R E LAY switch (2S8) 
STAGE SEQ R E LAYS SYS A component caution light (2DS 1 )  
STAGE SEQ H E LAYS SYS B com ponent caution light (2 DS2 ) 
STBY c o ndition indicator (3DSG) 
SUIT CIRCUIT R E LI E F  valve (7H9) . 
Sl'IT FAN com ponent caution light (7 DS 1 )  
SUIT FAN selector switch (7 S 1 )  
SUIT GAS Dl\'ERTEH valve (7118)  
SUIT ISOL valves (7H6)  (7 H 7 )  
SUIT PHESS indicator (7M2B) 
SUIT T E M P  indicator ( 7 M 3B)  
SUIT TE MP val v c  (7H22)  
SUIT/FAN warning light (6DS 1 7 )  
SYSTE M  A ASC F E E D  1 :owitch (SSS) 
SYSTEM A ASC FEED 2 switch (8822) 
SYST E M  A ASC F U EL talkback (SFLG)  
SYSTEM A AS(; OXID talkback ( 8 F L 1 8 )  
SYST E M  A L G C  THRUSTEH J>AIH C MDS C�CAD 1 switch (88 1 1 )  
O'YST E M  A LGC THRUSTER PAIR C MOS C)UAD 1 talkback ( 8 F I.9)  
SYST E M  A LGC THRUSTEH PAIR C MOS QUAD 2 switch ( 8 S 1 2 )  
SYSTEl\1 A L G C  THHUSTER PAIR C MOS Q U A D  2 talkback (8F L 1 0) 
SYSTE M  A LGC THRUSTEH PAIH CMOS Q UA D  3 switch (8Sl5)  
SYSTEM A L GC THHUSTEH l'AIH C MDS QliAD 3 talkback ( 8 F L l 3 \  
SYSTE M  A LGC THRUSTER l'AIH C: MDS QUAD 4 switch (SS!6)  
SYST E M  A LG l.: TJIHUSTEH PA!H C.:MDS QCAD 4 talkback (SF L H) 
SYSTEM A !vi AU\ SO\' switch ( bSI ) 
SYSTEl\1 A 1\iAIN SOV talkback ( 8 F L5) 
SYST EM Il ASC F E ED 1 switch (SS I O) 
SYSTE M  B ASC F E E D  2 switch (8S23) 
SYSTE M  B ASC i<'U EL talkback ( S F L� )  
SYSTEM B ASC OXID talkback ( ti F L 1 9 )  
SYSTEM B L G C  THHUSTEH l'AIH C l\IDS QUAD I switch (8Sl3)  
SYSTE M  B LGC THRUSTEH PAIH C MOS QUAD 1 talkback (SF L l l )  
SYST E M  B LGC THHUSTEH PAIH C l\IDS QUAD 2 switch (8Sl4)  
SYSTEM B LGC TJIHUSTEH PAIH Cl\IDS QUAD 2 talkback ( 8 F L 1 2 )  
SYSTE M  Il LGC T!IHUSTER PAIH C MOS Q U A D  3 switch ( 8 5 1 7 )  
SYSTE M  B LGC THHUSTEH PAIH C MOS Q U A D  :J talkback (SFLL))  
SYST E M  B LGC THHUSTER PAIH C l\IDS Q U A D  3 s w itch (8S1 8 )  
SYSTEM B LGC THRUSTEH PAIH C M OS QUAD 4 talkback ( 8 F L 16)  
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APOLLO OPERATIONS HANDBOOK 

SUBSYSTE MS DATA 

Tabl<· :l - 1 .  Control s and Displays - Alphabetical Index (cont) 

:\:DIE .-\ C;'D H E F E H E K C E  DESIGNATION 

I s':sn:.c.r B 1\IAI� sm; switch (8S9)  . - . . . . . . . . . 

S \ ST E M  B 1\IAii\ SO\ talkback ( S F L , ) . . . . . . .  . 

T /W indicator (9i\l�)  . . . . . . . . 
T E L E M E T H Y  BJOMED switch ( 1 3 S 3 )  . 
T E L EMETHY PC M switch ( 1 3 S 1 3 )  

, T E M P  condition i nd i cator (3DS8 ) . . 
T E l\ I P  indicator ( 10M4) . . . . . . 
TEl\IP indicator ( 1 8 M 1 )  . . . . . . 
T E M P  indicator (System A) ( 8 i\12A ) 
T E M P  indicator (System B) ( 8 M 2 B )  
T E i\IP l\IONITOH selector switch ( 1 t> S 1 0 )  

T E M P/PHESS l\10:-l selector switch (8S1 9) 

TEST /MONITOH selector switch ( 17 S S ) . 

THR CONT swit�h ( l S l l )  . . . . .  . 

Throttle/jets select lever (CDI:) ( 1 H 1 )  . 
Throttle/jets select lever (Ll\IP) ( Hl2)  . 

THRUST indicator (91\17 ) . . . . . . . 
THHUST indicator pow e r  faiiurc indicator ( 1G DS9:.') 
Thrust/translation controller (CDR) ( J X 1 )  
Thrust/translation controller ( L M P )  1X2)  
THACK 1\IODE switch ( HS3)  . . . . .  . 
TRA C K E R  contlition indicator ( 3 DS 1 :.' )  . . 
TTCA/THANSL switches ( C D H  & L l\IP) ( 1S20) ( 1 S 2 2 ) . 

UP DATA LINK switch (13S 1 6 )  . . . . . 
U P LINK A C TY condition indicator ( 3 DS 1 )  . 

V E L  light ( 3 DS�04) 
V E H B  pushbutton (3S3) . . . 
V E H B  di c;play indicator (:3?>1�) 
VHF A switch ( C DH )  ( 1 5AS2) 
VHF A switch ( L l\I P) ( 1 5llS2 ) 
VHF A H C VH switch ( 13S10)  

VHF ,\ VOL U l\IE thumbwlwel ( C D H )  ( L i:\ 1 ( 1 2 )  
VHF A \'OLUl\1E thumbwhcel ( L M P) ( 1 5 B H 1 2 ) . 
VHF ,\ Xl\ITH switch ( 1 3S 7 )  . 

V!IF selector switch ( ! 4 S G )  . 
VHF B H C V H  switch ( l :JS 1 'i )  
V!IF B switch ( C D H )  ( L iAS � ) .  

VHF B switch ( L M P )  ( l oBS�) 

VHF H VOLUli!E thuml::lwhel'l ( C D H )  ( 1 5:\H! :l )  
V H F  B VOLUl\IE thumbwhcel ( L l\I P )  ( 15BIU :l )  . 
VHF B Xl\ITH switch ( l :JS 1 2 )  

VOLTS indicator (�l\12)  . . . . . .  . 
VOX SEKS thumbwh<'<'l ( C D H )  ( l '>AHS ) 
VOX S E NS thumbwhev1 (Ll\IP)  ( 1 5 B H S )  

- T-

- U -

- v-
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APOLLO OPE RATIONS HANDBOOK 

SUBSYSTEMS DATA 

Table 3- 1 .  Controls and Dis plays - A lphabetical Index (cant) 

NAl\IE AND R E F E R E N C E  DESIGNATION 

WAT E H  SEP SEL valve ( 7 H 1 0 )  
WATER TANK S EL ECT valve ( 7l l l4 ) . 

X- Pointer indicator (CDH) ( 9 1\12 ) . . . . . . . .  . 
X- Pointer indicator ( LIII P) ( 9 M 3 )  . . . . . . . .  . 
X- Pointer indicator power failure indicator ( 16 DS 9 1 )  
X- Pointer indicator power failure indicator ( 1G DS Q 7 )  
X- POINT E R  S C A LE S\': itch ( C D H )  ( 9S l 7 ) . 
X- POINT ER SCALE Sl\ itch ( L �I P )  (9S 1 8 )  . . . . .  . 
XMTH/HCVR switch ( 1 3S S )  . . . . . . . . . . .  . 

YAW control ( 14 B l )  . 
YAW indicator ( 14:\!4) 

-w-

-X-

-Y-
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Location/ 
Ref Des 

Panel l 

G DS2 

6 D S3 

6 DS4 

G DS6 

G DS7 

'C'Zim. 

Jj· 
Name and Position 

W A H ;\ 11\G LIGHTS 

ASC PHESS ( }!l'S) 

DES R EG ( ;Ill'S) 

DES QTY ( �IPS) 

C E S  AC ( G l\& C S )  

C E S D C  (G�& C S )  

��! 

� 

Fun�lion 

Goes on if p re s s u re in  e i th e r  
a s c e n t  h e l ium L i n k  d rops be l ow 
� . 7 7 �� p s L t  l l l· inr  to sta�ing ( J r  if 
b lanket p re s s u re i n  J\1cl or oxi
d i z e r  l ines : ! l  h i p rnpcl l : < n l  v :l l \' t_' �  
d rop s  bcl o\\ l .! O p s i a .  

G o e s  o n  i f ,  after p r e s su r i z a t ion , 
p res su re in descent heliurn l ines 
c\(nn1 s t  tT.J m ( J f  regu l ato rs f'xcceds 
2G(J ps i  a o r  d rnps hPlnw 2:!0 p s i  a.  

Goes on if , before staging , des cent 
tanks contain prope llants for only 
approximately £ m inutes b u rn time 
a t  hov e r  ( 2 5'·;, ) thrust .  

Goes on i f  a-c vol tage in con trn l 
electronics section of G N& C S  i s  
o u t  of tole ranc e .  

Goes o n  i f  voltage o f  any d - e  power 
supp l 1  in C E S  J S out of tol e ranc e . 

� 

Circuit 
Breaker 

Power 
Source 

L T G :  A NT.Jl\'/ C D H ' s  
DOC K.' 28 -vrlc 
CO �1 1' C:T bus 
(panel J J 
and.kH· p: tncl  T , I\I P 1 .s  
J G ) �B-vdc 

} JU S  

LT G :  A N U N /  C D H ' s  
DOCK/ 28 -vdc 
C O  ii!Pi\'T hus 
(panel 1 1  
and/o r  panel LMP' s 
J G )  28 -vdc 

LT G :  A NT.JN/ 
DOCK/ 
C O MPJ\'T 
(panel 1 1  
and/or panel 
1 G )  

bus 

C DR' s 
28 -vdc 
bus 

L MP ' s  
28-vdc 
bus 

LT G :  A N T..IN/ 1 C DH ' s  
DOCK/ 28 -vdc 
C O !v!PNT bus 
(panel 1 1  
and/or panel 

I 
L l\1 P.' s 

J G )  28 -vrlc 
I JUS 

LT G :  A Nl' N i l C D H ' s 
DOCK/ 28 -vdc 
C O MPNT bus 
(panel l l  
and/o r panel 
1 G )  

L M P ' s  
28-vdc 
bus 

/ 

Remarks 

L i g ht goes off when deadface 
R w i t.ch is actuated hy �C'p a rn t i nn n! 
descent and a scen t .s tage s ,  or by 
res to ration of fuel or oxidi ze r 
bla nket p re s s u re .  

L i g h t  goes off when n o m i n a l  p re s 
s u re i s rf' s to rcd o r  when ascent 
a11d c lc.sccnt stt ge;-; :1 r c  ;-wpa L t te c l .  

MASTEH ALAH!vl light and tone 
a re inhi bited for t h i s  warn ing 
l ight. 

A-C v olta ge (28 volts , s ingle
p ha s e ;  o r  26 volts , 800 cps, th re e
p ha s e )  is requi red.  Light goes off 
when G YHO T E ST sw i tc h is  pl aced 
in POS HT or N EG HT pos i tion .  

D - C  po\\·c r  supply vtd tage s a rc 
+15 , -1 5 ,  l-4 . �{ , +G , and -G v olts . 
Light goes off when GYHO T E ST 
sw i tc h is pl aced in POS HT o r  
N E G  H T  position. 

I 
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Location/ 
Ref Des 

Panel I 
(cont)  

GDS8 

G DS9 

fi DSJ O 

G DSl ! 

\� 

Name and Position 

A G S  ( G N& C S )  

LGC ( G l\& C S )  

I S S  ( G ?\& C S )  

H C S  T C A  ( H C S )  

· ·� \0?4J 
:,:;�1 ·  

Function 

Goes on if any ASA pr>wcr SU!Jply 
f a i l s  or if fa i l s i gn al i s  generated 
bv AEA te s t ass embl\· .  

Goes on if  L G C  power suppl ie s ,  
counte r ,  o r  s c a l e r  fail . 

Lights if failu rc of lilll: , l'IPA 
du r i ng m:l i n  engine th ru st i ng , or 
C DU occu r s .  

G o e s  o n  if G N &  CS i s sues fi ring 
c o mmand to p r i m a ry coils of 
spec i f i c  thrus t e r ,  but there is  no 
c ha m b e r  p re s s u re a t  tha t thruste r .  
Goes o n  i f  opposi ng c o l l i n e a r  j ets 
a re on s i m u l taneou s l y .  

'-----" 

Circuit 
Breaker 

Power 
Source 

LT G :  A N U N/1 C O if s  
DOCK/ 2o -vclc 
C O MPNT bus 
( p a nel 1 1  
anci/o r pane 1 
j (j )  

L l'v! P' s  
28-vdc 
b u s  

LT G :  AN U N / 1 C D H ' s  
DOCK/ 28 -vdc 
C O MP N T  b u s  
(panel 1 1  
and/o r  panel 
! G )  

L i\l P ' s 
28-vdc 
hus 

LT G :  !\ N U N /  C D H ' s  
DOCK/ 2 8 - v d c  
C O M P N T  bus 
(panel 1 1  
and/or panel LIVIP' s 
1 6 )  2:l -vdc 

bus 

LT G :  A N U:--;j C D H ' s 
DOCK/ 28 -vdc 
C O MP N T  b u s  
(panel 1 1  
and/o r  r a n d  Ll\IP' s 
l G )  28 -vdc 

buo 

t�' 
· .. � 

Remarks 

L ight goep, nff when 0:: /1120 Qty �!UN 

S\ritch i s  n1o m t>nta ri ly Sf't to C /\\' 
R E S E T .  Power suppl y \'ol t a g c s  a l'C' 
r 2 8 and � 1 2 vnl ts clc, and 2H \·oitf.: 

·!00 cps. Sign:ll i s  i nhiiJ it  eel when 
AGS STAT liS switc h  i s  sL'l to O F l  
T h c r m a l  s w i tch i s  i n  s e r i e s  w i t h  
1 1 2 vdc.  :::;w i tch o p e n s  at  I S O l S'' t : ,  

clusos a t  1 :lO±!J° F .  

When ACS STATUS sw itch i s m o ved 
from OFF to STB Y, AGS l ight flaslws 
and �IAS T E H  A LA H�I goe s on. \Vlwn 
sw itc h is moved from STBY t" UP!\, 
AGS I ight goes on, then off and 
MAST E H  A LA l\ M  goes off. 

Pow e r  supply v ol tage s a rc · 2 H , 
+ 1 4 , or +4 v ol ls d e .  L ight goes 
off when n o m i n'-<1 v o l tage is 
restored o r  G U ID C ONT sw itc h i s  
set  t o  1\(iS. 

Light goes off when G U !D C: UNT 
switch is set to ACS. 

Light i s  extingu i s hed wlwn th ruster 
p a i r  i sola t i on v a l v e  a s s o c i a ted w i th 
fa i led TCJ\ is closed . 

, _ __/ ) 
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Location/ I I "' "' Name and Pos ition Function 0 Ref Des :; I � Panel ! 

to (cont ) 
Ill "' �· 6 DS1 2 R C S  A R E G  ( H C S )  G o e s  on when p ressure sensed by ("l 
t;j pressure transducer downstream 
Ill of system A p re s s u re regulators ..... 11> exceeds 2 1 8  psia o r  d rops below 

..... I G5 p s i a .  

»j 11> cr '1 � Ill '1 6 DS1 3 H C S  B R E G  ( HC S )  Goes on " hen p t·cssu t·e sensed by < 
pressu rc tran sduce r downs t rcn m ..... 
of system B p re s su re regula to rs "' 

-.J exc cctls 2 1 8  p s i a  o r  d rops bl'!m1 0 
l G5 ps i a .  

() 
:r "d 
� � 11> t'1j 
t;j t'" G DS14 DC m:s ( E P S )  Goes o n  i f  d - e  voltage d rops below 
� - 2fi .  5 v olts on e i th e r  C o m mande r ' s  
11> or L M  Pilot ' s  d-e bus . 

6 DS16 I C AB IN ( E C S )  I Goes on if cabin p re s s u re d rops 
below 4 . 1 5 ±0 . 1 5  p s i a .  

"d I I Ill aq 11> 

c.> I 6 DS17 I SUIT / FAN ( E C S )  Goes o n  i f  p re s su re within suit 
I d rops below 3 . 1 2  p s i a  or if suit ..... 

c i rculating fan No. 2 fa i l s .  t1l 

· ;�-=��; . 

I Circuit I Power 
Breaker Source 

L T G :  A N U N/ 1 C D H ' :;  
DOC K /  28 -vdc 
C O �I P NT bus 
(panel 1 1  
and/o r  pan<'! L�IP's 
] fi )  28 -vdc 

bus 

LT G :  A N lJN I  C D H ' s  
DOC K/ 2 � -vdc 
C O � ll'i\'T b u s  
( p a n e l  1 1  
and/(>r panel I . l\1 P ' s  
! fi )  20 - 1·clc 

bus 

LTG: A N U N/ C D H ' s  
DOCK/ 28 -vdc 
CO �Il'NT bus 
(panel 1 1  
and/o r  pane I L M P ' s  
1 G )  2� -vdc 

bus I LT G :  A NU N/ C D H ' s  
DOC K/ 2 8 -vdc 
C O MPNT bus 
(panel I I  
and/o r  panel L M P ' s  
1 6 )  2 8 -vdc 

b u s  

L T G :  A N U N /  C D H ' s 
DOCK/ 28 -vdc 
C O �IPNT bus 
(panel l l  
and/o r  panel 

I 
L MP '  s 

1 6 )  2 8 -vdc 
bus 

)g. 

J 

I Remarks 

I Light is inhibited when SYSTF �I 
A MA IN SOV switch i s  set to 
C LOSE . 

� 
Light is i n h i b i ted when SYST E J\l 

"d 0 
B MAIN SOV sw i tc h is s e t  t" O r"  
C LOSF: . O r"  

z o  
� 0 t'" 0 � 5: t;; s: � � :j 0 s 0 � Light goes off \vhcn nt 1n1inal v o l t - t;j � t-< age is re sto red. til ::r: 2:: 
"d � S: s  
>< to  
rn o  0 � 

Light goes on w he n  cabin p re s su rc 
is restored to 4 .  8 p s i a .  It does 
not light durin!'; i n tentional cabin 
depressurization .  

I Light goes on when n o m i n a l  suit 
pressure is restored. 

I 
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Location/ 
Ref Des 

Panel 1 
(cont ) 

9 1\112 

9 �Il l 

9 1112 

I 
1 GDS91 

l DSI 

"-......-

Name and Position Function 

MISSION TIMER indicator D ispl ays d igital readout of elapsed 
tirnc in hours , n1inutes , and 
seconds . Indicator i s cont ro l l ed 
w i th Tg!E R C O!\T and SLEW 
C ONT S\\' ilchcs on p a n e l ;) , 
� l:Lximum time d i spla.1·cd is 9 9 �1 
hou rs S9 m inutes G9 �ccond s .  

E V E NT T l l\I E H  indi cator D isplays d ig i ta l  readPul of t i n1e 
(0 m inutes 0 seconds to :>9 
m inutes S�) seconds ) . E V E NT 

TI�JEH is con t rol led w i t h  rn:SJ·: l"/ 
C OU N T ,  T D I E H  C ON T ,  S LE\\' 
C O:--:T !\Il l\ ,  and SLEW C O!\T 

SEC sw itches on panel :l . 

X-Pointc r indicator Displays forward and l a te ral 
velocities , bteral velocities only , 
o r rendezvous radar LOS elevation 
and azimuth angula r r a tes , 
depending upon setting of HATE/ 
E HH �ION sw itch and �lODE SEL 
switch. 

X-Pointer indicator power fa i lu r·c Hed light goes on when powe r lo 
indicator indicator is inte r rupted . 

LU!\AR CONTACT light Light goes on when landing gea r 
p robe touches surface , to indicate 
that engine should h e  turned off. 

--------- --

� 

?�r�-�� 

Circuit Power 
Breaker Source 

F LIG I IT CDH' s  
DISPLAYS: 28-\'Cic 
�IISSION bus 
Tll\IER 
(panel 1 1 ) 

F LT D ! S P :  L�IP' s 

EVENT 28-vdc 
T l �I E H/SE bus 
FDA! 
(panel ) (\ )  

F LIGHT CDH ' s 
DISPLAYS: 28-vdc 
CDR X-PNTH bus 
(panel 1 1 ) 

N/A N/A 

N/A N/A 

� 

Remarks 

�IISS!Ol\ T I �I E  H indic : � tor  can 
on ly count up. 

If PC I\IT F l iming pul ses fai l , :m 
i n terna l luning fork supplie s lhl' 
1 0  pps clock frequency , and a 
display appears ill'fore the fi rs t 
indicator digit.  

E V ENT T l � I E I \  i n tl i c a to r  ' " " " count 
up or clown. ll it  fail s ,  �IISSION 
T I MFH inclic : �lor c"n be used. 

Forward and l a t e ra l  v el oc i t ies a ,.,. 
coincident with Ll\1 Z and Y body 
axis velocities when PGNS d rives 
d isplay .  When LH drives d i splay , 
forward am! lateral  v e l o c i t i e s  a rc 
coincident with Ll\1 Z anti Y axi s  
(from hi-gate point t o  touchdown) . 
When AGS d rives display , l ateral 
Y-axis velocity only i s  displayed . 
When HH is sclcclccl , LOS rates 
a re displayed. 

Light goes off when citlH'r erw;inc 
slop switch is p ressed. 

I 
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Location/ I Ref Des Name and Position 

Panel 1 
(cant) 

9S17 I X-PO!l\TER SCALE switch 

I I l l  MULT 

I LO JVIULT 

9 M7 I THRUST indicator 

·0�[ 

'...__./ 

Function 

Controls scale range of �-poi nte r 
indicator. 

\\'hen LOS azimuth and el8vation 
rates a re displayed , this position 
p rov ides a scale of t�O mrad/scc . 
When horizontal velocities are 
displayed , this position illum inates 
the Xl O multiplier to provide range 
of ±200 fps . 

When LOS azimuth and elevation 
rates a re displayed , this position 
illuminates the X. I multip l ier to 
p rovide a range of "2 mrad iscc . 
When hori zontal veloci ties are 
displayed, this position prov ides 
range of i 20 fps .  

Displays descent engine chamber 
p ressure, which corresponrls to 
thrust on ENG scale (left pointer )  
and manual or LGC thrust com
mands to the engine on C l\ID scale 
( right pointer ). Both scales read 
from o% to 1orr;J . Automatic or 
manual throttle commands can be 
displayed , depending on setting of 
TIIR CONT switch. The Cli!D 
( right) scale indicates 1 0''0 thrust 
command , even when engine is not 
fi ring because indicator input is 
not the actual thrust command in
put to engine unless the engine is 
on , and TTCA is at minimum 
posi tion. 

Thrust command to engine , in 
AUTO mode , (GUID CONT switch 
is set to PGNS) is sum of thrust 
commands from LGC and TTCA. 
TTCA provides a minimum thrust 

Circuit 
Breaker 

I\/ A 

FL IGHT 
DISPLAYS: 
THRUST 
(panel 1 1 )  

·�· 

Power 
Source 

N/A 

CDR ' s 
28-vdc 
bus 

Remarks 

Normally , during LGC command 
authority , both pointers will be 
aligned. If not , a malfunction 
exists or manual throttle authority 
is being introduced to enable 

I 
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Location/ 
Ref Des 

Panel 1 
(cont) 

1 6 DS92 

1 0  �!5 A 

1 0 M5B 

l O W  

�-· 

Name and Position 

THRUST indicato r powct· failure 
indicator 

MAIN PHOPULSION QUA!\TITY 

0:'\IDIZ F H  

F U E L  

1\IA I.!\ P HOPU LSION lJE LIUi\1 
indicator 

.; 
... .  �. -. :::�.� ·  

Function 

command of 1 rJ': at all times: it 
cannot be set to zero. When T I IH 
C O�T switch is set to AUTO 
position and T T C A  is ;lt minimum 
position , LGC commands 1 0'·:, less 
than required and is summed with 
u:t;;, comm:md from TTCA to 
p rovide required thrust level . 
When THR CONT switch is set to 
MAN ,  LGC con : >nancls a rc re
moved and al l  thrust commands 
o riginate from TTC A .  

ned light goes l)Tl when powc r to 
indi cator is intc rrupt('d. 

Indicate quantity of propellant 
re1naining in dcscPnt tanks. 

Displays digi tal readout of pe rcent
age ( a·� to Dei' : ) of usable oxidizer 
remaining in descent tank selected 
with P H PL:"T QTY MON switch.  

Di splays digital readout of pe rcent
age ( rf �  ot  G'i' 0 )  of us:1ble fuel 
remaining in descent tank selected 
with P R P LNT QTY '\JON switch.  

Displ a.vs dir;ital readout of  supcr-
c ri tical helium pressu rc in descent 
e r.vogenic storage vessel , pres
s u re in descent ambient helium 
bc.ttl e ,  and temperature or pressu re 

� 

Circuit 
Breaker 

N/,\ 

:\C BUS B :  
He/ PQGS 
P H O P U L  
DJ S P  
(panel 1 1 )  

AC ncs B :  
Hc/PQGS 
PHOPUL 
DISP 
(panel 1 1 )  

� s�: 

Power 
Source 

N/A 

C D H ' s  
1 1 S -vac 
bus n 

C D H ' s  
l l S-vac 
bus B 

Remarks 

s mooth t ransition to ful l  manual 
control. If nwnual control i s  
clesi r<'cl , T l l H  C ONT switch i s  
s u l  t o  l\l.\:" when C �!D P"intc r 
reaches 1 cr·;, ; pointers will  then 
realir;n.  

If TTC A control i s  moved IJl'yond 
minimum thrust position , LGC 
commands corr<>spondinp;ly less 
thrust.  It i s ,  the ref o re ,  possi '  · 
in AUTO mode to command mo 1·e 
thrus t  thnn LGC requi res , but not 
pos sible to command less . 

Quantity indicator is operative 
f r( )n1 fG to 9!":{:·, 
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Location/ 
Ref Des 

Panel 1 
(cont ) 

1 O �I4 

! Oi\13 

"d 
> 
z t<J t"' 1 6DS90 

r; sz 

9S2 

L._ 

• 
Name and Position 

T E J\11' indic2to r 

PTIESS indi cato r 

PHESS indicato r power failure 
indicator 

li!ASTEI\ ALAHi\1 pushbulton/li�ht 

Audible lone 

RATE; E HR r.IO:\ swi tch 

HNDZ HADAH 

---

-�:mJg� 

- --- ---

Function 
Circuit 
Breaker 

in ascent helium tanks , a s  selec-
ted w i th l!E LIU !\1 liiON swi tc h .  

Indicates fuel a n d  oxidizer bulk PHOPUL:  
tempe rature (+!  0° t o  ' 1  00° F )  i n  DISP/ENG 
ascent or de scent p rope!Lmt tanks , OVHJJ Luc;rc 
as selected w i th PH P LNT T E i\ I P/ (p:mel J G )  
PTIESS �ION switch.  

Indicates f u e l  and oxidizer pres- PHOPUL: 
surcs ( 0  to :l Oo psia )  fo r ascent DISP/ENG 
o r  descent propellant sections ,  O VTID LOGIC 
as selected with P HPLNT TEJI1P/ (panel 1 6) 
PHE SS �ION switch. 

Hed l ight goes on when power to N/A 
indicato r  is inte r rupted. 

Light fla sh e s  when any ca ut i on or LTG: 
warn i ng 1 i gh t  g oe s  o n ,  c::-,:ef'pt C /\\' �TAST FH 
PWH ca ut ion and DES QT Y  wa r n i ng A L A  I C \ 1  
l ights . (panel 1 r; ) 

In itiated in conjunction w ith :liAS-
TETI ALAHJ\I pus hbutton - l i ght :md 
cauti on/wa rni ng array l i ght (s) . 

Selects i nputs fo r FDA! and X- N/1\ 
pointe r indicator.  

Shaft a n d  trunnion angles f rom the 
H H  a rc di splayed by pitch and yaw 
erro r  needles of FDA!;  LOS 
azimuth and elevation rates a re 
displayed on X- Pointer indicator 
( i l luminating LOS AZ and LOS 
ELEV) .  

---� - ------

• 

Power 
Source 

L� IP 's  
2R -I"Cic 
bus 

L lll l " s  
28-vclc 
bus 

N/A 

Ll\1 P ' s  
� H - v d c  
bu�� 

·--

N/A 

Re marks 

P t·c ssing C o m m ande r ' s  or L \I 
Pilots  swit ch-light  '--' x ! in).!,"U i :-; lws 
b<>lh :I I A ST I-: H ,\ Li\ H l\1 l i g h t c:  " '"I 
l t' rnlinatc� aucl i h l (' t o ne , lntt  h:1 � 
no effec t on cauti on ( ! l' w a rn in !4' 
l ight ( s ). 

When switch i s  s e t  to J . I J C  Hll ll/ 

C M P T H ,  d a l : 1  i nput  i s  dependent 
upon s e ttings of �lODE � E  L and 
A T T T !TliDE 111 0 1\  switche s .  

I 
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Ref Des 
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I Name and Position 

I LDG IWH/C li!PT H 

I ATTIT U D E  �10!\ switch 

I PG:-.IS 

I ACS 

Function 

\'chielc attitude· c o·o r s  ( l 'GNS or 
AGS a s  s e l e c t ed "·i th ATTITUDE 
!\ION s\\·itch) a t'l' c!ispla.1·ed by 
F DA !  e r rtl!' l1l'ecllc s . F o n1 a rei 
:tnd la tera l 1· d o c i t i e s  from the 
LH ( Pc;:-.�s or  ;\ GS as selec ted \\'ith 
l\IODE SEL s w i l C' h )  a rc displayed 
on the X-poi n l l' r  i nd i c a t( 1 r  
( i l luminatin� ! . A T  V E L :mel FWD 
\' E L ). 

Selects input l o r  Fil A !  toLd 

atti tude di spla y a nd input fo r 
a ltiludc• c r ro r 

·
,wc•dlcs du ring 

landing. 

Ll\1 tl )ta l a t ti tude signa l ::; ,  after 
conditioning- h.\· GA�T A ,  a re feU t(J 
F DA !  b a ll :  u ;c· : t t li tuclc e r ro r  
s ipl'l !S  :l l'L' l < ·d t o  F DA! pilc·h ,  l'D l l ,  
:1nd _r aw c !' ro r needl e s .  

,\ GS L :\ 1  total a l l i tuclc s ignals a rc 
fed I'> FDA! h:d l :  1\GS a t t i tude 
e r ro r  s i gn a l s  ; ! l'C' fc·cl to FD1\ I  
p i tch , ro l l ,  : tnd y a w  e r ro r  need l es . 

Circuit 
Breaker 

N/A 

Power 
Source 

N/A 

Remarks 

AGS p rovides only l ate ral 1· cloci t\ 
data. 

r-------------------�-------------------+----� l 

I Fl ir;ht d i re c t o r  altitude i n d i c a t o r  

( FDA!)  

•• 
'0� : 

D i spLo)'S total vehic: lc atli l u clcs , 

attitude rat<·s and altitude e r ro rs , 
o r  vehicle altitude , a ltitude rate s ,  
a n d  nn shaft anrl trunnion angles '  
depend ing on �etting o f  HAT E i  
E H H  1\ION sll' i lc:h .  

Sett ing ATTJT U D E  C. ION switch se
selccts PGNS or AGS as sou rce of 
vehicle tot a l  atti tude and a tti tude e r
rors displ ayed on FDA!.  Shaft and 
trunnion angles a rc d isplayed by 
pi tch and yaw e r ro r  needles, respec
tivcl_,. , ll'hen Hr\T E I E HH :110N 

switch is set to H ND Z HA DAH . 

'---' 

5" ' ' 

AC B U S  A :  
C D H  F D A !  
and F LIGHT 
DISP L A Y S :  
C D H  F D A !  
(panel I 1 )  

C DH' s 
1 1 � -v a c  
b u s  A 

C D H ' s 
28-vdc 
bus 

Altitude rat e s  d i splayed :1 re 
always obtained f ro m  C E S  rate 
gyro a s sen1bly . 
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Location/ I Name and Position Ref Des 

Panel 1 
(cant) 

9 M9 I Altitude/ range indicator 

9 1\!4 I T/W indicator 

9SG Gl'ID CONT swi tch 

PGNS 

'�!{.4K:=; ,;� 

-----------

Function 

Displays ran�c/ ra n�l' rate clala o r  
altitude/altitude rate data a s  
selected with HNG/ A LT �!0:-.1 
switch. 

Hange/ range rate data a re from 
HH. A!titudcialtiludc rate d a ta a rc 
f rom L H ,  PGNC:, or AGS,  as  
selected with MODE SE L switc h.  
W hen L H  data is selected, t rue 
al ti tude and altitude rate data :uc 
available from !ow-gate point to 
touchdown if Lill X-axis is v e rtica l .  
Befo re reaching low-gate point ,  
onlv true alti tude data arc  available 
fro�n LH.  When PGNS or AGS is 
selected , ine rtial ly de riv cd a! ti
tude and a 1 ti tude ra tc cia ta a re 
available fo t· display _ 

Displays instanta ncouo X-axi :::; 
accel e ration in lun a r  g units ( 1  

1 una r g � 5 .  2 : s  ft/ scc2 ). 

Selects PGNS or AGS fo r  guidance 
c ontrol mode of Li'vl . 

P rovides B OO-cps powe r to 
activate ACA and TTC A ,  p ropor
tional rate command inputs to 
LGC from AC A, LGC engine on-off 
signal s ,  descent engine gimbal trim 
command outputs from LGC , tro.ns
l ation on-off commands from 
TTCA, enabling signals fo r p ri
m a ry p reamplifi ers of ATC A ,  and 
applies follow-up si r,'11al to A E A .  

Circuit 
Breaker 

Power 
Source 

F LIGHT I CDH's  
DISP LAYS: 28-vclc 
H NG / HNG HT bus A 
A L'f /AL'l' HT 
and AC nus A: 
H NG / HNG HT 
A LT/A LT HT 
(panel 1 1 )  

N/ A I N/ A 

N/A N/A 

!'iJ;' 

Remarks 

Indicato r ,  a self-contained 
accelcron1cte r ,  may be used to 
p rovide a gross check of engine 
pe rforn1anc e ,  because any given 
throttle setting p rovides specific 
acceleration when the vehicle has 
given mass .  

Switch is  spring loaded to cente r  
(lock) position. 

When AGS mode i s  selected , 
P(;NS remains operationaL 1 ' ( ; ;-..:s 
data may be d is  player! if r lcsi reel . 
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'tl 
� I Location/ I 

l)q 

Name and Position <ll 
Ref Des 

w 
I 

N N r Panel 1 
(cont) 

I AGS I � ttl ttl 
c;· ::l I � I 9S9 1 l\IODE SE L switch 

o:; � 
g]. ("") 
t;) 
� ... 'tl <ll ;r> 

z 
J:%j 

"l t-< I I LDG HAD,\R 
<ll 0' >1 <= 
� I I PGJ'.:S >1 '< 
..... "' 
__, 
0 I I AGS 

n 
::r 

§ 
l)q 
<ll I t;) 9S·I 1 R NG/ A LT l\!ON switch 
� ... <ll 

RNG/RNG RT 

L 
:�� !' 

Function 

Provides 800-cps power to 
activate ACA and TTCA, propor
tional rate commands to ATCA 
from A C A, AGS mode trim com
m and, and enabling- signals to the 
abort preampl i fie r s  of ATCA. 

Sdccts radar o r  computer data for 
d i sp l ay on X - Po i ntl'r and a l ti tude / 

r ange indicators.  

Radar altitude, altitude rate•, :mel 
forward and lateral vel oc i ty arP 
displayed. 

LGC -computed altitude, altitude 
rate, and forwa rd 01nd later al 
velocity arc displayed. 

AGS-computcd altitude, altitude 
rate and l ateral velocity arc dis
played. 

Selects display legend on altitude/ 
r ang-e indicator and display s  RH 
r ru1ge/range rate data o r  LR o r  
computer altitude/altitude rate 
drtta. 

HR range and range rate data arc 
displayed on altitude/range 
indicator. 

-� 

Circuit 
Breaker 

J'.:/A 

N/A 

Power 
Source 

l\/A 

N/A 

Remarks 

Data frorn selected sou rc e are 
d i s pl ayed on appropt·iate ho r i z ont al 
velocity i ndicat o r onlv when H :\TE/ 
E R R  MON switchc:s arc  set  to LUG 
HDH/COl\I PTH. Data from 
selected source nrc d i splayed on 
al t itude/ range i nd icntors only \\' I H · n  
H NG/A L T  M O N  s w i t c h  is sf'l t o  
A LT / A LT H T .  

. / �-/ ·-..___- / 
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Location/ 
Ref Des 

Panel 1 
(cont)  

9 S8  

9 5 2 9  

1 S2 5  

;� ·� 
Name and Position 

A LT/A LT HT 

SHFT/THUN 1 switch 

t S O  

±S '"' 

HATE SCALE sw itch 

25°/sec 

5 °/ sec 

A C A  PHOP switch 

E NABLE 

DISABLE 

�\���� :" 

� 

Function 

Data from source selected wi th 
�!ODE SEL switch n rc d isplayed 
on alti tude/range i nd i cator.  

Selects range of Im shaft and 
tnmnion an?;lcs t o be d i spl:l)·cd 
by FDA! p i tc h  ancl vaw e r ro r  
needles when eithe r· HATE/EHH 
MON switch i s  set  to  H :\'DZ 
HADAH. 

Full  deflcction of FDA! pitc h and 
\'O\\' e rror needle s  indi cate s  shaft 
�nd trunnion angles of -�- s oo or - s o'
o r  greate r .  

Full deflecti on o f  F D A !  pitch and 
yaw e rror needles ind i c a tes shaft 
and trunnion angles  of +5 ° or -;; 0 

o r g reate r .  

Selects scale factors o f  roll , 
p i tch , and yaw rate scales  of 
FDA!. 

Selects 25 o per sec ond ful l  scale 
for rate scal e s .  

Selects 5 °  p e r  second ful l  scale 
for rate scal e s .  

Enables i solation of 28 volts , b 00 
cps to  ACA t ra nsduce r  pr imary 
coi l .  

Enables normal ope ration o f  A C A  
in proportional rate mode. 

Disables A C A  p ropo rtional rate 
command capabil i ty .  

Circuit 
Breaker 

FL!G l !T 
DISPLAY S :  
C D H  FDA! 
(panel 1 1 )  

-� , ' , . .. 

N/A 

1'/A 

Power 
Source 

C JJ H '  s 

�S-vdc 
bus 

N/A 

N/A 

Remarks 

L£' ss-than-ful l-dcflecti on J )O.sitiun.s 
of nr'cdlcs a re linca rl.v p roportiona 
t o  lhP sine of the f; haft and trunnion 
angles less than +5 0° or - S 0 ° .  

Less-than-full-deflection posi ti ons 
o f  needles are l i n e a rl y  p roportional 
to shaft and trunnion angle s  less 
than +5 ° or -5 ° .  

I f  i\ C i\ i s  cli sabkrl , only the 
landing mission pha s e  i s  affected. 
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Location/ 
Ref Des 

Panel 1 
(cont) 

1 Sl l  

1 S J  0 

\___ 

Name and Position 

ENG TH RUST CO;.!T switches 

THR CONT switch 

AUTO 

MAN 

!\IAN THROT switch 

;� \. ��m'7 � 

CDR 

SE 

�(�;' 

Function 

Permits switching f rom automatic 
( LGC ) throttle control to manual 
th rot tiC' cont rol . 

LGC comm<Ind signals a re summed 
with manual command signals 
from T T C A  selected with !\IAN 
THROT switch for descent engine 
throttle control. TTCA alwavs 
p rov ides minimum 1 cf}, com�and; 
i t  cannot be set below this level . 

Inte r rupts LG C throttle com nwnds 
insuring that descent engine 
th rottlc is  fed only b.1· manual 
throttle command signals .  

Selects thrust/translation con-
troller for manual adjustment of 
descent engine thru s t  level , i f  
corresponding T HROTTLE-JETS 
control select level i s  set to 
T HROT T L E .  T h i s  switch also 
routes manual throttle commands 
from controller to DECA.  

Enables Commander ' s  thrust/ 
translation controller to adjust 
descent engine thru s t  level .  

Enables L M  Pilot ' s  thrust/trans-
lation controller to adjust descent 
engine thrust level . 

Circuit Power 
Breaker Source 

STAB/CONT : CDH's  
ENG CONT 28 -vdc 
(pane·! l l )  bus 

N/:\ I'\/ A 

.·,$-.· ·�· 

Remarks 

When switch i s  set to AUTO ,  
THRUST indicator d isplays LGC 
command plus l O'Yo fixed bias .  
Manual throttle commands mav be 
introduced by d isplacing active 
TTCA.  This c auses displayed % 
THRUST C MD to dec rease because 
only LGC commands plus fixed 
bias a re di splayed . 

C MD Tl lll l i�T indi cator di splays 
manual throttle commands.  

'•.___/ 
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Location/ 
Ref Des 

Panel 1 
(cont) 

1 S1 

1 S6 

I S9 

"-' 

Name and Position Function 

E NG AR I\1 switch P rovides arn1ing signals to 
engines . 

ASC P rovides arming signal to enable 
fi ring of ascent engine and simul-
taneously signals LGC that engine 
is a rmed. 

OFF R e n1o ves arn1ing signal fro1n 
engine valves and LGC .  

DES P rovides a rming signal to enable 
fi ring descent engine and simul-
t aneously signals LGC that engine 
i s  arrncd. 

ATT /TRAl\'SL switch Selects number of jets for X-axis 
translation maneuvers.  

4 JETS P rovides four jets  for X-axis 
t ranslation maneuve rs .  

2 JETS P rovides two jets for X-axis 
translation maneuvers.  

BAL C P L  switch Selects either balanced pairs of 
R C S  j ets  in a couple or unbalanced 
X-axis RCS jets to maintain pitch 
and roll attitude during ascent 
engine thrust phase when AGS is  
i n  guidance control loop. 

ON Applies  28 -vdc enable voltage to 
abort p reamplifiers 1 ,  5 ,  9, 1 3 .  

1�L 

Circuit Power 
Breaker Source 

STAB/CONT: LMl' ' s  
ENG ARM 28-vdc 
(panel 1 6 )  bus 

STAB/C ONT : C D H ' s  
ENG CONT 28 -vclc 
and bus 
STAB/CONT: 
El\'G STAHT 
OV HD 
(panel 1 1 ) 

STAB/C ONT: CDR' s 
ATT DIH 28-vdc 
COI\TT bus 
(panel 1 1 )  

N/A N/A 

'� 

Remarks 

Switch is spring loaclecl lo center 
(1 ock) p o s i t ion.  1\egarcllcss of 
switch sell ing, approp r iate 
engine i s  armed if A DO ilT o r  
A B O HT STAGE switches arc 
actuated. 

T h i s  control can only be used w i th 
AGS.  

Used only in conjunction with 
AGS.  

N ormally in thi s  posi tion 
(balanced couples ) during initial 
phases of ascent, for n1axinn1n1 
stabil ization and control of am· 
cente r-of-g rav ity thrust vector 
m i sa li�nmcnt. 
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l>l 
aq I Location/ <1) I Name and Position Ref Des 

w 
I 

N "' 
Panel 1 
(con t )  I O F F  I � Ul Ul 

c;· I I ASC E l\T He H E G  I switch ::l 1 0S3 I � 
tJj I I OPEN I>' 
g], ("} 
t::l 
I>' I I Center 

..... "d 
<1) > .... Ga "':1 t"' I I C LOSE 

� .... 
'1 
c: 
l>l I '1 l OF Ll I ASCEKT He HEG I talkhack '< 
.... 

Groy di�pla.'· ,., 
-l 
0 

() I I B a rber-pole display ::r 
§ 
aq 
<1) 

t::l I>' ..... <1) I 1 O &t  I A SC E l\'T He HEG 2 �\\'i tch ..... 
CJ1 
"-< c: ::l <1) 
..... I ,., I OPE N 
-l 
0 

\.____ �-) 
��:¥· �· 

Function 

Hemm· e s  enable volta�<· f t·om 
abo rt preamplifi ers I ,  ;, , !I , 1 �l .  

Selects i nputs to no rmallv open , 
l a tching solenoid-operated heliu m 
val\·c upstrea m of p ri ma ry p rl's 
sure rep:ulator. 

Ene rgizes solenoid that d rives 
helium valve to open pos ition . 

Ren1oves solenoid excitation ; 
valve ren1:1ins in l a s t  con1n1anclcd 
position. 

Ene rgizes solenoid th:lt d rives 
hclillln valve to c l osed position . 

Indicates hel ium p rimar1  l ine 
solenoid valve cont rolled h1· 
ASC E NT ! l e  REG 1 �"· i tc h  i s  open . 

Indicates hel ium p ri m a ry l ine 
solenoid vall'c eont rol l cd b.1· 
ASC E NT He HEG 1 switc h i s  
c losed. 

Selects inputs to no nnally open 
l a tching solenoid-operated helium 
valve upstrea m o f  sceonda ry p res
sure regulato r .  

Ene rgizes solenoid t hat d ri1·cs 
heliun1 valve to open position . 

Circuit 
Breaker 

PHO Pl; L :  
ASC l i e  H EG 
(panel I G )  

J>HOPUL:  

Power 
Source  

L�rp· � 
23-vdc 
bus 

I . �l l' ' s 
D!SP/E Nc; 1 28-vdc 
OVHD l,UGIC bus 
(panel l G )  

PHOPUL:  I L I\1 P ' s  
ASC ! J c  H FG �8-vdc 
(panel J ti ) 

-¥ 

Remarks 

After son1c 1ninin111m burn tin1e 
wiH'n balanced-couple ope ration i� 
not requi red , S\\'i tch can be s e t  
t o  OFF t o  conserve fuPI . 

Switch is spring l oaded to cente r 
position .  

G ray talkhack i s  cl i spla.vcd whC'n 
valve is open . 

B a rber-p<>lc talkback is displayed 
whc·n v alve is  closed.  

Swi tch is spt·ing loaded t o  t ·cnlcr 
position . 

G ray l:d k!J;t f 'k is dif-ipl:t ved when 
vah;c is opC'Il . 
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---� Ul I Location/ Ul I Name and Position 5 Ref Des 

;:l I � I Panel 1 
Ill (cont) 
1\> 
Ul I Center r;· 
t:l 
1\> ... <t> I I C LOSE .... 
"'j <t> 
cr ., I 1 0FL2 I ASC E KT He HEG 2 talkb a c k  c 
1\> ., <! Gray display .... 
<D 
� 
0 

(') I I 13a rber-pole display 
::r "d 1\> :> 
Jg z <t> 1:%:1 
t:l t"'  � .... I I DESC ENT He H E G  1 switch <t> 1 oss 

.... <.11 
"-< c I I OPEN ;:l <t> .... 
<D I � I Center 
0 

"d I I C LOSE 1\> 
oq 
<t> 

1 0F L3 DESCENT He HEG 1 talkback 
w I Gray di spla0· "" 
� 

'"---

Function 

Hemovcs solenoid excitation; 
valve remains in last commanded 
position. 

Energi zes snlcnoicl thC�t d rives 
helium valve to closed position. 

Indicates helium scconda ry I inc 
solenoid valvo c ontrolled bv 
ASCEKT He HEG 2 sw itch is opt>n. 

Indicates helium sf'eonda ry line 
solenoid v alve control led by 
ASCENT He H EG 2 s\\'ilch i s  
closed. 

Selects inputs lo normal ly open, 
la tching solenoid-operated helium 
valve upstream of primary pres
sure regulator .  

Energizes solenoid t ha t  drives 
helium valve to open position. 

Hcn1oves solenoid exci tation; valve 
ren1ains in  last con1mandcd 
position. 

Energizes solenoid that d rives 
helium valve to closed position. 

Indicates helium primary line 
solenoid valve c ontrolled by 
DESC E NT He IlEG 1 switch is 
open. 

Circuit 
Breaker 

PHOPU L :  

Power 
Source 

L J\ l l ' ' s  
DISP/EN(i I 2H-vdc 
OVHD LOGIC bus 
(panel ! G ) 

PHOPUL:  
DES l ie  
HEG-VENT 
(panel 1 1 ) 

PHOPUL :  
DISP/ENG 
OVHD LOGIC 
(panel 16 )  

'"""· 

C D H ' s  
28-vdc 
bus 

Ll\1 P ' s  
28-vdc 
bus 

Remarks 

B a rber-pole tal kb a c k  is  displayed 
when valve is c losed . 

Swilch is sp ring l o.tdcU to cente r 
position. 

G ray talkhacJ.. is  displ a.v·ed 11 hl'n 
valve  is npcn . 

Barber-pole tal kl>a<:k io di>.,p la vc·rl 
when valve is closed .  
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(cant) 
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I Name and Position 

I 
DES 2 

OFF 

P H P L N T  T E � I P/PTI FS� �ION 
switch 

ASC 

DES 1 

D E S  2 

I 

I I!E LIL'l\1 1\!0N selector swi tch 

O F F  

,[� t � i  � 
-��s�-:-

I 

I 

I 

I 

Function I 

Enables di s c rete outputs f rom 
quantity gaging sensor probes of 
oxi di zer lank I'Jo . 2  and fuel t:m k 
No . 2 to QUANT ITY indiGato r s .  

H e n10\TS d-e  pow e r  fn >m �a�in�� 
systcrn: qu�1nt i t i e s  a n· no t  
di splal·cd on Q U A N T I T Y  indicators.  

�elects i n J.m t s  to p ropellan t  
te mpe rature- and p res su re- indic a-
ting devices fron1 ascent o r  descent 
p ropellant tanks . 

Connects output of tempe rature and 
p re s su re sensors in af)cent p ropel-
!ant tanks to T E TIIP anrl P H E SS 
i ndi cato rs . 

C onnects output of temperatu re a11d 
p re s s u re sensors i n  descent fuel 
,-mel oxid i ze r  tanks No. 1 to TE 111P 
and PRESS indicators . 

Connects output of tempe rature 
and pres sure sensors m descent 
fuel and oxidizer tanks No . 2 to 
T E TI I P  and PHESS indicato rs . 

Selects inputs to helium indicating 
device from descent c ryogenic 
storage vessel , from pressure 
transduce r  devices in ascent 
helium tank s ,  and from pressure 
transducer in ambient helium 
bottl e .  

R emoves power from H E LIUM 
indicator; zeros are dis played . 

"----"'' 

:�
. -� 

Circuit 
Breaker 

PHOP U L :  
DISP/ENG 
OVRD LOGIC 
(panel ! G )  

N / A  

I Power I Remarks Source 

;J.> '1:! 
L I\ I P ' s Switch pc rn1 i l s  nwni l o t'ing propel - r �  28 -vdc lanl tank ternpe ralurcs and pres- 0 1:"  
bus sures.  z o  

"" o l:" 
::0 '1:! <'  � t':l s;:  w � za � ::] 0  
8 o 0 
0 z !:" rJJ ,_. 
tij ::c � 
"d :;t.  
� a  � 6  0 :>": 

1 1 5-vac Switch pe r m i ts monitorin� supp r -
bus critical hcl ium pressu re of descent 

cryogenic storage vessel , pressure I • 
of ascent helium tank s ,  and a mh iPnt 
pressure of descent ambient he! iu m 
bottle .  

'·.___/ J 
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Location/ 
Ref Des Name and Position 

Panel 1 
(can t )  

D E S  A l\IB P RESS 

DES Sll PC H IT  P H ESS 

ASC P H ESS 1 

A SC PRESS 2 

: ���f :.= 

Function 
Circuit 
Breaker 

Connects output of p ressure sensor 
in d e scent ambient helium bottle 
t o  H E LIUM indicator . 

C nnnccts output of p ressu re· sens o r  
in descent c ryogenic stornge v e ssel 
to H E LIUM ind ic :> t o r .  

C onnects output of rressun' sen so r 
in manifold downstream of ascent 
helium tank :\o. 1 and ups t t·carn of  
explo sive \'alve t o  l ! F L I\i l\1 incli-
eato r .  

Connects output o f  p re s su re senso r 
in manifold downstream of ascent 
helium t'mk No. 2 and up st ream of 
cxp l o s iv e  v al v e  to l ! E LI U :\1 ind i-
cato r. 

'I 

Power Remarks I Source 
' 
' 

' 

I 

' 

I 
·-�:�.: 

/ 

I > 'tJ 0 el l:"'  0 1:"'  
z o 
>-3 o t"" ::o 'tJ � o M � � � � > j ? Z 0 w t::J z t.. t:' Ul ,_. !n � � 't! ;J>  l:"' z  > t:J >-< tll 
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Location/ 
Ref Des 

Panel 2 

6DS 2 1  

6DS22 

6DS23 

GDS26 

• . < 
·� 

Name and Position Function 

CAUTION LIGHTS 

ASC HI REG (MPS) Goes on if hel ium pressure down-
stream of regulators in asc ent  
hel ium l ines exceeds 220 psia .  

ASC QTY (MPS) Goes on if fuel or oxidizer in ascent 
tank is sufficient for only 1 0-second 
burn. 

ENG GMBL (MPS) Lights if difference between gimbal 
drive signal and gimbal response 
from Y- or z - axis trim function is 
sensed. 

INVERTER (EPS) Goes on if a-c bus voltage is l ess 
than 1 12 volts, or if a-c bus fre-
quency is less than 3 98 cps or  ex-
ceeds ·102 cps . 

Circuit Power 
Breaker Sourc e  

LTG: ANUN/ CDR ' s  
DOCK/ 2H-vdc 
COM!' N T  bus 
(panel 1 1  
and/or panel LMP ' s  
16) 28-vdc 

bus 

LTG : ANUN/ CDR' s 
DOCK/ 2 8-vdc 
COMPNT bus 
(panel 1 1  
and/or panel L M P ' s  
1 6) 28-vdc 

bus 

LTG: ANUN/ CDR 's  
DOCK/ 28-vdc 
COMPNT bus 
(panel 1 1  
and/or panel L MP 's  
1 6) 28-vdc 

bus 

LTG: A NUN/ CDR ' s  
DOCK/ 28-vdc 
COMPNT bus 
(panel 1 1  
and/ or panel LMP ' s  
16) 28-vdc 

bus 

·� 

Remarks 

Goes off when pressure is 
reduced lo nominnl values. 

Signal permits manual shutdown of 
ascent engine to avoid explos ive 
potential, resulting from depletion 
of fuel before oxidizer or v ice 
versa. If l ight goes on ,  aseent 
engine thrusting is not available 
for mideourse correction or 
rendezvous braking. --
GDA s ignal is enabled only when 
descent  engine is armed and is 
disabled after separation of 
ascent and descent stages. 

L ight goes off when within-
tolerance conditions are restored 
or when INVE RTEH switch is set 
to OFF .  

I 

:t> 
'd 0 n t-<  0 1:"'  

z o  
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Location/ 
Ref Des 

Panel 2 
(cont) 

GDS27 

GDS28 

GDS:lO 

\._. 

Name and Position 

BATTEHY (EPS) 

HNDZ HDH (GN & CS) 

PHE ,\ \IPS (HCS) 

<§l� ,�· 
', 6'::6-.' 

;·�f 

Function 

Goes on if ovcrcurrent, re\·crse 
current, or overtempcraturc 
occurs in an_v descent or as cent 
batten·. 

Goes on i f  RH data-not-good con
d i t ion occurs. 

Circuit 
Breaker 

Power 
Source 

LTG: ANVN/ 1 CDH'  s 
DOCK/ 28-vdc 
CO:'IIPNT bus 
(panel 1 1  
and/ o r  panel Ll\IP ' s  
lG) 28- vdc 

bus 

Li'G: ANIJN/ C D H ' s  
DOCK/ 28-vdc 
COI\IPNT bus 
(panel 1 1  
and/or pane! I LMP ' s  
1 (;) 28-vdc 

bus 

Remarks 

Light goes off when non1 i nal  con
dit ions arc restored, or if  
Mfected battery i s  turned off .  

S ig·nal is enabled onl,v when 
rendezvous radar selector sw itch 
is  set "to A UTO THACK. Light 
goes off when data-good condition 
i s  restored or 1\H is tunwd off.  

--- ----1-----� +- -+- · �------1 

Goes on if c i t hc· r  of t 11 o  p a r a l l e l  
redundant - 4 .  7-volt  d-e regul ated 
pO\'·:er suppl i c s  that pro\·idc power 
to HCS jet  Jl l't':lmpl  i f  i C l'f; a r e  ou t of 
tol erance.  

LTG:  ANL'N/ C D H ' s  
DOCK/ 2 8-vdc 
COMP NT bus 
(panel 1 1  
and/or panel L M P ' s  
l f;) 2 8 -vck 

bus 

'.� 

---- ----- -------�-

L ight goes nfr when D J·:S B1\ TS 
s w i tc h  i s  set to DEADFACE or 
ABOHT pushhutlnn is J l i'Csscd . 
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Location/ 
Ref Des 

Panel 2 
(cant) 

6DS3 1 

6DS:J2 

'"d � 
t%J 
t"' GDS33 
t'-' 

6DS34 

.Jj)f�) SfilJ 

Name and Position 

ED R E LAYS (EIJ) 

RCS 

H E A T E R  

c .\\" P \\"H (C\\'L\) 

Function 

G oes on \\'hen InastC'r a r m  relay or 
one of system A or sc·stem B stage 
sequen ce rel a.1·s f a i l s .  

- --�---- - - -�-

Goes on i f  pres su re ol hel i u m  lank 
in S)"Stcm A or B drops below l, 7 0 0  
p s i a .  

Goes on i f  out- of-tolerance temper-
ature exists in RCS thru ster quad, 
RR a s s embly, L R  antenna assembly. 
or S-ba nd steeralJlc antenna. 

G oes on i f  any regulated po\ver 
supply fa i l s .  

Circuit 
Breaker 

LTG : A Nl : Nj 
DOCK/ 
C O M P NT 
(panel l I 
and/or panel 
1 6) 

1--� · 
LTG: ANUN/ 
DOCK/ 
COM!' NT 
(panel 1 1  
and/or panel 
!G)  

LTG: A N UN/ 
DOCK/ 
COMPNT 
(panel 1 1  
and/ or pane I 
l G) 

LTG: A N UN/ 
DOCK/ 
C O MPNT 
(panel 1 1  
and/or panel 
l fi) 

i. 

Power 
Source 

C f) H ' s  
2 3 - vdc 
bus 

L M P ' s  
2 H-vdc 
!Jus 

-- -- -- ----

CDH ' s  
2 H- vdc 
bus 

L M P ' s  
28-vdc 
bus 

C D n ' s  
2 8-vdc 
bus 

LMP ' s  
2 8-vrlc 
bus 

------ -

CDH's 
2 8 -vdc 
bus 

LMP's 
2 8 -vdc 
hus 

·--.__/ ./ 

Remarks 

Light goes off ll"hrn ELl: L OC ll  · 
P\VH .r\ or B 8 i rc u i t  hreakC'r.S i s  
opened . 

-- - -- -----··- ··- -- - ---- . ·· · - - - -- ---

Light goe s  off when TE �11'  i l' 1\ESS 
�ION switch iD set t o  l fe .  

Light goes off when T E MP M ON I -
T OR  s w itch i s  set to affected 
heater pos i ti o n.  

' I 
' 

1--·�- --����-

Light goes (Jf{ when n o nn :t l  powc r 
is restored to CWEA . Hegulat<:d 
powe r :  -1 2:1. I �} ,  1 '1 ,  a nd - :1  \'o l l  � .  

I 

>'"d 0 
(j t' 
O t"'  
z o  
""'� O t-< ::o '"d '<'  o t::� :; t;; � ;;  
>- :j T' 
S o ';" 

z t"'  t1 Cil ,_,.  
tfl ::c � 
'U >t"' z  >- u  � to  Cll o 0 7: 



"d � l1"l (!) 

w 
I 

Location/ 
Ref Des 

� I Panel 2 
(cant) 

6DS36  
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Name and Position 

E C S  

0
2 

Q T Y  I ECS) 

GLYCOL (ECS) 

-�· 

Function 

Goes on if glycol pump 1 or 2 fails,  
COz part ial  pressure exceeds 
7.  G mm Hg, water separator fa i l s, 
or suit  fan No. 1 fail s .  

Circuit 
Breaker 

Power 
Source 

LTG : A N U N /  CDR ' s  
DOCK/ 2 8-vdc 
C O M P N T  bus 
(panel 1 1  
and /o r  panel Ll\IP' s  
l G) 28-vdc 

bus 

Remarks 

Light goes off when glycol pump 
pressure is restored, followed by 
momentrtri ly  setting GLYCOL 
switc h  to appropriate pump pos i
tion;  nominal  water separator 
speed is  resto red; o r  suit  fan 
No. 2 is  s e l ected . 

�----------------------+--------;--------r-------------� ----�----
Goes on if pressure in clcscent 
oxygen tank drops below D5 psia, 
i f  less-than-full pressure (less than 
G84 ps ia) occurs in  e ither ascent 
oxygen tank, or if  pressure in 
ascent tank N o . l is  l ess than 1 0 0  
psia .  

Goes  on i f  quantity of glycol in  
primary coolant loop is  low or i f  
p r i mary-loop g l_vcol temperature, 
sensed at gl vcol water evaporator 
outlet, exceeds ' SO" F .  

: <S_ { - �  

LTG: A N U N /  
DOCK/ 
C O M P N T  
(panel 1 1  
and/ or pane I 
1 6) 

CDR' s 
2�-vclc 
bus 

L M P ' s  
2 8-vdc 
bus 

LTG: A N UN/1 CDR ' s  
DOCK/ 28-vdc 
C OJ\TPNT 
(panel 1 1  
and /o r  panel 
1G) 

bus 

LJ\IP' s  
2 8-vdc 
bns 

L igh t goes off when o2/H2o QTY 
MON sw itch i s  s e t  to C/W IUCSET 
momentari ly .  Descent tank low
pressure s ignal and ascent tanks 
less-than-full s ignals arc inhib ited 
after staging. 

Both s ignal s are inhibited after 
G L Y C O L  switch is set to INST 
(SEC) and G LY C O L  PUMP SEC' 
c i rcu i t  breaker (panel l G) is 
pressed. I f  l it due to high
temperature condi t i on, goes off 
when nominal temperature l evel 
is restored. 
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Location/ 
Ref Des 

Panel 2 
(cant) 

6DS40 

81\!2 

8 M l  

1 GDS9G 

81\14 

1GDS98 

-� 
·;_..::::r.� 

.;iJj?: . 2:lJJI 
Name and Position 

s-no nc\·R 

T E MP indicator (RCS) 

P RESS indicator (HCS) 

P RESS indicator power failure 
indicator 

QUANTITY indicator (RCS) 

QUANTITY indicator power 
failure indicator 

' - --- -------

--

------

Function 
Circuit 
Breaker 

Power 
S ource Remarks 

Goes on i f  S-b�nd receiver  nuto- LTG: ANUN/ C D R' s L ight is enabled when Iv\NG E 
malic gain control fails .  DOCK/ 2 8-vdc F UNCTIONS switch is  set to 

COMP N T  bus TV/CWEA ENAB L E .  L ight goes 
(panel 1 1  off when switch i s  s e t  t o  O F F  I 
and/or panel L M P ' s  HESET. 
I G) 2 8-vdc 

bus 

1--·-------·-·· :> 
� 

Indicates propell ant temperature RCS: T E MP/ L M P ' s  Indicator consists o f  two fixed 
(•20° to + 1 20 °  F) of systems A and PRESS 2 8-vdc dials and vertical movabl e 

0 
() t"'  
O t"'  

B ,  by measuring fuel tank temper- DISP-FLAGS bus pointers. 
ature (with T E l\IP/PHESS MON (panel lG) 
selector switch set to P HP LNT).  

Indicates pressure (0 to 4, 000 psia) HCS: T E M P /  L M P ' s  Hel ium tank pressure i s  obtained 
of hel ium tank, hel ium regulator PHESS 2 8 - vdc by multiplying reading by 1 0 .  
outlet, and fuel o r  oxidizer mani- DISP- FLAGS bus 
folds of sy·stems A and B, as (panel !G)  
selected with T E MP/PRESS MON 
selector switc h .  

z o  >-:l o t-< ::0 � ""'  0 M � 
� � � :> j ? 
@ 0 � z l' 0 (f.) \?' til :r: -
� :> 
s= a  
>< tr:J  
(1.) 0 

ned l ight goes on when power to N/A NIA 
indicator i s  interrupted. 

0 
� 

Continuously indicates quantity HCS SYS B :  L M P ' s  
(percentage) o f  propellant remain- PQGS/DISP 2 8 - vdc I 
ing for HCS systems A and B .  (panel 16)  bus 

Red l ight goes on when power to N/A N/A 
indicator i s  inten·upted. 

·� 
I 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8S8 

B F LG 

Name and Position 

SYSTEl\1 A ,\SC F E E D 1 sll' i tch 

ASC FEED 1 

C'en t <:' r  

C LOSE 

SYSTE�I A ASC F U E L  talkback 

Gray d ispl ay 

Barber-pol e d i spl ay 

Function 

Sel ect s  in pu ts to t \\'u h i ch ing· sole
noicl-operntccl i n tcrc on n pc t val \'CS 
in  ascent propel l a n t  l ine, which 
control fl ow of p ropel l a n t  from 
ascent propel lan t tanks to ncs 
thrust e r .  

Energi zes solenoids t h a t  d r i v e 
ascent prope l l a n t  i n l c rconnPl'l 
val ves to open pos i ti o n .  

Hem ovcs sol eno ide exc ita tion . 

E nerg izes solenoids that dr ive 
ascent propel l an t interconnect 
valves to c lo sed posit ion. 

Indicates ascen t  fuel i nte rconnec t 
valves arc open.  

Indicates interconnect val ves are 
closed . 

·.____,.. 

I' . . 

Circuit 
Breaker 

HCS SYS A :  
ASC F E E D  
1 (pan el 1 1 ) 

RCS SYS n :  
TEMP/ 
PRESS 
DISP-F LAGS 
(panel l f)) 

Power 
Source 

C l l n' s  
2 8 -vck 
bus 

L M P ' s  
2 8-vdc 
bus 

Remarks 

Swi tch i ;-;  � p r i ng l ():uled to t'cnte r  
(l ock) pos i l i on . In  t•vent o f  I l l 'S 
m:t.lfunct ion, ascent JH'Opulsion 
s ect i o n  c a n  Sltppl,v p ropel l a n t  to 
� or l (i TC A ' s  ( i f  L l\'1 is 
('X pC' r ic ne i ng· n fore<' in 1 }.: 
cli rcc t ion) . This can be ac c om-
p l  i s h cd hv sett inr; ASC F E E D I 
S \d t e h  for s_, ·slL' l l1  ,\ ( J l' B, ( I I " 
bot h. to . \ S C'  J .' J·'E J) I and \L\ l N  
S O V  sw i tc h l o r  sys lf' m i\ o r  n ,  n r  
both . to C LOSE .  (1\.SC F E E D  2 
s w i tch must be �<et to i\SC F F E D  
2 . ) 
Cr�ty t a l k!Jark is cl ispla vecl w h en 
inU'rconncct val vp_s � re ( l p c n .  

Interconnect va1vps rc n 1 a i n  i n  
l a s t  com m a nded p o s i t i o n .  

llarbcr-pole lalkback i s  d i splayed 
when i n terconnect va lves e1. n• 
cl osed . 

Roth ascent fuel i n tc> rconnect 
va l ves must be open to obta i n a 
g r a v  d i spl ay . 

Barber-pole cl i sp la,\' can be 
obtained w i th onl y one asc c>n t fuel 
in terconnec t val v e  c l o s e d .  

. _____ /, 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8S22 

8FL18 

.. ,,:J:J:;J. •• �tf:�·� �-

Name and Position 

SYSTEM A ASC FEED 2 switch 

ASC FEED 2 

C enter 

C LOSE 

SYSTEJ\1 A ASC OXID talkback 

Gray d isplay 

Barber-pole display 

·------

Function 

Selects inputs to two latching 
solenoid-operatPd interconnect 
valves in  ascent propellant l ine, 
which control flow of propellant 
from ascent propel lant tanks to HCS 
thrusters .  

Energizes solenoids that drive 
ascent propellant interconnect 
valves to open position. 

Hemoves solenoid excitation. 

Energizes solenoids that dri,·e 
ascent propellant intcrcom1f'ct 
valves to closed pos it ion . 

Indicates ascent oxidizer intercon
nect valves are open. 

Indicates interconnect valves arc 
closed. 

Circuit 
Breaker 

Power 
Source 

RCS SYS A: I CDH's  
ASC F EED 2 28-vdc 
(panel 1 1) bus 

RCS SYS B :  
TEMP/ 
PRESS 
DISP-FLAGS 
(panel 16) 

• 

LMP's  
28-vdc 
bus 

Remarks 

Switch is spring loaded to center 
(lock) position.  ln event of IlCS mal
funct ion, ascent p ropuls ion section 
can supply propel lant to R or Hi 
TCA 's ,  ( i f  L I\1  i s  experi encing a 
force in • X-direclion) . Th is can 
be :1c c o m p l i .s l l t'cl by setting ;\SC 
F E E D  2 S \Y i t r_: h  for systen1 1\ and 
B, or buth, to ASC F E ED 2 anrl 
l\IA I!\  SO\' sw ileh for system ,\ or 
B ,  o r  IJOth, to C LOSE .  (ASC 
F E ED 1 s w i tch must be set  to ASC 
F E E D ! . )  

Gray talkback is displayc·d when 
interconnect val\' C'F:;  arc open . 

Interconnect Yal vcs remain in last  
comt11anclcd posit ion .  

B arber-pole talkback is  displayed 
when interconnect valves are 
closed. 

Both ascent oxidizer interconnect 
vlaves must be open to obtain a 
gray d i splay. 

B arber-pole d isplay can I Je 
obtained with onl v one ascent 
oxidizer interc( lllncct vah·c 
closed. 
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Location/ 
Ref Des 

Panel 2 
(Cont) 

8811 

8FL9 

� 

Name and Position 

SYSTEM A LGC THRUSTER PAIR 
CMDS QUAD 1 switch 

ENABLE 

DISABLE 

SYSTEM A LGC THRUSTER PAIR 
CMDS QUAD 1 talkback 
( L M  10 and subq) 

Gray display 

Barber-pole display 

Red display 

.��----
"�£ ""<.�· 
-���::.; .  

Circuit 
Function Breaker 

N/A 

Perm its normal LGC command 
of system A quadrant 1 je; firing . 

Provides signal to LGC to inhibit 
firing commands to system A 
quadrant 1 jets. Inhibits CWEA and 
removes TCA failure indication. 

Indicates enable or disable status R C S  SYS B :  
o f  sy stem A quadrant 1 LGC TEMP/ 
commands . P RESS 

DISP-
F LAGS 
(panel 16)  

Indicates normal LGC comm and of 
system A quadrant 1 jet firing. 

Indicates LGC command of system 
A quadrant 1 jet firing is inhibit. 

Indicates system A quadrant 1 TCA 
failed to fire on LGC command. 

· ·1 . . -� 

Power 
Source 

N ·'.\ 

LMP's  
28-vde 
bus 

Remarks 

Gray talkback is  displayed. 

Barber-pole talkback is  d isplayed. 

· - I 
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Location/ 
Ref Des Name and Position 

::> 

� 
8Sl2 SYSTEJ\1 A LGC THRUSTER PAIR 

tt1 C MDS QUAD 2 switch 
P> 
�. ENABLE (') t:l a rtl DISABLE 

>-' 
":1 rtl C" '1 c:: P> '1 

8FL10  SYSTEM A LGC THRUSTER 
PAIR C MDS QUAD 2 talkback 

'< 
>-' 
"' ..., 
0 

'tl 
> 

(') Z  
::r tt:l  
P> t"' Jg "" rtl 

Gray display 

Barber-pole display 

� ..... rtl 
Red display 

>-' 
> '1:1 � 
..... "' ..., ..... 

'tl P> 
aq 
rtl 

"" 
I 

� ..... 

-:��::-. 

Function 

Permits normal LGC com mand of 
system A quadrant 2 jet firing. 

Provides s ignal to LGC to inhibit 
firing commands to system A 
quadrant 2 jC"ts. Inh ibi ts  CWEA and 
removes TCA-failure indication. 

Indicates enable or disable status 
of system A quadrant 1 L GC com -
m ands.  

Indicates normal LGC com m and of  
system A quadrant 2 jet firing. 

Indicates LGC command of system 
A quadrant 2 jet firing is inhibited. 

Indicates system A quadrant 2 TCA 
failed to fire on LGC command. 

Circuit 
Breaker 

N/A 

RCS SYS B :  
TEMP/ 
PRESS 
DISP-
FLAGS 
(panel 16) 

Jw 

Power 
Source  

N/A 

L M P ' s  
28-vdc 
bus 

Remarks 

Gray talkback is displayed. 

Barber-pole talkback is  d i splayed .  

---- --- ----------·· ·-·-· 
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Location/ 
Ref Des 

8S l 5  

8 F L 1 3  

\.__.-

Name and Position 

SYS T E M  A LGC T H HUSTER PAin 
C MDS QUAD 3 switch 

E t\A B L E  

DISA B L E  

SYSTEM A L G C  T H HUSTEH PAin 
C MDS QUAD 3 talkhack 

G ray d i splay 

B a rber-pole d isplay 

!led cl i s play 

.'=?; · , _,;z;· :::�.:-
·<]jj;-

��,7:: 

Function 
Circuit 
Breaker 

N/A 

P e rm its normal LGC comnwncl of 
system A quadrant 3 jet  firing.  

P rovid�s s ignal to LGC to inhibit 
f i ring c o m tnands to sys tcJn A 
quadrant 3 jets .  Inhib its C W Jo:A and 
removes TCA -fa ilure indication. 

Indicates enable or d i sable status HCS SYS B :  
o f  system A quadrant 3 L G C  com- T E M P /  
n1ands. PHESS 

DISP-
F LA G S  
(panel 1 6 )  

Indicates normal LGC c om m and o f  
system A quadrant 3 jet  f i ring. 

Indicates LGC com m and of  system 
A qttadrant � jet f ir ing is i nhibited. 

lncl i c : � t< ·s s y sl<' m .\ qua r l r:�nt :1  TC:\ 
failed to fire u n  LGC c o m m a nd ---

�· 

Power 
Source Remarks 

N/A 

Gray lalkback is displayed . 

Barbe r-pnlP talkback is d i sple>ye d ,  

L l\1P ' s  
� 8 -vdc 
bus 
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Location/ 
Ref Des 

SSlG 

8FL14 

3t4 
·�-, -�#7 

Name and Position 

SYSTE J\1 A LGC THHUSTEH PAIH 
C l\IDS Q U A D ·! switch 

E NABLE 

DISABLE 

SYSTE I\1 A LGC TIIHl'STEH !'AIH 
C l\!DS QUAD 4 talkback 

Gray display 

Barber-pole display 

Reel display 

:;;�,; 

'----

Function 

Permits normal LGC command of 
system A quadrant 4 jet firing. 

Provides s i gnal to LGC to inhibit 
firing commands to system A 
quadrant -l jets  . Inhibits C\VEA and 
removes TCA -failurc indication. 

Indicatf's t•nablf' or disable status 
of system A quadrant 4 LGC com-
mancls . 

Indicates normal LGC com mand of 
system A quadrant 4 j et firing . 

Indicates LGC command of system 
A quadrant -1 j et firing is inhibited . 

Indicates system A quadrant 4 TCA 
failed to fire on LGC command . 

-- ---

:;; 

Circuit 
Breaker 

N/A 

H C S  SYS B :  
T E I\lP/ 
PH ESS 
DISP-
FLAGS 
(panel lG)  

---

Power 
Source 

N/:\ 

Ll\l l' 's 
2S-vdc 
lJUs 

Re m:1 rks 

Gray talkback i s  d bphyed . 

Barber-pol e talkbaek is d ispLt)'l'd . 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8Sl0 

SFLS 

\,___,/ 

Name and Position 

SYST E M  B ASC FEED 1 switch 

ASC F E ED 1 

C enter 

C LOSE 

Function 

Selects inputs to two latch-type 
solenoid-operated interconnect 
valves in ascent propellant l ine, 
which control flow of propellant 
fron1 ascent propel lant  tanks to 
HCS thruste r s .  

Energizes solenoids that drive 
ascen t propellant interconnect 
\·a l ves to open position. 

Removes solenoid excitation. 

Energizes solenoids that drive 
ascen t  propellant interconnect 
valves to closed position . 

Circuit 
Breaker 

HCS SYS B :  
ASC FEED 1 
(panel 16) 

Power 
Source 

LMP's  
28-vdc 
bus 

Remarks 

Switch is spring l oaded to center 
(lock) position. In event of HCS mal
function, ascent propulsion seet ion 
can suppl v propellant to H or Hi 
TCA 's .  ( i f  L l\1 is experi<>rwing a 
force in �-X-dircction) . This can 
be accompl ished by setting ASC 
FEED 1 switch for system A or 
B, or both, to ASC FEED 1 and 
MAIN SOV switch for system A or 
B, or  both, to C LOSE .  (ASC 
F E E D  2 switch must be set to ASC 
FEED 2 . ) 

Gray talkback is displayed when 
interconnect val ves are open . 

Interconnect valves remain in last 
commanded position. 

Barber-pole talkback is displayed 
when interconnect valves arc 
c losed . 

f- -----+-- �- ·--- - - -+- �-- ---l 
SYSTE M B ASC FUEL talkiJack 

G rav display 

Barbe r-pole display 

\� 
?f�f�� 

Indicates ascent fuel interconnect 
val vcs are open. 

Indicates interconnect val\'CS are 
closed. 

� 

Iii 

RCS SYS B :  
TEMP/ 
PRESS 
DISP-FLACS 
(panel Hi) 

LMP's  
28-vdc 
bus Both ascent fuel interconnect 

valves must be open to obtain a 
gyro display. 

Barber-pole display can he 
obtained '' i th only one ascent fuel 
int crcnnncct valve cl osed . 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8S2:l 

8F L 1 9  

:i} 
�� 

Name and Position 

SYST E JII B ASC F E E D  2 s w i t c h  

ASC FF: E ll 2 

Center 

C LOSE 

SYSTF:�l B ASC O:A"1D talkback 

G ray di splay 

Barber-pole d i splay 

��:1:-?ZT�: 

·......_... 

Function 

S e l ce c t s  i nputs to two l atch - type 
s ol en o i d-operated interconnect 
valves i n  ascent prope l l ant 1 i nc , 
which control flow of prop e l l a n t  
f r o m  ascent propel l a n t  tanks t o  HCS 
t h ru s ters . 

Energizes s o l en o ids that d r i ve 
a s e c n t  p ropel l ant interconnect 
valves to open pos i t i o n .  

H e m o v e s  solenoid exc itat i o n .  

E n e rg i z e s  solenoids t h a t  d r ive 
ascent prope l l a n t  inte rconnect 
v a l ves to cl osed pos i ti o n .  

Circuit 
Breaker 

Power 
Source 

HCS SYS B :  I Ll\IP ' s  
ASC F E E D  2 2 8 - vd c  
(panel l G )  b u s  

...._/ 

Remarks 

Sw it c h  i s  spring l oaded to c e nter 
(l ock) position. In event of HCS m a l 
fu n c t ion. ascent propu l s i o n  s e c t ion 
can supply propel l a n t  to 8 or l(; 
TCA ' s ,  (if Ll\1 is  experienc i ng a 
fo rce in + X-d ircction) . T h i s  can 
be accom p l i s hed by setting ASC: 
F E E D  2 R\\. :i t r h  for .s.vsten1  A o !· 
B, or both, to ASC F E Ell 2 and 
MAIN SOV s w i t c h  for s y s te m  A or 
B, or both,  tn C LO S E .  (ASC 
F J·: E D  1 s w i t c h  m u s t  li e  s e t  tu ASC 
F E E D  2 . ) 
G ra y  talkback is d isplay c·d when 
inte rconnect val  vcs are open. 

Interconnect v a l ves ren1a in in l ast 
commanded po s i tion.  

B a r b e r-pole talkback i �  d i s p l ayed 
when in terconnect valves arc 
c l osed . 

-��---·---t----+------+---------

I n d icates ascent o x i d i z e r  intercon
nect valves et re open . 

I nd i cates interccJnnect valves a r c  
cl o e e d .  

·� 

RCS SYS B :  I LMP's  
T E MP/ 2 8 - vdc 
PRESS bus 
DISP-F LAGS 
(panel l G) 

B o th a scent oxidizer i n t c r eonncct 
valves rnu s t  be open to obta i n  a 
gray d i splay. 

Ba rbcr-polr> di splay can l ll' u!J
t a incd w i t h  only onP ascf'nt 
o x i d i :;. c r  intcl 'cunncct  vah·e 
c l osed.  

+------------� 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8S13 

S FL l l  

'--" 

Name and Position 

SYST E M  B LGC THRFST ER PAIR 
Cl\IDS QUAD 1 switch 

ENABLE 

DISABLE 

SYSTEM B LGC THRUST ER PAffi 
Cl\!DS QUAD 1 talkhack 

Gray display 

Barber-pole display 

Red display 

..) 
::���� . 

Function 

Permits normal LGC co mmand 
of system B quadrant 1 j et firinr; . 

Provides signal to LGC to inhibit 
firing commands to system B 
quadrant 1 jets . Inhibits CWE A  
and removes TCA-failure indi-
cation . 

Indicates enabl c or disable status 
of system B quadrant 1 LGC com-
mands . 

Indicates normal LGC command of 
system B quadrant 1 j et firing . 

Indicates LGC co mmand of system 
B quadrant 1 j et firing is  inhibited . 

Indicates system B quadrant 1 TCA 
failed to fire on LGC command . 

·'----' . 

.f� 

Circuit Power 
Breaker Source 

N/A N/A 

RCS SYS B :  L M P ' s  
TEMP/ 2 R-vdc 
PRESS bus 
DlSP-
FLAGS 
(panel 16) 

Remarks 

Gray tnlkhnck is displayed . 

Barber-polC' t:tlkhack is dis-
played . 

._/ 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8Sl4 

8FL12 

· '?K: ·.Jb· 
Name and Position Function 

SYSTEl\1 B LGC THRl'ST E R  PAffi 
C l\!DS QUAD 2 switch 

ENABLE Permits normal LGC command of 
system B quadrant 2 j et firinp; . 

DISABLE Provides signal to LGC to inhibit 
firing commands to system B 
quadrant 2 j ets . Inhibits CWEA 
and removes TCA-failure indi-
cation . 

SYST E I\1 B LGC THRUSTER PAin Indicates enabl e or disable status 
C l\!DS QUAD 2 talkback of system B quadrant 2 L G C  com-

mands . 

Gray display Indicates normal LGC com mand 
o f  system B quadrant 2 jet 
firing . 

Barber-pole display Indicates LGC command of system 
B quadrant 2 jet firing is inhibited . 

Red display Indicates system B quadrant 2 TCA 
failed to fire o n  LGC command . ---

·.-�;. "• O"ff;;: .. 

Circuit Breaker 

N /A 

RCS SYS B :  
TEMP/ 
PRESS 
DISP-
FLAGS 
(panel l G) 

• 

Power 
Source 

N;A 

L M P ' s  
2 8 -vdc 
bus 

Remarks 

G ray talkback is dis played . 

Barber-pole talkback is displayed . 
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Location/ 
Ref Des 

Panel 2 
(cont) 

8S17 

8 F L 1 5  

."-...._ 

Name and Pos ition 

SYSTEM B LGC THRUSTER PAIR 
C !IIDS QUAD 3 switch (LM 10 and 
subq) 

ENABLE 

DISABLE 

SYSTEM B LGC THRUSTER PAll 
C MDS QUAD 3 talkback 

Gray display 

Barber-pole display 

Red display 

;;'$'..., '� 
�;�(· 

Function 

Permits normal LGC command 
of system B quadrant 3 jet firing . 

Provides signal to LGC to inhibit 
firing commands to system B 

quadrant 3 jets . Inhibits CWEA 
and removes TCA-failure indi-
cation . 

Indicates <.:n:tble or disable status 
of system B quadrant 3 LGC 
commands . 

Indicates normal LGC command 
of system B quadrant 3 j et firing . 

Indicates LGC command of system 
B quadrant 3 jet firing is  inhibited . 

Indicates system B quadrant 3 
TCA failed to fire on LGC com-
mand . 

'-..___.-' 

Circuit 
Breaker 

N/A 

RCS SYS B :  
T EMP/ 
PRESS 
DISP-
FLAGS 
(panel 16) 

� 

Power 
Source 

N/A 

L M P ' s  
2 8-vdc 
bus 

Remarks 

Gray talkhack is displayed . 

Barber-pole talkback is displayed . 
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Ref Des Name and Position 

;:l 

� 
Panel 2 
(cont) 

tJj 
I>J 
�. <> 

8S18 SYSTEM B LGC THRUSTER PAIR 
C MDS QUAD 4 s\'oitch (LM 10 

t:l 
� 

and subq) 

ro ENABLE 

.... 
"J ro DlSABLE 
cr >; 
J: 
I>J 
� 
..... <D -'l 0 

'1j 8FL16 SYSTEM B LGC THRUSTER PAIR 
> (') z 

:::>"' M 

CMDS QUAD 4 talkback 

I>J t"' � t-0 ro 
t:l 
� ro Gray display 

.... 
> '0 
2: Barber-pole display 

.... 
co 
-'l 
.... Red display 

'1j 
P' 

aq 
ro 

c:.> 
I 

.:>. 
co 

"CW;'&. ' 

Function 
Circuit 
Breaker 

N/A 

Permits normal LGC command of 
system B quadrant 4 jet firing . 

Provides signal to LGC to inhibit 
firing commands to system B 
quadrant 4 jets . Inhibits CWEA 
and removes TCA-fallure indi-
cation . 

Indicates enable or disable status RCS SYS B :  
of system B quadrant 4 LGC com- TEMP/ 
mands . PRESS 

DlSP-
FLAGS 
(panel 16) 

Indicates normal LGC command 
of system B quadrant 4 jet 
firing . 

Indicates LGC command of system 
B quadrant 4 j et firing is inhibited . 

Indicates system B quadrant 4 
TCA failed to fire on LGC com-
mand . 

-----

:-'!:7· �· 

Power 
Source 

N/A 

L MP ' s  
2 8-vdc 
bus 

"(":"�·: 

__; 

Remarks 

Gmy talkback is displayed . 

Barber-pole talkback is displayed . 
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� I Panel 2 
(cont) 
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Name and Position 

Barber-pole display· 

�TA l K  SOY S Y S  Tl switch 

OPE N 

Cente r 

C LOSE 

1\IAIJ\ SOY SYS B talkback 

G ray d i s play 

Tlarber-pole d isplay 

ACA PROP s w i tc h  

ENABLE 

• 
'�: ' 

Function 

I n d i c a t e s  propellant  m a i n  shu toff 
va l v e s  are c losed. 

Sel ects i nput s t0 t wo J a tchin!';, 
�olenoid-opcra lccl, main shutoff 
valves i n  propel l a nt l ines d0wn
strpam of propel l ant tank s .  

Energizes s o l enoids that d r i v e  
propel l ant main shutoff v a l  vcs to 
open posi  lion . 

Removes solenoid excitation. 

E n e rgi z e s  solenoids that drive 
prope l l a n t  rna in  shutoff \'r! l\'(�S to 
c l osed pos i ti on .  

Indicates propellant main shutoff 
valves c o ntrolled by SYSTEM Tl 
�lA IN SOY s w i tch are open. 

Ind icates m a i n  propell ant shutoff 
valves arc c l osed . 

Circuit 
Breaker 

Power 
Source 

I\CS SYS 13 :  I L � l P '  s 
�lA I N  SOY 2H-vdc 
(panel l (i)  bus 

l

.

\CS SYS B :  I LMP's T E MP/ 2�-vdc 
l'HESS bus 
DISP-F LAGS 
(panel 1 6 )  

--- ------�---·-\� - - - - � j------

Enabl e s  i so l a t i on uf 28 vol ts, 800 cps 
t o  ACA transducer pri mary c o i l .  

Enab l e s  normal operation of  ACA i n  
proport i o n al r a t e  mode. 

'� 

• 

N/1\ N/A 

Remarks 

Both m a i n  shutoff val ves must be 
c l o sed to  obta i n  barber-pole d isplay.  

Sw i tc h  i s  spri n,; l oaded to eenter (lock) I 8 
po s i t ion . Th(•:-;e val \'('.S a rc norrn a l l y  
open : i f  syslctn ,-\ o r  B m a l l u n c t i rms. 

propel l a n t  flow to malfun c t ion ing 
system i s  i nterrupted IJy settin,; 
correspond ing s w i tch to C L OS E .  

G ray tal kback i s  d i spl ayed when 
m a i n  shutoff valves are open. 

l\1a in  shutoff valves remain in l ast 
connnanded pns i t i on . 

B a rber-pole talkback is displa1·ed 
when tna i n  shutoff valves are cl osed. 

> "j 0 
() t-<  
O r<  
z o  ;1 0 t" 0 � � � s; ;;:;  > j ?  
s o w  t:I 2Jl t-. 
til ::r: � 'U >  

. � s >< to  rn o  
A gra1· d isplay can be obta i ned 
w i th only on" main shutoff val ve 
open . 

Tloth m a i n  sh11toff valves m u s t  be 
closed to obtain a barber-pole 
display.  
------ ·---

If /\ CA is  d isabl ed, only the Iand in� 
m i s s ion phase is affected . 

'·J J 
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Location/ 
Ref Des 

Panel 2 
(cont) 

HI3B 

7 1\l:lA 

7 l\12B 

7 l\12A 

1 6DS93 

7 \'11 1  

7 M5 B  

• 
Name and Position 

DISABLE 

ENVI!10Nli!ENTAL CONTIWL 

TEMP indicator 

SUIT ' F seale 

CAB!!'\ o F  scale 

P ltESS indicator 

SUIT PS!A scale 

CABIN PSIA scale 

Press indicator power 
failure indicator 

PAHT PHESS COz indic a tor 

GLYCOL indicator 

TEMP scale 

·;�,;;o: 

Circuit 
Function Breaker 

Disables ACA proportional rate c om 
mand capabil ity .  

Displays suit c i rcuit  temperature ECS: DISP 
(degrees Fahrenheit) sensed at suit  (panel Hi) 
outlet. 

D isplays cabin interior temperature 
(degrees Fahren hei t) sensed at  
cabin  fan inlet. 

Displays suit c ircuit  pressure E CS: DJSP 
(psia) sensed downstream of  suit (panel 16)  
gas supply connectors. 

Displays cabin interior pressure 
(psia)  sensed by aneroid sensor on 
cabin pressure sensor switch.  

Hed l ight goes on when power to N/A 
indicator is interrupted. 

Displays partial pressure of ca rbon ECS: DISP 
dioxide content of gas in A HS .  (panel 16)  

Displays glycol temperature ECS: DISP 
(degrees Fahrenheit) in p r i ma r y  (panel 16) 
coolant loop. However, following 
failure of primary loop and selec -
lion o f  secondary coolant pump, 

.� 

Power 
Source 

Ll\! F " s  
28-vdc 
bus 

L M P ' s  
2 8-vdc 
bus 

N/A 

L M P ' s  
28-vdc bus 

L M P ' s  
28-vdc 
bus 

/ 

Remarks 

-

I 

> 
"d 0 

O r'  
O r'  z o  
>-3 o  t-< 
::0 "d ::: o l'l � 
� � ;r; > ::l T' 
S o 'i" Z t-< 
t::l (/) ::: tn ::r:  
"d > 5: Z 
>< t::l 
(/) gs 

� 



"tt Ill I aq I Location/ m Name and Pos ition Ref Des 

w I 
<J1 
.,. I Panel 2 

(cont) 
I 

� I I 
en en 
0 
::; I � 7 1\1 5!\ PHESS scale 

to Ill en 
c;· 

t::l Ill ..... m '1:1 
> 1 GDS95 GLYCOL indicator powe r ... � failure indicator � t:""' C' N  '1 

c QUANTITY indicator "' '1 '< 7l\l�A 02 scale 
... 
<0 
.., 
0 

() 
:r 
§ 

aq 

7 M4B H20 scale 

m 
t::l Ill ..... m 

1GDS9� QUANTITY indicator power 
failure indicator 

·'--� ',,ij; 
���t 

I Function I 

I 
ll' ith GLYCOL selector sw i tch and 
GLYCOL PU�!P S EC c i r('u i t  
breaker indi cat n r d i f; p l n \'s I seconda�.\' coolant loop tc�11peratu rc . 

D isplays glycol pump di scharge 
pressure (psia) in pr imary coolant 
l oop . However, fo l low ing failure of 
pri mary loop and selection of 
secondary conl ant pump with G L\' -
COL selector switch and G LYCOL 
PUMP SEC c ircu i t  breaker, incli-
cator cl ispla vs secondary glycol 
pump discharge pr essur e .  

H c d  1 ight goes on \vhcn po\o.;er to 
indicator is interrupted. 

Displays quant i ty of oxygen (percent) 
remaining in cksccnt oxygen tank or 
e i ther ascent oxy�cn tank, as sc-
lected with 0? '11,,0 QTY :\ION 
switch. - � 

D isplays quantity ot water (percent) 
remaining in descent water tank cr 
e ither ascent water tank, a s  sc-
lectecl with 0/1120 QTY l\10N 
SW i tch . 

Heel l ight goes on when power to 
indicator is  interrupted. 

"-._../ 

I 

-� 

Circuit I Power I Remarks Breaker Source 

> "tt 
0 

() t:""' 
O t:""' z o  
'""' o t:""' ::.l "tt � o trl � � �  --f--. 

N iA N/A > j o 
s o 0 t::l z t:""' Ul �  
til � ;:, 

ECS: ))JSP L M P ' s  "tt ;p. 
(panel lG) 28-vdc bus s;: z  

><! t::l Ul �  
0 
� 

I I - -------��---

N/A N/A 
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Location/ 
Ref Des 

Panel 2 
(cont) 

9M3 

16DS97 

91\!G 

6S3 

�? 
}�� 

Name and Pos ition 

X-Pointer indicator 

X-Pointer indicator power 
failure indicator 

F l ight di rector attitude indicator 
(FDA!) 

MASTER ALAR!\! pushbutton/light 

Audible tone 

fc�'!:!: 

''---

Function 

D isplays forward and l ateral veloc
ities,  lateral velocities only, or 
rendezvous radar LOS elevation and 
a z imuth angular  rates, depending 
upon setting of M T E/E !m !\'ION 
switch and MODE S E L  switch. 

Heel l ight goes on when power to 
indicator is interrupted. 

Displays total vehic le  attitudes, 
attitude rates and attitude errors, 
or veh i c l e  attitude, altitude ral(•s, 
and RR shaft and trunni on angles, 
depending on sett in� of HATE/ERH 
li!ON switch .  

Setting ATTITUDE !\ION sw itch 
selects PGNS o r  AGS as sourc e of 
vehicle  total att i tude and attitude 
errors displ ayed on F DA ! .  Shaft 
and trunnion angles  are displayed 
by pitch and yaw error needles, 
respectively, when RA TE/EHH 
:\ION switch i s  set  to  HNDZ RADAH. 

Light flashes when any caution or 
warning l ight goes on, except C /W 

PWR cauti o n  and DES QTY warning 
l ights. 

Init iated in conj unction with 
MAST E R  A L A R M  pushbutton/light 
and caution/warning array l ight(s).  

Circuit 
Breaker 

F L T  DISP :  
SE X - P NT H  
(panel I G )  

N/A 

AC BUS B :  
SE FDA! 
(panel 1 1 ) 

F L T  DISP: 
EVENT 
Tll\IE H/ 
SE FDA! 
(panel H>) 

Power 
Source 

Ll\I P ' s  
2 8 - vdc 
bus 

N/A 

CDH's  
l l S-vac 
bus 13 

LM I ' ' s  
2 8-vdc 
bus 

Remarks 

Forwrrrd and l ateral veloc it ies  arc 
coincident w i t h  L M  Z and Y body 
axis  vel o ci t i e s  when P(;t�"S drives 
displav.  \\'hen LH drives displav, 
forward and l a t e ra l  velocities arc 
coinc iclcnl with Ll\1 Z and Y axis 
(from hi-gate point lo touch-down) . 
When AGS drives di splay, lateral 
Y -axi s  velo c i ty only i s  d i splayed. 
When HH is sci cctcd,  LOS rates 
are d i splayed .  ---------------------i 

Attilucle r:1tes displa vnd arc a lways 
obtained from C ES rate g y r o  
assembly. 

- +--- ------1 
LTG: 
l\IASTEH 
A LA R M  
(panel lG)  

-1� 

LMP's 
2 8-vdc 
bus 

Pressing Commande r ' s  or LM 
Pilot ' s  pushbutton extinguishes both 
MASTEH A LA R M  l ights and lenn i 
nates audible  tone, but  h a s  n o  effect 
on caution or w a rning l i �ht(s) . 

II 
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Location/ I Ref Des Name and Pos ition 

I Panel 2 
(cont) 

9S7 I RATE/ERR MON switch 
I 

I I RNDZ RADAR 

I I LDG RDR/C:Oli!PTH 

I 9Sl0 I ATTITUDE MON switch 

I I PGNS 

I I 
AGS 

Function 

Selects inputs for FDA! and X
pointer indicator. 

Shaft and trunnion anglcs from the 
RR are  displayed by pitch and yaw 
error needles of FDA! ;  LOS 
azimuth and elevation rates arc 
displayed on X-poinler indicator 
(illuminating LOS .\Z and LOS 
ELE V) .  

Vehicle attitude errors (PGNS or  
AGS as selected with ATTITUDE 
1\!0N switch), arc displayed by 
FDA! error needles. Forward and 
lateral velocities from the LR 
(PGNS or AGS as selected with 
MODE S E L  switch) are displayed 
on the X-pointer indicator (illumi
nating LAT VEL and FWD VEL) .  

Selects input for FDA! total 
attitude display and input for 
attitude error  needles during 
landing. 

Ll\1 total attitude s ignals, afte r 
conditioning by GASTA, are fed to 
F DA !  bal l ;  LGC attitude error s ig
nals are  fed to FDA! pitch, roll, 
and yaw e rror needles. 

AGS L M  total attitude s ignals are 
fed to FDA! bal l ;  AGS attitude error 
s ignals are  fed to FDA! pitch, roll ,  
and  yaw error needles .  

Circuit 
Breaker 

N/A 

N/A 

Power 
Source 

N/A 

N/A 

Remarks 

When switch is set to LDG RDH/ 
CMPTH, data input is dependent 
upon settings of MODE SEL  and 
A TTl TUDE l\!ON switches. 

AGS provides only lateral 
vcloc ity cia ln. 

�----�--------------------L-__________________ _L ______ _L ______ L_ ________________ _ 

,_ 

\ '1 � 

�f " . . ,s: --� 

I . )  

> 
"d 
0 (") t" 

O t-<  
z o 
;l o r<  
0 � � � s; ;;; 
?: :j 'r  
tJ O ';"  
o z r< � � s:  
"d )> 5: 8  
>< l;lj  
m o  

0 
::-:: 



� 
"' "' 
c;· ,� 
� "' 
;:;· 

� .... ct> 

..... 
"'l 
ct> 
c:r 
"1 
c:: 
I>' 
"1 
< 

..... 
co 
-J 
0 

() � "d � � 
t;l t"" 
� "'  
ct> 

"d I>' ()'q 
ct> 

w 
I 

t}1 
-J 

� 
Location/ 
Ref Des 

Panel 2 
(cont) 

7S3 

7DS3 

7S1  

7DS1 

:;;�A ..ff!fl) 
Name and Position 

GLYCOL selector switch 

PUMP 1 

PUMP 2 

INST (SEC) 

GLYCOL component caution l ight 

SUIT FAN selector switch 

OFF 

2 

SUIT FAN component caution l ight 

-t�5 

Function 

Selects either c i rculating pump i n  
primary coolant loop or c irculat ing 
pump in secondar,· coolant l oop. 

Ac tivates glycol pump No. 1 

Act i\'ates glycol pUlllp No.  2 

Activates glycol instrumentation. 

Goes on to indicate failure of 
active glycol pump.  

Selects suit fan to c irculate 
breathing oxygen in suit c ircu i t .  

Shuts of f  all power to  su i t  fans .  

Selects fan No. 1 for operation. 

Selects fan No. 2 for operation. 

Lights to indicate low aP across 
suit fan assembly, due to mal
function of operating suit  fan. 

Circuit 
Breaker 

ECS: 
GLYCOL 
PU�IP I and 
ECS: 
GLYCOL 
PUMP 2 
(panel l l )  

ECS: 
GLYCOL 
PUMP SEC 
(panel lG )  

Power 
Source 

CDH 's  
28-vdc 
bus 

Ll\IP'A 
28-vdc 
bus 

EC-;- --- � CDH ' s  
GLYCOL I 2 8 - vdc 

PUMP I bus 
and GLYCOL 
PUMP 2 
(panel 1 1 ) 
ECS:  S UlT 
FAN 1 
(panel 1 1 )  

ECS :  SU IT 
FAN aP 
(panel 16) 

· · ·� - �W 

CDH ' s  
28-vdc 
bus 

LMP's  
28-vdc 
bus 

Remarks 

Pump failure causes G LYCOL 
component caution l ight and E C S  
caution l ight to go on . 

G LY C OL component caution l ight 
and F.CS caution l igh t  go off whPn 
glycol pump No. 2 is  activa ted. 

If glycol pump No. 2 fa ils ,  both 
l ights will go on. Pressing E C S :  
G LY COL PUMP SEC c ircuit 
breaker activates secondary 
glycol pump and ext ingu i .s lH':.:> 
ECS caution l i�h t .  

L ight goes out \\·hen pump i s  
reselected and nortnal pressnre 
is restored. 

Failure of suit fan No. I causes 
S UIT FAN component caution 
l ight and ECS caution 1 ight to go on. 
Selec tion of fan No.  2 and return of 
normal t.P across the fans, extin
guishes both l ights. 

L ight goes off when SUIT FAN 
switch is set to other fan. However, 
l ight goes on if newly selected fan 
does not develop proper t.P within 
approximately 2 5  seconds, or when 
fai lure occurs in selected fan . 
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� 1 Panel 2 
(cont) 
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Name and Position 

co2 com ponent caution l ig;ht 

1!20 SEP co mponen t caution l l ght 

02/1120 QTY l\ION sel ector switch 

C/W ItESET 

DES l 

IJ�ftt 

Function 

Goes on to indicate thal CU9 partial 
pressure in suit c ircu it exceeds 7 .  G 
mm Hg nr if C09 C /\N!STFH SEL 
valve ls s e t  to sJ:: c .  

Circuit 
Breaker 

ECS: CO? 
SENSOH 
(panel J G) 

Goes on to indicate l <•w- srced con- I ECS:  DIS!'  
d i tion or  fa i lun' (s toppage) l n  (panl'l l fi )  
selected water S(·pa rator.  

Power 
Source 

Ll\IP ' s  
28-vdc 
bus 

Remarks 

Light goes off when prima n· c ani � 
ter l s  replaced with unsaturated 
canister. C02 CANISTEH S E L  vahe 
is set t o  PRil\1 .  and co2 part ial  
pressure is restored lo w i th i n

tol erance cond i t i o n .  

- ·  ···-- - --�-----�----·- · --- -------1 
Ll\IP ' s  
28-vck 
bus 

Light g;ocs off when other water 
separator i s  S C' l l•cted with I I ,/ )  
S E P  S E L  valve and wa t e r  scib ratnr 
comc.s up to desi red sp('cd . 

' 

·1----- --��-- - �· - ------ - - -�-- - --+ -l 
Selects, for monitoring un QUAN- I N /A 
TITY ind ica tor, q u a n t i t i es remain-
ing in descent or ascpn t  oxygen and 
water storage tanks.  
Routes s ignal lo C\VEA tu extinguish 
Oz QTY caution l ight, WATER QTY 
calltion l ight o r  AGS warning I ight 
if on. 

Descent oxygen tank No .  1 pressure 
is d i splayed on 0� QUANTITY i ncH 
calor and quanti ty re1na ining in 
descent water tank No.  1 i s  clis
pl :lyed on 1120 QUANTITY ind icator .  

:-1/A 

> 
"d 0 

() t:"'  O t:"' 
z o  
>-3 o t:"' ::0 "d 3:: O M � 
I""' ::0 _, UJ > (D  > j T' S O  'I' z t:"'  t::l oo 3:: !:h ::c  
"d ;x, f;: s  ><: tp  

I(/) g 
� 

'· .. �· .. - __,' -._____./. __) 
;. 



(_ :I) ''---· 

� (/) (/) 
0 

Location/ Circuit Power 
Ref Des Name and Posit ion Function Breaker Source Rema rks 

I �  Panel 2 

ttl (cont) 
I>' (/) 
;:;· 
t;) I>' ,... (!) 

DES 2 l Jc s cent oxygen tank No. 2 pressure 
i s  di splayed on 02 QUAN TITY indi-
cator and quantity remaining i n  
descent water tank No.  2 i s  dis-

I 

..... played on H2 0 QUA NTITY indicator . 

'"<j 
(!) 

I 
ASC 1 ,\scent oxygen tank No.  1 pressure 

cr ., c: I>' ., < 
..... 
<D 
-l 
0 

() :r >o I>' :> � � 
t;) t:"'  
� "' 
(!) 

..... 
:> '0 � 

i s  d i s played on 02 QUA NTITY indi-
cntor and quantity ren1aining in 
ascent wat<:>r tank No. 1 is  d i splayed 
on H2 0 Q UA NTITY indicator. 

ASC 2 .\s cent oxygen tank No.  2 pressure 
i s  d isplayed on Oz Q UANTI T Y  incli-
cator and quantit,\· r e n 1 a ining in 
ascent water ta nk 1\o . 2 displa,·ed 
on I I2 0 Q UA l\'TITY i ndicator. I 
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Location/ 
Ref Des Name and Position 

Panel 3 

1S8 E NG G!lffiL switch 

E NA B LE 

OFF 

1 S l 9  D ES E N G  C !IID 0\'IW switch 

ON 

OFF 

17S5 LDG A NT switch 

AUTO 

D E S  

HOVER 

L__�� 

�cZ����7F 

,_ 

Circuit 
Function Breaker 

E nables or disables engine gimbal AC B US A :  
drive capability. D E C A  

G !I1BL 
(panel 1 1 ) 

Gimbal trim signals are enabled to 
displace descent cn[(ine along Y and 
Z axes . 

Power to the GD:\ ' s  is removed , 
disabling the gimbal drive capa-
bility . 

Supplies alternate source of 28-vdc STAB/CONT: 
to descent engine shut-off valves .  A BORT 

STAGE 
Applies 28  vdc to descent engine (panel 1 1) 
shut-off valves .  

STAB/CONT: 
A BORT 

Removes 28 vclc from valves . STAGE 
(panel 1 6) 

N/A 

E nables LGC to position LH antenna 
as function of mission phase . 

Drives antenna to first position used 
before hover point. 

Drives antenna to its second position 
for final l anding phase . 

� 

Power 
Source 

CDR's  
1 1 5-vac 
bus A 

C DR ' s  
28 -vdc 
bus 

LMP's  
28-vdc 
bus 

N/A 

Remarks 

Normally set to E NA B L E .  If E NG 
G M B L  caution light goes on, 
astronaut must set switch to OF F .  

Switch is util ized to keep valves 
open if DECA power fai l s .  

Circuit is completed through nor-
mally c losed contacts of ABORT 
STAGE switch. 

Because antenna cannot be driven 
to its first position by LGC and it 
i s  necessary to check out com-
p letely two-position capability and 
provide override of position drive 
s ignal if I.R antenna interface 
fail s ,  D E S  and I IOVEH positions 
are used . 
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Location/ 
Ref Des 

Panel 3 
(cont) 

1 71\11 

1 7D S 1  

1 7 S 6  

1 7S8 

Name and Position 

SIGKAL STRENGTH indicator 

R E NDE ZVOUS RADAR NO TH,\ C K  
light 

RADAR TEST S\Vitc h  

RND Z 

OFF 

LDG 

TEST /:MONITOR s el ector switch 

ALT Xl\1TR 

VEL XMTR 

:1-'' �;. �� 
-��· 

Circuit 
Function Breaker 

Displays LH and HR d ata for test PGNS: SIG 
and flight operation s ,  respectively, STR DISP 
cts selected v.ith TEST,  1\IONITOR (panel I I ) 
switc h .  

L i ght goes o n  t o  indic ctte that R R  has N/A 
broken track (dcttct not good) in ctny 
one of three tracldng modes . 

Provides testing cctpability of both N/A 
radars . 

Initiates test circuitry . RR per-
formance is checked by monitoring 
SIGNAL STRE NGTH indicator after 
appropri..tte s e tting of T E S T  I 
MONITOR switc h .  

Disables testing capability . 

Initiates test circuitry . LR per-
formance is checked by m onitoring 
SIGNAL STR E NGTH indic ator after 
appropriate s etting of TEST I 
MONITOR switc h . -
Selects LR or HR test  data or flight NIA 
performance data for monitoring on 
SIGNAL STHE KG T II indicator .  

Provides altitude range transmitter 
power output for dis pl ay on SIGNAL 
STRENGTH indicator during test 
and flight operations . 

Provides velocity transmitter power 
output for display on SIGNAL 
STRENGTH indicator during test 
and flight ope rations . 

"-._.../ 

'� 

Power 
Source Remarks 

C D H ' s  
2 8-vdc 
bus 

N/A 

-----
N /A 

In this test mode, al titude/range 
meter displ:lys appropriate test 
value . 

-� -- �----�------- - -

N /A 
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Location/ 
Ref Des 

Panel 3 
(cant) 

. 

1 7S2 

-� : ��) �<� 
Name and Position 

AGC 

XMTR PWR 

SHAFT E RR 

TRUN ERR 

SLEW RATE switch 

Ill 

LO 

·;,�;: 

� 

Function 

Provides i\GC during RH testing. 
Specific value of receiver s ignal 
strength s hould be displayed on 
SIGNAL STR E NGTH indicator; how-
ever, during flight ope rations signal 
varies . 

Provides specific value of trans -
mitter power output for display on 
SIGNA L STRENGTH indicator during 
night operations _ 

During test, shaft angle e rror 
signals are displayed as needle 
fluctuations with equal amplitude 
on SIGNAL STRE NGTH indicator .  
During flight operations, these 
error signals are displayed as 
needle fluctuations , usually of 
unequal amplitude, th"tt represent 
smoothness of servo tracking. 

Same as for SHAFT EHH position, 
except trunnion angle errors are 
displayed . 

Provides two rates for m anually 
slewing radar antenna "ith SLEW 
switch. 

Selects high slew rate for quick 
coarse adjustments to guide antenna 
in direction of target . 

Selects low slew rate for accurately 
peaking SIGNA L STRE NGTH indi-
calor, enabling s ubsequent initiation 
of auto track through rendezvous 
radar mode s elector switch with 
assurance that m ain lobe lock will 
be achieved . 

Circuit Power 
Breaker Source 

N/A N /A 

:c� 

Remarks 

High slew rate is  7°/sec . 

Low slew rate is 1 _ 33 '/sec . 
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Location/ 
Ref Des 

Panel 3 
(cont) 

17Sl 

17S3 

\...__ 

Name and Position Function 

SLEW switch Slews trunnion or shaft servos, or 
both, positioning RR antenna for 
m anual acquisition of target and 
subsequent automatic tracking .  

UP Slews shaft servos to up position, 
positioning RR antenna for manual 
acquisition of target and subsequent 
automatic tracking. 

HIGHT Same as for UP position, except 
that slewing is to right position. 

DOWN Same as for UP position, except 
that slewing is to down position . 

LEFT Same as for UP position, except 
that slewing is to left position. 

RENDE ZVOUS RADAR mode E nables control of RR antenna 
selector switch drive . 

AUTO TRACK Maintains track by comparing re-
ceived radar signals from three 
channels ;  errors are used to drive 
radar servos . 

S LEW Enables m anual control of RR 
antenna drive with SLEW switch .  

LGC LGC automatically drives antenna 
towards target. 

;� �-

Circuit 
Breaker 

:•Jll!: ·� 

N/A 

N/A 

Power 
Source 

N/A 

N/A 

-

Remarks 

Two antenna slew rates arc 
available using S LEW R.A TE 
switch. 

Target acquisition is determined 
from SIGNAL STRENGTH indica-
tor and auto track mode is enabled 
with rendezvous radar mode 
s elector s witc h .  

H H  antenna alignment along Ll\! 
axis can be determined from 
FDAI pitch and yaw error needles 
when R.A TE/ERR MON switch is I 
set  to RND Z RADAR . 

I 

- - I I 

Once target is acquired , radar 
automatically maintains track and 
N O  TRA C K  light goes off. I 
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Location/ 
Ref Des Name and Position 

Panel 3 
(cant) 

1 1S2 D E A D  BAND switch 

MAX 

MIN 

1 1S7 GYRO TEST ROLL sv.1tch 

ROLL 

PITCH 

YAW 

1 1Sl GYRO T EST POS RT sv.'itch 

POS RT 

OFF 

NEG RT 

·c:-5-Z:i . 

"-.__/ 

Circuit 
Function Breaker 

Provides large-amplitude limit N/A 
cycle for attitude control system, to 
conse rve RCS fuel during coasting 
flight . 

Provides narrow deadband for 
periods during which accurate 
manual control is required . 

Selects FDAI rate gyro to be tested N/A 
in roll axis .  

Selects FDAI rate gyro to be tested 
in pitch axis . 

Selects FDAI rate gyro to be tested 
in yaw axis . 

Enables test signal to be applied to N/A 
rate gyro selected with GYRO TEST 
ROLL s witch . 

Selected rate gyro output displaces 
FDAI rate needles and indicates 5"/ 
s econd vehicle attitude rate . 

No test signal is produced . 

Produces effects opposite to those 
of POS RT position. 

�-

Power 
Source 

N/A 

N/A 

N/A 

- -

;.�.:,� 

Remarks 

Switch is  not functional when 
PGNS is in u s e .  

F o r  maximwn deadband, which i s  
5 " ,  F D A I  e rror needle scaling; i s  
+ 14 . 4" .  

During 1nain engine thrusting, 
m inimum deadband is  always 
operating.  

For minimun1 dcadband, which is 
3 " ,  FDAI error needle scaling is 
::_1 . 7" . 

Switch is associated with GYRO 
TEST POS RT switch . 

I 

) 

> 
'1:i 
0 

() t"'  
O t"'  
z o  � O t"'  
o "ti E:: 

� � �  > j ? 
S o 'I' t::l tl �  
� � �  
"':i >  � 8  � tJj  (1) 0  

� 



'tl 
i>l 

crq 
<t> 

w 
I 

Ol ""' 

� [/1 [/1 
c;· I � 
b:l 
i>l 

f!]. (') 
t:) 
i>l 
� '"0 
... � M 
'"'1 t" <t> 0' w 
>1 .:: 
i>l 
>1 

'< 

... 
<0 
_.., 
0 

(j ;:T 
§ crq <t> 
t:) i>l ,.... <t> 

Location/ 
Ref Des Name and Position 

Panel 3 
(cont) 

1 1S4 ATTITUD E  CONTROL RO LL, 
1 1 S3 PITCH, and YAW switches : 
1 1S5 

J\IODE CONT 

PULSE 

DIR 

\__._ • 
5(�8 1: 

Function 

l 'scrl in conjunction \\ilh J\IO!J E 
< >NTROL switches to establish at-

titude control in rol l ,  pitch, and 
yaw . Normally these switches are 
set to l\IODE CONT while PGKS is 
in control . 

Enables use of proportional mode of 
ACA when MODE control s e lector 
S\Vitch is set to A TT I! OLD and 
PGNS is controlling . When 11101lE 
C ONTROL selector switch is set to 
AUTO, LGC supplies attitude com-
mands to maneuver LJ\1 . l'nder 
AGS control , function of 1\lODE 
CONT positions are lhe s ame 
manner as when PGNS is controlling . 

Under PGNS control this position is 
inoperative . L'nclcr AGi:' contro l ,  the 
PULSE and Din positions differ only 
in how RCS thrusters fi rc . 

\\1len PULSE is s el ected, two j ets in 
selected axis fire al constant pulsed 
rate as long as ,\C,\ is displ aced 
more than one-fou rth o f  fu l l  lht·ow . 
P U LS E  and Dll\ pos itions provide 
open loop acceleration . Hales pro-
duced must be null ed to zero by 
inducing opposite acceleration com -
mane! . Attitude is not maintained 
automatically L!ntil switch is re-
tllrned to l\IODE COKT . 

Under PGI\S control , when MODE 
CONTROL selector switch is set to 
ATT HOLD or A UTO , Dill m <xle can 
be used in any axi s .  E ac h  switch 
must be set to D I R  independently . 
Displacing ACA one -fourth of full 

------

Circuit Power 
Remarks Breaker Source 

N/A N/A 

-..___/ 
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Location/ 
Ref Des 

Panel 3 
(cant) 

1 1 S24 

(-l V!JDjl 

Name and Position 

PGNS l\TODE CONTROL switch 

OFF 

ATT HOLD 

-���� �-

Function 

throw causes continuous two-jet 
firing for selected axes . As in 
PULSE position, open loop acceler
ation is pro\'ided; i t  must be nulled 
in as during pulse operation . 

A ffects outputs of A C A ' s ,  TTCA's 
and LGC . 

Establishes the following conditions : 
(a) Limits ope ration of the 
ACA's to the hardover position . 

(b) Enables two-get direct atti
tude control in axis , selected 
with ATTITUDE C O NTROL 
switche s .  

(c) Disables translation outputs 
of TTCA 's and LGC attitude 
commands . 

In this mode, astronauts can com
mand angular rates p roportional to 
displacement of A C A '  s .  Mode is 
functional with either PGNS or AGS 
controlling operation . When ACA is 
out of detent, ATTITUDE CONTROL 
s witches set to MODE CONT, and 
LGC not in control , attitude loops 
are opened and axis transducers are 
compared to rate gyro outputs to 
provide proportional commands . 
While maneuvering, attitude synchro
nizers follow as attitude changes . 

If PGNS control is s e lected, astro
nauts can command attitude rates 
proportional to A C A  d isplacement, 
and attitude is  held when ACA is 

-� 

Circuit 
Breaker 

N/A 

Power 
Source 

N/A 

./ 

Remarks 

-------------l 

Switch is associated with A T TI 
TUDE CONTROL switches and 
GUID CONT switch . 

TTCA throttle commands are not 
affected . LGC engine-off signals 
are not enabled ; engine must be 
m anually turned off. 

When ATTITUDE C ON THO L 
switches are set to P U LSE or DIH, 
following attitude command 
capabilities result: With GUID 
C ONT switch set to PGNS and one 
or more ATTITUDE C O NTROL 
switches set to PULS E ,  attitude 
hold mode is not affected . With 
G UID CONT switch set to PGNS 
and one or more ATTITUDE CON
TIWL switches s et to DIH , ACA 
displacement of one-fourth of fu l l  
throw causes continuous two-jet 
firing for selected axes ,  without 
rate feedback interfering with 
LGC command s ignals . 
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I Location/ 
Ref Des 

I Panel 3 
(cont) 

'i!� � � 

Name and Position 

ATT HOLD 

A UTO 

·�¥�:;- >  

-� 

Function 

(c) Disables transl ation outputs 
of TTC A ' s  and LGC attitude 
commands . 

In this mode, astronauts can com
mand angular rates proportional to 
displacement of ACA' s .  Mode is 
functional with either PGNS or AGS 
c ontrolling operation. When ACA is 
out of detent, ATTITUDE CONTROL 
sv:itches set to MODE CONT, and 
AGS in control ,  attitude loops are 
opened and axis transducers are 
compared to rate gyro outputs to 
provide porportional commands . 
While m aneuvering, attitude syn
chronizers follow as attitude 
changes . 

With GUID CONT switch set to AGS, 
attitude error signals are sent to 
C E S  from AGS . In CES, these at
titude error signals are passed 
through limiter, which limits 
angular rate and combines error 
signals with rate gyro damping 
signal . Resultant signals control 
firing of RCS jets through selectable 
deadband, logic, pulse modulators , 
and jet d river amplifiers . Rate 
commands from ACA remain active 
in this mode; attitude disturbances 
occur if ACA is displaced inad
vertentl y .  

j� 

Circuit 
Breaker 

Power 
Source 

. . __/ ) 
Remarks 

When ATTITUDE CONTROL 
switches are set to PULSE or D IR ,  
following attitude command cap
abilities result: With GillD CONT 
switch set to AGS, proportional 
rate commands are disabled for 
those axes for which PULSE or 
DIR was s elected . With GUID 
C ONT switch set to PGNS and one 
or m ore ATTITUDE CONTROL 
switches set to PULSE , attitude 
hold mode is not affected . With 
GillD C ONT switch set to PGNS 
and one or more ATTITUDE CON
TROL switches set to DIR , ACA 
displacement of one-fourth of full 
throw causes continuous two-jet 
firing for selected axes ,  without 
rate feedback interfering with 
LGC com m;md signals . 

TTCA and ACA hardover outputs 
are not affected.  

When one or more ATTITUDE 
C ONTRO L switches are set to 
P ULSE or DIR, the fol lowing 
attitude command capabilities and 
limitations result .  With GUID 
C ONT switch set to AGS, propor
tional rate commands are disabled 
for those axes for which PULSE 
or DIR was selected . 
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Location/ 
Ref Des 

Panel 3 
(cant) 

9S14 

1 1S4 
l lS5 
l lS6 
l lS7 

� 

Name and Position 

TENS 

Center 

UNITS 

EVENT TIMER SLEW CONT SEC 
switch 

TENS 

Center 

UNITS 

RCS SYS A/B-2 QUAD 1, QUAD 2 ,  
QUAD 3 ,  and QUAD 4 heater 
switches 

AUTO 

OFF 

MAN 

��['��� � 
·:5�7l� ; 

Function 
Circuit 
Breaker 

Slews tens-colW11n digit of M IN col-
umns at rate of two digits per s ec-
and as I ong as s witch is held in this 
position. 

Disables slewing function . 

Slews units-column digit of I\11N 
columns at rate of two digits per 
second as long as switch is held in 
tllis position. 

Provides slewing function for FLT D!SP: 
EVENT TIMER indicator . EVENT 

TIM ER/SE 
Slews tens-column digit of SEC col- FDAI 
umns at rate of  two digits per sec- (panel 1 6) 
and as long as s witch is held in this 
position . 

Disables slewing function . 

Slews units-column digit of SEC 
columns at rate of  two digits per 
second as long as switch i s  held in 
this position. 

Control the system 2 heaters HEATERS :  
(redundant heating system) within RCS SYS 
applicable quad of RCS TCA 's . A/B-2: 

QUAD 1 
Enables automatic temperature con- QUAD 2 
t.rol of each engine in a quad . 

Interrupts 28-vdc to the heaters . 

Bypasses automatic temperature 
control and continuously mai ntains 
28 -vdc on each system 2 heater in 
a quad . 

'-...-

QUAD 3 
QUAD 4 
(panel 16) 

· ·� 

--- ·-

Power 
Source Remarks 

LMP's  Switch is spring loaded to  center .  
28-vdc 
bus 

Ll'v!P's Heating system 1 provides con-
28-vdc tinuous automatic control of RCS 
bus engine temperature s .  This sys-

tern has no override capability . 
When QUAD switches are set to 
A UTO, engine injector tempera-
turcs are maintained at approxi-
mately 140' F .  If temperature of 
any quad exceeds + 190'F or falls  
below + l l9'F , HEATEH caution 
light goes on . 

------
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Location/ 
Ref Des 

Panel 3 
(cont) 

1 6S9 

16S6 

1 6 R4 

1 6 S 1 0  

:�: :,� 
Name and Position Function 

SIDE PANELS switch Permits control of lighting on L M  
Pilot's  side panels,  independently 
of lighting of forward pane l . 

Enables on/off control of Lll! Pilot ' s  
side panel integral lights . 

ON Connects side panel integral lights 
to INTEGRAL OVERRIDE switch 
and INTEGRAL control on panel 5 .  

OF F Disconnects side panel integral 
l ights from INTEGRAL control and 
INTEGRAL OVERRIDE s witch on 
panel 5 .  

F LOOD OVHD/FWD switch Energizes crew compartment 
floodlights . 

ALL Energizes all  floodlights . 

OFF Deenergizes all floodlights . 

OVHD/FWD Energizes two overhead and two 
forward floodlights . 

F LOOD OVHD/FWD control Controls the brightness of the L M  
Pilot 's  overhead and forward flood-
l ights . 

DIM to BRIGHT Controls intensity level of flood-
lights continuously from dim to 
bright. 

LAMP/TONE TEST selector switch Performs test as indicated below. 

OFF All test functions are inactive . 

::-��?·� · -

Circuit Power 
Breaker Source 

AC B US A:  C D R ' s  
I N T G L  LTG 1 15 -vac 
(panel 1 1 )  bus A 

LTG: FLOOD LMP ' s  
(panel 1 6) 28-vdc 

bus 

LTG: LMP ' s  
F LOOD 28-vdc 
(panel 16) bus 

''i$' 

Remarks 

Floodlight power source is 
independent of that used for 
integral lighting . 

Overhead floodlights are fitted 
with rotatable reflectors .  

Control operates only when 
F LOOD OVHD/FWD switch is s et 
to OVHD/FWD or A L L ,  and the 
overhead hatch is closed . If 
overhead hatch is open, F LOOD 
OVHD/FWD switch is bypass ed 
and F LOOD OVHD/FWD control 
enabled . 

O F F  position is at each end of 
switching sequence to permit 
setting switch to OFF without re-
cycling through all test positions . 
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Location/ 
Ref Des 

Panel 3 
(cant) 

1GS17 

I DS2 

.\___ 

Name and Position Function 

A LARI\1/TONE Tests l amps i n  1\L\ST E H  ALAHI\1 
pushbuttons , and t e s t s  audible 
warning tone . 

c;w 1 Tests lamps in first bank of warning 
l ights on par:e l 1 . 

ENG PB-C/W 2 Tests lamps in engine STAHT and 
STOP l ights and in second bank of 
warning l ights on pane I 1 . 

C/W 3 Tests l amps in first bank of caution 
l ights on panel 2 .  

C/W 4 Tests l amps in second bank of 
caution lights on panel 2 .  

COMPNT Tests l amps in component caution 
and lunar contact l ights . 

EXT E H IOR LTG switch Controls docking and tracking l ights . 

!JOCK Engerizes docldng lights . 

OFF Deenergizes docking and tracking 
l ights . 

THACK E nc q,,'izes tracki ng light t o  full 
(1 OO%) brightnes s .  

·-- · -1------ ·-·------------
LUNAR CONTACT light Both lights (red) go on when probe (s) 

on landing gear touches lunar sur-
face , to indicate that descent engine 
should be turned off . 

-- -- - -- - --- ------- -

lk - ...,.� 

�'5�1�� 

Circuit 
Breaker 

LTG: 
1\L\STER 
A LAHlll 
(ranel 1 G )  

L T G :  A N N/ 
D O C K/ 
C OMPNT 
(panel 1 1  
and 
panel 1 G) 

LTG: 
TRACK 
(panel I G) 

N/A 

�· 

Power 
Source Remarks 

Ll\I P ' s  
28-vclc 
Lus 

CDH's  
28-vdc 
bus 

Ll\IP ' s  : 28-vdc 
bus ·--

NiA Light goes off when cit he r engine 
stop switch is pressed . 

-· - 1---- ---
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Location/ 
Ref Des 

Panel 3 
(cant) 

9S1 8 

. , 

Name and Position 

X-POIN T E R  SC A L E s witch 

lli �IULT 

LO Ml'LT 

- - ---------�---

·-.___... 

Function 

Controls s c ale range of X-pointer 
indi c at o r .  

When LOS azimuth and elevation 
rates are displayed , this position 
p ro\'ides a scale of .'_2 0  m rad/s c c .  
When horizontal velocities are 
displayed, this position il luminates 
the XlO multiplier to p rovide range 
of :f:200 fps . 

When LOS azimuth and elevation 
rates are displayed , this position 
i l l um i nates the X. I multiplier to 
provide a range of ' 2  mracl/sec . 
When horizontal velclcitics are 
displayed, this position provides 
range of �20 fps . 

---- -�-- -------- - -- - --- ------ -----� - ----

Circuit 
Breaker 

:\! A  

---�--

�If 

/ 

Power 
Remarks Source 

N / A  
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J 
Location/ 
Ref Des Name and Position 

Panel 4 

1S2 1 ACA/-1 .J ET switch (CDR and L:\I P) 
1S23 

ENABLE 

DISABLE 

1S20 TTCA/TRANSL switch (CDH and 
1S22 LlllP) 

ENABLE 

DISABLE 

3DS 1 U PL IN K  ACTY condition indicator 
(white) 

3DS8 T E :I ! P  condition indicator (yellow) 

<�;�( 

Circuit Power 
Remarks Function Breaker Source 

Enables isolation of 28 volts de if  STAB/CONT: CDR's  The nomi nal position of  th is  s witch 
short occurs in ACA . ATT DIR 2 8 -vdc is  E NA B LE . 

C ON T  bus 
Enables normal operation of ACA . (panel 1 1) 

Disables four-jet direct attitude con-
trol ftmction (hardover pos i t i on) of 
ACA . 

Enables isolation of 28 \'Oils de if  STAB/CONT: Ll\'I P ' s  The nominal pos ition o f  this s witch 
short occurs in TTCA .  ATCA (AGS) 2 8-vdc is E NA B L E . 

(panel lG) bus 

Enables normal operation of TTCA . 

Disables translation control function 
of TTCA . 

NOTE 

White condition indicators s ignify computer status ; 
vellow condition indicators describe various cautions 
�ssociated with the GN&CS . 

Indicates that uplink is being re- N/A N/A Is  energized by first character of 
ceived by LGC . digital uplink message received by 

LGC . 1f l ight is not turned off by 
end of uplink transmission,  the 
astronaut should extinguish l ight 
when transmission is complete by 
pressing RSE T  pushbutton . 

Indicates that stable member tem- N/A N/A 
perature has exceeded i ts  l i mits by 
±4 " F .  (Nom inal operating tempera-
ture + 130 . 3 °F) . 

--�---l-- --
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Location/ 
Ref Des 

Panel 4 
(cont) 

3DS5 

3DS9 

3DS6 

3 DS 1 0  

3DS7 

3 DS 1 1  

'\_..,___ 

Name and Position 

N O  A TT cond i ti on indicator (wh ite) 

Gil\I BA L L (X::K cond i t i on indicator 
(yell ow) 

S T I3 Y  cond i tion indi cator (white) 

PROG condition indicator (yellow) 

K E Y  R E L  condition i nd i cator (whi te) 

RESTART condition ind icator 
(yell ow) 

?f�� ,--57.., 
7k 

'..!??".{--·-

Circuit 
Function Breaker 

Indicates that ISS is not s u i table for N/A 
us e as attitude reference . 

Indicates that m i dd l e  g i mbal has N/A 
dr iven through a nt-;le greater than 
+70 ° or -70° from i ts zero pos it ion.  

Indicates that  LGC is i n  s tandby N/A 
cond i ti on . 

Indicates that program check has N/A 
fa i lccl . 

Indicates that i nternal program has N/A 
attem pted to u s e  DSKY ancl found it 
busy d ue to independent operator 
act i on .  

Indicates one o r  more of the follow- :-l/A 
ing abnormal operations : 

Word has been transferred i ncor-
rectly from memory-parity fail . 

LGC is in endless control loop-
TC tra p .  

LGC has been i n terrupted for 
30 msee - R U P T  lock . 

Alarm has been generated by 
program control . 

LGC fails to process new j ob 
w i th i n  a per i od from . 64 to 
1 .  92 s econds . 

· ;-.�� 

Power 
Source 

N/A 

N/A 

N/A 

N/A 

N/A 

N/.\ 

Remarks 

Indicator l a m p  gocH on \\'hen LGC 
is in operate mode an d there i s  n ,  inert ial refe ren ce , d ur i ng coarse 
align , if ISS is  off, or I�IU i s  caged . 

When middle gi mbal :lllglc exceeds 
+85° or -85° frotn i ts zero pos iti on, 
LGC automatically commands 
coarse a l i gn mode i n  ISS to prevent 
g i mbal os c i llati nn . NO A TT cond i -
t i on indicator goes on . 

. 
fndicator l a m p  is d ecnergized i f  

1 r r�c i s  i n  operate mode . 

Indicator is controlled by computer 
progr a m . 

Ind icator is m odulated by Oash 
s i gnal . 

- · - J 
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Location/ 
Ref Des 

Panel 4 
(cant) 

3DS 14 

3DS12 

3DS209 

3DS204 

j �' 

Name and Pos ition Function 

OPR ERR condition indicator (white) Indicates that astronaut has per-
formed an improper sequence on the 
DSKY . 

TRACKER condition indicator Indicates RR CDU failure or im-
(yellow) proper data from R H  or LR . 

A LT l ight (yellow) Indicates altitude data-good 
signal from LR is absent 
during Landing Radar Data 
Read Hout ine . 

VEL light (yellow) Indicates velocity data-good 
s ignal from LR is absent 
during Landing Hadar Data 
Read Routine . 

Circuit Power 
Breaker Source 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

• 

Remarks 

Goes out when R.'3ET pushbutton is 
pressed .  

When R R  o r  L R  are o n ,  indicator 
lamp is energized if: 

RR CDU fir ,� error greater than 
1. 0 vrrns occurs 

H H  CDU cuarsc error greater 
than 2 .  5 vrn1s occurs 

RH read counter l im it cycles at 
rate greater than lGO cps 

RH CDU analog-to-dig i ta l  con-
version ta ils 

RH CDU +14-vdc s upply de-
creases to GO% of nominal 

RR data-not-good discrete oc-
curs during LGC data read 
sequence 

LR altitude data-not-good dis-
crete or LR v el ocity data-not-
good discrete occurs during 
LGC data read s equence . 

A flashing l ight indi cates that 
LGC received data-good 
s ignal , but data docs not pass 
LGC Reasonableness Test . 
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Location/ 
Ref Des Name and Position 

Panel 4 
(cant) 

�DS15 C O M PTH ACTY condition indicator 
(white) 

3 M l  P H O G  display indicator 

3 M2 V E RB display indicator 

3 1113 NOUN display indicator 

3 l\14 Data display registers 
3 l\15 
3 M6 

3S3 V E RB pushbutton (momentary) 

3S4 NOUN pushbutton (momentar,·\ 

3S5 C LR pushbutton (momentary) 

1r� 
·� ·� 

Circuit 
Function Breaker 

Indicates tl1at LGC is in program N/A 
otl1er than dummy job ( LGC is 
processing data . )  

Indicates tlle program that i s  being N/A 
processed LGC . 

Indicates verb c ode entered at key- N/A 
board or commanded by LGC . 

Indicates noun code entered at key- N/A 
board or commandC'n by LGC . 

Indicate numerical data entered a t  N/A 
keyboard or commanded by LGC . 
Sign is associated only with deci m al 
d ata.  

C ondl tions LGC to  interpret next N/A 
two numerical characters as verb 
code and extinguishes verb numer-
ic al display . 

C onditions LGC to interpret next N/A 
two numerical characters as noun 
c ode and exting,uishcs noun numer-
ical display .  

t.:sed during data loading to bl ank N/A 
data register being used; loading 
c an tllen be resumed. 

·, __ / 

· �  

Power 
Source 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Remarks 

., 

I 

The three data display registers 
are designated Rl, H2 , H3 from 
top to bottom of DSKY. ' ! I I 

I I 

First component load verbs are 
c leared by pressing C LR pushbut-
ton once .  Second and third campo-
ncnt load vcrhs are cleared by ' 
pressing the pushbutton twice or I 

tllrce times ,  as required. The 
data registers c l e ar in  H3 , R2,  
Rl orde r .  Hefer t o  paragraph 
2 . 2 . 3 . 1 . 3 .  
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Location/ 
Ref Des 

Panel 4 
(cant) 

3S6 

3S7 

3S8 

389 

3Sl0 
thru 
3819 

3S21 
3S20 

3DS 

3DS 

Name and Position 

PRO pushbutton (momentary) 

KEY R E L  pushbutton (momentary) 

E NTR pushbutton (momentary) 

RSE T  pushbutton (momentary) 

0 through 9 pushbuttons 
(momentary) 

+ and - pushbutton (momentary) 

PRlO DISP light 

NO DAP light 

-�-�h.J.' . 1-:'"--:t-97 . 

Function 

Commands LGC to proceed without 
data .  Also  commands LGC to enter 
standby mode if pressed when pro-
gram P06 is in progress . 

Releases DSKY to LGC for use with 
internal sequences .  

Informs LGC that assembled data 
are complete and that requested 
ftmction is to be executed. Used in 
two ways :  to execute the VERB/ 
NOUN code appearing on the VERB 
and NOUN display and to accept 
data just loaded and appearing in 
data display registers (Rl ,  R2 ,  R3) . 

Turns off DSKY condition indicator 
after c ondition has been corrected. 

Enter numerical data, noun codes ,  
and verb codes into DSKY displays .  

Inform LGC that following numeri-
c al data are decimal and indicate 
sign of data. 

Indicates that system has a priority 
display to bring to the attention of 
the astronaut . 

Indicates that the DAP is not con-
controlling vehicle attitude . 

-· 

Circuit Power 
Breaker Source 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

N/A N/A 

---

i"li 

Remarks 

Operator should release DSKY by 
pressing pushbutton when he is 
temporarily finished w ith DSK Y .  
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Location/ Ul Ul 
0 Ref Des 
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I � I Panel 5 
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9S 1 9  
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I Name and Position 

I D E S  RATE switch 

+ 1 FPS 

center 

- 1 F PS 

I Engine stop pushbutton 

I Engine START pushbutton 

+X TRANSL pushbutton 
( momentary) 

l\JISSION TI M E R :  

Tl l\IER CONT switch 

START 

·-----

Function 

Permits e stablishing L l\1 rate of 
de scent under P G N S  control in fixed 
increment s .  Each switch actuation 
provides a discrete pul s e ,  changing 
the rate of descent by 1 fps • 

Provides discrete stop signals to 
de scent and ascent engine s ,  inde
pendent of setting of ENG AHI\1 
switch, except when in abort 
sequenc e .  

Permits i m mediate manual firing of 
de scent or ascent engine, depending 
upon setting of E N G  ARM switch. 

When held pressed,  switch provides 
fo ur-jet translation in +X-direction 
by energizing R C S  direct ( s econdary) 
coils . Upon release of p u shbutton, 
signal is  removed from c oi l s ,  ter
minating j et firing s .  

Provides discrete signals to MIS
SION TIIIIE R  indicator. 

Enables indicator t o  count upward 
from number pre set with S L E \\' 
CONT switch e s .  

C ircuit 
Breaker 

N/A 

Power 
Source 

N/A 

STAB/CON T :  I Lf, J P '  s 
ENG A H I\1 2 8 -vdc 
(panel lG) 

STA B/CONT: 
E N G  START 
OVRD 
(panel 1 1 )  

STA B/CONT: 
A T T DIH 
CONT 
(panel 1 1) 

F LIGHT 
DISPLAYS: 
MISSION 
TIMER 
(panel 1 1 )  

rf· 

bus 

C D R ' s 
2 8 -vdc 
bus 

C DR ' s  
2 8 -vdc 
bus 

CDR ' s 
2 8 -vdc 
b u s  

I 

Rcm:1 rks 

Hesponse to switch c o m m ands i s  
monitored o n  the :1ltitude rate scale 
of the Range/Range Hate ; A lt/Alt 
Hate indicator. 

Plus sign denotes inc rease in engine 
thrust. 

Minus sign denotes dec rease i n  
engine th rust. 

When pressed, pushbutt<•n remains 
pressed and illumi n,l lecl (red) . It is 
reset by pre s s ing- it again.  

'Wh e n  pressed, pushbutton remains 
pres sed and illuminated (red) . Ac
tuation of either engine stop push 
button interrupts override function, 
the engine stop s ,  and the STAHT 
pushbutton light goes out . 

If switch fails c lo s e d ,  c i rcuit 
breaker must be opened . The 
secondary coils of the RCS engines 
will be disabled, r e sulting in l o s s  
of hardover and di rect m od e s . 
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Location/ 
Ref Des 

Panel 5 
(cont) 

9S22 

9S2 1 

Name and Position 

STOP 

RESET 

SLEW CONT !lOURS switch 

TENS 

Center 

\!NITS 

SLEW CONT �liN switch 

TENS 

Center 

UNITS 

<I; 
�1�J)� �' 

Function 

Stops and holds indicator count until 
START or RESET is  selected. 

R esets indicator to zero. 

Provides slewing function for 
! lOURS columns of l\!TSSION TI M E R  
indicator. 

Slew s tens -column digit of HOURS 
columns at rate of two digits per 
second as long as switch i s  held in 
this  position.  

Disables slewing function . 

Slews units -column digit of HOURS 
columns at rate of two digits per 
second as long as switch is  held in 
this position . 

Provides slewing function for !\liN 
columns of MISSION TIMEH indi-
cator. 

Slew s tens-column digit of MIN 
columns at rate of two digits per 
second as long as switch i s  held i n  
this position. 

D isables slewing function . 

Slews units -column digit of MIN 
columns at rate of two digits per 
second as long as switch is  held in 
this  position. 

- · �f) 

Circuit Power 
Breaker Source 

F LIGHT CDR' s 
DISPLAYS: 2 8-vdc 
!\!ISS ION bus 
Tll\IER 
(panel 1 1 )  

F LIGHT C DR' s 
DISPLAYS: 2 8-vdc 
MISSION bus 
TIMER 
(panel 11)  

Remarks 

Hundreds-column digit of HOU RS 
columns is also controlled by the 
tens position, at rate of one digit 
per 5 seconds. 

A l l  digits change in increasing 
direction. 

A l l  digits change in increasing 
direction. 

-.. _____ , ____ ; 
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Location/ 
Ref Des 

Panel 5 
(cont) 

9S20 

1 684 

lGSG 

.fir, �-

Name and Position 

SLEW CONT SEC switch 

T E i-!S 

C enter 

UNITS 

OVE RHIDE ANUN switch 

ON 

O F F  

OVEHHIDE N l'!ll switch 

0:-l 

O F F  

L__ ______ 

:���¥�--; : 

� 

Function 

Selects inputs to i\IISSION Tlli!E R 
indicator. 

Slews tens-column digit of SEC 
columns. at rate o f  two digits per 
second as long as  switch is held in 
this position. 

D i sables slewing function. 

Slew units-column digit of SEC 
columns at  ratfl of two digits per 
second as long a s  switch is  held in  
this  position . 

Provides full voltage bypass of C/W 
array and component caution light 
portion of A NUN/NUi\1 control.  

Bypas s e s  A N UN/NUM control and 
applies 5 volts de directly to an-
nunciators of C/W array, to com -
ponent caution li�hts, and to incnn-
d escent illum inated pushbuttons .  

C /W array and component cauti on 
lights are controlled with ANUN/ 
N U �'l control . 

Provides full voltage override of 
brightness control of numeric por-
tion of A!'WN/Nlli\1 �ontrol .  

Supplies full power ( 1 1 5  volts ac) 
directly to integrally illuminated E L  
numerics and time-shared displays. 

Disconnects full power; EL numeric 
readouts are controlled with ANUN/ 
N U M  control. -----------

- -----

Circuit Power 
Breaker Source 

F LIGHT CDH'  s 
DISPLAYS: 28 -vdc 
MISSION bus 
T I M E H  
(panel 1 1) 

N/A N/A 

AC BUS B: CDH' s 
N U M  LTG: 1 1 5 -vac 
(panel 1 1 )  bus 

--------- --

� I 

--- - ---

Remarks 

Portion of autotransformer asso-
ciated with numeric readouts i s  
disconnected from circuit. 

--------- ------ -------
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Location/ 
Ref Des 

Panel 5 
(cont) 

1 6 S3 

16Sl  

16Rl 

\. __ 

Name and Position Function 

OVERRIDE INTEGRA L switch Supplies full volta!(e to low-level 
integrally illuminated E L  markings 
and display s .  

O N  Disconnects INTEGRA L control 
from power c i rcuit and applies 1 15 
volts ac directly to E L m:1rkings 
and displays. 

OFF Disconnects 1 15 -volt a-c power. 
Low-level integrally illuminated E L  
markings and displays are con-
trolled with IN TEGRA L control.  

SIDE PANE LS switch Permits control of E L  lighting on 
Commander' s side panel s ,  i ndepen-
dently of lighting of forward panel.  

ON Permits regulation of side panel E L 
lighting with INTEGRA L  control and 
OVERRIDE I NTEGRAL switch. 

OFF Disconnects INTEGRA L control,  and 
OVERRIDE INTEGRA L switch from 
their respective circuits . 

F LOOD OVHD IFWD control Controls the brightness of the 
Commander' s overhead and forward 
flood lights . 

DIM to BRIGHT Controls intensity level of  flood-
fights continuously from dim to 
bright. 

it 
;�;, � 

Circuit 
Breaker 

AC B US A: 
INTG L LTG: 
(panel 1 1 )  

A C  BUS A :  
INTGL LTG: 
(panel 1 1) 

LTG : F WO D  
(panel 16) 

.,� t� 

Power 
Source 

C DR ' s 
1 1 5-vac 
bus 

C DR' s 
1 15-vac 
bus 

L MP ' s 
2 8-vdc 
bus 

Remarks 

Full voltage is  1 15 volt s ac, 4 00 cps . 

Control operates only when FLOOD 
OVIID/FWD switch (panel 3) is set 
to OVHD/FWD or A L L ,  and the 
overhead hatch is closed . If over-
head hatch is open, F WO D  OVDII/ 
FWD switch i s  bypassed and F LOOD 
OVHD/FWD control enabled. 

-- �-

I 

I 
I ' 

I I 

� 
"d 
0 

(} t"'  
O t"'  
z o  
>-3 0 t"' 
:<l "d <' o t<J S:: t"' :<l -l (/J � co � :j ? z 0 w 
t::l z r-. 
t::l (/) ,.... til :I: ,...,. 
"d � 
t-< z  � t::l 
� tJJ 
UJ o  

0 
� 



l 
� 
(/J (/J 
0 :::1 I � 
IJ:1 i'.l 
�. " 
t;J i'.l ,.. <1> 

..... 
'tj <1> tr .., c 
i'.l .., 
< 
..... 
<D 
-J 
0 

(') 
::T "0 � � <1> M 
t;J t' 
!=!. <1> 

"0 Ill (]q <1> 

"' 
I 

00 "' 
" 
"' 

I 
00 '"' 

"' 

Location/ 
Ref Des 

Panel 5 
(cont) 

16R2 

1 6 R 3  

• 
Name and Position 

A N UN/t� c r  .. l control 

INTEGRAL control 

Function 

Regulates brightnct;s  of all  annun
ciators except C/W PWR in C/W 
array, component caution light s ,  
E L  numeric readouts, incandescent 
i l lum inated pushbuttons ,  and time 
shared displays (temporary) . 

Regulates brightness of low-level 
integrally i l luminated EL markings 
and displays from Dll\1 to B RIGHT . 

Circuit 
Breaker 

LTG : N l ' l\1 
(panel 1 1) 

LTG: 
INTGL 
(panel 1 1 )  

":� 

Power 
Source 

C D R ' s 
1 1 5 -vac 
bus 

CDR' s 
1 1 5 -vac 
bus 

I 

Remarks 

I f  either portion o f  A N U N / N [l l\1 con 
trol fai l s ,  sep�rate override switch 
provides Inaxi m u m  voltage for an
nunciators and con1poncnt caution 
l ir-;hts (AN UN OV E HRIDE switch) 
and for E L  numeric r·cadouts ( N U l\! 
O V E R HIDE switch) . Maxi m u m  
voltar-;e supplied o n  HRI G I I T  position: 
5 volts de for annunciators and c o m 
ponent caution lights ; 1 1 5  volts ac 
for numeric readouts . 

If control fails or brightnes s  range 
i s  inadequate, control may be by 
passed with INTEGRA L OVE RRIDE 
switch . 
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Location/ 
Ref Des 

Panel 6 

184 

1 2S l 7  

1 2DS1 

1 2 :1! 1  

12�12 

. -;z ,  .:�;f::.· ; -�l:iV 

Name and Pos ition 

Engine stop pushbutton 

AGS STATUS switch 

OFF 

STANDBY 

OPE RA T E  

O P R  E R R  condition indicator 
(white) 

Address indicator 

Data indicator 

-- ---

·� 

Function 

Provides discrete stop signals to 
descent and ascent engines, inde-
pendent of setting of  ENG ARM 
switch, except when in  abort 
sequence . 

Enables astronauts to place AGS 
in any one of  three states . 

No power is supplied to AGS. Sup-
plies power to ASA heaters. 

Applies full power to entire ASA 
and then places A E A  in warmup 
mod e .  

Applies full power to ASA and AEA . 

Goes on if astronaut presses incor-
rect number of  push buttons for 
operation being performed, if + or -
keys are not pressed first in enter-
ing data, and if "8" or "9" is used 
in entering address (which is 
limited to octal digits) . 

Displays digits that identify AEA 
computer address selected by 
astronaut via keyboard . 

Displays data to be entered into AEA 
computer address displayed on ad-
dres s indicator. Displays data se-
lected for readout from AEA com -
puter location identified on address 
indicator, i f  READOUT pushbutton 
is pressed . 

Circuit Power 
Breaker Source 

STAB/CONT: LMP ' s  
E NG A R M  28-vdc 
(panel 1 6 )  bus 

STAB/CONT: LMP ' s  
A E A  2 8 -vdc 
(panel 16)  bus 

S TA B/CON T: 
ASA 
(panel 1 6 )  

N/A N/A 

N/A N/A 

N/A N/A 

'jl: I 

Remarks 

Pushbutton is pressed on lunar 
landing, after LU NAR CONTACT 
lights g o  on . \\'hen pressed, push-
button re mains pressed and illu-
ruinated red . It is reset by pressing 
it again, 

If too few pushbuttons are pressed, 
indicator goes on after ENTR or 
READO U T  pushbutton is pressed. 
If too many pushbuttons are 
pressed , indicator goes on before 
ENTR or R E ADOUT pushbutton i s  
pressed . I ndicator goes off when 
C LR pushbutton i s  pressed . 

Three octal digits must be set on 
this indicator, using keyboard, Le-
fore each D EDA operation. 

Five-digit numeric indicator and 1 
and - indicator . Data to be entered 
are selected by astronaut via key-
board . Updating rate of any chang-
ing data selected for readout is 
limited to two times per second. 
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Location/ 
Ref Des 

Panel 6 
(cont) 

12Sl 
thru 
12S12 

12S13 

12Sl5 

12Sl4 

12S16 

'--· 

Name and Position 

Keyboard pushbuttons 

C LR pushbutton (momentary) 

READOUT pushbutton (momentary) 

ENTR pushbutton (momentary) 

HO LD pushbutton (momentary) 

�£::. 
\� 

---- ---

Circuit Power 
Function Breaker Source  

Enable astronauts t o  load shift STAB/CONT: Ll\IP '  s 
register with necessary values ( 0  AEA 2 8 -vdc 
through 9) and signs ( + and -) to be (Panel 1 6 )  bus 
transferred to A E A .  

NOTE 

If the C LR ,  ENTR, or READOUT pushbuttons are not 
fully depressed, either the OPR ERR light w ill i llum i -
nate o r  the DEDA will not operate. 

Erases all numerals di splayed on N/A N/A 
address and data indicators and 
cancels effect of 110 LD switch . 

Enables astronauts to call up A EA N/A N/A 
computer data from address set up 
on address indicator, for di splay on 
data indicator . 

Enables astronauts to enter data N/A N/A 
(set up on data indicator) into AEA 
computer at  address set  up on 
address indicator. 

Enables astronauts to interrupt up- N/A N/A 
dating of any continuously changing 
data displayed on data indicator . 

. ....__.. 

., 

Remarks 

Pressing pushbuttons successively 
fills address and data indicators in 
order, from left to righ t .  

\\�1en pressed, switch extinguishes 
OPR ERR indi cator lamp . 

Address and data indicators are 
cleared for immerliate reu s" when 
A EA computer has accepted data . 

Information displayed on <lata i nd i -
cator remains unchanged unti l p u s h -
button i s  pressed again , enabling 
displny of present value of data and 
continuance of updating. 
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Location/ 
Ref Des 

Panel 8 

1088 

10FL5 

31 1 

Name and Position 

D ES PROPULSION F UEL V E NT 
switch 

OPEN 

Center 

C L OSE 

DES PROPULSION FUEL V E :\'T 
talkback 

Gray displny 

Barber-pole d i s pl ay 

Circuit 
Function Breaker 

Enables venting of descent fuel and PHOPUL :  
helium pressurization sPclion . DES He 

REG-VENT 
(panel 1 1) 

Energizes fuel v ent v :llve to open 
pos i t  ion . 

Fuel vent valve r e m a i ns i n  l a s t  
selected pos i tion . 

Energizes fuel v ent valve to closed 
pos i t i on . 

Indicates posi tion of descent fuel N/A 
1·cnt valve . 

Indicates fuel v ent valv e is latched 
open . 

Indicates fuel vent 1·al v e  is latched 

dos ed .  

·-- c-------

• 
.. 

Power 
Source 

C DR ' s  
28 -vclc 
btlS 

) 
Remarks 

Provides for plamJCd vent i ng of des-
cent propLLl s ion s ection after final 
use of descent cng· i n e .  Used w i th 
DES VENT swi tch . 
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Location/ 
Ref Des 

Panel S 
(cont) 

1 0S10 

1 GS22 

1 6S21 

" �1::.: 

}; 
Name and Pos ition 

DES PROPULSION OXID VENT 
switch 

OPEN 

Center 

C LOSE 

I!TR CONT MESA sw itch 

! ! I  

LO 

HTR CONT URINE LINE switch 

HTR 1 

OFF 

HTR 2 

·/�:§_;:: 

Circuit 
Function Breaker 

Enables venting of  descent oxidizer PROPUL: 
and helium pressurization section. DES He 

REG-VENT 
(panel 1 1 )  

Energizes oxid izer vent vah·e to 
open position .  

Oxidizer \'ent  valve remains in  last 
selected position . 

Energizes ox idizer vent valve to 
closed position . 

Selects heater power for MESA HEATERS:  
temperature contro l .  M ESA 

(panel 1G) 
Provides M E SA w ith 1 50 watts 
(maximum) of heater power. 

Prov ides M ESA w ith 50 watts 
(max imum) of heater power. 

Selects e i ther of hvo 1 5-watt sources HEATE RS :  
o f  heater power for waste manage- URINE LINE 
ment system tlur ing translunar coast (panel 1 1 )  
and lunar s tay . 

Enables operation of heater !\o . 1 .  

Disables operation o f  both heater 
No, 1 and 2 

E nables operat ion of healer No . � 
(backup) .  

---- - -
' 

Power 
Source 

C DR's 
28-vdc 
bus 

LMP' s 
28-vdc 
bus 

CDR' s 
28-vdc 
bus 

Remarks 

Provides for planned venting of des-
cent propuls ion section after final 
use of descent engine. Used with 
DES VENT swi tch .  

MESA temperature is  monitored by 
PCM telemetry . 
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Location/ 
Ref Des Name and Position 

Panel 8 
(cont) 

10FL6 DES PROPULSION OXID VENT 
talkback 

Gray display 

Barber-pole display 

2S9 DES PRPLNT !SOL VL\" switch 

FIRE 

SAFE 

2S7 MASTER ARI\1 switch 

ON 

OFF 

2S6 DES VENT switch 

FIRE 

SAFE 

\.._____ 

Circuit 
Function Breaker 

Indicates pos ition of descent oxidizer N/A 
vent valve . 

Indicates oxidizer vent valve is 
latched open . 

Indicates oxidizer vent valve i s  
latched closed . 

ED: LOGIC 
PWR A 

Actuates descent fuel and oxidizer (panel 1 1) 
compatibility explosive valves to 
permit ambient helium to pressurize ED: LOGIC 
fuel and oxidizer tanks . PWR B 

(panel 16) 

Removes power from descent fuel 
and oxidizer compatibility valves . 

ED: LOGIC 
PWR A 

Enables actuation of all L M  explo- (panel 1 1) 
s ive devices by actuating redundant 
relays that route power to E DS ED: LOGIC 
buses . PWR B 

(panel 16) 

Removes all power from relays . 

Actuates descent fuel and oxidizer ED: LOGIC 
vent explos ive valves to enable des- PWR A 
cent propulsion section venting . (panel 1 1) 

Actuates explosive valves . ED: LOGIC 
PWR B 

Removes power from explosive (panel 16) 
valves . 

'"'---" 

• 

Power 
Source 

CDR's 
28-vdc 
bus 

LMP's 
28-vde 
bus 

CDR's 
28-vdc 
bus 

LMP's  
2 8-vdc 
bus 

CDR's 
28-vdc 
bus 

LMP's 
2 8-vdc 
bus 

�� -

· .. 

� 

Remarks I 

Switch is locked in ,  and spring 
loaded to, SAFE position . 

Switch is locked in both positions . 

Switch is locked in , and spring 
loaded to, SAFE  pos ition . Used w i th 
DES PROPULSION FUEL rrncl 
OXIDIZ ER VENT switches . 

�---/ 
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Location/ 
Ref Des Name and Position 

Panel 8 
(cont) 

2S3 ASC He SEL switch 

l'A NK 1 

!lOTI! 

TANK 2 

2S 10 LDG G EAR DEPLOY switch 

FIRE 

SAFE 

2 F L 1  LDG G EAR DE PLOY talkback 

Gray display 

Barber-pole dispby 

282 l!c PR ESS RCS switch 

FIRE 

SAFE 

:0��� , 

� 

Circuit 
Function Breaker 

Permits isolation of defective ED:  LOOIC 
hel i um tank before initial ascent PWR A 
engine operation . (panel l l) 

Selects isolation valve of ascent ED:  LOGIC 
hel i um tank N o .  1 for firing . PWR B 

(panel lG) 
Selects isolation valves of both 
as cent h�lium tanks for firing . 

Selects isolation valve of ascent 
helium tank No. 2 for firing . 

ED:  LOGIC 
PWR A 

A c tuates explosive devices that (panel 1 1) 
release s towed landing gear . 

ED:  LOGIC 
Removes power from landing gear PWR B 
explosive devices . (panel 16) 

E D :  LDG 
GEAR FLAG 

Indicates landing gcctr assemblies (panel 1 1) 
are deployed . 

Ind iccttes landing gear assemblies 
are s towed . 

ED:  LOGIC 
PWH A 
(panel 1 1) 

A c tuates helium isolation explosive 
valves that permit helium flow from E D :  LOOIC 
RCS helium tanks to pressurize PWR B 
propellant tanks . (panel lG) 

Removes power from valves . 

IJ . 

Power 
Source 

CDR's 
2 8 -vdc 
bus 

L M P ' s  
2 8 -vdc 
bus 

C DR's  
2 8 -vdc 
bus 

L M P ' s  
2 8 -vdc 
bus 

C DR's  
2 8 -vdc 
bus 

C DR's 
2 8 -vdc 
bus 

L M P ' s  
28-vde 
bus 

�. __ ,/ 

Remarks 

S w i tch is locked in all pos itions . 

S w i tch is locked i n ,  and spring-
l oaded to , SA F E  position . When all  
four landing gear ass emblies arc 
deployed , pos itive feedback of land-
ing gear deployment is provided by 
LDG G EAR D E PLOY t.alkback . 

A l l  four landing gear assembli es 
must deploy to generate this 
telemetry code . 

Switch is locked and spring-l oaded 
to S A F E  pos ition . 

Positive indication of helium isula-
tion valves actuation is provided by 
R C S  PRESS indicator (panel 2 ) . 
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Location/ 
Ref Des 

Panel 8 
(cont) 

2S1 

- , i 

2S5 

2 DS 1  

''-------

Name and Position 

He PRESS DES S TART switch 

FIHE 

SAFE 

He PRESS ASC ENT switch 

FIHE 

SA F E  

STAGE switch 

FIRE 

SA F E  

STAGE SEQ R E LAYS SYS A 
component caution light 

\11 
-s:!$Z. t,' .:.:�:%?: · 

Function 

F ires ambient helium explosive iso-
lation valve that permits helitun 
from descent ambient hel ium tank to 
prepressurize descent propulsion 
s ection . 

Removes power from valve . 

Fires explosive isolation valve of 
ascent helium tank or tanks selected 
with ASC He S E L  switch and fuel 
and oxid i z er compatibil ity valves to 
pressurize ascent propulsion 
s ection . 

Removes power from valves . 

Actuates explosive devices that 
separate descent and ascent stages . 

Removes power from explosive 
devices . 

Indicates that E DS bus A is armed . 

�/ 

Circuit Power 
Breaker Source 

ED: LOGIC C DR ' s  
PWR A 28-vdc 
(panel 1 1) bus 

ED: LOGIC LMP's 
PWR B 2 8-vdc 
(panel 16) bus 

ED: LOGIC CDR's 
PWR A 2 8 -vdc 
(panel 1 1) bus 

ED: LOGIC LMP's  
PWR B 28-vdc 
(panel 1G) bus 

E D :  L OG I C  C DR's 
PWR A 28-vdc 
(panel 1 1) bus 

E D: LOGIC LMP's 
PWR B 28-vdc 
(panel lG) bus 

ED: LDG CDR's 
GEAH F LAG 28-vdc 
(panel 1 1) bus 

----

I 

Remarks 

Switch is  locked i n ,  and spring-
loaded to , SAF E  pos ition . 

Switch is locked in,  and spring-
loaded , to SA F E  position . 

Positive indication of i s olation 
valves firing is provided by MAIN 
PROPULSION PRESS indicator 
( F U E L  and OXID s cales) . 

Switch is locked in, and spring-
loaded to, SA F E  position . 

Switch is us ed only when staging is 
desired without firing ascent engine . 

Light goes on after !vlASTE R  AHI'vl 
switch i s  s et to ON . 1f l ight goes on 
before MASTEH ARM switch i s  s et 
to ON, E D  R E LAYS caution liJ?:ht 
also goes on . 

--------
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Location/ 
Ref Des 

Panel 8 
(cont) 

2DS2 

2S8 

15AS1 

15AR14 

'#:; 
;� 

Name and Position 

STAGE SEQ H E LA YS SYS B 
component caution l ight 

STAGE RELAY switch 

RESET 

OFF 

S-BAND T/R switch 

S-BAND T/R 

OFF 

S-BAND RCV 

S-band VOLUJ\IE thumbwheel 

��%��-

'-----'' 

Circuit 
Function Breaker 

Indicates that E DS bus B is armed . E D :  L D G  
G E A R  F LAG 
(panel 1 1) 

ED: LOGIC 
PWR A 

Energizes reset coil of staging (panel 1 1) 

relays (K2) 
ED: L OGIC 

Deenergizes reset coil of staging PWR B 
relays (K2) (panel 16) 

N /A 

Enables routing received S -band 
audio to headset amplifier, and 
micr ophone amplifier outputs to 
Pl\IP for S-band trans m ission . 

Inhibits routing of S - band transmit-
ter and receiver outputs through 
CDR's aud i o  control cente r .  

Enables routing rece ived S-band 
audio to headset amplifier . 

Permits continuous adj ustment N/A 
level of received S-band audio fed 
to headset amplifi e r . 

It . . 

Power 
Source 

C DR ' s  
2 8 -vdc 
bus 

C D R ' s  
2 8 -vdc 
bus 

L M P ' s  
2 8 -vdc 
bus 

C DR ' s  
audio 
center 

C DR ' s  
audio 
center 

Remarks 

Light goes on after MASTER AHI\1 
switch is set to ON . If light goes on 
before l\lASTER A R M  switch is s et 
to ON , ED R E LAYS caution light 
also goes on . 

If staging relays (K2) trip before 
MASTER ARM switch is set to ON , 
STAGE SEQ R E LAYS SYS A and 
SYS B component caution l i ghts go 
on , Setting STAGE R E LA Y  switch 
to HESET , res ets staging relays 
(K2) and extinguishes the component 
caution lights . 
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Location/ 
Ref Des 

Panel 8 
(cant) 

1 5AS3 

l5AR7 

l5AS4 

15AS6 

i 

�� 

Name and Position 

ICS T /rr switch 

, ,� s  T/R 

OFF 

JCS RCV 

ICS V OL Ulvl E thumbwheel 

R ELAY ON switch 

JlELAY ON 

IlELAY OFF 

!\!ODE switch 

vox 

ICS/PTT 

PTT 

.;:..;e.,, 

\IJ 
�:�1¥(� 

C ircuit 
Function Breaker 

N/A 

Enables r outing microphone a mpli-
f ier outputs to L�IP's  headset ampl i-
f i er through intercom bus  and audio 
from intercom bus lo CDR' s headset . 

Inhibits intercom capability . 

E nables routing audio from i ntercom 
bus to CDR's headset. 

Permits continuous adjustment of 
level of audio fed from intercom bus 
to headset amplifier . 

Enables voice conference capabi lity 
with CSM and MSFN . Ileceived VH F 
from CSJ\1 may be routed to 1\lS F N  
v i a  S-band trctns mi lter . 

Inhibits conference capabil i ty .  

Enables VOX control c ircuit  i n  
C D!l ' s  audio center l o  key intercom 
and selected trans mittcr(s) . 

E nables VOX control c ircuit  i n  
C D!l 's audio center to key i n tercom . 

Disables VOX control circu i t  in  
C DR ' s  audio center . 

-� �; 

N/A 

N/A 

N /A 

Power 
Source 

CDE's 
audio 
center 

C DR ' s  
audio 
center 

Premod-
ulation 
processor 

C D!l 's  
audio 
center 

-
Remarks 

I 

L M P ' s  and C D!l ' s  relay switches 
should not be s et to RELAY ON 
s imultaneously . 

A ppropriat� Communication Sub-
s ys tem S\1 ; cches are used to estaiJ- I ! ish  the desired relay mode . 

I 

I 
I I 

Selected trans mitters are keyed only l 
with puAh-to-talk ( PTT) switches . 

A l l  keying is accomplished with 
PTT s witches . -- -
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Location/ 
Ref Des Name and Pos ition 

Panel 8 
(cont) 

15AR8 V OX SENS thumbwheel 

15AS5 A UDIO C ON T  switch 

N OR �! 

BU 

15AS2 V H F  A switch 

T/R 

OFF 

RCV 

15AR12 VHF A VOLUl\l E thtLmbwhcel 

15AS9 V H F  B switch 

T/H 

':�I. --•  

''-----

Circuit 
Function Breaker 

Permits conti nuous adjustment of N 1A 
V OX sens itivity circuit threshold . 

COI\ll\1:  C DR 
A UDIO 

Selects CDH's audio center and 
Inicrophone circuit . 

C OM!\!: 
Selects Ll\!P ' s  audio center and Ll\! P 
m icrophone circuit for use by A UDIO 
C o m mander . 

N/A 

Enables routing received V H F  A 
audio to headset amplif ier , and 
m icrophone amplifier outputs to 
V H F  A transmitter for trans mis-
s i o n .  V OX keying voltage is  routed 
to V HF A transmitter . 

Inhibits routing VHF A trans m i tter 
and receiver outputs through 
C om mander's  audio center . 

Enables routing received V H F  A 
audio to headset amplifier . 

Permits continuous adj ustment of N/A 
l evel of received VHF audio 
( channel A)  fed to headset amplifier . 

N/A 

E nables routing received V H F  B 
audio to headset amplifier , and 
m i crophone amplifier outputs to  V H F  

Ill .. 

Power 
Source 

CDR's 
aud io 
center 

CDR's  
28-vdc 
bus 

Ll\! P ' s  
28-vdc 
btlS 

CDH's 
audio 
center 

C DH's  
audio 
center 

CDH's 
audio 
center 

Remarks 

I 
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Location/ 
Ref Des Name and Position 

Panel 8 
(cont) 

OFF 

HCV 

15AH 13 VHF B VOLUM E thwnbwheel 

15AR15 MAST E H  VOL thumbwheel 

16S 1 4  C OAS switch 

OVHD 

OFF 

F\\'D 

' 

\_, \1 
<��-i , 

Function 
Circuit 
Breaker 

B trans mitter for trans m i � s i on 0 

V OX keying voltap;c is routed to VHF 
B trans mitter 0 

Inhibits routing V H F  13 trans m itter 
and receiver outputs through CDR's 
aHdio �enter . 

Enables routing received VHF 13 
audio to headset amplifier 0 

Permits continuous adjustment of N/A 
level of received V H F  audio (channel 
B) fed to headset amplifier 0 

Permits continuous , s imultaneous 
adjustment of all aud i o  output levels 
from headset amplif ier 0 

Energizes COAS connectors in  
clock i ng windows 0 

Applies 2 8  volts de to overhead 
docking window C OAS connector 0 

Hcmovcs power from docking 
window COAS connectors 0 

Applies 28 volts de to forward 
docking window C OAS connector 0 

'----./ 

N/A 

FLIGHT 
DISPLAYS: 
COAS 
(panel 1 1) 

-� "f.' 

Power 
Source 

CDR ' s  
audio 
center 

CDR ' s  
audio 
center 

CDR's 
2 8 -vclc 
bus 

Remarks 

i 

I 

I l 

--
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Location/ 
Ref Des 

Panel 1 1  

4 C B 152 

4 C B 1 6 9  

4 C B 3 4  

4CB226  

4CB203 

4 C B 2 1 4  

4 C B 2 10 

4 C B200 

4 C B 186  

::� .; �:wf "j�f/ 

Name and Position 

AC BUS B c ircuit breake r s  

S E  WIND HTTI (2 amperes) 

He/PQGS PH UPU L DIS P 
(2 amperes) 

S-BD ANT (2 qmpcrcs)  

ORDEA L  (2  amperes )  

AGS (2 amperes) 

AOT LAl\!P (2 amperes) 

SE FDA! (2 amperes) 

NU !\1 LTG (2 amperes) 

BUS TIE !NV 2 (5 amperes )  

!,;%¥ · 

"-----'' 

Function 

Applies a-c ppwcr to Ll\I P ' E:  '\·l ndo\\' 
heater. 

--t--· 
Applies a-c power to I ! E L!U l\1 
indicator and to OXIDIZ E H  'md 
FUE L  QUANTIT Y  indicators. 

f--· 
App l ies a-c power to S-band steer-
able antenna e lectronics assembly . 

Applies a-c power to earth- or lunar 
stay resolvers through ElulTll-
LUNAR switch. 

Applies a-c power to A E A  outputs 
to FDAI. 

Appl ies a-c power to AOT lamp. 

Applies a-c power tu LMP ' s  FDA!. 

Applies a-c power to all numeric 
(digital displays)  DSKY displays , 
RCS oxidizer and fue l d isplays , 
event and miss ion t imers,  M PS 
oxidizer and fuel displays,  DEDA 
address and data displays.  

Connects inverter No.  2 to a-c bus 
B through I NVERTER switch. 

I 
" 1*  

Circuit Power 
Breaker Source 

N/A 1 1 5-vac 
bus B 

N/A 1 1 5- vac 
bus B 

N/A 1 15-vac 
bus B 

N/A 1 15-vac 
bus B 

N/A 1 15-vac 
bus B 

N/A 1 15-vac 
bus B 

N/A 1 15 -vac 
bus B 

N/A 1 15 - vac 
bus B 

N/A 1 1 5-vac 
bus B 

Remarks 

On-off control for AOT lamp. 

-

> 
'd 0 () t"'  

O r<  
z o  � 0  t-< 
o "' ,.,. � tr:l :; 
> � ;:2 
z j o t:! 0 � 
t:! tl t-. ril :I: 3: 
"' >  � s  
>< tD  Ul o 0 � 



"d I'J aq <ll 

w ' 
(L) co 

� "' :n 
c;· I � 
ttl 
I'J 
f!]. (') 
t:l I'J 
1ti "d 

... � 
1:'1 

"! t" <ll 0' ... 
'1 ... 
c 
I'J 

1.::1 
... (L) 
...., 
0 

(") 
::r 
§ aq <ll 
E' ..... <ll 

Location/ 
Ref Des Name and Position 

Panel 1 1  
(cont) 

4CB185 BUS TIE !NV 1 (5 amperes)  

AC Bl'S A ci rcuit breakers 
4CB24 BUS TIE IN\' 2 (5 amperes) 

-ICB23 BUS TIE !NV 1 (5  amperes) 

4CB27 AC  BUS VOLT (2 amperes) 

4CB 144 CDH Wll\D l iTH (2 amperes)  

4CB202 TAPE HCDH (2 amperes) 

·lC B2 12 AOT LAl\lP (2 ampe res) 

4CB206 HNDZ RDH (2 amperes) 

4CB207 DECA Gl\!BL (2 amperes) 

4CB2 l l  INTGL LTG ( 2  amperes) 

,, __ • 
��N 

Function 
Circuit 
Breaker 

Connects inverter No. l to a-c bus N/A 
B through INVEHTETI switch. 

Coruwcts inverter No. 2 to a - c  bus N/A 
A through !NVEHTEH switch. 

Connects inverter Nu. 1 to a-c bus N/A 
A through I NVEHTEH switch. 

Provides a-c bus \'ollage and fre- N/A 
qucncy characteristics to IS for 
d isplay and telemetry purposes . 

Applies a-c power to CDH' s w indow N/A 
heater. 

Applies a-c power to DSEA tape N/A 
drive motors. 

-

Applies <1-c power to AOT lamp. N/A 

Applies a-c power to RR power N/A 
supply. 

Applies a-c power to GDA' s w ithin N/A 
DECA.  

Applies a-c  power to low-level N/A 
i ntegral l ighting; e.  g. , talkbacks ,  
indicators , and displays . 

'------'' 

• 

Power 
Source 

1 15-vac 
bus n 

--· 

1 15-vac 
bus A 

1 15-vac 
bus A 

1 15-vac 
bus A 

1 15-vae 
bus A 

1 15-vac 
bus A 

1 15-vac 
bus A 

1 15-vac 
bus A 

1 15-vac 
bus A 

1 1 5-vac 
bus A 

Remarks 

� 

On-off control for AUT lamp. ' 
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Location/ 
Ref Des Name and Position 

Panel 1 1  
(cont) 

4CB204 RNG/RNG RT; A LT/A LT RT 
(2 ampe res) 

4CB201  GASTA (2  ampere,;) 

·lC B20U C DH FDA! (2 :unpc res) 

HCS SYS A c ircuit breakers 

4CB72 !\lAIN SOV (5 amperes) 

4CB60 QUAD 4 TCA (10 amperes) 

4CBG 1 QUAD :l TCA ( 1 0  ampe res) 

4CB62 QUAD 2 TCA (10 amperes) 

4CB63 QUAD 1 TCA (10 amperes) 

z�f , 

Function 
Circuit 
Breaker 

Applies a-c power to range/a l t itude N/A 
indicator. 

�- -------�-

A pp l i e s  a-e powt •r to G,\STA. 

Applies a-c powL' i '  to  CDI { 1 s  F DA ! .  

Appl ies  d-e power t o  HCS system A 
m a i n  oxidizer and fuel shutoff valves 
through SYSTEM A !\lAIN SOV 
s w itch.  

Applies d-e power to primary coils 
of  oxidizer and fuel valves of HCS 
system A, quad 4 TCA' s .  

Applies d - e  power t o  primary coi l s  
of oxidizer and fuel valves o f  H C S  
s _vstem A ,  quad � T C A ' s .  

Applies d - e  power t o  primary coils  
of oxidizer and fuel valves of ncs 
system A, quad 2 TCA' s.  

. � 

N /A 

N/A 

N/A 

N/A 

N/A 

N/A 

--- � r----
Applies d-e power to primary coils  
of oxidizer and fuel valves of RCS 
system A,  quad 1 TCA ' s .  

I 
N/A 

· ·:.: �l!!-

--

Power 
Remarks Source 

1 15-vac 
bus A 

---- - f----
1 1 5- v rtc 
bus A 

f.-
1 1 5-V : l( ' 
bus A 

CDH ' s  !VIain shutoff valves control propl'l-
28-vdc !ant flow between HCS tanks and 
bus H C S  T C A ' s .  

CDR ' s  T C A  s econdary coil power i s  applied 
28-vdc when A C A  is pushed to hard stop or 
bus when +X THANS L pushbutton is 

pressed.  

CDH ' s  T C A  secondary coi l  power i s  appli<'d 
28-vdc when A C A  is  pushed to hard stop or 
bus when +X THA N S L  pushbutton i s  

pressed.  
--

CDH ' s  T C A  secondary c o i l  power i s  appl ied 
28-vdc when ACA is  pushed to hare! stop or 
bus when -t X TRANS L pushbutton is 

pressed.  ---------
CDH ' s  T C A  secondary c o i l  power is  applied 
28-vdc when A C A  is  pushed to hard stop ur 

bus when +X THANSL pushbutton i s  
pressed.  

--+-
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Location/ 
Ref Des 

Panel 1 1  
(cont) 

4CB67 

4CB23 1 

4 C B5 1 

� C B 16 8  

-!C B 15 9  

4 C B 13 3  

4 C B 1 2 3  

'\_,_____ 

Name and Position 

!SOL V LV (5 amperes) 

ASC FEED 2 (5 amperes) 

ASC FEED 1 (5 amperes) 

F LIGHT DISPLAYS circuit breakers 

THRUST (2 ampe res)  

�IISSION Tll\IER (2 amperes) 

CDR X-PNTR (2 amperes)  

RNG/RNG RT; A LT/ALT RT 
(2  amperes) 

:�� �� 
"1dfl{·· 

Function 

Applies d-e power to RCS system A 
oxidizer and fuel isolation val vcs ,  
through SYSTEI\1 A THRUSTER PAIR 
switches. 

Applies d-e power to HCS system A 
ascent fuel and oxidizer interconnect 
valves ,  through SYST E M  A ASC 
FEED 2 switch. 

Applies d-e power to HCS system A 
ascent fuel and oxidizer interconnect 
valve s ,  through SYSTEI\1 ,\ ASC 
FEED 1 switch. 

Applies d-e power to THHUST indi-
cator power supply and to part of 
auxiliary switching relay box 
through THH CONT switch. 

Applies d-e power to MISSION 
TIMER. 

Applies d-e power to CDR's  X-
Pointer indicator , and to parts of 
auxiliary relay switching box 
through RATE/ERR MON and MODE 
SE L switches. 

Applies d-e power to RANGE/ 
RANGE RATE or A LT/A LT RATE 
indicator. 

·� · 

Circuit 
Breaker 

•: 
. .  :��. 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Power 
Source 

C D R ' s  
28-vdc 
bus 

C DH ' s  
28-vdc 
bus 

C DH ' s  
2 8-vdc 
bus 

C DH ' s  
2 8-vdc 
bus 

C DR ' s  
2 8-vdc 
bus 

C DR ' s  
2 8-vdc 
bus 

C DH ' s  
2 8 - vdc 
bus 

Remarks 

-

Interconnect valves permit propel-
!ant flow from ascent tanks to HCS 
tanks. SYSTEM A ASC E N T  F E E D  1 
switch must be set to ASC E N T  
F E E D  1 .  

Interconnect valves permit propel-
!ant flow from ascent tanks to HCS 
tanks. SYSTEM A ASC ENT F E E D  2 
switch must be set to ASCENT 
FEED 2.  
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Location/ 
Ref Des Name and Position 

:::1 

I �  
to 

Panel 1 1  
(cont) 

� 
g). n 

4CB88 GASTA (2 amperes) 

t:l 
� <!> 
..... 4CB97 CDH FDA! (2 amperes) 
":1 
<!> 
0' 
'1 
s:: 
� 
'1 
< 

..... 
<0 

4 C B 188 COAS (2 amperes) 
-.l 
0 

(") 
:r >0 � � :::1 

aq 
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4CB227 ORDE A L  (2 amperes) 

t:l t"' 
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Circuit 
Function Breaker 

Applies d-e power to GASTA. N/A 

r-----·------------·-----r----�-
Applies d-e power to CDH'  s F DA! N/A 
and to parts of auxil iary sw itching 
relay box through HATE/ERR MON 
and ATTITUDE MON switches .  

Applies d - e  power t o  forward o r  N/A 
overhead optical a! ignment sight 
connectors via COAS switch. 

Applies d-e power to OHDEAL panel N/A 
l ighting circuits via LIGHTING switch. 

· ---· -

I 
·.� 

Power 
Source 

C DH ' s  
28-vdc 
bus 

-- �------ -

C DH ' s  
2 8-vdc 
bus 

C DH ' s  
2 8-vdc 
bus 

C DH ' s  
28-vdc 
bus 

------ -

he marks 

·------

-

··----
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Location/ 
Ref Des Name and Position 

Panel 1 1  
(cont) 

4 CB74 PROPU L :  D E S  H e  HEG-VEI\T 
circuit breaker ( 5  "mperes) 

I !EATEHS c ircuit breakers 

4 CB241 UHINE LINE (2 amperes) 

4 CB 1 5G R NDZ H DH STBY ( 5  amperes) 

4 CB155  R '\'DZ R DH OPH 
( 7 .  5 amperes) 

f�oy 

____.- ' 

Function 

Applies d-e power to latching hel i u m  
solenoid v"lves N o .  1 and 2 ,  through 
D E SC E NT He HEG switches No. 1 
"nd 2 ;  and to fuel and oxidizer v e nt 
valves through DE S PHOPULSION 
FUE L VENT and OX ID VENT 
switc he s .  

Appl ies d - e  power to urine heater 
c ircuit,  which maintains temperature 
of urine collector. 

Appl i e s  d-e power to rendezvous 
radar heater control circuit to m ain-
tai n  temperature of crystal oven. 

Appl ies d-e power to RH radar heater 
control circuit which maintains 
temperature of antenna gyro s ,  and 
to rendezvous radar electronics 
assembly.  

I 

C i r c uit Power 
B r eaker Source 

N/A C DH' s 
28-vdc 
bus 

N/A C llH' s 
28-vuc 
bus 

N/A CDH's  
28-vdc 
bus 

N/A C DH ' s 
28-vdc 
bus 

?§ 

R e ma r ks 
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Location/ 
Ref Des 

Panel 1 1  
(cant) 

4CB157  

4 C B 129  

''-----" 

Name and Position 

LDG HDI\ (5 ampcrcE) 

I JUCK \VE\l JU\V (:' : t m pc rl's )  

;@a \}IJ 
%.f}t� 

Function 
Circuit 
Breaker 

Power 
Source Remarks 

------------- ---+------t----+---------------l 

Appl ic�s  d-e pt i\\ Cl'  L l  hc�! L c r  control 
c i rc�Iit i n  LH P !vclrnnic ass crnbly. 

:\/A C DH ' s  
28-vdc 
bus 

!----�---�-�--- -- - -------+- ---�-

App l i( •;-;  d - ( '  pU\', C" r t� � ( ] i : ( 'k i 1 1g w indow I N /A 
lw:tlcr. 

'--.__../ 

! .. 

C ll l1 ' s  
ze-vdc 
bus 

·.___..,-· 
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!= I Location/ I rn rn Name and Position 
c;· Ref Des 
::s 

I �  Panel 1 1  

ttl (cont) 
llJ 
rn 4 C B80 ENG CONT (2 amperes)  ;::;· 
t:;l 
llJ � 
ro ... 
"'l 
ro 
0' ... 
c 
llJ ... 
< ... 
<D 
-.J 
0 4CB59 ATT Dffi CONT (10 amperes) 

0 ::r "d llJ > ::s 
oq z 
ro M 
t:;l t"' 
� ... 
ro ... 

4CB 10G I ENG START OVRD 
(2 amperes) 

·1CB69 I DECA PWH (20 amperes) 

I ED c ircuit breakers "d 
llJ 

oq 
ro 

· lCB149 I LDG G E AR F LAG 
(2 amperes) 

w I I 
I -

0 
w 

't� f-

"-----· 

I I Circuit I Power 
Function Breaker Source 

Applies d-e power for automatic I N/A I C DR ' s  
switching from wide dcadband to 28-vdc 
narrow deadband with descent engine bus 
on, for auto1natie switching fron1 2 
to 4 jets with engine on, to CES for 
analog control of GDA when u s i ng 
AGS , to disable auto thrus t control 
when using AGS, to r e set engine 
START switch ,  and applil's rcdun-
dant puwcr for n1anu a \  eng i ne stop 
when staging. 

Applies d-e power to ACA ' s  for 
direct f iring of R C S  j ets,  and to +X 
THANSL pushbutton fo1· direct firing 
of j ets B lD ,  A2D , B3D, A4D. ROLL, 
PITCH ,  o r  YAW A TTITUDE CON-
TROL switch, when set to Dffi, en-
abies direct firing in s elected axis. 

I Applies d-e puwc r to engine STAHT I N/A I C DR ' s  
switch and redundant rl-c power to 28-vdc 
ENG AHl\1 switch. bus 

I AocH'" d-e '""'' fo  DECA fm
0

<fe-L£R ' <  
scent engine-on function, and to 28-vdc 
activate trim fail c i rcuit. bus 

I !App l ies d-e power to IS to provide I N/A I C DH ' s  
control o f  LDG G E AH DEPLOY flag. 28-vdc 

bus 

I 
·�." , ·� 

I Remarks 

� "d 
0 O t"'  

O t"'  z o  >-l o ::0 "d t"' O M ,_.  � s:: � > >-j CD 8 - 0 0 '  t:1 z ';" rfl t"' 
til ::r: <' "d � � IENG AHM switch derives primary I t"' z � t:1 

d-e power from STAB/CONT :  ENG >< t:IJ  
AHM c ircuit breaker (panel lG) .  rn o 0 � I I 
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Location/ 
Ref Des 

Panel 1 1  
(cont) 

4 CB76 

4 C B 14 6  

4CB236 

4 C B 2 2 1  

.fCB220 

4 C B 2 1 9  

·lC B 2 1 8  

4 C B 1 3 8  

Name and Position 

LOGIC PWH A (2 amperes) 

LTG: AI\'U N/DOCK/COl\!PNT 
circuit brealzer (2 amperes) 

LTG: UTIL c i rcuit breaker 
(2 amperes) 

HEATERS HCS SYS A/B - 1  c ircuit 
breakers 

QUA D  4 (7 . 5 amperes) 

QUAD 3 (7 . 5 amperes) 

QUAD 2 (7. 5 amperes) 

QUAD 1 (7 . 5 amp<' rcs) 

ECS c ircuit breakers 

SUIT FAN 1 (20 amperes) 

---------

l�§> 

Function 

Applies d-e pow e r  to ASC E NT He 
PHESS, A S C  lie S E  L, DES PRESS, 
LDG G E AH D E P LOY, l\IAST E H  AHl\1, 
STA G E ,  H C S  PHE S S ,  and ABORT 
STAGE switches .  

Appl ies alte n1atc d-e: power t o  c:au-
tion and warni ng annunciators,  con1-
ponent caution l ight s ,  docking light s ,  
and LU NAH C ONTAC T l ights. 

Applies d-e power to C D H '  s and 
LMP'  s util ity lights. 

Applies d-e power to system No. 1 
engine heaters of quad 4 ,  systems 
A and B. 

Applies d-e power to system No. 1 
engine heaters  of quad 3 ,  systems 
A and B. 

Applies d-e power to system No. 1 
engine heaters of quad 2 ,  systems 
A and B. 

Applies d-e power to system No. 1 
engine heaters of quad 1 ,  systems 
A and B. 

Applies d-e pow e r  to suit fan No. 1 
(suit c ircuit  assembly) through SUIT 
FA!': switch. 

'GF �� 

Circuit 
Breaker 

K/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Power 
Source 

C DI\ ' s  
2 8 - vdc 
bus 

C DH ' s  
2 8-vdc 
bus 

C D R ' s  
28-vdc 
bus 

C D R ' s  
2H-vdc 
bus 

C DR ' s  
2 8-vdc 
bus 

C D R ' s  
2 8 - vdc 
bus 

-- -------

C DR ' s  
28-vdc 
bus 

C D H ' s  
2 8-vde 
bus 

Remarks 

-�- ----

------�--
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Location/ 
Ref Des 

Panel 1 1  
(cont) 

4CB107  

4 C B 1 4 1  

4 C B 1 17 

4 C B 2 17 

4CB228 

-lC B 1 3 7  

4 C B 1 3 6  

4CB162 

: I: 
Name and Position 

CABIN FAN (5 amperes) 

G LYCOL PUM P  2 
(5 amperes) 

G LYCOL PU M P  I 
(5 amperes) 

G LYCOL PU M P  AUTO 
TRNFR (2 amperes) 

COl\Il\1 c i rcuit brcalzers 

UP DATA LINK (2 amperes) 

SEC S-BD Xl\ITH/RCVH 
(5 amperes) 

SEC S-BD P\VR Al\!P L  
( 5  amperes) 

VHF B Xl\ITR (5 amperes) 

��· ;. 

''-------' 

Circuit 
Function Breaker 

Applies d-e power to c abin fan N/A 
through ECS relay box. ---
Applies d-e power to glycol pump N/A 
No. 2 through G LYCOL PU M P  
switch. --------
Applies d-e power to glycol pump 
No. 1 through G LYCOL PUl\TP 
switch. 

Energizes transfer rel ay to auto-
matically switch pumps when low 
tiP develops. -
Applies d-e power to digital upl ink 
c ircuits or received S-bancl voice 
backup circuits,  through U PDAT A 
LINK switch. 

Applies cl-c power to power supply in 
S-band section of C S  through Xl\1TH/ 
RCVR switch. Also appl ies  b ackup 
cl-c power through Xl\ITR/HCVH 
switch for BU voice/emergency key . 

Applies d-e power to powe r  supply 
No. 2 in S-bancl power amplifier 
assembly. 

Applies d-e power to V H F  B trans-
n1ittcr-receiver, and to exciter-
power amplifier and modulator in  
V H F  B transmitter through V H F  B 
Xl\ITR switch. 

II 
:� '"3'E· 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

-

Power 
Source 

CDR's 
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

C DH ' s  
2 8 -vclc 
bus 

C DR ' s  
28-vclc 
bus 

C DH ' s  
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

CDH ' s  
28-vdc 
bus 

Remarks 
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Location/ 
Ref Des Name and Position 

Panel 1 1  
(cont) 

4CB87 V H F  A HCVR (2 ampe res) 

4CB86 C DH ACDIO (2 a m peres) 

PGNS c i rcuit breakers 

4 C B 154 SIG STH DISP (2 amperes) 

·lCB 105 LOG HDH ( 10 amperes) 

4 C B29 H ND Z  RDH (15 amperes) 

4CB122 LGC/DSKY (7. 5 amperes) 

4 C B 1 6 1  IIIIU STBY ( 5  amperes) 

\'--

·��y 

Function 

Applies  d-e power to VHF A IF and 
audio amplifier in VHF A rece iver 
through V H F  A RCVR switch. 

Appl i e s  d-e power to regulated power 
s upply i n  CDR' s audio center, to 
C DH ' s  m i crophone amplifier through 
C DH ' s  AUDIO CONT switch (NOHM 
position) , and to Ll\IP's  m i crophone 
through LJII P ' s  AU DIO CONT switch 
( BU posit ion). 

Applies d-e power to radar SIGN A L  
STRENGTH indicator. 

Appli e s  d-e power and acts as on-off 
switch to LH power supply. 

Applies d-e power m1d acts as on-off 
switch to HH electronic assembly. 

Applies  d-e power and acts as on-off 
switch to LGC power supply, C D U ,  
P T A ,  and PSA. 

Applies d-e power and acts as on-off 
switch for the PIPA and IlliG 
heaters . 

''-..._../ 

'� ,'� 

Circuit 
Breaker 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Power 
Source 

CDR's  
28-vdc 
bus 

CDR' s 
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

C DH ' s  
28-vdc 
bus 

C DH ' s  
28-vdc 
bus 

C DR ' s  
28-vdc 
bus 

Remarks 

Serves as  on-off switch for tempera-
ture alarm thermostat. I s  used in 
conjunction with temperature s ignals 
generated i n  IMU and PSA. 

-
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Location/ 
Ref Des Name and Position 

:::s 

I � 
tD 

Panel 1 1  
(cont) 

llJ 
!'!). ..., 4CB 124 Il\lU OPR (20 amperes) 

� 
llJ ..... (!) 

...... 
"l 
(!) 
c:r 
'1 
c: 
llJ 
'1 E PS c i rcuit breakers 
< 
...... 4CB18  BAT FEED TIE "' 
_, ( 100  amperes) 
0 

() 
:::s" >1:J llJ 

:> Jil z (!) t<l 

4CB26 BAT F E E D  TIE 
( 1 0 0  amperes) 

� t"'  
llJ ...... ..... ...... (!) 

4CB 184 CROSS TIE-BAL LOADS 
...... C]1 (30  amperes) 

'-< 
§ (!) 
...... 
"' 
_, 4CB20 C ROSS TIE BUS 
0 ( 10 0  amperes) 

>a llJ crq (!) 
4CB4 XLUNAR BUS TIE 

(50 amperes) 

4CB8 DES E C A  CONT (5  amperes) 

c.> I 
...... 
0 
_, 

' :-���Jf 

C i rcuit 
Function Breaker 

Applies d-e power and acts as on-off N/A 
switch to IMU , PIPA and ffiiG pre-
amplifiers and excitation, and PSA 
gimbal servo amplifiers. 

Applies d-e power to IMU CAGE 
switch. 

Ties battery No, 3, 4, and 6 ,  and N/A 
during backup mode , battery No. 5 
to C D R ' s  d-e bus . 

Ties battery No. 3 ,  4, and 6, and, N/A 
during b ackup mode , b attery No. 5 
to C DR ' s  d-e bus . 

Ties CDR's  feeder bus system to N/A 
LMP's  d-e bus through LMP 's  EPS: 
CROSS T I E -BAL LOADS circuit 
breaker. 

Ties CDR's  feeder bus system to N/A 
L MP ' s  d-e bus through LMP ' s  EPS: 
CROSS TIE BUS circuit breaker. 

Ties C DR ' s  d-e bus trans lunar loads N/A 
to Ll\1 s i ngle-point ground. 

Applies d-e power to low- and high- N/A 
voltage contact coils in ECA No. 1 
and 2 through !!I VOLTAGE and 
LOW VOLTAGE switches . 

I � 

Power 
Source 

CDR ' s  
2 8-vdc 
bus 

N/A 

N/A 

C DR ' s  
2 8-vdc 
bus 

C DR ' s  
28-vdc 
bus 

N/A 

CDR ' s  
28-vdc 
bus 

'�- -�:·(,"� 

Remarks 

P rovides redundant path for IS 
( E RA-2 , CWEA, and PCMTEA) , 
s ubsystem sensors , and E P S  
dis play circuit breakers . 

P rovides redundant path for IS 
( E RA-2 , C W E A ,  and PC M T E A ) ,  
subsfastem sensors , and E P S  
disp a y  circuit breakers. 

,/ 

:> >a 0 () t"'  O t-< 
z o 
� � t"'  0 t<l 7' 

t"' � >-" [/) :v -.J > j <D  z o ? � Z "" � [/) �  ti'l ::z: ;::: >a ;s;. · � s 
>< to  [1) 8  � 

I 



"d Ill aq "' 

w 
I 

..... 
0 
CXl 

� rn rn 
c;· � I � 
to Ill rn 
;:;· 

t:l 

� "d "' > z >-' t:::l 
'"lj t:"'  "' ..... a ,_.  
'1 
� Ill 
'1 
'< 

..... 
"' 
� 
0 

() 
C" 
� 
aq 
"' 
t:l Ill ... 
"' 

Location/ 
Ref Des 

Panel 1 1  
(cont) 

4 C B 1 0  

4 C B G  

4 C B 15 

4 C B 1 2  

4CB22 

L 

Name and Position 

DES ECA (2 amperes) 

ASC ECA COKT (:i amperes) 

ASC ECA (2 ampe r e s )  

!NV 1 (30 amperes) 

DC BUS VOLT (3 amperes) 

• 
"-¥! 

Function 
Circuit 
Breaker 

App lies cl-e power to power s upplics N/t\ 
uf both d e s cent E C A '  s .  

f--------�- .  ---- �---- -

Api-Jlics d-e power to normal  and N/A 
backup contact c o i l s  in E C A  No.  3 
and 4 through NOH M A L F E E D  'llld 
BACK C P F E E D  switches. 

Applies d-e pow e r  to pow e r  suppl ies N/A 
of both ascent EC A ' s .  

---�-------- -------

Applies d-e pow8r to inverter No.  1 
for generation of l lG-volt,  4 0 0-cps 
a-c power ,  through INVEHTER 
sw itch. 

Applies d-e power to IS for c;ondi-
tinning to monitor CDH ' s cl-c bus 
vo ltage . 

..___.-· 

;{If -� 

N/A 

N/A 

Power 
Source Remarks 

C DH ' s  
28-vdc 
bus 

--

C D H ' s  
28-vdc 
bus 

C DH ' s 
2 8-vde 
bus 

C DR ' s  
28-vdc 
bus 

C D H ' s  Permits monitoring through caution 
2 8-vdc (!1  1 warning, pulse-eodc-n1odulation 
bus (telemetry) , and voltmeter sections. 

-.-.___./ 
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Location/ 
Ref Des 

Panel 1 2 

1 3 SJ 6  

1 5 BS1 

1 5 BR1-l 

1 5 BS3 

�� 
Name and Position 

CP DATA Lll'\K s\\' itch 

VOIC F Bl' 

O F F  

DATA 

S-BAND T/R S\\' itch 

S-BA:'m T/H 

O F F  

S-BAKD H C \' 

S-band \'OLV �IE thumbwheel 

ICS T i R  S\\'itch 

ICS T 1 R 

OFF 

ICS RCV 

:-'/f,£-f_ . ..,:..'?";..":!': 

�· 

Function 
Circuit 
Breaker 

Enables Dl'A to p rocess received C O � I I\l :  

S-band voice bac kup i f  rcceivPd U PDATA 
S-band aud i { )  ( ' i r c u i t s  in  PJ\.1P fai l .  LINK 

(pal' < ' l  l l )  

Di sables voice backup and d igital 
uplink c apabi l i t i e s  of Dl 'A  . 

Enables D l l ;\ to p ro c e s s  d i g i ta l  
uplink data from J\IS F N .  

N / A  

Enables routing received S-band 
audio to headset ampl ifie r ,  and 
mic rophone amplif ier outputs to 
P �IP fo r S-band tran s mission .  

Inhibits routing S-band transmitter 
and receive r outputs th rough 
LMP's  amlio cente r .  

Enables routing recci \'eel S-hand 
audio to headset amplifier 

Permits continuous adjustment of N/A 
level of received S-band audio fed 
to headset  amplifie r .  

N/A 

Enables routing mic rophone 
amplifier  outputs to C DH'  s head-
set amplifi e r  through in te rcom bus 
to L AIP' s headset.  

Inhibits intercom c ap abi l i ty ,  

Enables routing audio f rom inter-
com bus to LMP' s headset. ------ L___ ________ -

I 
� 

Power 
Source 

C D H ' s  
2� -vdc 
bus 

L l\ll' ' s 
audio 
cc·nt e r  

L MP ' s 
audi o  
center 

LMP's  
audio 
cente r 

Remarks 

j 
/ 
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'tl Ill I I I Circuit I Power aq I Location/ ro Name and Position Function I Remarks Ref Des Breaker Source 

w 
I ..... ..... I Panel 1 2  0 

(cant ) 

1 5 BR7 I ICS VOLCliiE thumbwhccl I Pennits continuous adjustn1cnt of I N/A I Ll\IP ' s  
level o f  audio fed f rom intercom audio 

� I I I bus to headsC't ampl i f i er .  center 
rn rn 
c;· 1 5 B&± R E LA Y  ON switch N/A Prcn1od-::> I � ulation 

H E LAY OK Enables voice conference capability processor LMP' s and CDH ' s  relay switches � w ith CSM,  E V A  and l\1SFN. should not be set to H E LAY ON 'tl Hecei\•ed V H F  fmm C S l\1 am! E VA s imult:UlC'OUSly . 0 
ttl may be routed to l\1SFN \" ia S-band O t-<  
Ill t ransmi tte r. O t-<  g]. z o  '"' >-3 0 t-< t) HELAY OFF Inhib its confc renee capab i li ty .  Appropriate Communications ::o 'tl ,. 
Ill Subsys tem switches are used to o t<J -
..... 'tl � � � : �  e s tabl i s h  the des i red relay mode . 

� tj o  
S o � '"':1 t-< 1 5  13S5 :\UDIO C ONT s w i t c h  COl\11\1 :  S l·: LMP's  z '  ro ..... 

AUDIO 28-vclc tl UJ t:  C" "' '"1 NOH�! Selects l.l\!1'' s aud i o  cente r and (panel Hi ) bus til ::r: -"' 
c 'tl �  � n1 icrophone c i rcuit. � s  '< COMl\1 : c o n  CDH's ..... B l' Si' ! P c t s  C D H1 � : tud i o  ('('Jlk r : tnd AUDIO 28-vdc ><! tp  
<D microphone c i rcui t l o r  u s e  b_\ (panel J 1 )  bus Ul o  
-l 0 0 

L � l l' .  :;r: 
0 
:r 1 5 BSG �lODE S\dtch I N/A I LMP's § audio aq 
ro vox Enables VOX control c i rcuit in center 
t) L MP' s audio center to key inte r-
Ill com and selected transmitte r(s ) . ..... 
ro 

IC S/ PTT Enables VOX Gontrol c i rcuit in Selected transmit ters arc keyed 
Lii1P 's  audio cGntcr to key inte r- only with push-to-talk ( PT T )  
CODl .  switches.  

PTT I Disables VOX control c ircuit in All keying is accomplished with 
Ll\1P ' s  audio cente r. PTT switches .  

\.._ "'" -....._/ 

;� -� 
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Location/ 
Ref Des Name and Position 

Panel 1 2  
(cont ) 

1 5 BR8 VOX SE NS thumbwheel 

1 5 B S2 V H F  A switch 

T/R 

OFF 

RCV 

1 5 BR 1 2  V H F  A VOLUI\IE thumbwheel 

1 5 BS9 V H F  B switch 

T/R 

O F F  

RCV 

-.-.i¥.'.·. 

._ .. _��y�·: 

''---"' 

Function 

Permits continuous adjustment of 
VOX sensitiv ilv ci rcuit threshold. 

Enables routing r<'ceived VHF A 
audio to headset amplifi e r ,  and 
mic rophone amplifier outputs to 
V H F  A transmitter fo r tran s m i s -
s i on.  VOX keying voltage i s  routed 
to V H F  A transmitter . 

Inhibits routing V H F  A trans mitte r  
and receiver outputs through L M  
Pilot' s audio center. 

Enables routing received V H F  A 
audio to headset amplifi e r .  

Pe rmits continuous adjustment o f  
level o f  received VHF audio 
( channel A) fed to headset 
amplifier .  

Enables routing received V H F  B 
audio to headset amplifie r,  and 
mic rophone amplifier outputs to 
V H F  B transmitter for tran s m i s-
sion.  VOX keying voltage is routed 
to V H F  B transmitter. 

Inhibits routing VHF B transmitte r  
and receiver outputs through 
L M P ' s  audio center. 

Enables routing received V H F  B 
audio to headset amplifier. 

I ,:<t!JF 

Circuit Power 
Breaker Source 

N/A Ll\IP' s 
audio 
cente r  

N/A L MP ' s  
audio 
center 

N/A L MP' s 
audio 
center 

N/A L MP ' s  
audio 
center 

Remarks 

' 
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"d 
r-> I Location/ (jq 
(!) I Name and Position Ref Des 

'-" I ..... I Panel 1 2  ..... "' (cant) 

I 1 5 BR 1 3 1 V H F  13 V O L l' �!E thumhwhccl 

� Ul Ul 
o· ::l I H i llR 1 5  I 1\IAST E R  VOL lhurnlll\'hccl I � 
tJj I 1 3 55 I 1\!0DULATE switch r-> 
�-() I I P �l 
0 
r-> "d ..... (!) ;I> 
..... � I I F l\1 

":: t" 
(!) ..... 
c:r "' 
'1 .: 
r-> '1 
'< I I X :\!TR / R C V R  switc h  ..... 1 3 S8  
<D 
-J I I P R i ll! 0 

n 
c:r 

§ (jq I I OFF (!) 
0 r-> ..... 
(!) 

SEC 

1 3 S2 P\\'H AlllPL switc h 

''----- I 
��-;��·' f 

Function 

Pe r m its C()ntinuou� adjustment of 
ll'v c l  of rcc ci\·ed V I !  F audio 
( c h annel B) feel to headset ::unpli
fie r .  

Penn it s continuous , s i 1nultaneous 
adjustment of all  audio output 
leve l s  f ro m  headset amplifi e r .  

Circuit 
Breaker 

!\ / A  

Power 
Source 

Ll\IP' s 
audio 
('('nter 

N/A I L l\1 P ' s 
audio 
ccntc r 

Remarks 

1-----�---· �··� -------+- -�- - -1------ �-� --1---------------- -� 

E n ables P 1\ I  con trol c i rc u i t  in S P A  
ami disables f requency modulato r 
in S-band t r a n s m i t t e r  . 

Enab l e s  F l\1 control ci rcuit and 
tl i sables phase modulator and 
range g ate amplifi e r  in S-h:md 
transmi ttc r. 

Applies 2� -volt d-e powe r to 
p ri m ary S-band tran s m i  He r 
receiver power supply (de-to-de 
conv e rter No. 1 ).  

lnte r rupb d-e PO'-' cr t o  S-hand 
transmitter- recei v e r  power 
supplie s .  

Appl ies 28-volt d-e pow e r  to 
secondary S-band transmi tter
receiver pnwcr supply ( d e - to-de 
conv e rt e r  No. 2 ). 

� 

N 1 A  I S PA 

C O J\ ! M : l' lUM( LMP' s 
S- BD X MTH/ 1 2H-vdc 
H C V H  bus 
(panel 1 G )  

C O J\11\1: SEC I C D H' s 
S-nD XMTR/ 28-vdc 
HCVR bus 
(panel 1 1 ) 

N/A SPA 

-I-

Norrnal :-;cttin� of this switch i s  
P I\ I . N o r m ally , F I\1 s e t  tin� i s  

used for v ideo tran s Jn i R si o n s .  

Enables S-band power <Implific r .  

Enables S-bancl pow e r  ampl ifi< · t· .  

S-band po\\."l' l' a mpl ifi e r  i s  <>n a h l e d  
only if X :\lT H/ l W V l l  switch is c: e t  
t o  P RI M  o r  S E C .  

) 
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0 
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C_ \1 '---' 

� rn I Location/ I rn 
0 Ref Des :::1 I � I Panel 1 2  

tJj ( con!)  
� 
rn 
(") I t:l � 
(1) 

..... I I "'1 
(1) 
c-..., 
c I I � ..., -< 
..... <a _, 
0 

Na me and Pos i t i o n  

P HI �! 

OF F 

S E C  

Funch()Jl 

F na l > l e s  po'.\T l"  ;..; u p p l \  \' r > .  1 ()r 
S-hand pn\1 c r  : J n l p l i l i L· r  ( n l i n i l J ) l l �n 
of J ":l .  \ ) watts ) .  

Inhi b i t s  b o t h  �-l ,;t lhi po\\' v : · - a m p l i 
f i t· r  pPw e r  suppl i e s .  

Enab l e s  po\1.·c r  supp l_,. \: o .  2 of 
S-hand pnw C ' r  : 1 111p l if i ( • r  I m i n i I l l !  I I ll  
of 1 4  . .>-\ w a t ts ) .  

C i r c u i t  

Breaker 

��--t--�· �-----·--� •-� 

Power 

Source 
Hl'lll a r k s  I 

Pri n 1 a ry ) H l\\' { ' t' to po\\T r su p p ly  
!'\ o .  1 j ;..; p ro\' l dcd IJy L l\ I P1 S 2 K 
I'clC hus t h 1·oug;h C O i\ l \1 :  l' IU �l 
S-BD P\\' H A i\I P L  c i rcu i t b re a k e r .  

Primary po\\ ('l' to powc !' supph 
N o .  2 is p ro v itlccl  by l' !JH' s :! S 
vdc b u s  t h rough C O i\ I i\1 : SI-:C S
HD 1'\V H J\ � l l ' L  c i tT i l i l iJ rcakc r .  

Q 'd I 1 3 Sti 
� � 
:::1 z a.% M I !T l\ C T IO!\S \ 'UIC E s\\' i tc h  

\' OJC E :\pp l i ('S 2·t \ n l t.s de tn 1 .  � :-l m e  
con t rol c i rcu i t  i n  S P A .  

N/A I SPA 
Aud i o  nwclulatcs 1 .  2 5 - nl c  sulJ
c a r ri (' r  and is rou t ed to s e l e c ted S 
!Janel trans1n i ttc r ,  p ha se modulated 
or frCIJIICn c v  m o d u l a t e d .  

t"' � -� "" (1) 

'd � 
(1Q 
(1) 

(..) 
I 

..... 
w 

I I O F F  

D :-J  V O li T B C  

1 3&1 F U �:CTIONS PC�! S\\' i l ch  
PCM 

OFF 

KEY 

D i s ab l e s  a l l  S-h a n d  \' < > i c e  t ra n s 
m i s s i o n . 

l<n ah l c s  p h a :-;c lll • J ( I u L l t o r  s e c t ion 
of  S-\);t})(l t r: I Jl s m i t t < • r  ( I'Cg a n l l c s .s  

o f  s e t t i n g  of �!ODl' LATE "'· i tc h ) 
to tran s 1n i t \' O i C L' d i r e c t l y  Oil S
I J :tlld l J a s el y,I Jl d ,  l ly p a s s i n g  P :\ I P .  

E n ab l e s  I .  02·1 - m c  d a ta c o n t ro l  
c i rcuit  i n  SP.-\ . 

D i s rr b l c s  tel e m e t ry sub c a r ri c r  
t ra n s rn i s s i o n  . 

t --
l\. / 1\  SPA 

Hang i n g o r  te i t' \· i s i on f u n (' tion i s  

inte r rupted i n  thi s !)o s i ti o n .  

Applies 28 volts clc; t o  e m e rgency Sel ec ts P i\! mode·: automaticalh· 

on E C S  u m h i l i c : t l s  a rc cnaiJ l l'd to of ope ra ti on . L. key c i rc u i t  i n  SPA.  PTT swi tchc:-:; inte r rupts ; I ] J  oth<! r S-bancl tn i Jdt s 

II 
�X�:· · ,,<!!!: ��� 

� 
'd 
0 n t:-<  O t:-<  

z o  
>-'l o r-<  ::<:I 'd <'  0 1:'1 :;: t-< :;u _,  C/) � <0 � j ?  
S O '!'  z t:-<  t:l cn ,_., tn ::r: 
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� t::J 
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Location/ 
Ref Des Name and Position 

Panel 1 2  
(cont) 

1 3 Sl FUI\CTIONS RANGE switch 

RANGE 

OFF/HESET 

TV/CWEA E N A B L E  

1 3 SI VHF A XMT H  switch 

VOIC E/HNG 

OFF 

VOIC E 

1 3 Sl 0  VHF A HCVH switch 

ON 

OFF 

1 3 Rl 0 SQUELCH V H F  A thumbwheel 

\.._____ :J 
-����-·� 

Function 
Circuit 
Breaker 

. . 

Enables selection of nmging or N/A 
TV  functions for S-band t ransmis-
s ion. 

Pill transmitter retransmits re-
ccived coded pseudo random noise 
signals to !liS FN.  

Inhibits range data t ransmission. 

E nabl es C\VEA lo[;i<" for S- Bll 
HCVH caution l ight ,  

COMM: V H F  
A X MTH 

Enables simultaneous voice trans- (panel l G )  
mission and range capab i l i ty via 
VHF A transmi tter. 

Disables VHF A transmi tter. 

Enables only voice t ransmission 
capabi l i ty .  

COMM: V H F  
A RCVR 

Applies 28-vdc d-e  power to  +20- (panel 1 1 ) 
volt regulator in V H F  A receiver. 

Interrupts d-e power to V H F  A 
receiver . 

Adjusts threshold level of received N/A 
VHF A audio s ignal . 

--- - -

� -

'W 

Power 
Source 

S-band 
transn1 i t ter  
receiver 
assembly 

LMP 's  
28-vdc 
bus 

C DH' s 
28-vdc 
bus 

V H F  A 
receiver 
-- - -- -

Remarks 

Transmitter frequency is 296 . 8  
me. 

Heceiver frequency is 29G. 8 me. 

-
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Location/ 
Ref Des 

Panel 1 2  
(cont) 

1 3 S12 

"d 
1 3Sl5 

� tt:l 
t"" 
...... "' 

1 3 R l 5  

1 3 S3 

.{!: 
Name and Position 

V H F  B X l\ITR switch 

VOIC E 

OFF 

DATA 

VHF B RCVR switch 

ON 

OFF 

SQU E LC H  VHF B thumbwheel 

T E LE ME T HY BIOMED switch 

LEFT 

OFF 

R IGHT 

;_�::t_.-;: :--:-.c 

.,____. 

Function 
Circuit 
Breaker 

C O l\ll\1: VHF 
B X MTR 

Applies  28 -volt d-e power to V H F  (panel 1 1 ) 
B transmitter power supply and 
activates data mute circuit . 

Interrupts d-e power to VI IF  B 
transmitter . 

Applies 28 -volt d-e power to V H F  
B transmitter power supply and 
activates voice mute ci rcuit.  

COMM: VHF 
B RCVH 

Applies 28 -volt d-e power to +2 0- (panel 1 6 )  
volt regulator in V H F  B receiv e r .  

Interrupts d-e power t o  V H F  B 
receiver. 

Adjust  threshold level of received N/A 
V H F  B audio signal. 

C O I\11\l: Pl\IP 
(panel 1 6 )  

Applies d-e power to CDH's  suit 
power supply for EKG monitoring 
and enables d irect baseband voice/ 
b iomecl transmission ,  phase modu-
lated o r  frequency modulated. 

Inte rrupts d-e power to C DR ' s  and 
L �IP' s  suit power supply. 

Applies d-e power to Ll\!P ' s  suit  
power supply for E KG monitoring 
and enables direct baseband voice/ 
biomed transmission, phase modu-
lated or frequency modulated. 

I :.-"-7� 

Power 
Source 

CDH ' s  
28-vdc 
bus 

L MP ' s  
28 -vdc 
bus 

VHF B 
receiver 

L M P ' s  
28 -vdc 
bus 

.___.-/ 

Remarks 

T ransn1itter frequency i s  2S9 . 7 
n1c.  

T E LE METHY P C l\1 switch must be ! 
set to LO (1 , (iOO-bits-pC> r-second 
data rate ). 

Hecciver frequency i s  259 . 7  m e .  

i 
With this switch set to OFF and I with F UNCT IONS VOIC E switch 
set to VOICE BU, biomedical data 
transmission is  interrupted , but 
voice intelligibility is incrPasccl 
because of addi tiona! speech-
processing. 

I 
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Location/ 
Ref Des 

Panel 12 
(cant ) 

1 3 81 3 

1 3 Sl l 

1 3 F L1 

H S:l 

'"---

Name and Position 

T E LE �IE T RY PCM switch 

l !I  

L O  

H E C O H D E H  switch 

ON 

O F F  

H E  C ORD E R  T A P E  talkback 

Gray d i splay 

B a rb e r -pole rlisplav 

T H ,\ C K  !\!ODE switt·h 

AUTO 

O F F  

S L E W  

• )' 
':�X 

Function 

Enables pulse-cnde- modulation 
p ro g ra m m e r  high-speed gate s .  

D i sables high- spL'ed gale�;  data 
rate is 1 ,f\ 0 0  b i t s  pe r second . 

Circuit 
Breaker 

N/A 

Power 
Source 

PC �! 
p rog ram
m e r  

Remarks 

Low bi t  rate permits d a t a  trans
m i s sion to C S �I. 

�---- �--��-�-------+----- 1- ----1 

Applies key supply voltagp to 
VOX control ci rcuit of DSEA. 

Interrupts l;cy supply voltage to 
D SE A .  

Indicates t ape i n  DSEJ\ is  mov i ng 
and th a t  \' oic(· i s hc ing reco rded. 

Indic ates t apC' i s  not m ov i n g .  

:\ pp} i c s  a - c  and c \-c pOW(' I' l<1 
s t ce rablc antenna electronics 
pnwc r supp h· .  Antenna is  enabled 
to t rack received :\1.:--: F� s i gn al 
auton1 ati c a l ly . 

Interrupts a-c and cl-c powe r to 
stee rahlc antenna electron i c s  power1 
s uppll" . 

:\ppli e s  a-c and d-e pow e r  to 
s tcc rabl e antPnna elec tronic powe r 
supply . Antenna is po s itioned with 
P IT C H  and Y AW controls through 
sync h ro tran s m itters . 

• 

1"/A 

N / A  

AC Ill'S B :  
S- B D  ANT 
(p:t n (' l  I I )  

LMI'' s 
audio 
center 

DSEA 

C D H' s 
I Li-vac 
bus B 

C O ii ! M :  S-l l D � l. � l l' ' s  
ANT 2:-) -vdc 
;panel I ii )  bu s 

_.,,/ 
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Location/ I Name a n d  Position 
Ref Des 

Panel 1 2  
(cant) 

1 4 132 I PIT C H  control 

14 �13 I PIT C H  indicator 

H Bl  I Y A\\' control 

14 �H �W indicat<H' 
H �ll I S I G !\ ,\ L  :OT R E :'\G T H  indi c a to r 

H Sii V H F  selector S\\ ilch 

AFT 

FWD 

EVA 

F un c t ion 
C i rcuit  
Breaker 

Pos i ti o n s  S-IJancl stec rable antenna I AC Bl'S B :  
i n  p i t c h  axis through synch ro trans- S- B D  ANT 
m i lle r .  ( pan cl 1 1 )  

Disp l ay s  pi  lc h angle- o f  S-hand 
s t e c rab l c  antenna . 

C O � ! � ! :  
D!Sl' 
(pand 1 1 : )  

PowPr 

Soul'(.'(> 

C D H' s 
1 1 � -v ac 
lnw B 

L l\ l l " s  
2 � -vdc 
bus 

- - --- ·----�-�+--- ---·--+--
P o s i t i o n s  :--;-hand s t L'L' l ' ; tbll' antenna I AC B l l �  B :  
i n ·' �,,. ax i s  t h rough .'-1.\ · nch ro t rans- S- B D  ,\?\T 

m i t  te r .  (p:nwl 1 1  ) 

C ' LJ I( ' s 

1 1 :> -v:w 

h u s  n 

H0 m�l l' ks 

Control ha.s range of - 7 5 °  to -f 225° . 
DSKY value m us t  be approached i n 
ccw direction . 

Antenna p i t c h  l i 1ui t s  a rP �;):) �, 
nbov(_� and 7 S r  b e l ow p l �1 nc p :H':l l l t · l  
t o  L � l  Y - Z  p l :llH' . 

Cout rul h: ts 1 ·angc ol -�)() to 
1 � ) 0 ' 

DSKY value m u s t  be appro:tched 
i n  C C'\\' d i rect i ( 1 n . 

·--+----- - - ---+---- -- ·- -----1 ----------+---- ----- --------

Displ :t_\ ';-; ·' :l\\' : t n g l (' of :--;- J J :llld 
s tL'l' r:lblc ante n n a .  

CO�DI :  
!liSP 
(panel t r' )  

Di sp1: t 1 ·s  i ntcn s i t 1· o f  ;;-band s ignalo l C O l\ n l :  
rccci,·ed f ro m  :I I ;; r-· c: .  \\'hen peaked !liS!' 
it indicat e s  that ;;-J,and s lec rable ( pane l  H: ) 
antenna is poi nt i ng at earth. ,\l s o  
indicates w h i c h  of t h e  t\\'o o m n i  
antennas i s  p roviding- b e s t  coin-
muni cations link to �1;-; FN. 

Selects V J I F  in-fl  ig;ht antenna No. J .  

Selects \' H F  in -fl ight antenna No.  2 .  

Used fo r V H F  c o m m u n i c at ions be

tw e e n  £ \',\ ancl LJ\l d u ring lun a r  
slay.  

II ��· 

!\/ ;\ 

I . :\ ! P ' s  

� � - v d c  

bus 

L \ l l ' ' s  
:2;j -vdc 
bus 

Selec ted 
transmi tte r 
or antenna 

:\ntenrw 1: : t \\' l i n i i t s : t rc ; :1 °  tn ! c f t  

a n d  'i G (� io r ight nl  plant· parallel  
to I . l\1 Y-Z pl ane . 

l ' :s cd in coJ t ,i un c t i on wi th P I T C H  
and \'AW co n t ro ls t o  e s tab l i s h  

contact w i t h  � I S F N .  

S w i  l c h  i s  sp r i ng; loaclc·cl and has 
lock mechan i s m .  To chanp;c sw i tc h  
setting, sw i tch fi  r s l  m u s t  il<' p u l l ed 

nut. 

> 'D 0 
n r-<  
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Location/ 
Ref Des Name and Position 

Panel 1 2  
(cont ) 

1 4 S5  S-BAND selector switch 

FWD 

AFT 

SLEW 

.J� 
,;_, --<£� 

Function 

Selects S-band in-fl i �C: h t  antenna 
No . 1 .  

Selects .t-;- h :1nd i n-flight  .1ntcnna 
?\o. 2 .  

Selects S-band ' t e e rablc antenna . 

��-- -

-·-----------

• 

Circuit 
Breaker 

Nit\ 

�- - ----- ----

--- -

Power 
Source 

Selected 
transmitter 
or antenna 

----------

Remarks 

Switch is spring loaded and has 
lock mechanism.  To change 
switch setting , switch first must 
be pulled out. 
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Location/ 
Ref Des 

Panel 14 

4DS2 

4M2 

4M3 

4DS1 

4S17  

4S15 

:. 
Name and Position 

DC FE E DER FAULT component 
c aution light 

VO LTS indicator 

A M P S  indicator 

BAT FAULT component caution 
light 

ED VOLTS switch 

BAT A 

O F F  

B A T  B 

POWER/TEMP MON selector switch 

,;:'5.$� �  

\'-..._./ 

Circuit 
Function Breaker 

Indicates a short in either a bus or N/A 
a feeder line. 

Displays voltage of each of six E P S  E PS: DISP 
batteries, C DR ' s  and LMP's  d-e (panel 16)  
buses ,  a-c bus and the E DS batter- CROSS TIE -
ies , depending o n  setting of POWER/ BAL LOADS 
T E M P  !\'ION selector switc h .  (panels ll  

and 16)  

Indicates current flowing through E PS:  DISP 
each of six EPS batteries and the (panel 1 6) 

C ROSS TIE-E DS batteries, depending on setting BAL LOADS 
of POWER/TEMP MON selector (panels 1 1  
switch. and 1 6) 

Goes on when any malfunctioning LTG: ANUN/ 
battery is selected with POWER/ DOCK/ 
T E M P  MON selector switc h .  COMPNT 

(panel 1 6) 

Selects voltage monitoring of EDS 
batteries.  

Selects monitoring EDS battery A .  

D isables voltage monitoring func-
tion. 

Selects monitoring EDS battery B .  

E nables monitoring of voltage and E PS: DISP 
current of the six E PS batteries ,  (panel 16) 
two EDS batteries, monitoring of CROSS TIE-

BAL LOADS 
(panels 1 1  
and 1 6) 

I 
'i¥ 

Power 
Source 

CDR's 
28-vdc 
bus 

LMP ' s 
28-vdc 
bus 

L MP ' s  
28-vdc 
bus 

LMP ' s 
28-vdc 
bus 

LMP ' s 
2 8 -vdc 
bus 

LMP1 s 
28-vdc 
bus 

Remarks 

Green band (35.  8 to 37 . 7  volts de) 
on VOLTS indicator is equivalent 
to 1 12 to l l 8  volts ac. Range is 2 0 1 
to 40 volts de;  62 . 5  to 1 2 5  volts ac . 

Range is 0 to 120 amperes .  A m pe r -
age o f  descent batteries ( N o ,  1 ,  2 ,  
3 ,  and 4)  Is obtained b y  halving 
indicator reading. 

When lit indicates reverse-current, 
overcurrent or overtemperature, 
condition of any one of six E PS 
batteries. 

POWER/T E M P  !\'ION selector 
switch must be set to E D/O F F .  

� --
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'1:1 
Pl 
aq I Location/ ('0 

Ref Des Name and Position 

w 
I ...... "' Panel 14  0 

(cont) 

� rn rn 
o· ED/O FF 
::l I � BAT 1 

to 
Pl 
�-n BAT 2 
t::l 
Pl 
;;- '1:1 ...... � BAT 3 

>rj t"' 
('0 ...... � ""'  

BAT 4 

� 
Pl ., 
'< LUN 

...... "' 
-J 
0 BAT 5 

() ::r BAT G 
§ 
aq 
('0 

t::l 
CDR BUS 

Pl ..... ('0 

...... LMP BUS 
> 

"" = AC BUS ...... "' 
-J ...... 

\..__. .• ,. 
r::�;�" ·�· 

Function 

a-c and d-e bus voltage, and isola
tion of malfunctioning battery (over
current, reve rse-current, and 
over-temperature condition) .  

Enables voltage monitoring o f  EDS 
batteries .  

Selects battery No.  1 t o  be moni
tored on A M P S  and VOLTS indica
tors, and on BAT FAU LT component 
caution light. 

Same as for BAT 1 position, except 
display is for battery No. 2 .  

Same as for BAT 1 position, except 
display is for battery No. 3 .  

Same a s  for BA T l position, excl'pt 
display is  for batli·n �o. 4 .  

Same as for BAT 1 position , except 
display is for lunar battery . 

Same as for Bat 1 position, except 
display is for battery No. 5 .  

Same a s  for BAT 1 position, except 
display is for battery No. 6 .  

Voltage of CDH ' s  d-c bus i s  dis
p!a;•'ld on V OL TS indicator .  

Voltage of L M P ' s  d-e bus i s  dis
played on VOLTS indicator. 

Voltage of a-c bus is displayed on 
VOLTS indicator . 

� 

-� 

Circuit 
Breaker 

Power 
Source Remarks 

In C DR BUS, Ll\TP B U S ,  and AC: 
BUS position 8 ,  AMPS indicator 
readings have no significance . 

Indicator reading within green banrl 
indicate s operating vol tagc of a - r· 
bus (1 1 2  to 1 1 8  volts ac) is at 
proper !eve 1 .  

· . .. ./ 
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� Ul Ul Location/ 
c;· Ref Des 
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I � Panel 14 
� (cont) 
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t:l � 4814 
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Name and Position 

IN V E R T E H  switch 

�' 

Function 

Controls application of a-c power to 
a-c bus. 

I 

Circuit 
Breaker 

E PS: ! N V  I 
(p:1nel 1 1 )  
and 

Power 
Source Remarks 

C D H 1  s A -C bu s volt:1gc i s  d i spl ayed on 
2 8 -vdc VOLTS indic:1tor when PO\VEH/ 
bus TEMP MON switch is set to AC/ 

B U S .  
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Location/ "' "' 
c;· Ref Des 
::l 

Panel 14 
(cont) I � 

tJj I» "' 
;:;· 
t:;) I» .... 
(!) 

4S8 ..... 
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..... <0 -.J ..... 

"d I» oq 
(!) 

4 87 

'"" 
I� 

�-
Name and Position 

O F F/RESET 

CDR BAT 4 LO-V switch 

ON 

Center 

OFF/RESET 

C DR BAT 4 talkback 

Gray display 

Gray/LO display 

Barber-pole di splay 

LUNAR BAT CDR switch 

. �.]"£-� .  
::\;:�:� : 

',...___. 

Function 

Disconnects high-voltage battery 
tap from line . 

Controls low-voltage output from 
descent battery No. 4 to feeder 
line . 

Connects low-voltage battery tap to 
line. 

Retains status of last initiated 
switch position. 

Disconnects low-voltage battery tap 
from line . 

Indicates descent battery N o .  4 is  
on line with high voltage tap. 

Indicates descent battery N o .  4 is  
on line with low voltage tap. 

Indicates descent battery No. 4 is 
off line . 

Controls voltage output from 
lunar battery to C DH ' s  bus . 

I 

Circuit 
Breaker 

E PS: DES 
E CA CONT 
(panel 11 
and/or 
panel 16) 

E PS: D!SP 
(panel 16) 
C ROSS TIE -
B A L  LOADS 
(panels 11 
and 16) 

E PS: DES 
E C A  CONT 
(panel 1 1  
and/or 
panel 16)  

-

.�· .� 

Power 
Source 

CDR' s 
2 8-vdc 
bus 

LMP ' s 
28-vdc 
bus 

L M P ' s 
2 8-vdc 
bus 

C DR ' s  2 8 -
vdc bus 

LMP ' s  2 8 -
vdc bus 

Remarks 

CDR BAT 4 barber-pole talkback 
is displayed. 

Before selecting ON position, O F F/ 
RESET position must be selected 
so that ECA contactors are reset, 
thereby enabling battery-power 
application to CDR' s d -c bus . In 
event of overcurrent, E C A  N o ,  2 
takes battery No,  4 off line. 

CDR BAT 4 gray/LO talkback is 
displayed. 

CDR BAT 4 barber-pole talk back 
is displayed . 

Before selecting ON position, O F F/ 
R E SE T  position must be selected 
s o  that ECA contactors are reset, 
enabling battery-power application 
to C DR ' s  d-e bus. In event of over 
current, ECA No. 2 takes lunar 
battery off line . 
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Location/ 
Ref Des 

Panel 1 4  
(cant) 

4 SG  

4 F L 1 0  

\._ 

Name and Position 

ON 

Center 

O F F/RESE T  

LUNAR B A T  L M P  switch 

ON 

Center 

O F F/ H E SE T  

LUNAR B A T  talkback 

CDR display 

Lli!P display 

Barber-pole display 

J;. 
?{�j:?f 

Function 

C onnects l unar battery output to 
C DR ' s  bus . 

Retains st atus of last initiated 
switch position. 

Discmmccts luna1· battery output 
from C D R ' s  bus . 

Controls voltage output from lunar 
battery to L M P ' s bus . 

C onnects lunar b attery output 
to Ll\I P ' s  bus . 

Retains status of last initiated 
switch position. 

DiscorulCcts lunar battery from 
from Ll\IP' s bus . 

Indicates lunar b attery output 
is on CDH bus • 

Indicates lunar battery output 
is on LM P bus . 

Indicates lunar battery is off line. 

,_/ 

�·� 

Circuit Power 
Breaker Source 

E PS: DES C D R ' s  28-
E C A  CONT vdc bus 
(panel 1 1  
and/or L M P ' s  28-
panel 1 6 )  vdc bus 

E P S :  DES C DR ' s  28-
ECA CONT vdc bus 
(panel 11  
and/or L M P ' s  2 8 -
panel 1 G )  bus 

----

Remarks 

L U NAR BAT C DH talkback is 
displayed . 

L UNAH BAT barber- pole talkback 
is displayed . 

Before selecting ON position, O F I/ 
R E SET position must be selected 
so that ECA contactors are reset, 
enabling b attery -power application 
to L M P ' s  d-e b u s .  In event o f  
overcurrent , E C A  N o .  1 takes 
lunar battery off l ine . 

L U NAR BAT LMP talkbnck is 
displayed. 

LUNAR BAT barber-pole talkback 
is displayed. 
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Location/ 
Ref Des 

Panel 14 
(cant) 

4 S9 

4 F L9 

4Sl0  

. :2f4.-, . . ·�7./.!!"f:; ·�7..7i.·J • 7;;($/ 

Name and Pos ition 

DE S BATS switch 

CONNECT 

Center 

DEADFACE 

DES BATS talkback 

Gray display 

Barber-pole display 

'-....-

Function 

Enables interruption of ]JO\\"Cr from 
descent be1tterics to ascent sta�e . 

Applies power from de scent bat
teries to ascent stage .  

Hetains status o f  last initiated 
switch position .  

Energizes deadface relay s ,  isolatin� 
descent batteries on  ascent stage 
side of staging guillotine. 

Indicates whether descent  stage 
deadface has been accomplished. 

Indicates descent batteries are 
connected to ascent stage . 

Indicates descent batteries are 
di sconnected and deadfaced , 

BAT 5 NORM A L  L M P  F E E D  switch I Controls connections of ascent bat
tery No. 5 to L!IIP'  s bus , 

ON 

Center 

O FF/RESET 

Connects ascent battery No.  5 to 
bus.  

Retains status of last initiated 
switch position . 

Disconnects ascent battery No. 5 
from bus;  resets respective ECA 
contactors for overcurrent 
protection . 

I 

Circuit 
Breaker 

E PS :  ASC 
ECA CONT 
(panel 1 1  
and/or 
panel 16)  

E PS: DIS P  
(panel 16)  
CROSS TIE
BA L LOADS 
(panels 1 1  
and 16)  

EPS: ASC 
ECA CONT 
(p anel  11  
and/or 
panel 1 6) 

� 

Power 
Source 

CDH's  
28-vde bus 

L M P ' s  
2 8-vdc bus 

LMP' s 
2 8 -vdc 
bus 

C DR ' s 
28-vdc 
bus 

L MP ' s 
2 8 -vdc 
bus 

Remarks 

S\\"itch is level locked to center 
position , Momentary' actuation of 
switch sets l atching relay s  i n  de
scent E C A ' s .  Descent batteries 
arc norn1::ll ly connected to ascent 
stage . 

D E S  BATS gray talkbaek is dis
played, 

DES BATS barber-pole t a lkback i s  
d i splayed, 

Switch is spring loaded to center I I 
position , He spective ECA controls 
battery connection to LMP ' s d -e 
bus; disconnects this battery in 
event of overc urrent. 

BAT 5 NORMAL LMP F EE D gray I .  
talkback i s  d i splayed . 

BAT 5 NOH MA L L M P  F E E D barbc r-1 . 
pole talkback is d i splayed , 
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Location/ 
Ref Des Name and Position 

:; 

I � 
IIJ 

Panel 14 
(con!) 

Ill [Jl 
;:;· 

4FL5 BAT 5 NORMAL LMP FEED talkback 

t1 
Ill .... <1) 

Gray display 
..... 
":! <1) 
cr Barber -pole display 
'1 .: 
Ill 
'1 
< 

..... 4S12 BAT 5 BACK U P  CDR FEED switch 
r.o 
-.J 
0 

(') 
::r 'd 

� � <1) t<:1 
t1 t"' 
� ..... 

� 
ON 

<1) 

Center 
..... 
> 

'0 2; OFF/RESET 

..... 
r.o 
-.J ..... 

4FL7 BAT 5 BACK UP CDR FEED 
'd talk back 
Ill 

aq 
<1) Gray display 

"' Barber-pole display 
I 

1,_. 

Function 
Circuit 
Breaker 

E PS: DISP 
(panel 1 6) 

Indicates ascent battery No. 5 is 
connected to LMP' s bus . 

Indicates ascent battery No.  5 is 
disconnected from LMP' s bus. 

Controls connection of battery No. 5 E PS: ASC 
to CDR ' s bus . 

C onnects ascent battery to bus . 

Retains status of last initiated 
switch position . 

Disconnects ascent battery No. 5 
from line; resets respective ECA 
contactors for overcurrent protec-
tion. 

Indicates ascent battery No. 5 i s  
connected t o  CDR' s bus . 

Indicates ascent battery No. 5 i s  
disconnected from CDR' s bus.  

I 

E CA CONT 
(panel 1 1  
and/or 
panel 16)  

E PS: DISP 
(panel 1 6) 

:.:. · �  

Power 
Source 

LMP ' s 
28-vdc 
bus 

CDR ' s 
28-vdc 
bus 

LMP' s 
28-vdc 
bus 

LMP ' s 
28-vdc 
bus 

Remarks 

Switch is spring loaded to center 
position . Respective ECA controls 
battery connection to CDR' s d-e 
bus; disconnects this battery in 
event of overcurrent. If battery 
N o .  6 or battery No. 5 feeder line 
fails , this switch is set to O N .  

B A T  5 BACK UP C D R  F E E D  gray 
talkback is displayed. 

BAT 5 BACK UP CDR F E ED 
barber-pole talkback is displayed . 
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Location/ 
Ref Des 

Panel 14 
(cant) 

4Sll 

4 F L6 

4813 

"----

Name and Position 

BAT 6 NORMAL CDR FEED switch 

ON 

Center 

OFF/RESET 

BAT 6 NOR�IAL CDR F E E D  talkbacl 

Gray display 

Barber-pole display 

BAT G BACK UP L�IP F E E D  switch 

ON 

.i 

Function 

C ontrols connection of ascent bat
tery No.  6 to CDR' s bus.  

C onnects ascent battery N o .  6 to  
bus.  

Retains status of last initiated 
switch position. 

D i sconnects ascent battery No. 6 
from bus ;  resets re spective E C A  
contactors for overcurrent protec 
tion. 

Inciicates ascent battery No. G is 
connected to CDR' s bus. 

Indicates battery No. G is discon
nected from CDR' s bus .  

Contl·ols connection o f  ascent bat
tery No. 6 to Ll\IP '  s bus .  

Connects ascent battery N o .  G to 
bus.  

Circuit 
Breaker 

E PS: ASC 
ECA CONT 
(panel 1 1  
and/or 
panel 16)  

E PS: DISP 
(panel 16) 

E PS: ASC 
E CA CONT 
(panel 1 1  
and/or 
panel 16)  

� 

Power 
Source 

CDR' s 
28-vdc 
bus 

LMP ' s 
28-vdc 
bus 

L M P ' s 
28-vdc 
bus 

CDH' s 
2 8 -vdc 
bus 

LMP' s 
28-vdc 
bus 

Remarks 

Switch i s  spring loaded to center 
position . H.espective ECA controls 
battery connect\ on to C D R ' s d-e 
bus;  disconnects this  battery in 
event of overcurrent. 

BAT 6 NORMAL CDH F E E D  gray 
talkback is  displayed. 

BAT 6 NORMA L CDR F E ED 
barber-pole talkback is d isplayed . 

Switch is spring loaded to center 
position . Respective ECA controls 
battery connection to L M P '  s d -e 
bus; disconnects thi s  rmttery in  
event of  overcurrent. I f  battery 
No. 5 or battery No. G feeder 
line fai ls ,  this switch I s  set to ON . 

BAT 6 BACK UP L M P  F EE D  g-rny 
talkbnck is rlisplayed. 
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Location/ 
Ref Des Name and Position 

I � Panel 14 

ttl (cont) 
I" 
r!!. (') Center 

t::l 
I" 
ro- OFF/RESET 

...... 
"tJ "' 
cr 
'1 c I" '1 4 F L8 BAT 6 BACK U P LMP F E E D talkback 
< 
...... 
<0 .., 0 Gray display 

0 ::r "d I" tz ::s ()q "' t"l 
Barber-pole d i splay 

t::l t"" 
I" ...... ... � 13Sl 7 COI\Il\1: U P LINK SQUELC H  switch 
"' 

ENABLE ...... 
� 2= DISA B LE 

...... 
<0 .., ...... 

"d I" ()q "' 

"' I ...... !>.> <0 .._,_ "' 
I ...... 

"' 0 

� 

Function 
Circuit 
Breaker 

R etains status o f  last initiated 
switch position.  

Disconnects ascent battery No. G 
from line; resets respective ECA 
contactors for overcurrent protec-
tion . 

E PS :  DISP 
(panel 1 6) 

Indicates ascent battery N o .  6 i s  
connected to  L M P '  s bus. 

Indicates ascent battery No.  6 is  
d isconnected from LMP' s bus.  

N/A 

Sets threshold level of received 
S-hand audi o  to preset level .  

D i sables threshold capability o f  
received S-hand audio. 

I 
., 

Power 
Remarks Source 

BAT 6 HAC K  UP LMP F E E D  
· barber-pole talkback i s  displayed . 

LMP ' s 
28-vdc 
bus 

N/A 

- ------

• 
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crq 
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L 
Location/ 
Ref Des 

Panel 16 

4 C B 1 2 6  

4 C B1 34 

'tl � 4 C B5 2  
tt:l 
t' 
..... 
"' 

4 C B232 

4 C B4 9  

4 C B45 

J!;; 
'·'"<P. '--.-/ 

Name and Position Function 

F L  T D!SP ci rcuit breakers 

E V E NT T IM E H/SE FDA! Applies d-e power to E V E NT 
(2 ampere s )  T il\IER and t o  L M P ' s  F D A !  and 

parts of amdlia ry· swi tching relay 
box, through HAT E I E HH 1\!0N <md 
ATTITUDE l\10:--1 swi tchc s .  

SE X - P l\ T H  (c  amperes ) Applies d-e power to LJ\IP' s X-
Pointer indicator and to p a rts of 
auxiliary relay switching box 
through RAT E I E HH l\lON swi tc h . 

H C S  SYS B c i rcuit b reakers 

ASC F E ED 1 ( 5  amp e res ) Applies d-e power to H C S  system 
fl ascent fuel and oxid i ze r  inter-
conne c t valvcs, th nmgh SY ST E l\1 
B ASC F E E D  1 switch.  

A SC F E E D  2 (o amperes ) Applies d-e power to H C S  system 
!3 ascent fuel and oxidize r inter-
connect valves through SYST E M  n 
ASC F E E D  2 switc h .  

!SOL \'LV (5 ampe res ) Applies d-e power to R C S  system 
!3 oxidizer and fuel isolation valves 
through SYST E M  D T H H U ST E H  
PAIH switche s .  

Q U A D  1 T C A  (1 0 ampere s )  Applies d-e power to oxidi zer and 
fuel valves of HCS system !3, quad 
1 T C A ' s .  

I 
·� 

Circuit Power 
Breaker Source 

N/ A LMP' s 
28 -vdc 
bus 

N/A  Ll\TP ' s  
2 8 -vdc 
bus 

N/A Ll\TP ' s  
2 8 -vdc 
bus 

N/A LMP' s 
28 -vdc 
bus 

N/A L MP' s 
28-vdc 
bus 

N/A Llv!P ' s  
28-vdc 

Remarks 

Interconnect valves permit 
propellant flow from ascent tanks 
to HCS tanks . 

System B ASC E NT F E E D  2 switch 
must be set to ASC E N T  F E E D  2 .  

Interconnect valves permit p ropel-
!ant flow from ascent tanks to ncs 
tanks . System B ASC E N T  F E E D  
1 switch must b e  set to ASC E NT 
F E ED 1 .  
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Location/ 
Ref Des 

Panel 1 6  
(eont) 

4 CB44 

4 C B4 3 

4 C B4 2  

4 C B54 

4 CB5 0 

4 C l3 1 2 1  

4 C J37  3 

4 C B 1 03 

L 

Name and Position 

QUAD 2 TCA ( 1 0  ampe res )  

QUAD 3 TCA ( 1 0  amp e re s )  

QUAD 4 TCA (1 0 ampe re s )  

CRSFD ( 5  ampere s )  

T E J\IP/PRESS DISP- F LAGS 

PQGS DISP (2 a mpe re s )  

I\ lAIN SOY ( 5  ampc re s )  

PROPUL circuit b reake rs 

DISP/ENG OVRD LOGIC 
(2  amperes) 

J 
;�, 

Function 

Applies d-e power to oxidize r and 
fuel valves of RCS syste m  13 , quad 
2 T C A ' s .  

Applies d - e  powe r t o  oxidizer and 
fuel valves of H C S  system B ,  quad 
3 TCA's .  

Applies d-e  power to  oxidi z e r and 
fuel valves of H C S  syste m  R ,  quad 
4 T C A ' s .  

Applies d - e  power t o  oxidi z e r  and 
fuel e ro s sfeed v alves through 
C HSFD switch. 

Applies d-e power to H EACTION 
CONTROL TEMP and PRESS 
indicators and to HCS talkbacks. 

Applied d-e power to RCS sy stem 
A and B p ressure-volume-
temperature (PVT ) syste m .  

Applies d-e powe r t o  H C S  system 
B main ox idi zer and fuel s hutoff 
valves through SYST E M  B MAIN 
SO\' swi teh.  

Applies d-e power to l\!Ail" PHO-
P ULSION T E MP and PRESS indi-
cators, ASCENT and DESCENT 
He HEG talkback s ,  and l -

DES P�OPULSION VENT talkbacks . 

'"--"' 

., - �  

Circuit 
Breaker 

N/A 

NIA 

N/A 

-
N/A 

N/A 

N/ A 

N/A 

N/ A 

Power 
Source 

L M P ' s  
2 S -vdc 
bus 

L l\IP ' s 
28 -vclc 
bus 

LM P ' s  
28 -vdc 
bus 

L M P ' s  
28-vde 
bus 

L M P ' s 
28 -vdc 
bus 

L M P ' s  
28-vde 
bus 

L M P' s 
28 -vclc 
bus 

1.1\IP' s 
28-vde 
bus 

Remarks 

I I 

Supplie s redundant power to 
ascent engine firing c ircuit.  
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Location/ 
Ref Des 

Panel 1 6  
( can t )  

4 CB32 

4 C B53 

·I C B 1 28 

4 C B 1 G O  

4 C B148 

4 CB147 

4 C B75 

- � . 
. � .. �.:: ·: <�> 

Name and Pos ition Function 

PQGS (2 ampe res ) Applies d-e power to p ropellant 
quantity gaging system ( PQGS) 
control unit through PHPLNT QTY 
MON switch. 

ASC lie Heg (G  amperes )  Applies d-e power to latchin� 
helium solenoid valves No. 1 and 
2 through ASC ENT He H E G  
sw i tche s .  

L T G  c i rcuit b reakers 

F LOOD (G ampere s )  Applic>< d - e  powe r to cabin flood-
l ights through F LOOD switch .  

TRACK ( 2 0  ampe re s )  Appl ies  d-e powc r to tracking 
l ight electronic assembly. 

ANUl\/ DOC K/C Oli!Pl\T Applies alternate d-e powe r  to 
(2 ampere s ) caution and w a rn i ng annunciato rs , 

component caution lights , docking 
l ights , and LU N A H  CONTACT 
l ights . 

li!AST E R  A LA R :\! Applies d-e powe r to l\IAST E H  
(2 ampere s )  A LA Hl\1 l ights and maste r alarm 

tone generato r s .  

E D :  LOGIC P\\'R B c i rcui t b reaker Applies d-e power to A SC E NT l!e 
(2 ampere s )  PHESS,  ASC He S E L ,  D E S  PHESS, 

LDG G E A R  D E P LOY, li!AST E R  
A R l\1 ,  R C S  P R E SS ,  and ABORT 
STAGE switc hes . 

II �-"f.:�):. 
:·,�:�fr 

Circuit 
Breaker 

N/A 

N/ A 

N/A 

N/A 

N/A 

N/A 

N/A 

� 

Power 
Source 

L MP ' s 
28 -vdc 
bus 

L M P ' s  
28 -vdc 
bus 

L M P ' s  
28 -vdc 
bus 

L M P ' s  
28 -vdc 
bus 

L M P ' s 
28 -vdc 
bus 

LM P ' s  
28 -vdc 
bus 

LMP' s 
28-vdc 
bus 

Remarks 
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Location/ 
Ref Des Name and Position 

Panel 16 
(cant) 

STAB/CONT c i rcuit b reake rs 

4 CB28 AEA (1 0 amperes) 

4 CB:l7 ENG A H M  ( 2  ampe res ) 

4 CB7 9 ASA ( 2 0  ampe res) 

4 C B4 1  A E L D  (7 . 5 amperes ) 

4 CB8 2 ATCA (7 . 5  amperes ) 

4 CB2 ABOHT STAGE (2 amperes ) 

4 CB230 ATC A  (AGS) (3 amperes ) 

4 CB233 DES E NG OVRD (1 0 amperes ) 

\,___... � 

--:;".£_· 

Circuit 
Function Breaker 

Applies main d-e power and acts N/ A 
as on-off switch to AGS. 

Applies d-e po\l· c> r  to ENG :\!HI N/A 
switch for a rming ascent o r  descent 
engin e .  

,\pplies d - e  power and acts a s  N/A 
on-off switch to ASA. 

Applies d-e power to s1·stem B of N/ A 
AF. LD/S. 

Applies d-e power to ATC A  power N/ A 
supply. 

Applies d-e powe r to abort stage N/ A  
elect ronics through ABORT STAGE 
switc h .  

Applies d - e  power through GUID N/A 
C ONT switch to select AGS, and 
b ias powe r to ATCA. Also supplies 
d-e power through AGS MODE 
CONTROL and BAL CPL switches 
to ATC A  primary preamplifiers . 

Applies redundant d-e power to N/ A  
descent engine actuator v alves.  

�-: 

Power 
Source 

LMP' s 
28 -vdc 
JUS 

L M P ' s  
28-vdc 
JUS 

L M P ' s  
28-vdc "us 

L M P' s 
28-vdc 
ms 

LMP' s 
28 -vdc 
JUS 

LMP' o' 
28 -vdc 
bus 

LMP' s 
2 8 -vdc 
bus 

LMP' s 
28 -vdc 
JUS 

Remarks 
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Location/ 
Ref Des 

Panel 16 
(cant) 

4 CB99 

4 CB132 

4 C B1 25 

4 CB1 

4 CB234 

4 CB153 

'"'--" 

Name and Position Function 

INST circui t  breakers 

CWEA (2 amperes ) Applies d-e power to CWEA. 

SIG SENSOH (2 ampe res ) Applies d-e power to all p recondi-
tinned transducers throughout L l\!. 

PC �1/T E (2 amperes ) Applies d-e power to PC l\ITEA. 

SIG C ONDH 2 (2 ampe res ) Applies d-e power to pow e r  buffers 
and conditioners in  SC ERA' s .  

ECS c i rcuit breakers 

SUIT FLOW CONT Applies d-e power to LMP'  s and 
(5 amperes )  CDR' s SUIT !SOL valves .  

COIIII\1 ci rcuit breakers 

DISP (2 amperes ) Applies d-e power to SIGNAL 
STRENGTH indicator ,  and to 
PITCH and YAW indicators. 

I <8:�,� 

Circuit Power 
Breaker Source 

CDR's  28-
vclc ln1s 

N/A LMP' s 
28-vdc 
bus 

CDH' s 2 H-
N/A vdc bus 

Ll\IP' s  
28-vdc 
bus 
CDR's  28-

N/A vdc bus 
L MP ' s  
28-vde 
bus 

N/A 
CDR's  2 8-
vdc bus 
LMP's  
28-vdc 
bus 

N/A LMP ' s  
28-vdc 
bus 

N/A LMP's 
28-vdc 
bus 

� ··-� 
�-�<� . 

----../' 

Remarks 

SUIT !SOL valves afford torn sui t  
protection to the astronauts .  u 
suit p ressure falls below 3 . 1 ps ia ,  
SUIT !SOL valves close , C AB IN 
H EPHESS valve opens ,  and 
remains open until cabin pressu rc 
is 4 . 1  psia or greater. 
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Location/ 
Ref Des 

Panel 1 6  
(con t )  

4 C B8 5  

4 C B 1 1 5  

G C B 1 1 4  

4 C B 3 0  

· 1  Cl3l l l  

4 C B 1 1 0  

4 C B 1 02 

'--

Name and Pos ition 

SE A l'DIO (2 ampe r e s ) 

V H F  A Xl\!TH (5 ampc· re s )  

V H F  B n c v n  ( 2  amperes J 

P HD! S- B D  P\\' H ,\ � I P L  
(5 amp e re s ) 

PHDT S- B D  X :\I T H / HC \' H  
( 5  ampere s ) 

S-BD AKT (2 ampe re s )  

Pli!P ( 2  a mpere s )  

•� 
:)g' 

Function 

Applies d-e powe r to regulated 
power SU!Jply i n  Ll\!P' s audio 
c c nte r, to Ll\IP' s m i c rophone 
amplifi e r  th rough L � l l' ' s  r\ U D!O 
(' UN'!' swi k h  ( !'OH M pos i tion ) ,  and 
to C D H ' s  mH· rophnne amp l i f i e r  
th rough C O W s  i\ U I J !O CONT switch 
(BU p o s i ti on ) .  

Applies d-c p owe r to V H F  A t rans-
nt ittc r- rcc c i v e r  and to exci te r-
l'ow c r  ampl i f i e r  and modulator in 
\'HF A tran s m i tle c th rough Vll F 
A X ;\lT H S\\ i tc h .  

Appl i e s  cl- c pm,· c r  t o  V I I  F B I F  
and auclin ampl i fi c c  i l l  \' lf F  B 
rcccivc· r throug h V H F  B H C V H  
switch. 

c\pp l i c s  d-e powc• r to jJO\\'C' r supply 
!\o. 1 i n  S-band po\\ e r  amplifi e r  
as scmbh . 

,\pplies d - e  pow e r  to pow e r  supply 
in S-IJand section of CS th rough 
X :\IT H / H C \'H switch.  

Applies d-e powe r  to S-band 
stcerable antenna pow e r  supply 
through T R A C K  1\lODE switch. 

Applies c l-c powe r to L l\IP ' s  and 
CDR's communications umbilical 
assembly through T E LE l\JETHY 
B IO�IED switch and tu P l\lP power 
supply . 

� 

Circuit Power 
Breaker Source 

N/ 1\ L MP' s 
2 8 - vd c  bus 

N/ A L M P ' s 
28 -vdc 
bus 

'!\,'A 1..1\IP' s 
28 -vclc 
hus 

N/A L M P' s 
28 -vdc 
bus 

N/A Ll\ll'' s 
2� -vdc 
bus 

N/A L M I ' ' s  
2�-vclc 
b u s  

N/A L M P ' s  
28 -vdc 
bus 

-----

Remarks 
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Location/ 
Ref Des 

Panel 1 6  
(cant) 

4CB104 

4 CB140 

4 C B9G 

4 CB108 

4 CB1 09 

4CB1 1 3  

4CB1 1 9  

4 CB120  

. �1-J <.7:/ .._.� 

Name and Position Function 

TV (2 ampe res ) Appl i es d-e p rl\\·er to televis ion 
came ra ( GF E ) pow e r  supply . 

ECS c i rcuit b reake rs 

DISP (2  ampc res ) App l i e s  d-e powe r to PAHT PHESS 
C02 , E NVIHON �IENTAL COt\THOL 
TEJ\!P ,  and PHESS,  GLYCOL 
T E M P ,  and QlJANTITY indicato r s .  

GLYCOL PU I\IP SEC Applies d - e  pm1·e r to  backup glycol 
( 5  ampere s )  pump i n  coolant recirculation as-

semb l v .  

LCG PUC\IP (5 amperes) Appl i e s  cl-c pmi'Cl' to LCG pump.  

C AB!:\ FAN COl\T Appl ies d-e powe r to ECS 02 
(2 ampere s ) p re s s u re regulator valves ( PHESS 

REG A and P HESS HEG B ). 

C ABIN H E P HESS Appl i e s  c!-c power to cabin 
reprcssuri zation emergency 02 
valve (CABIN HEPHESS). 

SGIT FAN 2 (2 0 amperes ) Applies cl-c power to suit fan 

No. 2 ( suit  c i rcuit assembly ) 
through Sl!IT FAN switch. 

SlTf F A !\  ,:, p I "  ampe res ) Applie s  d-e powc r to fan 
d i ffe rential p re s su re sensor. 

' 

I -.-.:;;:; :. ·(:::§::*· ·� 

Circuit Power 
Breaker Source 

N/A Ll\ll' ' s  
28-vdc 
bus 

N/A Ll\I P ' s 

2 8 -vdc 
bus 

N/A Ll'v!P ' s 
28 -vdc 

bus 

N/A LJ\IP ' s  
28-vdc 
bus 

N/A Ll\IP' s 
28-vdc 
bus 

N/A LMl''s  
28-vdc 

bus 

N/A LMP's 
28-vdc 
bus 

N/A Ll\I P ' s  
2R-vdc 
bus 

I Remarks 
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"d 
I" I I aq I Location/ I Circuit I Power 
(!) Name and Pos ition Function I Remarks Ref Des Breaker Source 

w I ..... w I Panel 1 6  (X) 
(cant ) 

4 C B1 1 2 1 DIVF HT \'LV (2 � mpe rc s )  I Applic� d-e power to suit c i rl�U i t I K/ ,\ I L I\I P ' s  
dive rtf'r \':-th·c .  2�-vdc 

� I hus 
Ul Ul 
c;· 4 C B84 C 02 SE i\SO H ( c  a mpc res ) :\ppl iC's c\-1 pow e r  to C 02 .sen s o r  !\/A LI\I P ' s  = I � i n  � u i t  c i rcu i t : 1 � s c ml d y . 28-vclc 

bus I > ----- --1--
HC S �YS A / ll-:2 c i rc u i t  

"d 
I I EATE HS: 0 

ttl b reakers 0 1:"" 
I" 0 1:"" Ul z o  
:::;· 4 CB242 � I E SA (15 a m peres) Appl i<>s d-e po\\'er tD 1\ J E SA hen tcr N/A L l\I P ' s  • ..., 0 !:"" 
0 c ircuit .  2 8-vdc ::u "d <" 
!=;. "d bus 

o t:l  .... 

(!) � t;; � � 
.... til 4 CB22"  Q C A D  1 (7 . 5 amperes ) Applies d-e fJO'x e r  to B.\·s tcn1 No. 2 N/A L M P ' s  

> :j o 
>rj !:"" cnginP heat{' r :-.. of q u ml 1 , systcn1s 28-vdc @ o �  
(!) ..... o z t-< O'" O>  ,\ and J l .  bu s fn � S:: ., " 
I" "d > ., 

5: @  '< 4 C B223  Ql'AD 2 ( � .  :i amperes ) App l i e s  d-e pnwl'r to .sys tetn N o .  2 K i A  L I\1 P ' s  ..... engine hea ters  of LJ.Uad 2 ,  s y f; te rn s  28-vdc >< ttl  
"' UJ o  -.J A and Tl . bus 0 0 7:: 
(') I 4 C il22·1 I Q L1AD :1 (7 . 5 ampc rc·s ) I Applies d-e po\\'c r  to system Ko. 2 1 N I A  L l\T IJ1 S 
::r engine heaters of q u ad :3 , s v s ten1s 2 8-vdc § 

aq A ;mel P. . bus 
(!) 

0 
I" 

I 4 C B225 I QL:AD 4 ('i . 5 ampc res ) I Applies d - e  po11·r ·r  to sy s tem l'o .  2 1 K/A I L l\1 P ' s .... 
(!) engine heater:;:; of qu ad ·! , sy stc n1s 28 -vdc ..... A and B . }JUS 

> 
0 � I I I ! EATEHS C i rcuit breakers  ..... "' 4 C BGS D!SP (2 ampe res) I A.pplics d-e pm,·c r to II E AT E H  I N/ A  I L!IIP' s -.J ..... C O'\T TE :Ill' indicator . 28 -vdc 

bus 

·� � ·� '-. ...__......- · 
) 

;�� � . ��r"··· . � 
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Location/ 
Ref Des 

Panel 1 6  
(cont) 

4 CB 3 1  

4 CB 3 3  

4 CB 1 G  

4 CB 2 1  

4 C B 1 3  

·l CB14 

4 CB7 

4 CB 1 1  

"------ ' 

Name and Position Function 

S-BD AC:T (5 ompe rcs )  Appl ies d-e power t o  fou r heaters 
in  S-band stcc rablc antenna 
electronics rrsscmbly. 

C A I\IH : SEQ circuit b rcakC'r Applies d-e powe r to sequence 
(2 ampere s )  camera clcctricCll oulleL 

EPS c i rcuit breakers 

DISP (2 amperes ) Applies d-e power to AMPS and 
VOLTS indicators and to subsystem 
talkbacks, 

DC BUS VOLT (2 ampe res )  Applies d-e power to I S  fo r 
conditioning to monitor L MP '  s 
d-e bus voltage•, 

mv 2 ( 3 0  ampere s )  Applies d-e power t o  inverter 
No, 2 for generation of 1 1 5 -volt 
4 00-cp s ,  a-c , powe r ,  via 
INVE RTER swi tch ,  

ASC E C A  (2 amperes ) Appl ies d-e power to pow e r  
supplies o f  both ascent E C A '  s ,  

A S C  E C A  CO:\T ( 5  ampe res ) Applies d-e power to normal Cind 
backup contact coils i n  E C A  No,  3 
and 4 through NOR M A L  F E E D  and 
BACK UP F E E D  switche s .  

DES E C A  ( 2  ampe res ) Applies d-e power to power 
supplies of  both descent E C A ' s ,  

I '':t� :  .'1'9 

Circuit Power 
Breaker Source 

N/A L MP ' s  
28 -vdc 
bus 

N/A L M P ' s  
28 -vdc 
bus 

N/A L MP ' s  
28 -vdc 
bus 

N/A L M P ' s  
28 -vdc 
bus 

N/A Ll\IP ' s  
28 -vdc 
bus 

N/A LJITP ' s  
28 -vdc 
bus 

N/A L M P ' s  
28-vdc 
bus 

N/A L M P ' s  
28-vclc 
bus 

Remarks 

Permits monitoring through c autio! 
and warning , pulse-code-
modulation ( telemetry ) ,  and volt-
meter sections . 

' 

---
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Location/ 
Ref Des 

Panel 1 6  
( cont ) 

4 C B9 

4 C B5 

4 C B 1 9  

4 C I.ll 8:J  

! C B25 

4 C ill 7 

Name and Position 

DES ECA C O �T (5 :tmpe re s )  

X LU N A H  Be'S T l E  
( 5 0  ampe res ) 

C HOSS T I E - B L'S 
( 1  00 ampe re s ) 

C HOSS T I E - B t\ L  LOADS 
(�lO ampere s )  

B AT F E E D  T IE ( 1  00 

ampe res ) 

BAT F E I:.:IJ TIE ( 1 00 

ampe r e s )  

·��?�\�; 
;�� ' · -�� ... �!' 

Function 

Appl ies d-e pnll'c r to lo\1'- and high 
voltag<> contact e< J i !s in ECA t-:o .  1 
:mel 2 th rough I l l  VOLT AGE and 

LOW VOLTAGE Sll' i tches.  

Tics L l\ 1 P '  s d - e  bus translun:tr 
load s  to Ll\1 s in�lc-poinl ground . 

Ties L l\11'' s feede r/bus system to 
C DH ' s  d-e b u s  th rough C D R ' s  
E PS :  c noss TI E - B U S  ci rcuit 
b reak e r .  

Tics I. l\11" s feeder/bus system to 
C D H' s d - e  bu s through C D H ' s  
E P S :  C HOSS T I E - llAL LOADS 
ci reui t  b reake r . 

Tics battery 1\o . 1 ,  2 ,  and 5, and, 
during baekLtp m o de ,  battery No . G ,  
t o  Ll\I P ' s  d - e  bus .  

Ties battery N o ,  1 ,  2 ,  �mel 5 ,  and, 
during backup m o de ,  battery No , G ,  
to LMP ' s  d - e  bus .  

-�- ----' . ' ' 

Circuit Power 
Breaker Source 

N/A Ll\1 f' ' s  
2S-\'flc 
bus 

N i A  N/A 

N/ A L M !'' s  

28-vdc 
bus 

N / A  L M P ' s  

28-vdc 
bus 

N/A N / A  

N / A  N / A  

R e marks 

:»"0 0 C"l t"'  
O t"'  
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I Location/ 1 
Ref Des Name and Position 

I ECS 

7 H 8  I S t 'IT c ; ,\S D I \ T H T E H  ,·ah·c 

I I PliS H - C A il l l\ 

I I P l' L L - LG H L SS 

I � I I:l I C\ ll l l\  H E P H E::OC: 1·ah·c 
1:":1 () Ul 

I I 1\ L\ ;,/ l',\ L 

A l' T i l  

C LOS E 

7H.t PLSS FILL valv e 

O P E N  

C LOSE 

����g?· 
II 

Function 

P e r m i t s  gas i n  s u i t  c i r c u i t  down
strcatn nf flo•s c on tro l valves to 
fl ow i n to c a b i n .  

Prev ents gas In  su i t c i rc u i t  from 
p:t.s s i ng i n to c a l J i n .  

P e r m i ts unreg11 lated ox\gcn flow to 
c a b i n  from oxygen man ifold.  

Lnahles  ( ' ,\ Jl ll\  IU.: P H LSS ,·al 1 e  to 
respond to i n pu t f: f t' ( J !ll  c a h i n  p r e s 
s u r e  s w i tch a n d  0uit  c i reuit lO\\ 
]ll 'CS .S lll 'C SCll S O l' .  

P r e \·en ts ox_:. g c n  f l o w  from oxygen 
m a n i fo l d  t o  cal l i n .  

P e r m i ts oxygen fl ow to primary 
oxygen storage tank in  PLSS. 

P r events oxygen flow to lank. 

Circuit 
Breaker 

Power 
Source 

E CS : D I V E HT I L�I P ' s  
\'LV 2 R-vdc 
(pan .. ! I I i )  IJl" 

E C S :  C A BI N  I L�l l ' ' s  
H F P H ESS 2 � - ,·c lc 
(panel l fi)  bus 

..... ??CI>' 

N/A N/i\ 

Remarks 

\'a l v e ha s p r o \· i.s i nn .s fo1· ;tulom a t i l' 
closu rC' hy s i g n n l  from c�t ! J i n  p rf'.s 
s u rc .s e n s o r  \'. IH:n c �1 U i n  p J'(_' S � u t·c 
d rops bcl o \\' · � .  0 ps i a .  \'ah·c a l s o 
close;; a u t o n w t i c a l l y  when 1' 1\ESS 

HEG i\ ancl !'HESS !( l'G B val l l'S 
a r e  s e t  to T·: c ; rn:ss. 

Enables s u i t c i rcu i t  to m a i n tain  
ox.\·g-en l c\'cl of ca b in w i t h i n l i rn i l s .  

C A B I N  P H ESS i n d i cator prov i de s 
pos i t ive feeclhack of r e s u l t s  of 
C A B I N  H E P H ESS v al 'JC' ac t u a ti o n .  

:\ l T T O  m uclc i s  cl i .s: l h l c  i f  P ! Z FSS 
HEC :\ a n d P l l !·�S� J t i< C  n \·;l l \' < ' S  a rc '  
f.l e t  t o  EC�H ESS o r  i f  mH' vah·c i s  s( ' t  
to EG I1l·:SS and othe r v cl l v c  i s  sC'l t r .  
C L OS E .  

\'alve o p e n s  ful l y  w h e n  c a b i n  pres
sure drnps I K• l n w  4. f i  ps i a :  i t  c ln,c-;( 's 
\\' IH•n p r e s s u rC' r i s e s pa s t · 1 . K ps i a .  
V a l ve opens wlH'n s u i t  c i r c u i t  p r e s 
s u r e  drops lo :l . l 2±0 . 1 H p s i a . i t  
c l o s e s  w h e n  p r es s u re r i s e s p a s t  
1 .  1 p s i a .  

> "0 0 () t"'  O t"'  z o  ;;J 0 � 0 � � � s: z; > ::j ';" e o ';" z t"' t? en � 
til ::c 
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Location/ I aq 
Name and Position ro 

Ref Des 

"' I 
..... I ECS � """ (con t) I DES I §; [/) [/) s· I I ASC ::l I � I I S E C  
to "" 
g!, " 
t::l 
::;. ro 

M 
.... (") UJ 
>xj 
ro 
o' 1 ASC 1 1/l valve 
.., I 7 1 ! l :l r:: 
e; 

'< I I .... OPE;\' "' -J 0 
I I C LUS E 

(") ::r 
§ aq I 7 1 !2G 1 DES 1 1 2 0  va]\·e ro 
t::l "" .... 
ro I I 

O P E :\  

C LOSE 

�. •• 
;�;;; 

Function 

Sel ects de�ccnl water tank to prov ide 
w8. tcr for p r i rna.r�· water bo i le r, and 
f o r  DES 1 1  0 valve for per iod be
tween carffi l auneh :1 r � �� stag;ing. 

Selects both aRc cnt water tanks t o  
prov ide water for p r i n1ary wntcr 
bo i l er and for ASC ! 1 00 val ve .  

P r events w a t e r  flow f r o l l l  \\·atc1 ·  
tanks t o  p r i n1ary water bo i l e r . 

Diverts all water from water separa
tors to secondary water bo i l ers .  

Huplures water i solation valve d i sk, 
thus rerlenishing eme rgency coolant 
system l oop with water backup. 

C ontrol s wa t e r  I I ( )\\' for d r i nk i ng and 
food prepa ration. 

Suppl ies \\"a l c r  to wal('r hose ass e Jn
I J I, · .  

P I'('Vcnts wal(·r  l 1 ow to \';atcr hose 
a s s c mbh. 

Controls wat e r  flo\\', frnm descent 
\\ alcr tank, for d r ink i ng. food prep

ar ation, and firefighting,  

Suppl ies water tn water hos e assem
hl\ · .  

Prevents \Vater flow lo water hose 
a .s s c tnhly . 

� 

;� 

Circuit 
Breaker 

N/1\ 

N/A 

Power 
Source 

N/A 

N/1\ 

Remarks 

Safct .v t r igget· nntst he I i ftC'cl nlan
ual l y before selling val ve to S E C .  

Water quantity i s  monitored b y  1 1 ,,0 
QTY i n dicator on panel 2. 

� 

Water quantity is moni tored by lie 0 
QTY indicator on panel 2 .  

� 
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Location/ 
Ref Des Name and Position 

ECS 
(cont) 

7H22 SUIT T E �IP valve 

D E C H  C O L D  

!NCR HOT 

71! 1 7  C A B I N  GAS R E T U RN  valve 

OPEN 

AUTO 

E G RESS 

7 1! 1 9  C 0
2 

C ANIST E R  S E L  valve 

PR!�1 

SEC 

,.�, 
II 

� 

Function 

Permits regulation of  suit c i r cu i t  
temperature 1)\' va rying rate of � I v -
col flow t o  s u i t  rf'gencrativc h e a t  
excha ngc r . 

Decreases glycol fl o\\' to s u i t  regen-
erative heat exchanger to decrease 
s u i t  c i rcuit gas temperatur e .  

Increases glycol flow t o  s u i t  regen-
erative heat exchanger to i n c r e a s e  
s u i t  c i rcu it  g a s  temperature .  

Provides for return o f  cabin g a s  to 
suit c i rcuit under n o r m a l  operations 
or provides suit  c ircuit integrity 
under rapid cabin decom p r e s s i o n .  

P e r m i ts c a b i n  g a s  to f e e d  back t o  
suit  c i rcuit f o r  revita l ization.  

Permits gas flow into, but  not  out of, 
s u i t  c i rcuit .  

C l oses valve, ensuring s u i t  c i rcuit  
integrity during unpress u r i z ed-
cabin operations. 

P ermits suit c i rcuit  gas to be filtered 
through primary L i O l l  canister.  

Routes suit  circuit  gas through s ec-
ondary L iOH canister to permit 
replacement of pr i m a ry canister.  

��}!/�·'; .. 

Circuit Power 
Breaker Source 

N/A N /A. 

N/A N /A 

N /A. 01/A 

'Jfi� 

Remarks l 
! 

l\'Ioclu!at ing fauc e t  control . 

>
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'd 
!>' <lQ ro Location/ 

Ref Des Name and Position 

"" 
I 

.... 
>I> ECS 0> 

(cent) 

7H9 SUIT C IRCUIT RELIEF valve 

� rn rn 
s· OPE N 
::s I � Al'TO 

tD !>' 
2]. (") C LOSE 
t::) 
"' ..... ro trJ 
,_. (")  en 
>::I 

7 H23 PRiliiARY CO CANISTEH VEJ:\T 
pushbutton 2 

ro 
r:t 
'1 
c 
!>' '1 
'< 

P!Uli!AHY C02 CAKISTE R 

..... 
<0 
-J 
0 

OPEN 

(") 
:::>" 
§ C LOSE 

<lQ 
ro 
t::) "' ..... 
ro SECOND·\ P.Y CO� CAl\IST E H  

OPEN 

C LOSE 

7H2-l SECONDARY C02 CANISTEH vent 
pllshbutton 

',....._ 
\ �f� \:J�,�' � 

;!{� 

Circuit 
Function Breaker 

P revents overpressurization o f  su i t  N/A 
c ircuit .  

Fully opens valve, overriding AUTO 
mode. 

Perm its valve to respond to aneroid 
device measuring suit c ircuit pres-
sure. 

Fully closes valve, overriding AUTO 
mode . 

When button is pressed, gas in N/A 
can ister is vented, faci l i tating re-
moval of can ister from suit  c ircu it .  

N/A 

Opens cover for removal of C 02 
cartridge. 

C loses cover afln replacement of  
cartridge. 

Opens cover for removal of c o2 
cartridge. 

C l oses cover after repl acem ent of 
cartridge . 

When button is pressed, gas in can- N/A 
is ler  i s  vcnt�cl. fac i l itating removal 
of canister from suit c ircuit.  

� 

• 

Power 
Source 

N/A 

N/A 

N/A 

N/A 

Remarks 

Positive feedback of suit c ircuit 
pressure i s  provided by SUIT PHESS 
indicator. 

Valve i s  full y  open when suit pres-
sure i s  4. 7 psia or greate r ;  ful ly 
closed when suit pressure is  less 
than 4 .  3 psi  a .  

Momentary pushbutton; associated 
with pr imary LiO!I canister.  

After setting COz C ANISTEJt S E L  
valve t o  SEC, PRIMARY CANISTER 
is  set  to r lPEN, to remove cartridge. 

Setti ng valve to C LOSE pl ac es p r i-
mary co2 canister back onstrcam . 

Mom entary pushbutton; associated 
with secondary LiOII cani ster.  

I 
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Location/ 
Ref Des 

ECS 
(cont) 

7Hl0 

7 H l l  
7H20 

·.:{i?z�. 
• .. JW 

Name and Position 

WATER S E P  S F: L  valve 

PUSH:  SEP 1 

P US H :  S E P  2 

Cabin rel ief and dump valves 

D UMP 

(�£' II 

� · 

Function 

Permits select ion of either of two 
separators that separate condensed 
moisture from gas and vents th is 
water to primary water boiler . 

Selects separator No.  L 

Selects separator No. 2 .  

Provides means for automatic cabin 
depressurization and cabin pressure 
relief. 

Overrides A UTO position and permits 
astronaut to dump cabin pressure. 

� 

Circuit 
Breaker 

N/A 

N/A 

Power 
Source 

N/A 

N/A 

Remarks 

Normally s eparator No. 1 is on line.  

Trigger on cabin rel i ef and dump 
valve l ever on cabin s ide of hatch 
must be squeezed to unlock lever, 
'before valve can be set to another �osition .  Val ve also has two-posi
tion PULL TO D UMP control lever 
on exterior s ide of hatch. Exterior 
ever i s  spring loaded to " in1 1  posi

tion. Pulling and holding lever out 
or approximately 90 seconds dumps ['cabin pressure.  " Out" position is 
omparable to DUMP pos ition of in

erior l ever;  ' � in" position of ex
erior lever i s  comparable to AUTO jposit ion. 
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Location/ 
Ref Des Name and Position 

E C S  
(con!) 

AUTO 

C LOSE 

7 H25 PHI EV AP FLOW P 1 valve 

OPEN 

C LOSE 

7 H 1 2  L!Qt:ID GAHJ\IE:'\T C OOLIJ:.:G valve 

C OLD 

HOT 

7H29 HI PLSS 02 F ILL  valve 

OPEN 

C LOSE 

s-m r 

Function 

Permits valve to act normally as 
automatic pressure-relief device.  

Overrides AUTO position to  close 
and lock rel ief valve so that no gas 
can escape dur ing failure in AUTO 
mode. 

Controls water flow from water 
manifold to primary water boiler.  

Permits water flow to pr imary 
water boiler . 

Shuts off water flow to primary 
water boiler . 

Control water temperature to the 
liquid garmen t cooling suit. 

Permits flow o f  high pressure 
oxygen to  primary oxygen storage 
tank in PLSS . 

Prevents oxygen flow to tank . 

''------

::• � 

Circuit 
Breaker 

N / A  

N/ A 

N/A 

Power 
Source Remarks 

Aneroid sensor causes valve to open 
at pressure of 5 .  8 ps ia or greater . 
bleeding excess cab in pressure. 

N/ A 

Valve is set to O P E N  when LM ; ,, 
first manned to per m i t  water l •  ! 0  
pr imary water boiler.  

N/ A 

N/A 

'___./ 
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Location/ 
Ref Des Name and Position 

AOT 

3H3 Eyepiece adj ust lever 

3823 !\lARK X pushbutton ( moment.ny)  

3825 l\IARK Y pushbutton (momentary) 

3824 R EJ E C T  pushbutton (momcnt.lry) 

3R1  Reticle illumination control 

3 H 1  Reticle  control 

3H2 A z i m uth control 

LR 

L 

F 

�-·· .. :�d�x: r 

\'-.__./ 

Circuit 
Function Breaker 

:\loves eyepiece toward , or away N/A 
from , eye of observer for focus ing .  

Provides signal L o  LGC,  indicating N/A 
that navigation s l:.t r  is ali g-nC'd on 
X-hairline of reticle . 

----�- --- ---

Provides s ignal to LGC , indicat i ng N/A 
that navigation star is al igned on 
Y -hairline of reticle . 

Provides s ignal to LGC , era s i ng N/A 
mark-X or mark- Y s ignal pre-
v iously entered i nto LGC . New 
mark-X or mark-Y s ignal may b e  
entered into L G C  after mark-R 
R EJ EC T  pushbutton is pres s ed .  

Controls brightness of reticle illu- AC BUS B: 
rnination . AOT LAl\IP 

(panel 1 1) 
-

Rotates reticle to supe r i m pose N/A 
s piral on target star , to z ero the 
AOT counter , and to s uperimpose 
X-hairline on target star . 

Rotates AOT prism to cover six 60• N/A 
sectors , from left rear t o  r i ght  
rear . 

Rotates prism to left rear position . 

Rotates prism to left pos it ion . 

Rot.ltes prism to front pos i t ion . 

;� 

Power 
Remarks Source 

--

N/A 

N/A 

N/A 

N/A 

C DR ' s  
1 15-vac 
bus B 

N/A Used only during lunar s urface 
alignment of Ilv!U . Indicator must 
be z ero during inflight IM U align-
ments . 

N/A Image rotates as prism rotates . 

I 
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Location/ 
Ref Des 

AOT 
(cant) 

31\17 

ACA 

lAl 
lAZ 

15AS 10 
15BS 10 

TTCA 

1 X l  
1 X2 

"---

Name and Position 

R 

RR 

CL 

AOT ind icator 

Attitude control assembly 

Push-to-talk switch 

Thrus t/translation controller 

��gc 

Function 
Circuit 
Breaker 

Rotates prism to right pos itwn , 

Rotates prism to r ight rear position . 

Stores prism under protective cover . 

Indicates position ( in  degrees) of N/A 
reticl e .  

E i ther astronaut can conunand vehi- STAB/CONT: 
cle attitude changes manually ,  using ATT DIR 
his ACA . ACA is installed with its CONT 
longitudinal axis approximately par- (panel 1 1) 
allel to LJ\1 X-axis ; vehicle rotations 
corres pond to astronaut hand move-
ments in operating A C A . Clockwise 
or counterclockwise rotation of ACA 
about i ts  l ongitudinal axis  commands 
vehicle yaw right or left about 
LM X-axis , Forward or aft move-
ment of ACA commands vehicle pitch 
dmm or pitch up, respectively,  about 
Ll\'1 Y -axis . Left or r ight m ov ement 
of ACA commands roll l eft or roll 
right about Ll\1 Z -axis . 

Keys intercom and/ or s el ected N/A 
trans mitters . 

The thrust/translation controller i s ,  N/A 
functionally,  an integrated transla-
tion and thrust controller used to 
command vehicle translations b y  re-
action control j et firing, and to 
throttle the descent engine between 
10% and 92 . 5% maximum thrust 

11. ' t- ·� 

Power 
Source  

N/A 

CDR's 
2 8 -vdc 
bus 

N/A 

N/A 

Remarks 

F ive-place digital dis play . Extreme 
right digit is for  tenths of  a degree . 

Located on ACA control !';r i p .  
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Location/ 
Ref Des Name and Position 

TTCA 
(cont) 

lHl Throttle/j ets s elect lever 
l H 2  

s:: 
en 
(') J ETS 

T HR OTTL E  

1H3 Throttle friction controller 
1H4 

ORDEAL 

FDA! switches 

9S23 1 

ORB RATE 

·ze,, ,l 

'-------· 

Function 

magnitud e ,  It  is a three-axis ,  tee-
hand l e ,  left-hand controller . VehiclE 
translations correspond approxi-
mately to astronaut movement of the 
tee-handl e .  Leftward o r  r ightward 
movement commands translation 
along LM Y -axis ; inward or outward 
movement commands translation 
along Ll\1 Z -axis ; upward or down-
ward movement con1mands trans-
lation along Ll\1 X-axis . 

Lever mounted on TTCA affords 
integrated thrust and translation 
control capabil ity . 

Provides RCS X-axis translation 
capability .  

Provides Y -axis translation by vary-
ing thrust magnitude of descent 
engine . 

Varies force required to move tee-
handle upward or downward . Con-
troller is operative when 
THROTTLE/J E TS select lever is se 
to T HROTT L E . 

Determines type of total attitude to 
be dis played on F DAI ' s . 

Selects inputs to CDR's FDA! . 

Enables C D R ' s  FDA! to dis play total 
attitude w i th respect to local hori -
zontal reference frame . 

·�i 

Circuit Power 
Breaker Source 

N/A N/A 

N/A N/A 

N/A N/A 

-

Remarks 

Regardless of lever position , con-
troller has translation command 
capability along the Y -axis and Z -
axis . 

Force requir ed to move tee-handle 
varies from minimum of 0 . 25 to 
1 . 0  pound to maxim um of 2 .  5 to 3 .  5 
pounds . 
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Location/ 
Ref Des 

ORDEAL 
(cant) 

!lS24 

9S25 

ro e >-' rJJ ":l n  
ro 
cr 
'1 .:: 
� 
'1 

'< 

.... 
"' 
-J 
0 

n 
::r 
� 

aq 
ro 

0 
� ..,. ro 

9 IU 

9S2G 

. "'--

Name and Position 

I'l !U L  

2 

OH!l RA TE 

I l\ Wl'L 

F:AllT l l - L U :-lA H  s w i tch 

Er\ H T!l 

PWH OF F 

L1JN,\H 

A L T  SET contrDl 

L I G H T I NG s w i tch 

DRT 

O F F  

Dll\1 

\ • 
:f�t 

Circuit 
Function Breaker 

Enables C D R ' s  F D,\l to d is play total 
atti tude w i th res pect to DI U .  

Selects i nput to L:\I P ' s  F fJ,\ 1 .  N/A 

Enables L \'I P ' s  FDA! to d i s play toted 
att itude w i th res pect to l ocal hor i -
zont:tl reference fra n1c . 

E nables L \ l P ' s  F D,\I to d i s play total 
attitude with respect to L\1 U .  

Used i n  conj unction \Yith A LT S E T  A C  B US B: 
control , i ns e r ts :1ppropriatc scale OllD E A L  
factor i nto OHDEAL electronics . (panel 1 1) 

Suppl i es proper scale factor to FLIGHT 
ORDEAL elcctronies when Llll i s  i n  DIS PLA YS :  

earth orbit . OIWE A L  
(panel 1 1) 

H.emov c s  nc and de power frorn 
O!WE.\ L .  

:S:une a s  £,\RTII pos it ion,  except 
that scct l e  fact DI' applies LD lunar 
orbit . 

Inserts L� l cwb i tnl  :tltitucle into N/A 
O I W EA L .  

C o ntrols the b r i ghtness of the AC l3US B: 
OHDF:AL EL panel l i1;ht ing . OlWEA L 

(panel 1 1) 

Selects ])l· i ght l i ght lew d . 

Turns off panel l i ght i n,.; , 

Selects d i m  light level . 

� 

• �� 

Power 
Source 

N iA 

CD!t's 
l lS-vac 
bus B 

CDR 's 
2 8 -vdc 
bus 

N/A 

C D H ' s  
1 1 5-vac 
bus B 

Remarks 

Switch i s  always set to either 
LUNAR or OF F .  

Control can b e  set fro m  10 to :no 
nautical m iles . 

'-__/' 
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Location/ 
Ref Des 

ORDEAL 
(cont) 

9S27 

9S28 

UTILITY 
UGHT 

1GS19 
1 GS20 

1 7S 9  

�t 'l�:" \ ���-; 

Name and Position 

MODE switch 

OPR/SLOW 

HOLD/FAST 

S LE\\' switch 

UTILITY LIGHTS switch 
(CDR anrl Lli!P) 

O FF 

DDI 

BRIGHT 

RR GYRO SEL switch 

PRIM 

AUTO 

SEC 

�, I 
. ·;-�::-. 

"---

Function 

Inserts and maintains proper angu-
l a r  offset into FDAJ ' s . 

When used with U P  and DOWN pos i -
tions of  the SLEW switch, permits 
s lewing the FDA! at lOX orbital  
rate  in  plus or m inus direction . 
Used for fine adj ustment .  

When used with U P  and DOWN pos i -
lions o f  SLEW switch , perm its 
s l ewing FDA! at 200X orbital rate i n  
plus o r  minus d irection . Used for 
coarse adjustment . 

Slews pitch indication on FDA! in  
plus (UP position) or m inus ( DOWN 
pos ition) at rate dependent on set-
t ing of  MODE switc h .  

ContTols outlet that accepts portable 
utility light for usc in  c abin .  

Deenergizcs utility ligh t .  

Provides reduced illumination .  

Provides maximum illumination .  

Inhibits voting logic a n d  selects 
primary gyros. 

E nables voting logic to select pri-
m a ry or secondary gyros auto-
matically .  

Inhibits voting logic a n d  selects 
secondary gyros. 

1 • 

Circuit 
Breaker 

N /A 

LTG 
UTIL 
(Panel 1 1 )  

N/A 

Power 
Source 

N/A 

C DR ' s  
2 8-vdc 
bus 

Remarks 
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A/D 
AAP 
abs 
ac (a- c)  
ACA 
AEA 
AEAA 
AELD 
AF 
AFC 
AGC 
AGS 
ALT 
amp 
AMPL 
ANT 
ANUN 
AOT 
APS 
AR 
ARS 
As 
ASA 
ASC 
ASD 
ASI 
ASSY 
AT 
ATA 
ATCA 

ATM 
ATT 
ATTEN 
AUTO 
AUX 

BAL 
BAT 
BD 
biomed 
BIPRPLNT 
BPF 
B U  

CW/FM 

C/W 

LMA790- 3 - LM 
APOLLO OPE RATIONS HANDBOOK 

SUBSYSTEMS DATA 

ABBRE VIATION LIST 

A 

Analog-to-digital 
Abort autopilot 
Absolute 
Alternating current 
Attitude controller assembly 
Abort electronics assembly 
As cent engine arming assembly 
Ascent engine latching device 
Audio frequency 
Automatic frequency control 
Automatic gain control 
Abort guidance section 
Altitude 
Ampere(s) 
Amplifier 
Antenna 
Annunciator 
Alignment optical telescope 
Ascent propulsion section 
AOT reticle angle 
Atmosphere revitalization section 
AOT shaft angle 
Abort sensor assembly 
Ascent 
Apollo standard detonator 
Apollo standard initiator 
Assembly 
AOT trunnion angle 
Abort timing assembly 
Attitude and translation control 
assembly 
Altimeter transmitter multiplier 
Attitude 
Attenuator 
Automatic 
Auxiliary 

B 

Balance 
Battery 
Band 
Biomedical 
Bipropellant 
Band-pass filter 
Backup 

c 

C ontinuous wave frequency
modulated 
caution and warning 

cb 
CBW 
CBX 
CCRD 

CDH 
CDR 
CDU 
CENTANG 
CES 
CFP 
cg 
CKT 
C L  
CLR 
CMC 
CMD(S) 
CMPTR 
COAS 
COMM 
COMP 
CONDR 
CONT 
cont 
cos 
C02 
CPL 
cps 
CPS 
C RSFD 
cs 
CSI 
CSM 
css 
CT 
CTR 
CTS 
cw 
CWEA 

ex 

D l ,  2 ,  
3 , 4 
D/A 
DAP 
db 
de (d- e )  
DCA 
DECA 

C (cont) 

C ircuit breaker 
Constant bandwidth 
C-band transponder 
Computer control and reticle dimmer 
assembly 
Constant delta altitude 
Commander 
Coupling data unit 
Central angle of transfer 
Control electronics section 
Coelliptic flight plan 
Center of gravity 
C ircuit 
Close 
Clear 
Command module computer 
Command(s)  
Computer 
Crewman optical alignment sight 
Communications 
Comparator 
Conditioner 
Control 
continued 
Cosine 
Carbon dioxide 
Couple 
Cycles per second 
Cold plate section 
Crossfeed 
Communications Subsystem 
Coelliptic sequence initiation 
Command and Service module 
Computer subsection 
Control transformer 
Counter reset 
Counter set 
Continuous wave 
Caution and warning electronics 
assembly 
Control transmitter 

D 

Doppler spectrum signals 

Digital-to-analog 
Digital autopilot 
Decibel 
Direct current 
Digital command assembly 
Descent engine control assembly 

Mission LM Basic Date 1 February 1970 Change Date. _________ Page __ __!A.!:-::.:1�---



DECR 
DEDA 
DEG 
DE MOD 
DES 
DET 
DFI 

DFR 
DID 
DIF 
DISP 
DIST 
DN 
D NKRPT 
D PS 
DRB 
DSEA 
DSKY 
DUA 
D VS 

E 
ECA 
ECI 
ECS 
ED 
EDC 
EDS 
EKG 
E L  
EMI 
EMP 
EMU 
ENG 
ENTR 
EOS 
EPS 
ERA 
ERR 
E VA 
E VVA 
Ex 
Ey 
E z 

F 
FC 
FDAI 
FDBK 
F F  
FITH 

LMA790- 3 - LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

ABBRE VIATION LIST (cant) 

D (cant) 

Decrease 
Data entry and display assembly 
Degree(s) 
Demodulator 
Descent 
Detector 
Developmental Flight Instrumen
tation 
Deadface relay 
Display inertial data (discrete) 
Differential 
Display 
Distribution 
Down 
Downlink interrupt 
Descent propulsion section 
Deadface relay box 
Data storage electronics assembly 
Display and keyboard 
Digital uplink assembly 
Doppler velocity sensor 

E 

Elevation angle 
Electrical control assembly 
Electrical circuit interrupter 
Environmental Control Subsystem 
Explosive device 
End detonator cartridge 
Explosive Devices Subsystem 
Electro- cardiograph 
Electroluminescent 
Electromagnetic interference 
E mphasis 
Extravehicular mobility unit 
Engine 
Enter 
Emergency oxygen system 
Electrical Power Subsystem 
Electronic replaceable assembly 
Error 
Extra vehicular astronaut 
Extravehicular visor assembly 
X-component of attitude error 
Y- component of attitude error 
Z - component of attitude error 

F 

Fahrenheit; forward 
LR tracker reference frequency 
Flight director attitude indicator 
Feedback 
Flip-flop 
Fire in the hole 

FM 
FR 
FOV 
fps 
ft 
FWD 

g 
GASTA 

gc 
GDA 
GEN 
GET 
GETI 
GMB L  
GN&CS 

GOX 
GRD 
GSE 
GUID 

H IX 
h 
li 
Ha 
He  
HEA 
H F  
Hg 
HI 
HNDRPT 
H 
H�F 
HTR 
HTS 
H V  
H20 

JAM 
res 
ID 
IF 
IGA 
IMU 
INC R  
INV 
lOPS 
IRIG 

F (cont) 

Frequency modulation 
Range frequency 
Field-of-view 
Foot (feet) per second 
Foot (feet) 
Forward 

G 

Gravity 
Gimbal angle sequencing transfor
mation assembly 
Gigacycle(s) 
Gimbal drive actuator 
Generator 
Ground elapsed time 
Ground elapsed time of ignition 
Gimbal 
Guidance,  Navigation, and C ontrol 
Subsystem 
Gaseous oxygen 
Ground 
Ground support equipment 
Guidance 

H 

Heat exchanger 
Altitude 
Altitude rate 
Apogee 
Helium 
High- efficiency antireflection 
High frequency 
M ercury 
H igh 
Hand interrupt 
Perigee 
H igh-pass filter 
Heater 
Heat transport section 
High voltage 
Water 

Incidental amplitude modulation 
Intercommunication system 
Identification 
Intermediate frequency 
Inner gimbal axis 
Inertial measurement unit 
Increase 
Inverter 
Interim Oxygen Purge System 
Inertial reference integration gyro 
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IS 
ISOL 
Is 
ISS 
ITMG 

K 
kc 
kmc 
kpps 
KYRPT 

L 
LAT 
LCA 
LCG 
LDG 
LDR 
LF 
LGC 
LH 

) LiOH 
LLC 
LLS 
LM 
LMP 

LO 
LOR 

LOS 
LPD 
LPF 
LR 
LSD 
LTG 
LUT 
LV 

M 

'��� MALF 

·�)!;�:: MAN 
MANF 
ma.x 
me 
MDF 
MF 
MFC 
MGA 

,,�) Mission LM 

Lr\lA 790-3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

ABBRE VIATION LIST (cont) 

I ( c ont) 

Instrumentation Subsystem 
Isolation 
Specific impulse 
Inertial subsection 
Integrated Thermal micrometeroid 
garment 

K 

Constant 
Kilocycle(s) 
Kilomegacycle(s )  
Kilopulse(s) per second 
Key interrupt 

L 

Left 
Lateral 
Lighting control assembly 
Liquid-cooled garment 
Landing 
LUT deadface relay 
Low frequency 
LM guidance computer 
Left hand 
Lithium hydroxide 
Low-level commutators 
Low-level sensor 
Lunar Module 
LM mission programmer: LM 
Pilot 
Low 
Lunar orbital rendezvous: Lockout 
relay 
Line of sight 
Landing point designator 
Low-pass filter 
Landing radar 
Least significant digit 
Lighting 
Launch umbilical tower 
Low voltage 

M 

Mode discrete 
Malfunction 
Manual 
Manifold 
Maximum 
Megacycle(s)  
Mild detonating fuse 
Medium frequency 
Main feed contactor 
Middle gimbal axis 

min 
MISC 
MKRPT 
mm 
MOD 
MON 
MPS 
MPX 
MSD 
msec 
MSFN 
mv 
mw 

N 
N/A 
NB 
NC 
nm 
NO 
No. 
NORM 
NRZ 
N2H4 
N204 

0/C 
0/T 
OCR 
OCPS 
OGA 
OPR 
OPR ERR 
ORDEAL 

osc 
OSCPCS 

oss 
OT 
OVBD 
OVHD 
OXID 
02 

p 
P/0 
p-p 
PA 
PAM 

Basic Date 1 Februar;t 1970 Change Date 

Minimum 

M (cont) 

Miscel laneous 
Mark interrupt 
Millimeter(s) 
Modulation 
Monitor 
Main Propulsion Subsystem 
Multiplexer 
M ost significant digit 
Millisecond(s )  
Manned Space Flight Network 
Millivolt(s )  
Milliwatt(s )  

N 

Noun: noise factor 
Not applicable 
Navigation base 
Normally closed 
Nautical mile(s)  
Normally open 
Number 
Normal 
N onreturn-to- zero 
Hydrazine 
Nitrogen tetroxide 

0 

Overcurrent 
Overtemperature 
Overcurrent relay 
Oxygen cabin pressure section 
Outer gimbal axis 
Operate 
Operator error 
Orbital rate display - earth and 
lunar 
Oscillator 
Oxygen supply and cabin pressure 
control section 
Optical subsection 
Operational test 
Overboard 
Overhead 
Oxidizer 
Oxygen 

p 

Program 
Part of 
Peak-to-peak 
Power amplifier 
Pulse amplitude modulation 
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PBAT 
PBW 
PCA 
P C l\1 
PCMTEA 

PDA 
PGA 
PGNCS 

PGNS 

PIP 
PIPA 

PKG 
PLSS 
PM 
PMP 
ppm 
pps 
PQGS 
PRA 
P RE 
PRESS 
PRF 
PRIM 
PRM 
PRN 
PRPLNT 
PS 
PSA 
psi 
psi a 
psid 

PSK 
PT 
PTA 
PTT 
P VT 
PWR 

Q 
QI 
QTY 
quad 
QUAD 

R 1 ,  2 ,  3 
R 
R / C  

Li\IA790- 3 - Ll\1 
APOLLO OPE RATIONS HA;..TIBOOK 

SUBSYST E M S  DATA 

ABBRE VIATION LIST ( c ont) 

P ( cont) 

Pyro battery 
Proportional bandwidth 
Program coupler assembly 
Pulse code modulation 
Pulse- code- modulation and t i ming 
electronics assembly 
Power distribution assembly 
P r essure garment assembly 
Primary guidanc e ,  navigation, and 
control section 
Prima , �, , guidance and navigation 
secti01, 
Pulse integrating p endulum 
Pulsed integrating pendulous 
accelerometer 
Package 
Portable life support system 
Phase modulation 
P r e modulation processor 
Pul s e ( s )  per minute 
Pulse ( s )  per s econd 
Propellant quantity gaging system 
Program reader assembly 
Program reader electronics 
Pressure 
Pulse re petition frequency 
Primary 
Pulse ratio modulator 
P s eudorandom noise 
Propellant 
Power Supply 
Power and servo assembly 
Pound ( s )  per square inch 
Pound ( s )  per square inch ab solute 
Pound ( s )  per square inch differen
tial 
Phase- shift keyed 
Pressure transducer 
Pulse torque assembly 
Push- to- talk 
Pressure- volume- te mperature 
Pow e r  

Q 

Quotient 
Quantity indicator 
Quantity 
Quadrant 
Qu adrature 

R 

DSKY registers 1 ,  2 ,  and 3 
Rankine; right 
Reverse current 

RC 
RCCA 
R C R 
RCS 
RC VR 
RD 
RDG 
RDNG 
RDR 
R E F  
R E G  
RES 
R E T  
R F  
rf 
RGA 
RH 
RJB 
rms 
mmz 
RNG 
ROD 
RR 
RRE 
RT 
RUPT 
RZ 

S+N 
S i S 
S&C 
SBASI 

SB PA 
SBX 
sc 
S C E A  

SC E RA 

sco 
SE 
sec 
S E L  
SENS 
S E P  
SEQ 
S E R VO
A M P L  
SG 
SH e 
SH FT 
SIG 
sin 

R ( c ont) 

Resistance- capacitance 
Rough combustion cutoff assembly 
Reverse- current relay 
Reaction Control Sub system 
Receiver 
Relay driver 
Range data good 
Range data no good 
Radar 
Reference 
Regulator 
Resolver 
Return 
Radio fr equency 
Radial rate 
Rate gyro ass embly 
Right hand 
Relay junction box 
Root mean square 
Rendezvous 
Range 
Rate of descent 
Rendezvous Radar 
Rendezvous radar electronics 
Resistance th e r mo m eter 
Interrupt 
Return- to- zero 

Signal + noise 
Sub s ystem 

s 

Stabilization and control 
Single bridgewire Apollo standard 
initiator 
S-band pow e r  amplifier 
S-band transponder 
Signal conditioner 
Signal- conditioning electronics 
assembly 
Signal conditioner electronic 
replaceable assembly 
Signal-controlled oscillator 
Systems Engineer 
Second ( s ) ;  secondary 
Select 
Sensitivity 
Separator 
Sequence 
Servoamplifier 

Signal generator 
Supe rcritical helium 
Shaft 
Signal 
sine 
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U.IA790- 3 - Ll\I 
APOLLO OPERATIONS HAJ\.'DBOOK 

· ·� SUBSYSTEMS DATA 

ABBRE VIATION LIST (cont) 

S ( cont) u 

SLA Spacecraft Lunar Module adapter UDMH Unsymmetrical dimethylhydrazine 
SMRD Spin motor rotation detector UHF Ultrahigh frequency 
SOL Solenoid UPRUPT Uplink interrupt 
SOJ\1 Stable orbit midcourse usee Microsecond(s) 
SOR Stable orbit rendezvous 
SO\' Shutoff valve 

v SP Static pressure 
SPA Signal- processing assembly 
SPDT Single-pole double- throw v Verb 
SRR Shift- register reset vac Volts ,  alternating current 
SRS. Shift- register set vco Voltage- controlled oscillator 
ss Speed sensor Vex X- component of CSM velocity 
SSB Single sideband Vcy Y-component of eSM velocity 
ST Strain/temperature signal Vcz  Z- component of eSM velocity 

conditioner VD Velocity data 
STAB/eONT Stabilization and control vdc Volts , direct current 
STBY Standby VDG Velocity data good 
SW Switch VDNG Velocity data no good 
SYS System VEL Velocity 

VG Magnitude of velocity to be 

T gained 
VGPS Vehicle ground power supply 
VHF Very high frequency 

T/R Transmitter- receiver VLV Valve 
Tt. Time to go until eDH maneuver VOL Volume 
TAI Absolute time vox Voice- operated relay 
TBS To be supplied VPI Valve position indicator 
tf Time of flight from tig until target vrms Volts root mean square 

is reached VSOM Velocity sensor oscillator 
Tig Time of ignition multiplier 
TN Trim negative Vx X- component of LM velocity 
Tp Trim positive �a Altitude rate (landing radar) 
Te Thermocouple y Y-component of LM velocity 
TeA Thrust chamber assembly Vya Laterial velocity ( landing radar) 
TE Timinr; electronics equipment Vz Z- component of LM velocity 
TEMP Temperature Vza Forward velocity (landing radar) 
TFF Time of free fall to  3 ,  000 ft 
TFI Time from Tig w 
THR Thrust 
TL T racker look-on W/B Water boiler  
TLE Tracking light electronics we Weighted current 
TM Telemetry wee Weighted current gate 
TPF Transfer phase final WMS Water management section 
TPI Transfer phase initiation 
TPM Transfer phase midcourse X 
TRANSL Translation 
TRUN T runnion XLUNAR Translunar 

s Temperature sensor XMTD Transmitted 
TT Temperature transducer XMTR Transmitter 
TTeA Thrust /translation controller XPNDR Transponder 

assembly XTA L  C rystal 
TTl Time to initiate 
TTig Time to ignition 1 Angle 
T V  Television 
TX Telemetry transmitter t.h Altitude differential 

J 
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t.P 

t.R 

t.ro 

t:N 

LiviA 790- 3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

ABBRE VIATION LIST (cont) 

X (cont) 

Pressure differential 
Magnitude of difference between 
position state vectors before and 
after incorporation of mark data 
Differential altitude in co- elliptic 
orbit 
Velocity change (differential) 

t.Vm 
t. ¢ C  
t..p g 
¢ 
k 

lX 
16X 

X (cont) 

Measured t.V magnitude 
Gimbal angle change command 
Change in gimbal angle 
Phase 
Sum (summing) 
One-speed resolver 
Sixteen- speed resolver 

Page ___ A
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� DIVERTER VALVE �---r-- ( M A N U A L  OVERR IDE ) 

FILLERNECK 
WITH F I LTER SCREEN 

=t><J== BASIC VALVE 

::::::{)::xj= BALL VALVE 

M A N UAL VALVE 

MOTOR CONTROL VALVE 

PRESSURE REGULATOR 

PRESSURE REGULATOR 
W ITH R E L I E F  VALVE 

RELIEF VALVE 

SOLENOID VALVE 

E X P LOS I V E  VALVE 

PYRO G U I L LOTINE 

LMA 790-3- LM 
APOLLO OPERATIONS HANDBOOK 

SUBSYSTEMS DATA 

TEMPERAT U R E  
CONTROL VALVE 

GLYCOL PUMP 

==(8)== PUMP (oear type) 

:::::@:::= PUMP ( vane type) 

i (  
TI 

C O N D E N S E R ,  
REGEN ERATOR 
OR P R E H E AT E R  

A C C U M U L ATOR 

VENT 

FILL OR D R A I N  

E N G I N E  

( S Indicates seal lno lube type ) 
MOTOR - DRIVEN 
SELECTOR VALVE 

::J: t= ORI FICE OR RESTRICTOR 

=m= FILT E R  

::J-r= CHECK VALVE 

LOW-LEVEL SENSOR 

<J::::::::D::: L I QUID- LEVEL SENSOR 

MOTOR - DRIVEN 
SELECTOR VALVE 
WITH MAN UAL 
OVE R R I D E  

QUICK- DISCONNECT 
C O U PL I N G  

==ill== BURST D I SK 

-M- S E L ECTOR VALVE � ( 4  WAY- 2 POS I T I ON ) 

0 '"" 
TAN K  W I T H  BL ADDER 

CYL I N DER AND P I STON 

WATER SEPARATOR 

FREON B O I L E R  

SECONDARY WATER 
B O I L E R  

� BLOWER 

HEAT EXCHANGER 

FAN 

C 0 2  A N D  O D O R  
R EMOVAL CANISTER 

AND C A RT R I D G E  

WATER EVAPORATOR 

T H R U S T  N E UTRALIZER 

Mission LM Basic Date 1 February 1970 Change Date. _________ Page ___ -'B"'-"--=-1 __ _ 



L l\L'\7 9 0- 3 - Lr-.1 

APOLLO OPERATIONS HAND BOOK 
SUBSYSTETviS DATA 

P US H BUTTON SWITCH 
( MOME NTARY BREAK)  

PRESSURE SWITCH 

CUR RENT S E N SOR 

FLOW TRANSDUCER 

PART I A L - PRESSURE 
SE N SOR 

PRESSURE TRANSDUCER 

QUANTITY I N D I C ATOR 

SIGNAL CONDIT IONER 

SPEED SENSOR 

T E M PERATURE PRO B E  

TEMPERATURE TRANSDU C E R  

VIBRATION SENSOR 

VALVE POSITION INDICATOR 

VOLTAGE TRANSDUCER 

LOW- LEVEL SENSOR 

D I FF E RENTIAL 
PRESSURE SENSOR 

-if- E L ECT R I C A L  CONTACTORS 
( N O N - LOC K I N G  T YPE ) 

ANTENNA 

CIRCUIT BREA KER 
( pu sh - pu l l  type) 

CIRCUIT B R E AKER 
( sw i tch  t ype ) 

--"'v- FUSE 

---+!-- DIODE 

j_ 

-lE-

DIODE ( zene r )  

GROU N D  

POTENTIOM ETER 

RESISTOR 

CAPACITOR 

BATTERY 

RELAY CONTACTS 

RELAY OR 
SOLENOID COIL 

SW ITCH ( S P D T )  

B U S  BAR 

Lflr- HEATER 

A M PLIFIER o·R D R I VER 
( DC, Pre , or  B u ffe r )  

I NVERTER A M P L I F IER 
( I nversion symbol  is 
shown on inverted l i n e )  

LOGIC SYMBOLS 

=V- AND 

»- NAND 

=11- OR 

11- NOR 

]-- E X C L U SI V E  OR 

:f)- VA R I A B L E  DELAY 

F L I P - FLOP 

SYNCHRO RESOLVER GASEOUS OXYGEN 

FUEL MOMENTARY 

L ATCH I NG 

} SWITCH 6 
CONTACTS 

R E L AY 

OX I DIZER 

GLYCOL - PRI M ARY LOOP 

GLYCOL - SECONDARY LOOP 

N I TROGEN 

HYDROGEN 

•, -"·!!W·"· . • . WATER 

I !!r{U ! · !! · ,  OXYGEN 

H ELI UM 

SWITCH ( SP3T) 

PUSH BUTTON SWITCH 
( M O M EN TA R Y  M AKE ) 

__.,-----<>- SWITCH ( S PST ) 

Page 
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MOTOR 

CONTROL TRANSMITTER 

CONTROL TRANSFORMER 

---F""9- CURRENT MON ITOR 

--1 t- ELECTRICAL CONTACTORS 
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LillA 790- 3 - L'.l 

APOLLO OP ERATIONS H A NDBOOK 

,�: () ( 1 - c p s  Synr:hronlzntior: Ln:Jp 

:-\-(_' Section . . . . . . . .  . 
Abort E l e ctronics ,\ s seml:li\· 
Abort Guidance Section 

A LPHA B E TIC A L I�DEX 

Descent or A s cent Engine 2nd Thrust Ch�mfJer .\ s sembh· Burn . 
Guidance Houtine s . .  
Jntro:l�ction . . . . . . . . . . . . . . .  . 
In iti a l izati on Function . . . . 
�lajor Component / Functional 
:\lodes of Operation 
Self- Test floutine . .  
Thrust Termination . 

Abort Sensor A s se ml:Jly . 
A C-to - DC Converters 
Aft Equipment Bay . . .  
AGS Power D i s tribution . 
A GS Warning Light . . .  
A lignment Optical Telescope 

Lights . . . . . . . . .  . 

Description 

:\Iaj or Component/ Functiona l Description 
Analog :\lu ltiplexer Gate Drivers . 
Analog Signal Isolating Buffer:; . 
Analog-to- Digital Conver s ion 
Analog-to- Digital Conver ter 
A n tenna A s sembly ( LR) . 
A ntenna A s sembly ( R H )  . . .  
Antenna A s sembly ( R flT) . 
Antenna Beam Configuration 
Antenna Equipment ( C S) 
Antenna Orientation,  R H  
A ntenna Positions ( L H )  
Antenna Supports . . 
Antennas (CS) . . . .  
Apollo Lunar Surf:lee Exper i ment Pa ckage . 
Armres ts . . . . .  . 
ASC HI H E G  Caution Light 
ASC P H E SS Warning Light 
A SC QTY Caution Light . .  
A s cent Engine Arming As sembh· . .  . 
A scent Engine Control . . . . . . .  . 
A s cent Oxygen Tanks . . . . . . . .  . 
A s cent Propellant Tank Pressurization 
A s cent Propulsion Section 

Functional Description . . .  . 
lnterfacee . . . . . . . . .  . 
'\Iaj nr Component/Functional Deseription 
Operational Lim itations and Hestrictions 
Performance and lJe.sign IXlta . . . . . .  . 

A s cent o;tage Batteries . . . . . . . . . .  . 
A s cent Stage Electrical Control A s sembl ics 
A s cent Stage General Description 
Ascent SL1.ge Power . . .  . 
A s cent Stage Structure . . . . . . 
A s cent Stage Water Tanks . . . . 
Atmosphere Revitalization Section 

Functional Description . . .  . 
Introduction . . . . . . . .  . 
lllajor Component/Fc;nctional Description 

A ttenuators . . . . . . . . . . . . . . . .  . 
Attitude and Translation Control A s sembly 
Attitude Control . . . . . . . . . 
A ttitude Controller A s semblies 

Mission LM Basic Date February 1970 Change Date 15 June 1970 

Pa.ragraph 

2 . 1 . �1 . G . 5  

2 . :1 . 3 . 3 
:.2 .  1 . .f . .f . 2  

� . 4 . 4 . 9  
2 . 1 . 4 . 4 . 8  
2 . 1 . 1 . 2  
2 . 1 . 4 . 4 . 6  
2 . 1 . 4 . 4  
2 . 1 . 4 . 4 .  7 
2 . 1 . -1 . 4 .  ') 
2 . 1 . 4 . 4 . 1 0 
2 . 1 . 4 . 4 . 1  
2 . 9 . 4 . 2 . 3  
1 . 2 . 2 . 3  
2 . 1 . 3 . (i . 2 
2 . 9 . 4 . 4 . 27 

2 . 1 0 . 2 . 2 . G  
2 . 1 . 4 . 2 . 1 
2 . �) . 4 . 3 . 1 
2 . 9 . 4 . 2 . 4  
2 . 1 . 4 . 1 . 3  
2 . 9 . 4 . 3 . 3 
2 . 2 . 4 . 3 . 1  
2 . 2 . 4 . 1 . 1  
2 . 2 . 4 . 2 . 1 
2 . 2 . 3 . 3 . 4  
2 .  7 . 4 .  :l 
2 . 2 . 3 . 1 . 3  
2 . 2 . 3 . 3 . 3  
1 . 2 . 2 . 5 
� .  7. (i . 1 
2 . 1 1 . 1 0 
2 . 1 1 . 5 . 1  
2 . 9 . 4 . 4 . Hi 
2 . 9 . 4 . 4 . 1 7  
2 . 9 . 4 . 4 .  1 8  
2 . 1 . 4 . 5 . 7  
2 . 1 .  3 .  5 . 4 
2 . 0 . 4 . 3 . 2  
2 . 8 . 3 . 6  

2 . 3 . 8 
2 . 3 . 7 
2 .  :; . 9 
2 .  3 . 1 1  
2 .  :J . 1 0  
2 .  5 . 4 .  2 
2. 5. 4. 5 
1 .  2 .  1 
2 . 5. 3 . 5 . S 
1 .  2. 2 
2 . 6 . 4 . 3 . 2  

2 . 6 . :3 . 1 
2 . 6 . 1 . 1  
2 . G . 4 . 1 
2 . 9 . 4 . 2 . 2 
2 .  1 .  4 .  5. 3 
2 . 1 . 3 . 5 . 1  
2 . 1 . 4 . 5. 1  
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Ll\1A790- 3-LM 
APOLLO OPERATIONS HANDBOOK 

Attitude Hold Mode . . . . 
Automatic Mode . . . . .  . 
Automatic Tracking Mode 

BATTERY Caution Light . . . 
Battery Control Relay Assembly 
Battery Status-Monitoring Circuits 

A LPHABETICAL INDEX (cont) 

Battery Voltage- and Current-Monitoring Circuits 
Bioinstrumentation . . . 
Buddy System Umbilical 
Burst Disk Assemblies 

Cabin Pressure Switch 
Cabin Relief and Dump Valves 
CABIN Warning Light 
Calibrator . . . . . . . . . . . 
Cartridges . . . . . . . . .  . 
Caution and Warning Electronics Assembly 
CES AC Warning Light . . . . . . . . .  . 
CES DC Warning Light . . . . . . . . . .  . 
CES Power Distribution . . . . . . . . . . 
Circuit Breaker and E PS Control Panels . .  
C ircuit Interrupters (Deadface Connectors) 
Circuitry (ED) . . . . . . . . . . . . . .  . 
Cold Plates and Rails . . . . . . . . . .  . 
Combustion Chamber and Extension Nozzle (RCS) . 
Combustion Chamber and Nozzle Extens ion (DPS) . 
Combustion Chamber Assembly (APS) 
Communications Carrier . .  
Communications Subsystem 

Functional Description . . 
Interfaces . . . . . . . . 
Introduction . . . . , . . 
Major Component/Functional Description 
Operational Limitations and Hestrictions 
Performance and Design Data . . . . . .  . 

Computer Control and Reticle Dimmer Assembly . 
Control Electronics Section 

Introduction . . . . . . . . . . . . . . . . 
Major Component/Functional Description 

Control and Display Panels . 
Controls ( PGA) . . .  
Coolant Accumulator 
Coolant Fi .iters . .  
Coolant Pumps . . . 
Coupling Data Unit . 
Crew Compartment . 
Crew Life Support . 
Crew Miscellaneous Equipment 
Crew Personal Equipment . . .  
Crew Support and Restraint Equipment 
Crew Transfer Tunnel . . . . . . 
Crew Water System . . . . . . .  . 
Crewman Optical Alignment Sight 
Cryogenic Helium Storage Vessel 
C M  Forward Hatch 

D-C Amplifiers . . 
D-C Section . . . . . . . 
Data Entry and Display Assembly. 
Data Operations . . . . . . . . .  . 
Data Storage Electronics Assembly 
DC BUS Warning Light 
Deadface Relay Box . . . . . . . . 
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APOLLO OP ERATIONS HA:t'-I'DB OOK 

A LPHABETIC A L  Il\DEX (cant) 

Decision Network . . . . . . . . . .  . 
DEDA Operation . . . . . . . . . .  . 
Deployment and Downlock Mechanism 
DES QTY Warning Light . . . .  . 
DE S REG Warning Light . . . . . .  . 
Descent Engine Control . . . . . . . . 
Descent Engine Control As sembly . .  
Descent Engine Control Functional Description 
Descent Oxygen Tank . . . . . . . . . .  . 
Descent Propellant Tar1k Pressurization . 
Descent Propellant Tank Venting . 
Descent Propulsion Section 

Functional Description. . . . . 
Interfaces . . . . . . . . . . . 
Major Component/Functional Description 
Operational Limitations and Restrictions 
Performance and Design Data . . . . . .  . 

Descent Stage Batteries . . . . . . . . . .  . 
Des cent Stage Electrical Control Assemblies 
Descent Stage General Description . . . . . 
Descent Stage Power ( High-Voltage Taps) . 
Descent Stage Power ( Low-Voltage Taps )  
Descent Stage Structure . . .  
Descent Stage Water Tank . .  
Digital-to-Analog Conversion 
Digital Multiplexer . . . 
Digital Uplink A s s embly . . .  
Direct Jllode . . . . . . . . . . 
Dis crete Signal Isolating Buffers . 
Display and Keyboard Assembly . 
Docking Aids . . . . . . . . . . . 
Docking Aids and Tunnel Hardware 
Docking Drogue . 
Docking Hatches 
Docking Lights . 
Docking Probe . 
Docking Target . 
Docking Target ( Lighting) . 
Docking Tunnel . . . . . . 
Drogue Assembly . . . . .  
DSKY Operation Under LGC Control 

E D  Batteries . . . . . .  . 
E D  Bus-Arm ing . . . . .  . 
E D  R E LAYS C aution Light 
E C S  Caution Light. . . . .  
Electrical Power Subsystem 

Functional Description . 
Interfaces . . . . . . .  . 
Introduction . . . . . . . 
Major Component/Functional Description 
Operational Limitations and Hestric tions 
Performance and Design Data . .  

Electrical Power Subsystem ( P LSS) 
Electrical Umbilical . . . . .  . 
Electronics A ssembly ( LR) . .  . 
E lectronics A ssembly (RH) . . . 
Electronics As sembly (RRT) 
E mergency Medical Equipment 
E MU Maintenance Kit . . . . . 
E M U  Waste Management System . 
E NG GMB L Caution Light 
Engine A s sembly ( APS) . . . . . . 
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v I. MPS: DISCIHT NOPB.U.HT QUA.N'm'Y fAII.UII DITICTIOH 

GQ3018, HELIUM ���g����-._ _____ 1-��-� 

<i --==��==�--� �-------------------+-2�----�KMnA ...... �1341, 
DESCENT ENGINE AIM 

a�os�u� .. �,�WM�----------- +•� 
GSE CONNE�ION 

l. WI: ..UUM PIIISSUU IIGULATOI MAMfOLD fAILUft DITICTION 

T. GN6..CS: as A-c POWD SUPPLY fAI.UII DI1ICTION 

DR UG  

IGL40231 

as AC 

IGL.f0261 

( 

( 

( 
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INPUT --y- SCEA --v-------- CWfA -------y- rc;;:._�:st«l 
r-------����:�� A7D 

GHU19, 
JU OIIV£1 A40 

OUTPUT COMMAND 
lfROM CESI 

Gl.5032, 
THRUSTU A40 

IESI'ONSE 
IFIOM CESI 

GH1421, 
AAtJfT ORIVEI 

OVTf'UT COMMAND 
lfiOM CESI 

GU034, 
THIUSTEI All 

RESPONSE 
fi'ROM ICSI 

Gt9661, 504·4 
THIUST CHAMIU !.""'--+------------------+---' IS<XATION AF\\ VALVE CLOSED >""=·':.+.-----------------l � i � L - - - - - - - - - -- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - --J 

GC0301, 
CDI'S IUS VOlTAGE 

GC0302, 
Uo\ PILOT'S 

IUS VOLTAGE 

GC01S.5, 
INVEITEI IUS 

FIEQUENCY 

GC0071 ,  
INVERTER IUS 

VOLTAGE """'"' 

IC. ICS: ntiUIT CHAMIII ASSIMII. Y FAK.UII DfTICTION 

(TYPICAL FOI AU TCA FAI.UHS) 

M. IPS: INVII'III IUS VCH.TAGI AND N:EQUINCY fAILUU D1TKT10N 

Figure 2. 9-15, CWEA Failure Detection Circuits - Logic Diagram (Sheet 2 of 3) 

INSTRUMENTATION SUBSYSTEM 

INM -y-- SCfA -...,------

GC9962, 
Of SCENT 

IAnU'I' NO. 2 
(0/T, O/C, t/C) 

GC9963, 
DESCENT 

lAnnY NO. 3 
(0/T, 0/C, 1/C) 

GC .... , 
DfSCfNT 

LUTHY NO. 4 
(0/'f. 0/C, l/C) 

GC99 .. , 
ASCENT 

IAmiY NO. 5 
(0/T, O/C. I/C) 

GC9966 
AsaNT 

IATT!IY NO. 6 
(OIT, O/C, I/C) 

0/5VDC 

0/5YDC 

015 VDC 

N. DS: .. TTIIY FAILUH DITICTION 

IAnfiY 

IOl«>•m 

}ro.TEA 

• PCMTEA CAUJIOH 

·I ASC IO IIO  
1Gl404 11 

GP0025, -r{> 
·�� �����·----------------------� 

Nf�E C-------------�-���·�21!9
·�· ���·�----------���--t:��;:� 

GPOOOI, HEUUM TAM: 
NO. I NESSURf 

GIC002, 
HfliUM TANI 

NO.2 NESSUIE 

0. MPS: ASCINT HIUUM RIGULA TOI oun.IT NISSUH fAILUM DITICTION 

WAINING 
ASC NESS 

'· MPS: ASCENT ,IUSUII fAILUII DITICT10H 
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GO 
POOl ""' 

DfSC" 

G< lfGU .......,, 

DfSCEl 

[ a• 
GSE 



GHI .t88 . 
.t 7 - VDC 

PRIMARY SUPPlY 

GHI -'89. 
4 7 - VDC 

BACKUP SUPPLY 

GH1 .t06. 
1 5 - VOC 

Al(A SUPPlY 

GHU07 
1 5 -VDC 

ATCA SUPPLY 

GH1 .t08. 
.t 3 - VDC 

Al(A SUPPLY 

GH149J. 
6 - VOC 

Al(A SUPPLY 

GH1 .t9.t. 
6- VDC 

ATCA SUPf'tY 

U. GN .. CS: CU PIIMAIY AND IACKUP SUPPLY FAILUII DITECTlON 

CAUTION 
rtl AMI'S 

{Gl40.50) 

W.U:NING CIS DC 

(Gl-'027) 

8·"· 0··-.===============--__j 

GG9001 
tGC 

Gti 1 0 2 1  

GG9001 

C.I.JlO(O�I 

� 

1"'!"--- ... . �· . . ·-· . 

,,,. , >------------------------- PCMTEA V GN .. CS: D-C POWEI SUPPLY fAILUII DETECTION 
015 voc 

W LGC fAILUII DETECTION 

X ISS INTIINAL IEFIIENCE fAILUIE DITICTION 

GN7621, NO TRACKING 
INDICATION 

Gl3215, + 1 2  VOC ASA 

GIJ2U. +28 VOC ASA 
01/M,O QU M0H "w�K• �AK> 

QI'IUTI ftn ... No 

U "  "" 
GYO:lOI, EDS 

SYSTEM A STAGE 
SEQUENCE RElAYS 

(KI THRU K6) 

GY0202. EDS 
SYSTEM I STAGE 

SEQUENCE RElAYS 
(KI THRU K6) 

Gl099.t. 
S-8AND RECEIVER 

AGC 

@::.. 
IV/CWU 

fN4•ll 

.504-1 

LMA 790-3- LM 
APOLW OPERATIONS HANDBOOK 

SUBSYSTEMSDDATA 

Y. GN C..CS: IINDEZVOUS IADAI FAILUII DnJCTION 

WARNING AGS 
(Gl4028) 

1.""::.._-----------------------� PCMTEA Z. GN&.. CS: AGS POWII SUPPLY FAILUII DITlcnON 

AA IDS· STAGE SEQUENCE fAILUII DETECTION 

.&• CS AGC FAILUII DITICTION 

CAUtiON 
10 IUAYS 

{Gt-'051 )  

Figure 2 . 9 - 1 5 .  CWEA F<.tilure l)('tcction C i rcuits - Logic Diagram (Sheet 3 of 3)  
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- - ----- ----------- - - - - -----
INTERIOR LIGHTING 

I'ANU I I COMMANDER'S 
CENTEI PANEL I 3 I 

) I'ANU 2 I lM PILOT'S 
CENTEl PANEL I 2 3 

I'ANEL 3 I COMMANDEl'S AND LM PILOT'S 
LOWEl CINTEI PANEL 2 3 I 

OIDEAL 
PANEL I COMMAND II'S I_ ; flOODLIGHTING flOOOUGHT POWEl 

CfNTEl SIDE CONSOli fLOODUGHT POWEl 

PANfl 14 J INTEGUJ. ELKTitOI.UMINESCENT UGHTING POWEl I lM PILOT'S flOODliGHTING IHTEGUl EllCTIOlUMINESCENT LIGHTING POWEl 
CINTEI SIDE CONSOli 2 3 

PANfl I I  I COMMANDEI'S U"EI SIDI 
CONSOU (CIICUIT IIIAKEI PANEL) 3 4 

PANEL 16 I lM PILOT'S U"EI SIDE CONSOLI 
(CIICUIT IIEAKII PANEL) 3 4 

PANEl 4 I COMMANDEI"S AND lM PilOT'S � IOnOM ClNTII PANEl 

PANEL 6 I lM PILOT'S 
AIOIT GUIDANCE PANEL 3 5 I 1 

PANEL I I COMMANDEI'S 3 LOWII SIDE CONSOLI 

PANEL 1 2  I I 1-+--cD lM PILOT'S 
LOWEI SIDE CONSOLI 

I 

PANEL S I I 
COMMANDII'S liGHTING PANEL I 

(LIGHTING SOU ICES ONLY) 3 
I I I I 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - J  

APOJ 

·---------------------�---------------- ----------------------L----, 
LIGHTING CONTROL EQUIPMENT 1 

�---

: EXTI � - - -------------------, I . I  I 
EXTERIOR � I I ' I LIGHTING 'D--+---I SECTION TIACIUNG UGNT · :  POWEI IETUIN MASTEl Al.AIM I 

SECTION ElECTIONtcS i I POWEI IETUIN 
I ASSEMBlY 
I I I · - -I I I GlOUND D 

DOCKING UGHT CONTlOl ... _ - - - - - - - - --- - - - - - - - -� � � I 

I I : I I 
I I 

i I I I I 
[ 

I I .. _ 
flOOOUGHT I i SECTION - --

I I flOODliGHT CONTROlS I 
I I SIOUENCI CONTROl k-I SECTION I H-I I 
I I 

_l I 
: 
I 

GIOUNO � I � 
GlOUND 

21-VDC MASTtl AU.� 
5.5-VDC DOCKING LIGHT POWEI ANNUNCIATOI POW! 

1 1 7  VAC TO LOW-POWII DIMMEI 21-VDC flOODUGHT PO'-' 

DlMMEI COHTIOl fOI ILICTIOLUMINISCINT NUMIIICS GIOUND 
DIMMEI CONTIOI. fOil ILICTIOI.UMINISCINT NUMliiCS 
20 TO 1 1 0  VAC DIMMEI LOW POWII 

21-VOC SEQUENCE CAMEIA PC 

GIOUND COMMANDII'S GIOUND 
2-5 -VDC ANNUNCIATOI/COMrONINT LIGHTING PANEl 21-VOC ANNUHOATOI POWII CAUTION UGHT POWEI (Of'EIAfiONAL CONTIOLS) 

'- LIGHTING CONTIOL 5.3 TO 5.9 • VAC ANNUNCIATOI/COWONINT PANEL S GIOUND 
ASSIMILY CAUTION UGHT DIMMEI HIGH POWII 

���v:CI�:���·M=��T
C

�:�� LIGHT POWII 
'--- IS TO 75- VAC DIMMEI HIGH POWII 

I 
21-VOC ANNUHCIATOI POWE• 
1 1 7-VAC DIMMll LOW POWI� 

I GIOUND 

I I 
� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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LIGHTING CONTROL EQUIPMENT 1 : EXTERIOR LIGHTING 

MASJEI AU.IM 
SKTI
ON 

�---------------------, I I : EXTERIOR L�: : �)-------�--!'-------------f--------------------------, I LIGHTING t-�-i1-t-:::"'::o-::=::-_/� I r-+--------t HIGH-INTINSITY r----------------------1: SECTION r-:,c,
"c
n
o
'
"
G 
N
UGIC
S
Mr JOOWEI IETURN '.:-/ rucK lNG liGHT 

I I I 

ASSEMILY J'()WII RETURN 

-________ _j __ j_J_ ____ �� ============
===l==�==

"
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"
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H

=

T

=

c

=
ON
=

r

=MX=========
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-
=
-
=
-

�

-=-=-=-=-=-
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-=-=-=-=-=-
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N

G)

D

=
I
�
�l--ti�

l
r-i
l
l

�-l�;,��o�n

J

---:;,���J--,--:��--,---��;:�----------! 
I I LIGHT UGHT LIGHT LIGHT I : I I 
I I : 

JGHTINO �WEI flOOD<IGHT 
SECT1
0
N 

I � - - - - - - - - - - - - - - - - - - · • • • • • • • • • • • • • • • • • • • • • • •  
LIGHTaNG fiOWEI I �-------- - - - - - - - - - ---------------------------� 

! 

LIGHTING CONTROl 
AUfMILY 

FLOOOLIGHT CONTIOtS 

U·YDC DOCKING UGHT roWEl 
117 VAC TO LOW·P�_!!!I DIMMII 
DtMMEI CONTtoL fOI UKTIOLUMINESCENT NUMEIICS 
DIMMER CONTROL FOI ElECTROLUMINESCENT NUMEIICS 
20 TO 110 YAC DIMMER LOW rOWER 
GROUND 
2-5-YDC ANNUNCIATOI/COMI"ONENT 
CAUTION LIGHT rOWER 
5.3 TO 5.9- YAC ANNUNCIATOR/COM

P

ONfNT 
CAUTION LIGHT DIMMER HIGH rOWER 
S.S·YDC DOCKING, LUNAI CONTACT, 
ANNUNCIATOR COMrONENI CAUTION UGHT r<>WU 

SfQUE���TIOl --i--
.__ ____ _.-r-

COMMANDER'S 
LIGHTING rANEL 

(OrERAJIONAL CONTROLS) 
rANU 5 

GROUND 
21-YDC TUCKING liGHT rQWfl 

GROUND 
21-VDC MASTER ALARM 
ANNUNCIATOR rOWEl 

21·YDC FLOODLIGHT rOWEl TO LM rtlOJ'S 
GROUND > �����T =� ...... �� ===-------------------- GROUND IUSES 21-YDC SEQUENCE CAMERA rOWER 

GROUND 
21-YDC ANNUNCIATOR ,OWER 
GROUND 

�
[_._._._._._._._._I�IS�
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�
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_
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I

------------
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�������

���1Jil�����1E�t:::::::::= ----------'-------1 21-YDC ANNUNCIATOR ,OWER } TO COMMANDER'S i 1 1 7-YAC DIMMER LOW ,OWfl CIRCUIT IRfAKU 
1 GROUND ����L.:..:�u�i AND 
i I I 

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figure 2 .  1 0 - I .  Lighting Control Equipment 

LIGHTING 

LEGEND 
f-c"o"'o,.-1 -r-1

-
UUMINATION SOURCE !-"""'"-=''+--

lncootdft(..., lOfl'lfMU�nl 
fctVIion light power 

lntevral elfttrolv..,ineuent 
light power 

lftlancleuent floodlight 

Elocrrotv..,;--f·illvoni
P"•hbunon pow., 

fledrolvtninouent ftVonerif 
li1h1 power 

l"'on.t.uenl llatur 
ti,hr pow .. 

Hi1h·int•nrity trodo.in1 
li1h1 power 

MiS$ion� Baste Date I February 1970 Change Date, ______________ Page 2. 10-3/2. 10-4 

�· 

- · ' 

:· 'i�������h����;t:;:':it;n:m;::''':l�;��!mm� · ::'::i·�m����!t���f'N•� 



..... 
CONTIOL 

101 
'""" I'WR --j 

OXYGEN OTY 
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PUMP SWITCH 
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LEGEND 

- ......... 

fNVIICINMENT AI. 
CONT110l 
5UI5YSTfM 

GSE filL 

Figure 2. 1 1-6.  Portable Life Support System - Simpli!ied Functional Schematic Diagram 
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) 

Fl'�CTIO�S 
POWERED THRl' CO 

r----------------------------------------------- AC BUS B--------------------------------------,1 lr--------------------------------------AC BUS A --�-'-------------------------1\' ,_--- BUSTlE- r--BUS TIE � I \ SEH����D 
p��;{.�;ISP s..:-:� ORDEAL AGS L�C:lp F�� l ��� I INV 2 INV 1 I I INV 2 INV 1 

A-C pwr to LMP window 
.. , A-C pwr to helium, 

fuel , & oxid digital 
lnd 

A-C pwr to S-DD aleerable 
ant mech 
drive asay 

A-C pwr to 
ORDEAL resolvers 
A-C pwr to ORDEAL pnl ltg 

A-C pwr to 
AEA outputs 
for FOAl 
II ORDEAL 
drive signals 

A-C pwr to AOT reticle 
Tampa 

A-C pwr to 
LMP FOAl 
sphere drive 

A-C pwr to 
all num displays 

Connects lnv 
2 output to 
AC BUS 8 thru INVERTER 

I 
I Connects tnv 
J l output to 
I AC BUS B 
I thru INVERTER 
l

aw 
I I I 
I 

I 

Connecta lnv 2 I Connects tnv 1 output to AC I output to AC BUS A thru I BUS A thru INVERTER sw • INVERTER sw 
I I I I I 

AC BUS 
VOLT 

AC BUS A algnal 
characteristics 
to IS for TM 

CDR WIND TAPE HTR RCDR 

A-C pwr to 
CDR window bb" 

A-C pwr to 
DSEA tape 
transport motora 

AOT 
1LAMP 

A-b P'WI''to AW rectlcle lamps 

RNDZ 
RDR 

A-C pwr 
toRR 
pwr supply for genera
tion or 
400 epa 
� f( .aMd , .. alewtng 
RR ant 

DECA 
GMBL 

A-C pwr to DECA 
for GOA drive pwr 
Au DC to man 
throttle CKTS l 
DECA "ATCA 
pwr mon•tor" CKTS 

· - -- - - - - - - - - - ------- .. ------ - - - - - -�- - - - - - -----�...; _ _ _  _ 

EFFECT OF CB OPEXIXG 
!LOSS O F/OR REJ\IAININO 
FUNCTION) 

FUNCTIONS 
POWERED 
TIIRU CO 

· - --- - -

EFFECT OF 
CD OPENING (LOSS OF/OR 
REMAINING 
FUNCTION) 

Loss of LMP 
window 
defogging 

Loss of onboard 
DPS fuel It oxld 
qty monitoring 
Loss of onboard 
APS helium lemp 
& press monitoring 
and DPS helium press monitoring 
(displays blank 
out) 

Loss of S-80 ateerable ... 
5-80 in-ntght ant avail lhru 
S-BAND Bel 

Loss of 
ORDEAL 

Loaa of 
monitoring 
of AEA 
outputs 
with FOAl 
It ORDEAL 

AC BUS A 
pwr avail Loss of LMP 

FDAI att 
display 
Error II rate 
needles 
still avail 
CDR FOAl 
att display 
avail 

Loss of 
all num 
displays 
(Including 
DEDA readout) 
Loaa of RCS 
PRESS � 
RNG, RNG 
RATE ALT, 
ALT RATE 
IND, It X
PNTR scales 

AC BUS A 
bus tie lnv 
2 pwr avail 

1 
J AC BUS A 
I bus tie inv 
I I �T avall 
I I I I I I I I I 
I 

1 
AC BUS B I AC BUS B 
bus tie lnv 2 1 bus tie lnv 1 
pwr avall I pwr avan 

I 
I I I I I I I I I 

Loss of 
onboard 
monitoring of a-c 
characteristic a 
Loss or a-c 
characteristics 
TM 

Loss of CDR 
window 
defogging 

Loss of 
recordin& 
capabillty 

ACIBUS 8 
pwi avail 

I 

Loss or 
RR ant 
slew II 
track capability 

GOA freezes at las· 
position 
Man throttle range 
limited to .. '151{, 
Cumot monitor 
ATCA DC pwr In 
DECA 

r---------------------------------------------------RCS SYS A---------------------------------------------------,1 1r-------------------------------------- FLIGHT DISPUYS---------------IV MAIN I \  sov 

Pwr to sys A main fuel It 
oxtd aov thru 
SYS A MAIN SOV sw 

Cnnnol change 
sya A mnln 
aov status 
!Normn.lly Open) 

Note 
RCS aya A will 
not uae AI�S 
prplnla U sov 
nre open 

QUAD 4 
TCA 

Pwr to prplnt 
vlvs prim colts of 
sys A quad 4 TCA 
(A4D It A4R) 

QUAD 3 
TCA 

QL'AD 2 
TCA 

QUAD 1 
TCA 

i Pwr to prplnt i Pwr to prplnt i Pwr to prplnt l vlvs prim colla I vlvs prim colts I viva prim coils 
lor aya A quad 3 I of sys A quad 2 lor sys A quad I 

I TCA (A3R " A3U) I TCA (A20 . A2A) ITCA (AI U " AIF) 
I I I 
I I I I I I 
I I I 
I I I 

- ------�-- - - - - - - -t--- ----- -� - - --- --- 

t.oss o f  prim auto l l.oss o r  prim auto It miln I l.osa o( prim nuto &i. man I Loss of prim ilUlo It man 

tt man coni of ays Ieoni or sys A quad 3 I coni of sys A quad 2 Ieoni o( sys A quad 1 
A quad 4 TCA'a I TCA'a (lmnkwcr, AGS I TCA's t'hartlovcr, AGS I TCA's (hardov('r, AGS 
lhardovcr, AGS I direct, It •X-tr:msl coni 1 tiircet, It +X-trilnsl cont I direct, II •X-tr:msl cont 
direct, &. tX-trnnsl I :-.vnll thru see coils) 1 avail t),ru sec coils) 1 avail lhru see colla) 
- - �  I I I sec eolls} I 1 I 

I I I 
I I I 
I I I 
I I I 

ASC FEED 2 

Pwr to sys A sec 
AP5 prplnt Interconnect viva 
thru SYS A ASC FEED 2 sw 

ASC FE ED 1 THRUST 

i Pwr to aya A Pwr to eng I prim APS prplnt THRUST ind I interconnect viva I thru SYS A ASC 
I FEF.D 1 sw 
I I I I 

Pwr to aux 
switching relay 
box thru ENG 
TIIHUST CONT 
TIIH CONT sw 

MISSION 
TIMER 

Pwr to MISSION 
TIMEH lnd 

-------�-------�------· ------
Cannot change 
status of see pnlr 
of sys A APS 
lntcreonneet vlvs (ASC feed 2 vlv 
Normally (' ln�efl) 

I Cannot <·h;mge I status of prim I pair or sys A I AI'S lnlcrconned 
1 viva !ASC feed 1 

I vlv Normally 

J Open) 

I I I I 

Loss of l'nt-: 
TIIIUJST lnd 

Loss of swih·hlng 
reln.vs 

Loss of 
MISSION T!Mt:H 
ind 

CDR 
X- PNTR 

Pwr to CDR X-polnier ind 
Pwr to aux 
switching relay 
box thru MODE 
SEL II RATE/F.RH 
MON sw 

RNG/RNG RT 
ALT/ALT RT GASTA 

Pwr to RNG, RNG 
RATE, ALT, ALT 
RATE lnd 
drive motor 

Pwr to 
GASTA 

- - - - - - - - - - - - - - - · - - - -
Loss or COR 
X-polntcr In<! 

Loss of switching 
rclars 
Loss or AF.A II LOG 
non lat vel & 1.00 
HUll fwd vel on LMI 
X-pntr 11hW I.I>G 
nnn alt data on 
lti>IG/ALT iml 

J..ot;s of 11NG, Loss of RNG IIATE. A I.T, fiASTA AL'J' HATE iml Computt.•r 

I 

l.os� nf 
1:\l tT atl 
•bta to 
Flli\l's 

CDR 
FOAl 

Pwr to CDR 
f'DAI 
Pwr to nux 
switch in« 
relny box 
thru RATE/ t:RR MON & 
A·nrnrm: 
MON aw 

l.ou ofl'lm 
t'I)Af. 
l.oss of 
B""lll·hlnt-: 
rcla\'S 

Figure 3-

Mission� Basic Date 1 Feb· 



�UM 
LTG 

A·C pwr to 
all num 
displays 

-- - - -

lAu of 
aU num 
dlaplayl 
(lncludlnl 
DEDA 
readout) 

Lo .. of RCS 
PRESS 1r 
RNG, RNG 
RATE ALT. 
ALT RATE 
IND, 6 X-
PNTR acnlea 

II man 
I 
\GS 
I cant 
I 

I I r-BUSTIE� 
INV 2 INV 1 

I 
Connects lnv I Connecta lnv 
2 output lo J I  output to 
AC BUS B I AC BUS B 
thru INVERTER I thru INVERTER 

l
aw 

I 
I 
I 
I - - - - - - � - - - - - -
I 

AC BUS A J AC BUS A 
bus tie lnv I bus tie tnv 
2 pwr avail I I pwr avail 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ASC 

r--- BUS TIE� 
INV 2 !NV 1 

I 

Connects lnv 2 I Connects lnv 1 
output to AC 1 output to AC 
BUS A thru J BUS A thru 
INVERTER sw • INVERTER sw 

I 
I 
I 
I 
I - - - - - -t- - - - - -
I 

AC BUS 8 I AC BUS B 
bus tte lnv 2 1 bus tie tnv 1 
pwr avail I pwr o.vail 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
ASC 

AC BUS CDR WIND 
VOLT HTR 

AC BUS A A-C pwr to 
signal CDR window 
characteristics htr 
to IS for TM 

- - - - - -
Lou of Lou of CDR 
onboard window 
monitoring defogging 
of a-c 
characteristics 

Loss or a-c 
characteristics 
TM 

MISSION 

AC BUS A 

TAPE 
RCDR 

A-C pwr to 
DSEA tape 
transport 
motors 

Loas of 
recording 
capablllty 

CDR 

AOT 
1LAMP 

I A-¢ pwr to 
Aolr rectlcle 
lamps 

:;;��!,? 

RNDZ 
RDR 

A-C pwr 
to RR 
pwr supply 
for genera-
tlon of 
400 cps 
2 - uaed 
for 
slewing 
RR ant 

Loss of 
RR ant 
slew lr 
track 
capability 

}'LIGHT DISPLAYS 

RNG/RNG RT 

DECA 
GMBL 

A-C pwr to DECA 
for GOA drive pwr 
Aux DC to man 
throttle CKTS lr 
DECA "ATCA 
pwr monJtor" 
CKTS 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

CONTROLS AND DISPLAYS 

INTGL l/ 
LTG I 

A-C pwr to 
integral ltc 
(e.g, tb lnd, 
lr panels) 

- - - - - - - -

GDA freezea a t  last Loss of tb 
poaltlon lr lnd ltg 

Man throttle range 
limited to ....,75% 
Cannot monltor 
ATCA DC pwr In 
OECA 

l . I 
COR RNG/RNG RT 

FEED 2 FEED 1 Ti!RlJST TIMER X-PNTR AL T/ALT RT GAb"TA FDA I COAS onor.AL ALT/AI.T RT 

Pwr to sys A sec 
APS prplnt 
interconnect vlvs 
tbru SYS A ASC 
n:ED 2 sw 

i Pwr to sys A Pwr to eng I prim APS prplnl TIIRl1ST tnd 
I Interconnect vlvs 
I thru SYS A ASC 

I FEED I sw 
I 
I 
I 
I 

Pwr to aux 
switching relay 
box thru ENG 
THII IJ.ST CONT 
TIIH CO:-JT sw 

Pwr to MISSION Pwr to CDR 
TIMER lnd X-polnter tnd 

Pwr to RNG, RNG Pwr to 
RATE, ALT, ALT GASTA RA'fJ-: lnd 

Pwr to aux drtve motor 
switching relay 
box lhru MODE 
SEL &. RATE/ERR 
MON sw 

Pwr to CDR 
fOAl 

Pwr to aux 
switching 
relay box 
thru !lATE/ 
t:RR MON &r 
ATTITITnt: 
MON sw 

Pwr to fwd 
or ovhd COAS 
mount thru 
COAS sw 

J>wr to OIIOt:AI. 
sh.'flpcr motor 
thru t:AnTII/ 
1.1':-\AII sw 

Pwr to RNG, 
ltNG RATJ-: 
ALT. ALT 
1\ATf: tnd 
logic 

Legend 

Dealgnatea DUAL POWER to function 
Deatgnatea SIMILAR functions 
Designates DIFFERENT functions 

AC nus A ' /  con 
GASTA 1-'0AI 

Pwr to GASTA Pwr to CDH 
resolvers 1-'0AI sphere 

drive 

- - - - - - -�- - - - - - - - - - - - - - - - - - - - -�- - - - - - - � ""- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cannot change I Cannot l'h;mge l.uss ur en�: 
status or SCl' pair I status or prim I'l l H lT�T lml 
or sys A APS I pnlr or sys A 
Interconnect vlvs I AilS lntcrcunned l.oss or SWih·hlng 

(ASC feed 2 vlv 1 viva (ASC (('ed I relavs 
Norm:•lly t'lo!lell) I vlv Normr�llv 

I Open) 
I 
I 
I 
I 

LOBii of Loss u( COR 
MISSION TIM E II X�polnter lnd 
lnd 

Loss of switching 
relays 

Loss of AEA &. LDG 
nnn lat n·l &r LOG 
llllH £wd vel on 1.1\11 
X-pntr :�lso I.DG 
HOlt all tl:ll:t on 
ltNG/A I.T lnd 

Lou of 1\NG, l.oss of 
1\Nc.; !lATE, A l.T, GA!·rri\ 
AIJr JIATf. lnd Computl'r 

Lo=>s 1•r 
1 1\ I I T :Jit 
tl;•la to 
l'lli\l's 

Loss of Clllt 
FIJi\ I ·  

l.ot�s of 
swih'hin�:: 
rel:1vs 

!.Of'S of 
co,\� 
rclldc lt 

l .os!l or Ollllt:AI. 
SII'I'IW.'I' lllOIOI' 

Loss of UNG, 
liNG RATJ-: 
A I,T I A l.T 
HATt: lnd 

Figure 3-3. Circuit Breaker Functions (Sheet I of 5) 

Mission� Basic Date I February 1970 Change Dale I April 1971 

_ __j_ 

toss of Pl:r-:s 
t::,lmhal r�n)tle 
display 

l .oss of CTlll 
f'DAI r11t 
dlspla�· 

Loss of l'lH'<S f:rror I r:'lte 
all dlf\pl:l1 needles still 

;JVrlil 

l . M I '  t'llAI 
:1t1 dillptrl\ ;1\';IIJ 

Page __ �3�-�1�5�9 ____ ___ 



LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

CONTROLS AND DISPLAYS 

l r------------ H�AT�� -------------, 
r-- INST --, r--------------------- ---- STAB/CONT r--•o-----, I LDG 

LTG -

n �CTill�S 
PO\\ t:IU:D 
TI!Rl' CB 

EFFECTOF 
CB OPEN
I�G (LOSS 
OF/OR RE
:\IAINING 
FU�CTION) 

FUNCTIONS 
POWERED 
THRU CB 

URINE 
LINE 

-- n�oz IWR --
STDB'i <WI\ 

LllG 
RDR 

Pwr to urine l'ur lo IIR .mt 
I 

Pwr to IIH Pwr to LR 

�;:v:�� :�eeze- :�r
n�.��\.�·.�t � ��� �:'t.t•t ��r

n�::l't:i�t 

up of vent mt .liX>\"�· min I �·l�·ctronic� ant above ruin 
tube valve ,,,n·vlv.li h.•n•p I ;tsly survival temp 

I 
I 
I 
I 
I 
I 
I --------�------:-----r------

LoBI o f  btu 
cauaea cradual 
dqradatlon of 
urine collection 
capability 

1 
If RR temp 1 Loaa of RR, If LR temp 
below min 1 or below min 

;:��=���:mp, I �f���;!!:: ::::�:mp, 

degradation I degradltlon 
ruulh I resu1t1 I 
CB not I �·:��1:1 

c
�hllfl I 

Ia closed I I I I I 

CB not 
required when 
cb PGNS: 
LOG RDR Ia 
cloaed 

DOCK 
W1NOOW 

l>wr to dock inc 
window htr 

Lo .. of 
window 
defr011Ung • 
defog: ill( 

AOT 

Pwr to AOT 
htn 

- - - --
LOBI of AOT 
defroatlnJ 

SIG 
CONOR 1 

Pwr to ERA 
I In SCEA 

Lo .. of ERA I 
(approx h:df 
o!)er data) 

AEA 

Pwr to AEA pwr 
atupply for inlemal u11e • DEDA pwr 

-------

LMP AEA cb 
avail 

ABOilT 
STAGE 

Pwr to abort 
lHat.:c elect ron-
ics thru ADORT 
STAGE IIW 

---- - -

STAGE 
sw av:ul 

:O.:ote 
If ABORT 
STAGE pb Is 
pushed, des 
eng will shut 
down I( 
thrusUnc, 
ASC enc 
will not 
ignite until 
ENG ARM 
sw - ASC 

ATCA 
(PGNS) 

Pwr to enable 
prim preamps 
R1.:durw:lant bias 
to jet drivers 
under PGNS &. 
ATC A control 

Pwr to S&.C 
cont assy for 
guld cont 
switching 

1------
Lou o f  PONS 

I' rim pwr 
prov•dt..-d with 
LMP ATCAcb 

Cannot switch 
from AGS to 
PGNS 

RCS flrina;s 
not arrected 
in AGS 

A E LD  

P ... · r  to s"c 
cont a:uy 
No. 1 for 
asc eng on 
cmd, AGS 
auto dead-
band selec-
tlon, • 
staging 
cmd during 
abort stage 
to ED SYS A 

DIP AELD ch avail 

L01;s of 
engine on 
signal to 
£0 SYS A 

c--------- HEATER RCS SYS A/B-1 ---------, r------------ ECS ------------, 

QUAD 4 QUAD 3 

Pwr to aya A/8-1 htr Pwr to aya A/8-1 
for each TCA of htr for each TCA 
cluater 4 of eluater 3 

QUAD 2 QUAD 1 

Pwr to aye A/B-1 htr Pwr to ays A/B-1 htr 
for each TCA of ror each TCA of 
eluater 2 cluater I 

SUIT 
FAN 1 

Pwr to suit fan 
No. I (suit ckt 
aaay) thru SUIT 
FAN sel 

CABIN 
FAN 

Pwr to cabin 
fan thru t:cs 
relay box 

------- GLYCOL PUMP -------

Pwr to glycol 
pump No. 2 
thru GLYCOL ... 

Pwr to glycol 
pumJl No. l 
thru GLYCOL 11d 

AUTO TRSFR 

f:nergizes 
transfer relay to auto s.,..·itch 
to pump �o. 2 
when pump 
No. I ,\p 
olrops below 
preset value 

ENG ATT DIR ENG START DECA GEAR LllGIC A' 
CONT CONT OVRD , PWR FLAG PWR A UTIL 

Pwr to disable auto thr cont Pwr to ACA for Pwr to enc Pwr :todu Pwr to Pwr to EDS Pwr to portable Pwr to<' 

direct firing START aw enc & coot LDG aya A uUI Ita thru CDR ettg STA 

Pwr to des eng atop when aac cnc of RCS lOKf,c of GEAR &r LMP UTIUTY caut. pv. 

armed or when staging DECA DEPLOY UGHTS aw status It-

Pwrto +X Redundant tb 
Redundant feed to des enc arm ckta TRANSL pb pwr to ENG Pwr to , 

ARM aw EXTERii 

P.·r to relilet man eng start rel&)'ll Enabllnc voltage S� pr< 
for AGS pulse 

Pwr to 1 Pwr for man de• eng •tart mode cmd• 

p .. n to LUNAR CONTACT It 
on pnl l I 
- - - - - - - - - - - - - - - - - - - - -- - ... - - ---r---- ------
Loss of redundant feed to del eng arm LoBI of AGS Prim vwr Loa of des e�a� Loe• of LoBI of EDS Lo .. of porU.ble Loss ol 

direct • pube av.u for Pmballrc 1r LllG •Y• A utll lh (llurl .. 
Loss of man dea eng »tart • stop modes, hardover, ENG ARM :::t:'"' GEAR DO bork 

• + X-TRANSL sw from Ulty DEPLOY EOS sys B 
l..o;i11 of mllll thruat cont (remain• In pb (see TCA LMP DISP/ t.oa.l of AGS 

tb avail Lo .. ol 
auto mode) colla not avail) ENG OVRO 

LOGIC eb auco•mtn dead- LMP'a 
Loss of eng gambal off, U OPS I• arrnec.J Man att cont b;; · seleetloa COIIPl 

avail via Att Lou of To • r. 
L'nder AGS cont: lou of nnalotr: limbal Hold/Rate cmd man del • � from DEl 
trim cmds &. auto min deadband &. PGNS min uc eng shrt OVRDcb Lou of 
selection when 111tartlng dea en& lm()tJlse modes i:' .. ..... _ ERR It 

Auto enr: �-·) LcHs of LU�AR CONTACT It on pnl 1 start avail 
Loo of GOA 1 -!<>• '"" 

,----------------- COMl\1 ------+---------, 
UP DATA 

UNK 

Pwr to DUA 
pwr supply 

---- SEC S-BD ----

XMTR/RCVR 

Pwr to aec pwr 
l!lupply In S-80 
xevr thru 
XMTRIRCVR sw 

Pwr to PMP for 
emer key and votct: 8U 
functions 

P\VR AMPL 

Pwr to sec pwr 
supply In S-DU 
pwr ampl thru 
PWII AMPL sw 

VIIF B 
XMTR 

Pwr to VIIF 8 
xmtr voice &. 
data ckt1 thru 
VIIF D XMTR IW 

1\' I I F  A 
IICVR 

Pwr ',to VII F A 
rcvr'thru 
VIIFiA RCVR sw 

COR 
AUDIO 

SIG STR 
DISP 

Pwr to CDR audio Pwr to SIGNAL 
center STRt:�GTII lnd 

LllG 
ROR 

Pwr to LR 
pwr 11upply 

Interrupts 
pwr to htr 
cont cl.t 

- - - - - - - - - - - - - - · - - - - - - - · - - - - - - - - -�- - - - - - - - - - - - - - ------ --------�------· -------·------ - - - - - - · - - - - - - - - - - - - - - - ---- - - - - - - - - - · - - - - - - - - - - -
EFFECT OF 
C8 OPENING 
(LOSS 
OF/OR 
REMAINING 
FUNCTION) 

Lo .. of aet of 
htn In cluster 4 
{aya A/8-Z htra 
svail, Ioncer 
warmup required) 

Lou of aet of hi ra 
In cluater 3 (aya 
A/8-2 htra avatl, 
lon1er wannup 
required) 

t.o.a of act of htra 
in cluater 2 (eya 
A/B -2 htra avail, 
longer warmup 
required) 

Loaa of aet of htr. 
In cluater I (ay• 
A/B-2 htra avall, 
l(lllgllf WIMnUp 
required) 

Figure 3-3. Circuit Breaker Functions (Sheet 2 ol 5) 

Life support 
system degraded 

Backup is SUIT 
FAN set - 2 

Loas of c;abln 
·� 

Page 
___ 

3
_

-
_
16
_

o ___ Mlssion LM Basic Date February 1970 Change Date I April 1971 

Lo11s of prim 
loop redundancy 

To activate 11ec loop, 
WATf:R TANK 
SELECTOR vlv -
Sf:C, GLYCOL ael -
INST (Sf:C), SEC 
EVAP l'WW vlv
OPt:N, GLYCOL 
I'UMP SEC cb 
close. I'HIM t:VAI' 
F l.OW t l - closed 

Los a of glycol 
iJot.tmp No. I 
(If AUTO TRN FR 
cb clos�.-'<1, glycol 
pump No. 2 auto 
activat�.-... 1) 
Auto tran:<fer 
relay swlkh to 
pump No. 'l \To 
dh'Hthle t;(.Y('OL 
comp C1Htl lt, 
manually t.wltch Gl.YCO(. Sl'l 
I'UM I' 2) 

l.o118 of ;auto 
transfer 

Manu;tlly sPicct 
pump: GLYCOL 
Hel - PUMP I or 
PI I M P  2 

Loss of 
digital 
uplink cap1billty 

Lo11s of 
received 
S-bd bnckup 

Prune voice 
1\V;II\ 

Prim S-DD xcvr 
avail 

Loas of sec S-OU 

Loss of sec S-80 
i>Wr ampl 

Prim pwr ;tmt•l 
av.1il 

VIIF A xmtr 
voice ckts avail 

Loss of data &. 
voice transmis
sion via VIIF 8 

VIIF II rcvr 
avail 

Lou of rd:ty 
capa.hillty 
CDR muat use 
LMP audio 
center 

l.osa nf aU 
Vllt' ll 'mtr 
voice 

Los� of onbo:u-d 
Lit " nn 
monllormK 

Lou of Llt 



--------------------- ------ STAB/CONT ----------------------------------------,1 �Eo -----, r------------ LTG ----------, 

j ATCA 
(PGNS) Ai:LD 

Pwr to enable Pwr to SC.C 
prim jlteamp• coni aiJSf 

r R1..'<1undant blaa No, I (or 
to jet driven asc eng on 
11nder PGNS &o cmd, AGS 
ATCA control auto dead-band aelec-
Pwr to SC.C tion, &. 
cont a.ssy for atactng 
guid t'ont cmd during 
»witching abort stage 

to ED SYS A 

Loss of PGNS LMP Af:LD 
cb avail 

I' rim pwr Lou of 
providLod With engine on 
LMP ATCAcb signal to 

ED SYS A 
Cannot awltch 
from AGS to 
PGNS 

RCS firings 
not arfected 
In AGS 

'OL PUMP -----------

· to clycol •P No. I 
1 GLYCOL ael 

AUTO TRNFH 

EDCflj:l:lea 
tranllfer relay 
to auto switch 
to putnJ• No. 2 
when purnp 
No. I AI' 
drop11 below 
prcact vo�lue 

F.NG 
CONT 

Pwr to dbable auto thr coni 

Pwr to des eng »lOll when asc eng 
armed or when Klagtng 

Redundant feod to des eng arm cktl 

Pwr to reset man eng tllart relays 

Pwr for man des eng start 

Pwr to LUNAR CONTACT It 
on pnl 1 

Loss of redundant feed to des eng arm 

Loss o f  man des eng atart II stop 

Loti» of man thrust coni (remains In 
auto mode) 

Lou of ena gimbal off, if DPS Ia armc.'\1 

Under AGS coot: to .. of analog gimbal 
trim cmds a. auto min deadb:and 
selection when starting d�a en1 

Lou of LUNAR CONTACT It oo pnl I 

ATT DIR 
CONT 

Pwr to ACA for 
direct firing 
of RCS 

Pwr lo •X 
TRANSL pb 
Enabllllg voltage 
for AGS pW.e 
mode cmda 

Lou of AGS 
direct '- pube 
modes, hardover, 
a. • X-TRANSL pb (vee TCA 
coila not avail) 

Man aU cont 
avail via Att 
It old/Rate cmd 
' PGNS min 
Impulse modes 

ENG START 
OVRO 

Pwr to eng 
START aw 

Redundant 
pwr to ENG 
ARM sw 

Prim vwr 
avail for 
ENG ARM 
sw from 
UIP DISP/ 
ENG OVRD 
LOGIC cb 

Auto en1 
start avaU 

DECA 
1 PWR 

Pwr !to des 
eng & cont 
logic of 
OECA 

_J ___ _ 1.o11J of dea CDC 
gimballna: . 

=·"" �=:GS autotmbl dead-1 � aelectloa 

Loa of GDA 
ea,.jon lnd 

GEAR LOGIC 
FLAG pWR A 

Pwr to Pwr to EDS 
LOG sys A 
GEAR 
OEPWY 
th 

1----
..... of LDC 
GEAR 
DEPWY 
th 

Loss of EDS 
sys A 

EDS ays 8 
avail 

UTIL 

Pwr to portable 
uttl Ita thru CDR 
fl LMP UTIUTY 
LIGHTS aw 

Lou of portable 
utll lta 

A NUN/DOCK/ 
COMPNT 

Pwr to caut 6 warn anun, 
eng START fl STOP, comp 
caul, pwr fall, ' DSKY 
atatus lts 
Pwr to docking Ita thru 
EXTERIOR LTG fl LM/ 
SLA preu aw 

Pwr to DEDA OPR ERR It 

Loaa of dockiDg Ita 
(Durin& TO C. E, 
ftO backup) 

Loaa of Anun lighting 

LMP'a ANUN/JX)CK/ 
COMPNT cb avail after 
TO C. E 

Loaa of DEDA OPR 
ERR It LEGEND 

Dealpates DUAL POWER to function 

- - - - - Deataoates SIMILAR fwlettons 
- Dealpataa DIFFERENT functloas 

r------------------------------ CO�IM -------------+-----------------, r------------------------ PGNS ------------- --------------, 

UP DATA 
LIN K 

l'wr to DUA 
pwr aupply 

----- SEC 5-BD ----

XMTR/RCVR 

Pwr to sec pwr 
supply i n  5-BD 
xcvr thru 
XMTR/RCVR liW 

Pwr to PI\.IP for 
emer key and 
VOICt: BU 
functions 

PWR AMPL 

Pwr to sec pwr 
auppl)· In S-BD 
pwr ampl thru 
I'WR AMPL sw 

Vllt· 8 
XMTR 

Pwr to VUF' B 
�tmtr voice C. data ckt1 thru 
VUF H XMTR sw 

I )VIIF A 
HCVR 

I 

con 
AUDIO 

SIG STR 
DISP 

Pwr',to VI IF A Pwr to con audio J>wr to SIGNAL 
rcvrlthru center STRt:NGTII ind 
VII Fj A HCVR aw 

LDG 
RUR 

Pwr to Lit pwr supply 

Interrupts 
pwr to htr 
cont �·kt 

IINDZ 
Rnn 

f>wr to IIR 
electronics 
assy 

LGC/ 
OSKY 

Pwr to l.GC 
& !>SA 
pwr supplies 

IMU 
STBY 

Pwr to IMU 
temp cont ckt 

IMU j OPR ' 
Pwr to nw. PSA, 
CDU. C. PTA 

- - - - - - - 1-- - - - - - - - - - - - - �- - - - - - - - - - - - -1- - - - - - - �-- - - - - - - - ·  
1 of &iycol 
•P No. 1 
aUTO TRNFR 
loaed, glycol 
p No, 2 auto 
vatedJ 

o lr:ander 
y switch to 
p No. 2 (To 
ble GLYCOL 
p cautlt, 
unlly switch 
'COL sel 
fP 2) 

Lose of :auto 
tran1fer 

Manu:ally tlclc<'l pump: <;LVCOI. 
ael - PUMP I or 
I'UMP 2 

Lon of 
dt��:ttal 
uplink capability 
l.o•a of rcf"clved 
S·hd backup 
vnl t a  

Pnmc vnke 
av,otl 

Prim S-UD �tcvr 
avail 

l.oss of SC<' S-1\U 

Loss of sec s-no 
pwr ampl 

Prim pwr :untJI 
avail 

Vllf A �tmtr 
voice ckts :avail 

Loss of data a. 
voice transmis
sion via Vllf B 

VIIF II rcvr 
avail 

Loss of n•l:ly 
capahllity 
con must usc 
LMP autllu 

l.osv of .1U 
VIIF H >tnotr 

l.o:�s of nnhoanl 
LH & lUI 
monilonnt( 

l. os ll nf LII Loss of llH l.ollll of i'GNS 

l.m111 of 1 , 02 1 -mt· dn(•l. 

Loaa of J>IPA 
' IIUG htn, 
temp alarm 
thermostat 

IMU aC'rUrii<'Y 
lkgnul<'<l 

Loss or IMU, PSA. 
COU, II PTA 

t..o .. of ISS &! 
att data to LGC 
& lnd 

LGC avail, but 
t'annot perform 
all functlone 

Loss o f  manual 
throttle In 
J'GNS mode 

- \ ·•i:;;uJ ·•·1:• ···,···�u�1/Hm��i�lffi�i!iRI�!Iii!!!!!Will!�iNi:N!iJI!f/ii��[-�mj�!!i� 

) 

) 

) 



LMA790-3-LM 
APOLLO OPERATIONS HAND I 

CONTROLS AND DISPLAY. 

,r---------------------------------------------------------- >1''--------------------------------------------------------��r------ PROPUL ------, 

iT:o\C.:TIU�S 
PU\\'lHlD 
Tlllll" C B  

.--- l'HOSS TIE --------,1 
ll.\T }r- t-rt:o nt: ---, 

Connects bat 
No. 3 or lunar 
bat, & bat No. 
4 & 6 to CDR 
d-e bus 

During bat No. 
5 backup, also 
connects bat 
No. 5 to CDR 
d-e bus 

Hedurw.L'lnl 
cb 

0.\ 1 .  1.0,\DS nus 

Supplies retluntL'lnt rlad;up cb 
pwr to CWt;A, t:PS 
dlsp, sl� sensor, 
!lig cond •2, &r 
Pl'�l/TE 
Connects CDR 
bus to l.r-.1 P bus 
thru DIP 
CROSS TIE cb 

Xl.l":o\.\H 
m:s Tit: 

('onncl'ls t'DH 
neK bus to neg 
xlunar hu� for 
I . :\ 1  ground 

m:s 
t:CA CO�T 

Pwr h·om l'llH 
hus to low- and 
hi�h- voltagc coil:-� 
in t:l'A �o. 1 & 2 
thru Ill \'OI.To\(;t: & 
1.0\\' \"OI .To\Gt: sw 

Pwr to des hats 
lv/hv orr " 
dc::uiCace relav 
reset for abort 
SL'lge 

m:s 
t:CA 

Pwr h·om CUll hull 
to pwr ::�uppllcs of 
hoth dl.'s t:CA1 a for 
cur n:nt 1: •·cver::�e 
current inti 1: O/C 
tn·otcction 

Pwr to rcl;ly!l 
for aiK>I"t ::lt.IKC 

.\SC 
t:c.: .. \ co:-:T 

Pwr from l'l>lt 
bus to nornt &r 
backup main feed 
cuntactor colb In t:c.\ :-.:o. :J &: .J thru 
:-:on�IAI. ..-n:o e: 
DACK l:P n:t:O sw 
to switch of( :l!'IC l);"ll!t 

Pwr to nt:S RATS 

J•,..-r from cnn 
hull to pwr 
supplies of both 
:�sc •:c.\'s for 
current &: reverse 
current lnd &: 0/C 
protection 

1:-\\' 1 

l'v.r from CDH 
hus to lnv :o\o, 1 

.for generation 
(Of 115V. 
J;��O

r
�c�;

u 
:t-c 

11"\"t:nn:n. sw 

0<.' Dl'S DES HE 

nu:r REG/VENT 

l»wr from l'l>lt 
bus to IS, &r to 
monitor bus 
voltaR:o for 
telcmetr,· &r 
warn ll 

Pwr to P<'M/TF., 
slg l'lcnsor• It 
siK condra viD 
rcl3\" 4K6 
for Prel3unch 
telemetr�· 

Pwr to DPS helium 
•olenold viva lhru 
DES He REG 
1 &r 2 sw 

Pwr to DPS prplnt 
vent solenoid vlvs 
thru DES FUEL &r OXID VENT sw 

- - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - --- - - - ----------

t:rn·:cr ur 
C ll OPl.NING 
ti.OSS OF/OH 
Ht::\IAI:-;JNG 
F U N CTIOr>:) 

.\djacent cb 
avail 

,\dj:lcent 
cb avail 

t.oss of I . M P  b•Js 
when CSM powers 
I.M results In loss 
of ,\GS & possible 
loss of S-hd 
stcer.1hlc ant 

Only closed 
In event of 
feeder short 
when 
powerinK 
LMP bus 
thru l' nn h u s .  
or vice versa 

:o\o loss of 
function: 
relay cnnt;"�cts 
In parallel 
with ch 

Ucdumlant cb 
on l.i\1 P panel 
supplies pwr 
h·om 1 . :\ 1 1 '  hus 

ltctluml:lnt cb 
on 1.�1 P p .. 'lncl 
supplie::� JMT 
h·om L\1 P hus 

ltcdund:mt cb on 
1.�1 I' )J,'lnCI SlJl)Jllie!o! 
pwr from 1.�11, hus 

nedundant cb on 
1.:\l l»lncl l-iupJlllcs 
pwr from 1 . \I P bus 

'lnv :-:o. 2 avail 
1hru 1:-..: n:nTt:n 

,sw lpwr from 
1 .:\1 1• hus to 

,nw \o. �� 

l.oss of 
monltorinK 
of cnn hus 

T.oss nf 
pn•launch 
lclcmcln· 

Cannot change status of ht>lium 
solenoid vi v (Prim: No1·mally Open, St-c: �ormally Closed dur
Ing normal mission opemlion) 

Cnnnot chan�c status of solenokl 
\'CRt vlvs 

Figure 3 - 3. Circuit Breaker Function� 
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

CONTROLS AND DISPLAYS 

---------------- fi'S --------------------------------..,1,-- PROPUL --, 
IE ---_,1 

BL'S 

n.:u·kup cb 

X l .l":'\,\H 
nvs Tlf': 

Conned� Clllt 
nCK bux to neg 
xlunar hu.!i for 
1.:\1 I(I"Ouncl 

ut:s 
u·,\ cor-;T 

Pwr h·om t'IJit 
hus to low- and 
hl�h· volta�c coil !I 
In t;(",\ :-\o. I &r :!  
thru Ill  \'OI.T,Ua·: 1: 
I.OW \"OI.TAGt: ll!W 

.Pwr to des h:lls 
lv/hv off &r 
dc:ullace relay 
reset for abort 
HL'll(e 

m:s 
!-:(',\ 

Pwr h·om con IJU::� 
to pwr tlupplit.>::� of 
both dl..'tl t:CA' 8 (or 
CUlTCill &: I'CVCn:IC 
curn:nt lnd &r ole 
pt·otcctlon 
Pwr to rcltytl 
for ahort ::�t;tgc 

.\S(" 
t:l".\ CO:'\T 

1�-r ft·om nm 
btHI to norm &: 
b:tckup m:tln feed 
cunl;tclur colt:. In 
t:l'.\ !'\o, l &: .J thru 
XOit\IAI. F.:t:o 1r 
RM'I\ t:P rn:n sw 
to swilch orr :tsc hat:� 

Jlwr to UFS OATS 
sw 

,\SC 
t:c,\ 

1"-·r from Cllll 
htt.!i to pwr 
supplies of both 
asc 1-:CA's for 
current '" reverse 
cu rrent lnd lr 0/C 
protection 

1:\\' 1 

f)y.·r from CI>H 
hus to lnv S"o. I 
,for rtcncratlon �f u5v. 

00-CflS, a-c 
JWr. thru 

olf'.:\"EUTEH sw 

rx: nus 
\"CII.T 

l�r from cnlt 
hus to IS, &- to 
monitor hus 
volta��:c for 
tclemetn lr 
warn h . 

l�r to PCM/Tt-: . 
slg �cnsors 11 
Rig condrs via 
rclll\" 4KG 
for Prelaunch 
telemctr)· 

DES H E  
REG/VENT 

Pwr to DPS helium 
solenoid vlvs thru 
DES He REG 
1 &: 2 SW 

Pwr to DPS prplnt 
vent solenoid vlvs 
thru DES FUEL & 
OXID VENT sw 

I 

·-- - - - - - - - - - - · - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - ---· -------------
Onl) closed 
In event o( 
feeder shorl ..... 
po�•erlng 
DIP bus 
thru cnn hus. 
or vice vers:� 

Xo loS)i of 
function: 
rcl.:ty cont:u:ts 
In (Ktr:tllcl 
with cb 

ftcd,•ndant ell 
on 1.:\IP panel 
ltllflplies pwr 
fr·on\ 1 .:\I P hu� 

.... , .  ___ .. � .... ---·��···�·�··- ' �  ·• � ·  

lteduncl:mt cb 
on 1 .:\1 P fl.'lncl 
:iuppllcs pwr 
from J.:\1 P hus 

llcdundant ch on 
f,:\1 P p·anel suppl ies 
pwr from 1.:\1 P hus 

Uedundant cb on 
I. :\I J>:mel supplies 
pwr from I.�IP l)Us 

l:�;ux�\;:����:�n 
1 sw (pwr from 
1.:\I P l>t.IS to �inv Xo. :!) 

Loss of 
monllorinl( 
of ('l}ft IKIS 
l .oss or 
prd;nmch 
lclclncln 

Cannot change st�1tus of helium 
solcnoid vlv (Prim: Normally 
Open, SC'c: :-.lormal ly Clost•d dur
ing noa·mal m ission opcr·alion) 
C:�nnol chanKC slatus of solenoid 
n•nl vlvs 

LHiEXD 
---- I>P.si�;nai('S Dl".\ L PU\\ t:H to h•tKllon 
• • • • •  llt"!>IJ;Ualt•s Sl\111..\lt fum·.t wns 
- lkS I);Il:th's Ill I-I· �.Hf-.:'\T hmdinn:. 

Figure 3-3. Circuli Breaker Functions (Sheet 3 of 5) 
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t t  :'\C fiOI'S 
POWI:. HlD 
THHl" C D  

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

CONTROLS AND DISPLAYS �� ru-----,llll�---------------------------- �-· -------------------------------�1 1�------- n� -
EvENT TI�IER/ S E  ASC ASC QUAD 1 QUAD 2 QUAD 3 QUAD 4 TEMP/PRESS PQGS/ MAUf DISP/ENG 

SE FOAl X-PNTR FEED 1 FEED 2 TCA TCA TCA TCA CRSFD DISP - FLAGS DISP / SOV OVRD LOGIC PQGS 

Pwr to EVENT 
TMR lnd 
Pwr to LMP 
FDA I 

Pwr to aux 
awltchlna: relay 
box thru RATE/ 
ERR MON 1: 
ATTITUDE MON 

Pwr to LMP X 
pointer lnd 

PWR to aux 
switching relay 
box thru RATE/ 
ERR MON sw 

Pwr to sya 8 
prim APS prplnt 
Interconnect vlvs 
thru SYS B ASC 
FEED 1 sw 

; Pwr to sys B 
1 sec APS prplnt 

I Interconnect vlvs 

I �£::��55! ASC 

I I I I I 

Pwr to prplnt vlvs 1 Pwr to prplnt vlvs i Pwr to prplnt vlvs i Pv.-r to prplnt vlvs Pwr to prplnt Pwr to RCS TEMP I Pwr to RCS ays A , 
prim coils of sys B 1 prim coils of sys B 1 prim coils of sys B 1 prim coils of sys B crossfeed vlvs 6 PRESS lnd thru 1 6 aya B prplnt 
quad 1 TCA I quad 2 TCA 1 quad 3 TCA 1 quad 4 TCA thru CRSFD sw TEMP/PRESS MC'l<' 1 qty comp.�ters 6 
(BlL 6 BID) I (B2L & B2U) I (BJA "- �D) I (Nf & B4U) sel II tt. all RCS tb I QUANTITY Ind 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I : 

Pwr to aya B 
main fuel IJ 
oxld aov thru 
SYS B MAIN 
SOV aw 

Pwr to MPS: FUEL 
6 OXJD TEMP 1: 
PRESS ln .. U.N 
PRP·.NT lfM!'/UJtESS 
MON aw I to all MPS tb 
Redwldant pwr to eng 
arm clrcuUa for 
manual aac eng arm 
II des cmd ovrd 

Pwr to DPS pr, 
qty gq:lng sys 
unit tbru PRP: 
QTY MON sw 

· - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - -�- - - - - - - �- - - - - - - ·  I I I I 1 - - - - - - - -,- - - - - - - - • - - - - - - - ..,.. - - - - - - - �-----· �--------r-------: - - - - - - - - - ·  

u· rt:cT or 
CB OPENING 
tLOSS OF/Oit 
RDIAINING 
FG!\CTJON) 

FUNCTIONS 
POWERED 
THRU CB 

- - - - - - - - - - ·  

t:Jo'FECT OF 
CB OPENING 
(LOSS Ot'/OR 
REMAINING 
FUNCTION) 

Page 3- 162 

Lou of EVENT 
TIMER lnd 

Loss of LMP FDA I 

Lou of switching 
relays 

Lon of LM P X Cannot change 
I 

Cannot change 
pointer lnd status of prim pair 

1
1 status of sec 

of A PS  pair o f  APS 
Loss of Interconnect vlvs I Interconnect vlvs 
switching relays (ASC FEED 1 vlv 1 (ASC FEED 2 vlv 

Normally Open) 1 Normally Closed) 

I I I 
I 

Loss of prim auto 
S! man cont of 
sys B quad 1 
TCA's (hardover, 
AGS direct, S! +X
transl cont avail 
thru sec coila) 

I I I I 
I Loss of prim auto 1 Loss of prim auto 1 Loss of prim auto ;�=t

0
�":::

r
� Loss of onboard 1 LoSS of onboard 

I !Y::' �:�t 
;r I :Y:�n 

q�:�t ;r
TCA 's I !Y�;n 

q�:�t :'
TeA's vlvs {Normally :.;�':'�!�P 0! 

RCS I :;.�n�to�t:
a
0� RCS 

I TCA's (hardover, I (hardover, AGS I (hardover. AGS Closed) presa, 1r bellum I prplnt qty (Pwr 1 AGS direct. lr +X- I direct, lr +X- I direct, 1r +X- press (Pwr fail light I fall light above tad 
1 transl cont avail I transl cont avafl I transl cont avail above PRESS lnd I goes on) 

I thru sec coils) 1 thru sec coils) 1 thru sec coils) goes on) 1 
1
1 

1
1 

1
1 Lou of monitoring of 

1
1 

RCS vlv status (tb I I I Indicates pwr off) I 

Cannot change 
aya B main aov 
status (Normally 
Open) 

Note 
RCS aya S will 
not uae APS 
prplnta if .,., 
.... _.. 

Lou of onboard 
monitoring of MPS 
prplnt temp lr press 
(Pwr fall light above 
PRESS Ind. goea on) 

Lo .. of monitoring 
ol MPS vlv atatua 
(1b IDdlcatea pwr 
oil) �· of retilndant pwr 

Lou of onboar 
monltortng of 
DPS prplnt qt� 

i\ LTG -------------.,1 r E D  1 ,.--------------------- STAB/CONT ------------+-------------,1 1 

FLOOD 

Pwr lo cabin pnl, fwd 
• ovhd nood Ita thru 
1-'LOOD IIW 

Pwr to cabin fwd &. 
ovhd It thru docking 
hatch sw 

TRACK 

Pwr to tracking It 
thru EXTERIOR 
LTG sw &! tracking 
It electronics assy 

AN UN/DOCK/ 
COMPNT 

Pwr to caul " warn 
anun, eng START II 
STOP, dockJng thru 
EXTERIOR LTG sw, 

comp caut, ind pwr 
fail, II DSKY status 
It• 

Pwr to DEDA OPR 
ERR It 

MASTER LOGIC 
ALARM PWR B 

Pwr to MASTER 
ALARM It 1i 
tone gen 

Pwr to 
E ll5  
sys B 

AEA 

Pwr to AEA pwr 
suwJ.y for internal 
use lr DEDA pwr 

- - - - - - - ·  - - - - - - - - - ·  ------- 1----· --------
Loss o f  fl ood  Its Loss of tracking It l.oss of caul li warn 

nnun , en!( START & 
STOP, docking, comp 
caul, lnd pwr fnll , & 
DSK Y status Its 

Alternative Is CDH C B  
LTG· A N UN/O<X:K/ 
COMI'NT 

Loss of Df:DA OI'R 
Ell II It 

Loss of MASTER 
ALARM It and 
audio tone 

Figure 3-3. Circuli Breaker Functions (Sheet 4 o! 5) 

Loss of 
EDS sys 
8 

EDS sys 
A avail 

Mission LM Basic Dale 1 February 1970 Change Date 1 April 1971 

cun AEA cb 
avail 

ENG ARM 

(ENG ARM sw - DES) Pwr 
to des eng actuator I sol 
viva thru DECA relays 

(ENG ARM sw - ASC) Pwr 
to AELD to enable asc eng 
Ignition 

Pwr to relay drivers for 
auto APS II DPS cont logic 

Pwr for ENG ARM sw 
avail with CDR CD S/C: 
F.NG START OVRD 

Arming des eng with 
AOOilT pb avail 

Arming asc eng with 
ADOHT STAGE pb avail 

I.oss of nulo en��: 
start for A PS II DPS. 
(STAHT ph avail) 

ASA 

Pwr to ASA 
pwr supply C! 
ASA heaters 

Loss of AGS 

Jl.lan att 
coni avail 

AELD 

Pwr to SIIC 
cont aaay No. 1 
for asc eng on 
cmd 1: AGS 
auto dead band 
selection & 
abort stage 
signal to ED 
sys n stage 
relay 

C'Dit CD S/C; 
,\ELD avail 
Loss of engine 
on signal to 
E n  ,;ys n 

ATCA 

Pwr to ATCA pwr supply ror 
ATCA 1r DECA pwr 
Pwr to LUNAR CONTACT 
lt on pnl 3 

ABORT 
STAGE 

Pwr to abort stage 
electronics thru 
ABORT STAGE sw 

------------- �---------
Loss of AGS auto II att hold/ 
rate cmd coni modes 

Loss of FDA I rate Indication II 
error ref 

l.oss of nn auto track " slew 
modes (loss of slewing pwr); LGC 
mode avail 

Loss of gl mhnl &! throttle caj).1.
hlllly (DPS sta rt :11 rna.:'! thrust) 

Lo!!!l of APS :tulo on 

Loss of !.UNA II CONTACT l.t 
on pnl :1 

Abort staging avail 
with CDR CD S/C: 
AOORT STAGE 

Note 
Des eng will shut down, 
but asc eng will not 
IKJIIte until ENG ARM 
sw - ASC 

Loss of nsc eng arm 
cnahlc (t:NG A lUI sw 
:w:Lil) a. time delay 

Loss of 1lcs en� ovcL"
riolc 

ATCA 
(AGS) 

Pwr to enable abort J preamps 

, Pwr to enable both 
TI"CA's 

1 Pwr to SIIC cont 
, assy for guld cont / switching 

Provides gyro test pwr 

l.oss of auto AGS 
HCS firing 

Prim pwr provided 
with I.MP ATCA cb 

(':mnot sw from 
J>(�NS to AGS 

Ht'S flrlnl! mwrrcctcd 
tU I"GNS 
Itt;.\ l':tnnot he tcstctl 

DES ENG 
OVRD 

Redundant pwr 
to actuator lsol 
1: pilot vlvs of 
des eng 

Note 
Eng fires at full 
lhrottle only 

Loss of des 
en��: override 

CWEA 

Pwr to CWEA 

Jl.lost nmlfuncllons 
are ntonllorc•IIH 
l\ISF:'I: vl:t telcmct t 1 
some :trc tnonilorNI 
llll l':lhln lnd 



RCS S� D  --------------------------------------------------------�----------, r---------------- PROP U L 
I I  l j  

TEMP/PRESS 
DISP - FLAGS 

MAIN 
sov PQGS 

-----,-----------r-----------r--------�---------.. ---------�' -------,--------------r---------,.------_J/ 
prplnt vlvs i Pwr to prplnt viva i Pwr to prplnt viva Pwr to prplnt Pwr to RCS TEMP i Pwr to RCS ays A : 

UAD 2 
TC."-

QUAD 3 
TCA 

QUAD 4 
TCA 

PQGS/ 
OISP CRSFD 

DISP/ENG 
OVRD LOGIC 

ASC He 
REG 

•ils al sys 8 1 prim colla of sya 8 I prim coils of ays B crossfeed vtvs Ci PRESS ind thru 1 1z sys B prplnt TC."- I quatl 3 TCA I quad 4 TCA thru CRSFD sw TEMP/PRESS MON I qty computers 11 
B2r) I (83A II 830) I (B4F II B4U) sel • to all RCS tb I QUANTITY lnd 

I I I I I I I I I I I I I I I 

Pwr to aya B 
main fuel II 
oxld aov thru 
SYS B MAIN 
sov aw 

Pwr to MPS: FUEL 
' OXID TEMP Cr 
PRESS ind thru 
PRPLNT TEMP/PRESS 
MON sw ' to all MPS tb 
Redundant pwr to eng 
arm circuits for 
manual asc eng arm 
II des cmd ovrd 

Pwr to DPS prplnt 
qty gaging sys cont 
unit thru PRPLNT 
QTY MON IJW 

Pwr to APS 
helium solenoid 
vlv thru ASC 
He REG l '  
2 ow 

· - -- -�---- - - -..:...----- -- �--------�-------� - - - ----i----------· -------- 1-------
prim auto .... .. 
.... . 
bardcwer, 
ect. &; +X
oot avail 
coila) 

I I I ' 
1 Loas of prim auto 1 Loss of prim auto Cannot change Lou or onboard 1 Loss "of onboard 
I 6 rnan cont of I II man cont of status of crafd monltortna: or RCS I monltorlnl: of RCS 

I �l:r!��� !JiA'a I ;::r!::� !JiA
'
s 

���::�,o
rmally 

:��s�1. �':1fum I :���� :t;'(� I direct, • +X� I direct, 6 +X- press (Pwr fall light I fail Ught above lDd I transl cont avail I trans! cont avail above PRESS lnd I goes on) 
1 thru He colla) 1 thru sec coils) goes on) 1 
: : t.o .. of monitoring of : 
I I ��c:::.·::�·o� I 

Cannot change 
sya B main sov 
status (Normally 
Open) 

Note 
RCS sys B will 
not use APS 
prpl ntS If SOY 

are open 

Losa of onboard 
monitoring or MPS 
prplnt temp Cr press 
(Pwr fail light above 
PRESS lnd goes on) 

Lou or monitoring 
or MPS vlv status 
(tb Indicates pwr 
oil) 
Loss or redundant pwr 

Loss or onboard 
monitoring of 
OPS prplnt qty 

STAB/CONT -------------------------+------------------------,1 I 
E..� ARM ASA AELD 

Rloi .. - DES) Pwr Pwr to ASA Pwr to SIIC 
181 actuator laol pwr INpply ' cont assy No. 1 
-u DECA nlays ASA beaten for asc eng on 

cmd II AGS 
lUI sw - ASC) Pwr auto dead band 
D to enable asc eng selection ' 

abort atage 
signal to ED 

relay drivers for ayiJ B stage 
'8 6: DPS c:ont logic relay 

ATCA 

Pwr to ATCA pwr supply for 
ATCA ' DECA pwr 
Pwr to LUNAR CONTACT 
lt on pn1 3 

ABORT 
STAGE 

Pwr to abort stage 
electronics thru 
ABORT STAGE aw 

ATCA 
(AGS) 

Pwr to enable abort j preampa 

, Pwr to enable both 
TTCA'a , Pwr to SIIC cont i :��ic���g

guid cont 

ProvideiJ gyro test pwr 

DES ENG 
OVRD CWEA 

Redundant pwr Pwr to CWEA 
to actuator lsol 
' pilot vlvs or 
des eng Note 
Eng fires :tl full 
throttle only 

Cannot change 
status or helium 
solenoid viva 
(Normal!�· Open) 

INST 

SIG 
SENSOR 

Pwr to all subsys 

PCM/TE 

Pwr to 
PCMTEA 

· - --- - -- ------ ------------- --------- - - - - - - - - - � - - - - - - - - - - - - - - -------- --- - ---
' Vi'G ARM sw Loas of AGS 
Lth CDR CD S/C : att cont 
'ART OVRO 

Man att 
� ena wuh coni avail 
pb avail 

asc: enc with 
STAGE pb avail 

aafDerc; 
r APS I. DPS, · pb anll) 

CDR CD 5/C: 
AELD nail 
LosiJ or engine 
on signal to 
r.o �'�)"s n 

Loss of AGS auto t aU hold/ 
rate cmd cont modes 

LOsiJ or Jo'DAI rate Indication &r 
error ref 

Loss or HR auto traek & slew 
modes (loss of sJe.,.,lng P"' r);  LGC 
mode avail 

Loss of glmb:tl &r throttle c:tp .. 'l· 
blllh• (l>PS start :11 ma-.: thrusq 

l.uss of '' PS :tutu nn 

Los:<� of l.liN.\11 ("0:-/ l Al" l [.t 
un pnl :l 

Abort staging avail J .os s  of auto AGS 
with CDR CB S/C: ltCS rlrlng 
ABORT STAGE 

Note Prim pwr provhled 
Du eng will shut down, with I.MP AlTA eb 
but asc eng will not 
Ignite until F.NG AHM Cnmot sw from 
sw - ASC l'GN:'i to AGS 

Loss of asc eng nrm JH ·:-:; flrln� un;•Ht•ctNI 

cn:thl e (t:NG AHM sw tn )"{iNS 
av:1i1) &r time tld:�.y 

Loss uf tl<'s en14 ovcl"
ritlc 

Loss of des 
eng override 

l .oss or l"Wt:,\ 

;llo!>t m:tlfundions 
:u·c monitorc•l h.1 
;\lSI':'>: Vi:l tdcml•ll·\ 

son1c an� mmlitorl'd 

tm e :llJm in•l 

J.oss of ··•PIII"O'( 10 
SUIJS \ S  Sl'll!>OI"S 

\"l'lllcle: m:� l· 
.\SC o-.:1�en. tl-.:ltl 
m:•nifoltl, �uil, 

t":lhin, I. :1\1 J>I'S. 
\ t � .  IH"S p1·t• ... su re 

I .OSIJ of 
tclemctr\ 

to :'-!SF:'>: 
J .oss of I"Oicc t 

tlat:t S-hc.l suh
t':ll"l'ic•·s, 
lln..:/.\11 
tud. emcr 
�L'\ , inv 
l i m inJt, /lSt:.\ 
Inti. 1.. .\ I C.\ 

L,EGEND 

Designates DUAL POWI:: It to function 

Dcal1natea SIMILAI\ functions 
Destcnatcs mn:Em.·.:NT functions 

I 'i <C$ 1/ 
SIG SUIT 

CON DR 2 t'LOW CONT 

Pwr to Pwr to sull iaol vlv 
ERA 2 solenoid for auto 
In closure 
SCEA 

l .oss of 1.os11 .A lorn sui! 
t-: H,\ t: )Jrolccthm 
(:lpprox-h:ll[ opcr 
1l:tla) 

) 

) 

) 



'T 
I ! 
I 

ECS I 

LMA ?VO-S-LM 

APOLLO OPERATIONS HANDBOOK 

CONTROLS AND DISPLAYS 

_,---- 1'111\l �-1111 
----,, 

I I l I 
\ I I I II 
IIC\'11 1'\\'lt A).IPL X\ITII/IICVH PMP TV DlSP 

GLYCOL 
PUMP SEC 

LCG 
PUMP 

CADit. FAN 
COIIT 

CABIN 
REPRESS 

SUIT 
FAN 2 

.SUIT 
rAs � P  OIV�:ItT 

VLV 

l'wr tu V I I I  l'wr lo t•rtm t""r 1'14'r lo torllll pwr Pwr to S-bd 
lluraUie ant 

Pwr to PMP 
pwr IUpp(y 

Pwr toTV 
camera pWr 
l"fJPIY 

Pwr to all 
ECS lnd 

Pwr to backup clycol pump 
In cool.ut reclrcullltlon ally 
{Not normally ued ln nll(hl, 
t11cept Ia emerceacy or 
checkout model) 

Pwr to LCG 
l"mp 

T\lrna oft cabin (ll.na 
when PRESS REG 

Pwr to CABIN 
REPRESS vlv " 
CABIN warn It 

Pwr to ..all fan 
No. Z (IIIIU ckt 
IIIIJl thna SUIT 
FAH ael 

Pwr to IJn 1\P 
leQor (lnd 
function onlyl 

r.·r to SVIT G,\S 
urn:un:n vlv for 
auto clo!iure caused 
by low t'abln ttrele 
or b)· PIH.:Ss IU:G 

l'wr to co� liL'm<ur ....... 1)1 •ut�·ly 1n S-lxl �upply In S-hd '\CYr 
t•wr .•mtolthru thru X.\lTH/IICVH """ 
1'\\'lt A).II'L •w Pwr to apt.cellllt 

btomed ckta thru 
BIOMED aw " 

umblltcall 

A or B In EGRESS 
l'wr to l'�ll' for �mcrjlcncy 
ley ' voice h;oclul' 
[unction• thru XMTH/ A or D vlv - t:ctu:s: 
IICVII ano.l I'C�I �t�w 

--- - - - - - - - - - - - - - - - - - - - - · - - - - - -----------�----- - - - - - - - - - - - - - - - - - - - - - - -�- - - - - - · - - - - - - - - - - - - - - - - -" '  Lo�t�llnCVIII 
VIIF f:lnl(inl( 

Lou of 
t:VA olata 

L..o�t�a o( 
Vllt" II 
rccciYL�i 
Yoic�: 

l.nllll of t•rlm Loll of prim S-DO .S-hU t>lllr xcvn 
:!.niJ>I 

Sec S-BD IICYr avaU 
&..'<.' pwr amp! 
.1v;ul Sec p" r to P�IP 

llvllll 

Lo .. ofS
BD ateer
able ant 

S-BD comm 
thruomnJ 
ant avail 

t.o .. or S-BD 
blomed, PCM, 
downlink voice, 
II EMU data, 
exc:ept emer
reacy key " 
backup voice 

Lola or TV Lo .. or 
all ECS 
cob in '"' 

Lon of aec coolant loop Loaa of 
clreulattOD 
thn� LCG 
(rom LM 

Lon of cabln fan 
auto ehutoff 

Turn off laa by 
openln( fa.n cb 

I.Ma of auto 
cabin reprea• 
mode; manual 
mode avail 

Loaa of lndtca
Uora of low cabin 
prMa (CABIN 
warn ltl, CABIN 
PRESS lnd avail 

1 t..a of M.llt faa 
, No. l 
i la eabllt mode, remo.e belmet " breatll cabla alr. Alter period of 

UIIM, ft111b cabin air 

Ia .,reaa mode PR£81 REG A • B 
Yh- • DIRECT Oz 

l.c:Nie of tndtcattoa. 
Cor failure of 11111t 
fan No. L or 2 

Lolla of auto vl• 
ctoaure; manual 
mode avail 

Lo .. o( C<>.! Ind. COt 
com(l caul It, ' TM 

u:ct:tm 

lkllltll.lh::ro UUAl l'tJ\\'t:ll t•• lullt t .  

• - - - - - - llo:Milt'IOIIt.'ll SIMIL\11 full\·ti .. lllt 

OcliiKJialL'M l)ft"l-t.llt:I'T fundloot•� 

--H�ATE�---------------------------, r---------------------------------------------------------------------------E �-----r------------------------------------------------------------------, I CAMR I 
BAT 

I 
A/8-2 ---- ----0 I 

(JUAD 3 QUAD .. 

t•wr to 1y1 A/8-Z I Pwr to eye A/D-2 

��r
c::,:c: �A I ��r

c�:t=�� ,!�A 

IITR CONT: RCS I HTR CONT: RCS 
�YS AlB z QUAD I SYS A/B 2 QUAD 
J IW 1 4 11W 

I 
I 
I 
I -------�-----

t.o .. or aet ol I L..oaa of aut ol 
Mra In du•lor 3 1

1 htn in cluator 4 
, t..lly• A/R-1 htra (•,.. A/D-1 htra 

.• vall; tonrer I avail; longer �:.:::r re- I warn•u·· rcqulrt'ril 

I I I I 

OISP 

Pwr to 
HTR 
CONT: 
TEMP '"" 

Loll of 
onboard 
monltor
tnr of 
temp of 
RCS 
cluater, 
LR, RR 

temp, II 
S-BDant 

r SEQ l ---CROSS TIE ------------- Hl:D TIE ___ _ 

s-en msP DC BVS tNV 2 ASC ASC DES �a X LUNAR nus nA L wADs J ANT VOLT ECA ECA CONT ECA Eci CONT fU..'S TIE 

Pwr to S-bd ant 
htra 

U S-bd ant temp below m ln 
•urvlval temp, 
t>ermanent 
dc�tradatlon 
re11ulta 

Pwr to Pwr from Pwr from LMP bua to 
aeque� LMP bua lS, to DC BUS FAULT 

to AMPS comp cau.t lt. • to 
1: VOLTS moattor bua .oUq:• 
lnd, II to for TM • wara It ... 

---· ---------
Loaa of Lo11 of I...c»a of moaUorlq 
aequence onboard of LMP bua .... . ""' 

monitor-'"' 

Pwr from LMP to 
lov No. I for J•n•ratlon 
of l lSV, 400-c�. a-e 
pwr, thru INVERTER aw 

Pwr from LWP bull to 
pwr aupPIIea of both 
aae ECA'• for eurrent 
• revene eurrent tnd • O/C protection 

PWR (ron• LMP bua to 
nor111 • backup main 
feed contactor colla In 
ECA No. 3 • 4 thru 
NORMAL FEED . 
BACK UP FEED aw 
to awltch off aac bata 

Pwr to DES BATS aw 

--------- r---------�--------
In• No. 1 uall thru 
INVERTER 1w (Pwr 
fro"' CDR bus to lny 
No. II  

Redundant cb on 
CDR panel supplies 
pwr from CDR bus 

Redundant cb on 
CDR panel au.p
pltea pwrfrom 
CDR bua 

Pwr from LMP bua to 
pwr aupplln of both 
daa ECA'S for current • ,.,.erll current lnd 
" 0/C protection 

Pwr to relaya for abort 
..... 

:;-J �:..Uicc'l..�.��N�. I 
• I thru HI VO[TAGE 6 LOW 
VOLTAGE 1w 

Pwr to daa bat h/tw off • deadface 
relay r••t for abort •late 

' 

Connect• lM P net: bua 
to ner :dun;ar bull for 
LM (r<IUnd 

CtMIIIL'CII I.MI' iJUI I<t 
CI>R IJU11 thru Cilll 
t'IIOSS Tit: �·h 

Connecla bl.t No, 2 
or lunar bl.t, t ba.t 
No, 1 11  S to UIP 
d-e bua 

Durlna bat 8 bl.ckup 
alao connecta bill No. 6 
to LMP d-e boa 

--------- -----r-------�-------· '"'------------- -----------------
Redundant cb on Redundant cb CDR panel IIUJ'IIIica No lou u f  fuotellmt: �� .. l

.

y clua .. 'tl IU"S t"IIIISS "JU: Adjacc111 cb A•lja(·t·HI t•h 
CDR panel auppltel pwr pwr (rom CDR r�:l;ay c•••tacb In 111 �-v�·nt .,[ rh av:u\ avail avaol 
from CDR bua t•.tr:lll�:l with cb f�··�kr 11hn11 

wh�·n 
,.,.,.·,•rinK 
1.:\11' hull 
thru t'lllt 
lmii, ,.I" Vt("t" 

Figure 3-3. Circuit Breaker Functions (Sheet 5 of 5) 
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f ... l!ii\fdtlf ·······-i·\ 

( 

.,. ... ,.,,.,_ 
. ·-· .... �. ···--·''· ·--··-�· . . , 

,---·----------------------------------------------., ,.----------------------
Ill:. I' 

H :\t'TIII;\S l'wr lo l'll.\1.\1 A:.:T: 

���·;�:. �-�11 !�����
1
L �¢,�\;·:.:�; ru 

" 
,\l'llltl 

I'\\ I' I•> I. \II' 1111hu 

Vllt .\ 
7'1::\l f'lt 

l'wt· tu VIII .\ , ..... ..... .. ,. .. ,., .. )' 
\"III II 

IIL'\'11 

l'wr lu Vtll  

_,------ I'HI.\1 S-IJU ----..... , 
1'\\'lt A :\ I P L  l OtTit/IICVII 

S-BD 
ANT 

l'wr lo t•rmo pwr 
:>�u1�·1y on s-txt 
pwr .omi•l lhn• 
I'WH A \ I I ' L  •"' 

p,. r to prim pwr Pwr to 5-bd 
IIUI'I'Iy m S-lld ltcvr •teerable ant 
thru XliTH/HCVR ,., 

Pwr to Pll P for emera;cney 
l..cy 1: voice huclo.up 
function• thru XMTR/ 
HCVIt �n<J J>CM IW 

PMP 

Pwr to PMP 
pwr aupply 

Pwr to apaceaull 
btomed ekte thru 
BIOMED ew 1: 
umbiUeall 

TV DISP 

Pwr to all 
ECS lnd 

GLYCOL 
PUMP SEC 

Pwr to �ckup clycol pump 
Ia coolant recirculation auy 
(Not normally llled ln Dl(bt, 
eJtCept In emerceacy or 
checkout model) 

LCG 
PUMP 

Pwr to LCG 
pump 

- - - - - - - - - - - - - - - - - - - - - - -1-- - - - - - - - - - - - - - - - - - r-- - - - - - - - - - ------· -----f---- - -----------�----- -----
t:n·EcT of 
C..:U Ul't:N
ING (LOSS 
Ut'/UII IH:
MAINI,_G t'UNCTION) 

l.o11 ofS-hoo.i .UII 
t•tldl C. y;tw 
j>Oiilion ln<hcalh•• 
C. S-hol rl'i.'�·IVt:d 
lii,'YMI IIr'-1\i:th 
tn<ltcallnn 

� .  .. ,.,. ,.f n·l=•• 
'"'"��' I \ll' um"t 
"""' t'Ult .uuliu 

'-""� .. r IL,t:., 
:mel \"II F-.\ 
x�n u 

l.nu .. f \lllt' 
··=�n�<tn.:: &r vur 
A vnlco.: 

t.r. ..... rv•tr 
r;m�tlnat 

l.o•• or 
t:VA data 

Lo•• of \lilt' II 
n.:celvo,:d 

Ln1111 of prim S-h<J pwr 
:tn1pl 

S...'t' pwr ampl 
,IV;Iil 

LoSI of prim S-BD xcvn 
5«' S-80 xcvr :IIV3U 
See p..-r to PltP I Vall 

,---------------Ht:ATt:RS---------------, 

,---------ltCS SYS A/8-t ---- -----, 

FUNCTIONS Pwr to 
POWER ED lb htr1 
TH RU CB on Mi:SA 

EFFECT OF 
CB OPEN
ING (LOSS 
OF/OR RE
MAINING 
FUNCTION) 

Lo11 o( 
htra wltll 
po11lble 
de(rada
tlon of 
lteml 
requlrtnc 
temp 
ltabillr.a
Uon 

QUAO I (JUAU 2 QUAD 3 QUAD <& DIIP 

.... .. 
HTR 
CONT: 
TEMP '"" 

Lo11 of 
onboln:l 
monitor
In( of 
temp of 
RCS 
clueter, 
LR, RR 
temp, II 
5-BD ant 

s-ao ANT 
Pwr toJ-bcl ant 
htn 

If S-bd ant temp 
below ml&ll 
IIU'TI¥al temp, 
t>ermanent derrad;aUOft reaulta 

t.oe. of s
BDtteer
able ant 

Loae of S-80 
biOIUCI, PCM, dowaltnk .ole., 
• EMU data, 
ucept emer
...., ..,. , 

Lou of TV t.o.a of 
all ECS 
cobln 

Lou of aec coolult loop 

s-ao comra 
tbfll omAI 
IAtavall 

DIIP 

...... .. tee 

DC BUll VOLT 
Pwr to Pwr from Pwr tn. LMP bu. to Mqlle- LNP bu IS, to IX: Bl.B FAULT 
camen to AMPS oo.p nut It, 6 to II VOL TJ -ltor bu toltap IDd, 6 to ler Tal 6 WUD. It "' 

, .. 

INV 2 

Pwr (rom LMP to 
lnw No, 2 for pnuatlon 
of lliV, 400-cpa, a-e 
pwr, thn.t INVERTER aw 

ASC 
ECA 

Pwr from LMP bu• to 
pwr auppllea or both 
aae ECA'a for t'llrrent 
• .. .,.. .... current ind 
• 0/C protection 

Loa• of 
ctrcW.atloa. 
tbn& LCQ 
from LM 

ASC 
ECA CONT 

PWR from '-'IP bua to 
norm • backup main 
feed contactor colla In 
ECA So, 3 II 4 thna 
NORMAL FEED . 
BACK U P  FEED 1w 
to awltch oft uc bata 

Pwr to DES BATS aw 

---· �-------- ---------- ·--------· ---------
Lou of t.o .. of "-• of tniXIItorlq 
eaqueMe onbo�;rd or LMP INa 
camn bue 6 

... 
monitor-
'"' 

In¥ No. l anll thnt 
INVERTER aw (Pwr 
from CDR bua to lnv 
No. I) 

Redundant cb on 
CDR puel 1uppllea 
ptrr from CDR bill 

Redundant cb on 
CDR panel lup
pllea pwr from 
CDR bua 

,., ... Ylhen I 
A or B 

Loll Ol 
auto eb 
Tun ol 
-'"' 

Pwr frOfl 
pwr III!Ji: 
de1 ECA 
. .......... 
• oJC PI 

Pwr to "' 
''"'' 

.......... 
CDR pa.IW 
from CDI 


