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SECTION 2
SUBSECTION 2,9

SEQUENTIAL SYSTEMS

INTRODUCTION.

The sequential systems consist ot coittrol and detection systenis
which function during ascent and catry portions of 4 mission or in pre- .
orbital aborts. The control tunctions are sensing L/V status, displaving
L/V status to the crew, automatically initiating LES aborts inan cmer-
geney during carly ascent, and automatically sequencing the EiS during )
descent. Backup controls are provided for critical functions and normal
events.,  The systems are the scquential events control system (SKCS),
cmefpency detection svstem (1:1D8), launch escape system (LIS). and
carth Landing system (B1S). The systems intertace with the reaction _
control system (RCS), . puidance and navigation (G&N), scrvice propulsion L.
systeam (818), stabilization and control system (SCS), cloctrical power '
system (MPS), teleconmmumications (1/C), and controls and displavs (C&D),

FUNC ITONAL DESCRIPTION,

The purposc ot the sequential systems is to provide safety tor the
crew during the ascent and descent phasces of & mission, and to pertform
normal separation functions. The KDS monitors operation ot the L/V and
will inttinte an automatic abort m an cmerpdéney. The LES i provided
for use during an emergency arising from unilfunction ot the L/V or
other systems atfecting crew satety. The LES will beutilized to abort
the mission in an emergeney by sepatrating the /M from the 1L/V and
S/M.  The LES can be operational trom the Launch pad until the launch
escape tower is jettizoned. Pollowing second stage booster ignition, the
LIS tower is jettisoned trom the CSM L7V combination, The 1S is
provided to stabiliae and decelerate the C/M tollowing an entry into the
carth atinosphere or tollowing an abort. The F1LS parachutes will lower
l‘h(‘ (“,’M at w suitable velocity and attd “&m 1\1\?\5»;,‘§i‘1§\\g:\\\1 ‘x)‘};il}:l\\\\'t\. A 2
functivnal description ol the sequential By Ftopms s e ‘1‘~£“\4‘d ‘ﬂ\ﬂﬁb?? .
tollowing paragraphs, b o e ‘

. T

Scquential Faoents Control System (SEUS), (XN Lo {,u

Y

The SECS consists o \-m\lrullm}:-‘ (t'fgurv 2 ) that provide auto -
Bl . semautomatic, and manual control.tor initiation ar ternunation
of tunctional ey ents during various phases ot the Apollo mission. L he
controllers are the master events sequency cantroller (MESC), carth
Linding sequence sontroller (ELSC), C/M reaction control system cone-
troller (C/NUROSE), sefvice moedules petteson contoaller (SNJC). Fach
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controller consists of redundant relays, timers, and other devices to

control systems operation and automatic timing of events.
are provided in all cases for dual redundancy.

Two controllers

The SECS will contro! the

automatically sequenced events during a mission abort, normal CSM-5LA
s¢paration, normal C/M-8/M scparation, and events during the earth

landing phase.

The SECS provides conditioned signals to telemetry

cquipment through the data distribution box so that vital information may
be telemetered to MSFN., :

|
]

The SECS will control the launch cscape system (LES) during an

abort up to the time of normal launch é¢scape tower jettison,

The SPS

enginé is utilized during an abort after LES tower jetiison to propeél the
CSM away f:om the I./V. Normal séparation of th¢ SLA is performed

by the SECS following manual initiation after earth orbit is attained.
Emeérgency separation of the SLA is performed automatically 1.7 s¢conds
after an $PS abort is manually initiated. C/M-S/M scparation is per-
formed by the SECS, and is manually initiated during the entry phase or .

subsequent to an SPS abort,

During a LES abort, the C/M-S/M separa-

tion is performed automatically by the SECS. Eveénts performed by the
earth landing system are automatically controlléd by the SECS during

normal descent.
events.

Switches are provided for manual backup of critical

The basic functions performed by thé SECS aré as follows:

Event Originates Function/Input Manual Control
Auto abort vnable | MESC Liftzoff signal EDS AUTO switch
(MDC-16)
LE and PC MESC C/M-§/M separa- | LES MOTOR FIRE
motors fire tion relays switch (MDC-5)
Pitch motor C/M RCSC | Lift-oftf + 61 ABORT SYSTEM-
inhibit scconds - OX DUMP switch
(MDC-16)
Auto RCS oxidizer] C/M RCSC Lifthoff. + 61 ABORT SYSTEM-
dump inhibit seconds OX DUMP switch
(MDC-16)
LES tower MESC ELS armed and ABORT SYSTEM -
jettison 24K ft baroswitch | MODE switches
closure¢ on A and B (MDC-16)
LES aborts,
manual 3 minutés
after lift-off
CSM.-SLA MESC Trardislation con- | ADAP SEP switch

scparation

trol + 1.7 sceconds

(MDC-5)

k1i$9§l"ﬂ"¢-i-'—-
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Event Originates Function/Input Manual Control

RCS/SCS enable MESC Adapter separa- REACTION CONTROL
tion + 2.5 sccoads | SYSTEM-CMD
or C/M-S8/M switch (MDC-16)
deadface +1 second

LES abort MESC EDS abort signal Translation control

initiation from L/V-IU

C/M-S/M MESC C/M-S/M déad- C/M-S/M SEP

separation face relays switches A and B
+0.1 second (MDC-15)

Canard deploy MESC LES abort lockup | CANARD DEPLOY
relays +11 switch (MDC-=5)
scconds

SPS abort MESC Manual Translation control

initiation

RCS/SCS disable MESC ELS armecd and REACTION.CONTROI
24K ft baroswitch | SYS-CMD switch
closure (MDC-16)

Apex cover MESC ELS armed and APEX COVER .

jettison 24K ft baroswitch | JETT switch
closure (MDC-5)
+0. 4 second

Drogue parachutes| ELSC ELS armed and DROGUE DEPLOY

deploy 24K ft baroswitch | switch (MDC-5)
closure
+2 scconds

Droguc parachutes| ELSC ELS armed and MAIN DEPLOY

releasc and main 24K ft baroswitch | switch (MDC-5)

parachutes deploy closure
+ 14 scconds +
10K ft baroswitch
closure
RCS propellants C/M RCSC| Manual C/M PROP JETT
burn DUMP switch
(MDC-8)
RCS purge C/M RCSC]| Manual C/M PROP JETT
PURGE switch
(MDC-R)

Mission

____Basic Date
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Event Originates Function/Input Manual Control
Main parachutes ELSC Manual MAIN CHUTE
release release switch
(MDC-16)
Postlanding MESC Manual POST LANDING-
antenna deploy ANTENNA-DEPLOY
switches A and B
(MDC-25) .

Emeérgency Detection System.

The EDS is designed to detect and display status and emergency
conditions of the launch vehicle-spacecraft combination to thé astronaut..
The EDS also provides automatic abort initiation, under certain condi=
tions, after lift-off up to the norn:al time of LES tower jéttison.

The EDS display circuitry is cnabled when the EDS POWER switch
(MDC-24) is in the ON position and will illuminaté lights on MDC-5 to .
indicate L/V status. The red L/V RATE light will illuminate when .
L/V rates are in excess of 20 degrees per second in roll and 5 degrees
per second in pitch and yaw. The rates are sensed by three rate gyros
mounted on each L/V axis in the instrumentation unit (1U). The red
L/V GUID light (MDC-5) illuminates to indicate failure of the guidance.
unit which is also located in the instrumentation unit, The yellow L/V
ENGINES lights (MDC-5) illuminate when a respective §-1 booster engine
is developing less than 90 percent of total thrust output. The L/V
ENGINES lights are monitored for engine status during thrusting periods.
During staging, the L/V ENGINES lights are monitored for illumination
to indicaté BECO and extinguish to indicate stage separation. After
staging, the number 1 L/V ENGINE light indicates the status of the
S.IVB Stage engine, it will be extinguished when the ¢ngine is producing
65 percent rated thrust, The ABORT light (MDC-3) is a red lamp
assembly containing 4 bulbs. Two bulbs are in systéem A and two bulbs
are in systéem B for redundancy. The ABORT light is illuminated if
an abort is requested by launch control center for a.pad abort or an
abort during lift-off via radio. The ABORT light can be illuminated
after lift-off by the Rahge Satety Officer transmiitting a destruct arm
command. The destruct arm command will also initiate BECO. An
abort may also be requested via radio from the MSFEN after lift-off
+10 scconds,

The EDS automatic abort circuitry is enabled at lift-off providing
the EDS AUTO switch (MDC -16) is it the AUTO position. (See
figure 2.9-2.) A circuit is ccmpléted through the lift -off enable and
first motion relays at lift off. The lift-off enable relays are latchifng

Mission
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closed first motion relays remain energized by GSE ‘until actual lift-off
occurs. A circuitis completed through the relays and the EDS AUTO .
switch upon lift-off. The white LIFT-OFF light (MDC-5) illuminates and
the red NO AUTO ABORT light (MDC-5) should remain extinguished.

The astronaut presses the NO AUTO ABORT switch-light if it illuminates.
The NO AUTO ABORT switch-light should also be pressed if the LIFT

‘—- OF F light does not illuminate at lift-off. This would indicate that the

l" type and are latched closed by GSE just prior to lift-oft. The normally

circuit was not completed for illuminating the LIFT OFF light and ener-

gizing the auto abort enabling rélays. Pressing the NO AUTO ABORT
switch-light will energize the auto abort enabling relays through circuitry

l' in the MESC. The EDS AUTO switch must be at AU TO to complete the
circuit. The LIFT OFF light would not illuminate in this case. (Refer
to Malfunction Procédureés in section 9.) The LIFT OFF light is extin- .

. guished by circuitsy in the L/V IU at approximately 5 seconds after

‘ illumination at lift-off. The EDS will automatically initiate an abort
when two L/V engines fail or L/V excessive rates are sensed if thesc.
two functions are enabled. The two functions are enabled with the

1 ABORT SYSTEM - 2 ENG OUT switch (MDC-16) and ABORT SYSTEM -
RATES switch (MDC-16). The two switches are set to off to inhibit the

two functions prior to S-IB staging. L/V guidance failure will not initiate

. an automatic abort. The crew will contact MSFN and a decision made

i on the action to be taken. If a destruct arm command is transmitted
prior to inhibiting the two-engine out auto abort capability, the EDS will
detect BECO and initiate an automatic abort, If a destructarm commiand
is transmitted after the two-engine out auto abort capability is inhibited,
a manual abort must be initiated immediately when the ABORT light
illuminates. Structural breakup or separation of the structure between
the IU and C/M will also be detected by the EDS and an automatic abort
initiated. During ascenton a normal mission, the EDS AUTO switch must be
set to OFF prior to launch escape tower jéttison. Inhibiting of the
auto abort capability ensures that an automatic abort can not beé initiated
at the same time that the launch escape towér is being jettisoned. An
abort may be initiated manually by rotating the commander's translation
control to the counterclockwise detent position (20 degrees).

‘1 The paramciers being sénscd by the EDS are extremecly time-
critical at various periods during the boost phase. When these param-
oters are cxceeded, an LES abort is automatically initiated to propel

{ the cscapi: g vehicle (C /M and LES) safely away from.the launch vehicle

! privr to a catastrophic condition. Concurrently with abort initiation,

cither automatically or manually, logic circuitry will shut down engincs
in the L/V activate stage. The engine shutdown signal is inhibited by
circuitry in the IU for the first 40 seconds of launch hecause of range
safety restrictions.

A Q-ball (figure 2. 9.3) mounted above the LES motors, provides
an electrical signal input to the 1./V AOA/SPS P, indicator on MDC-3
and an eloctrical signal input to ground coritrol via telemetry.

SEQUENTIAL SYSTEMS
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Figure 1. 9.3, Launch Escape Systom

The Q-ball has four static ports for measuring AP which 15
function of anglé of attack. The AP is related to piteh and vaw, and s
clectronically analyzed and displayed on the L/V AQA SPS§ P, indicator
on MDC-3. The indicator is graduated to 150 percent hecause of st .
transicnts of the SPS.  The indicator is momtored for the 1,7V A0A f
function from 40 scconds after litt-off until approximately one minate )
and 40 seconds.

Position of the red line is based on velucle structural linsts oo -
launch vehicle capabilities, A decision tor manual abort initiation wiil !
be made when the indicator pointer reaches the ved line and 4 suover o o ' )
is also obscerved on the FDAL ¥

A Launch Escape Svsteu.
Burpese of the LES (figare 00 9-3) is to provide immediate abort ‘
capabilities from the launch pad to the normal tune of LES tower jettine ¥
. The ABORT SYSTEM « MODFE switches 1 and 2 MDCOC-10) are 1 thie
LES MODE position priov to LES tower jettizson, and an abort will he :
. accomplished by utihizing the launc ercape systeni, A manual or '
SEQUENTIAT SYSPRMS
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; automatic initiated abort stgnal will activate a master event sequence
’ ) controller (MESC). The MESC will initiate C/M-S/M =scparation, and
5 ‘ ignite the launch escape and pitch control motors, Firing of the pitch
control motor is automatically inhibited 61 scconds atter litt-off by a

P timé-delay relay. The LES motors provide sullicient thrust for the lift ‘
- and lateral translation of the C/M away from the launch pad, or trajec- f
E \ tory of the launch vehicle. Two canard surfaces (figure 2.9-3) are :%
- deployed 11 seconds aftér abort initiation té orient the C/M to a blunt- §
; _ end-forward attitude. (Refér to Abori Procedures in section 9.) 3

rtm.

During a normal mission, the LES tower is jettisoned shortly after
| sccond stage booster (S-IVB) éngine ignition. LES tower jettison is ‘
‘f manually initiated approximately 3 minutes after lift-off by setting the
ABORT SYSTEM - MODE switches 1 and 2 (MDC-16) to the TWR JETT

SPS MODE position. Either switch will enable systems A and B of the
| redundant circuitry. Both switche§ should bé sct at the same time.
Any abort, after LES tower jettison, must be accomplishéd in the SPS
mode by utilizing the SPS engine. (Refer to Abort Procedures in
scction 9.)

A boost protective cover (BPC) completely covers the conical
section of the comumand modulé. The cover protects the command
module and windows from heating during the ascent phase, and soot at
launch escape tower jettison in the évent of an abort. The cover is
attached to and is jettisoned with the LES tower. A removable séction,
allows access to the C/M creéw.compartment. The cover has one window.
fabricated of fuscd silica glass and is located over the forward viewing
window,

2.9.2. 4 Earth Landing System.

créw following an ¢arth orbital mission, a lunar mission, or mission
abort. The ELS consists of two carth landing system controllees (ELSQC)
and parachutes. The ELS logic circuitry is armed automatically during
an abort in the LES modée, and is afimed manually with the ELS LOGIC
! switch on MDC-8 during a SPS abort or normal entry. The ELSC con-
' taiits baro switches and time-delay relays.  After the logic.circuitry is
armed, the ELSC automatically senses altitude and initiates deployment
| of the parachutes at the proper time.  The time -delay relays control
initiation of automatic vvents atter the 24, 000 feet baro savitch closes.
The parachutes (figure 2.9-4) are located in the forward compartinent ot
the C/M. under the apex cover. During a normal entry or descent from
an abort initiated above 30, 000 feet, the 24, 000 feet baro switch closes
and completes a circuit to the MESC which jettisons the launch escape
tower, The MESC initiates apéx cover jettison 0,4 scconds alter launch
escape towe r jettison. Closing ot the 24, 000 tfeet baro switch completes
a vircuit to a 2-sccond tite delay and a l4-sccond time delay to jettison
" the drogue parachutes in 2 seconds. The ld-sccond time delay completes
a circuit to the 10,000 feet baro switceh,

- The ELS providés for safé return of the command mwodule and
SEQ
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The drogue parachutes are held in a reefed condition for 8 seconas
by two reefing lines, Each reefing line has two reefing line cutters. A
pyrotechnic time-delay train in each reefing line cutter is ignited at the
time of drogue parachute line stretch, causing automatic disreefing after
8 seconds. The drogue parachutes remain attached to the command
module until deséent to approximately 10, 000 feét where the 10,000 feet
baro switch closes to initiate drogue parachute disconnect., Sirnultanc-
ously with drogue parachute disconnect, three pilot parachutes are
independently mortar deployed, which removes the main parachute packs
from the C/M and eéxtracts the main parachutes from their deployment
bags. The main parachutés are reefed for 8 séconds. Disreefing then
occurs, and the parachutes fully inflate to lower the C/M safely to
landing. Three reefing line cuttérs are employed on each of the two
reefing lines for the main parachutes.

A 27-1/2-degree hang-angle of the C/M is maintained by means of
the main parachutes attachment. The hang-angle contributes to the crew
tolerance impact by ensuring that impact occurs at the specifically
designed C/M structural atténuation point. This attenuation point is on the
+Z-~axis.

Special note should be madé that the apex cover jettison.and deploy-
ment of the drogue parachutés may be manually ‘initiated at 45, 000 feet
during & normal .entry if the flight characteristics of the command
module become unstable. (Refer to opérational limitations and
restrictions.)

An ELS - AUTO/MAN switch (MDC-16) is proviced for the crew to
inhibit automatic deployment of the main parachutes during a low-altitude
abort initiated prior to 61 séconds after lift-off. The switch is set to the
AUTO position prior to launch, In the event of an abort prior to 61 seconds
after lift-off, the crew will sci the switch to MAN after drogue parachute
deployment if the C/M is.abové an altitude of 3300 feet. Deployment of the
main parachutes will be manually initiated by pressing the MAIN DEPLOY
switch on MDC-5, when the altimeter pointer reaches the adjustable marker
setting (3300 feet) on the altimeter face. This action will preclude the
possibility of the command module drifting back on a land arca. The ELS
switch should L.e returnéed to AUTO after the main parachutes arc depleoyed.
This will allow a l4-second time delay to time out and permit rcleasc of
the main parachutes when the MAIN CHUTE RELEASE switch is actuated
after touchdown.

SEQUENTIAL SYS TENS
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) The postlanding recovery aids consist of a sea dye marker, Y
= swimmers umbilical, C/M vent fan, C/M uprighting system, HF
vrecovery antenna, and a flashing beacon light, The sea dye marker and
- swimmers umbilical are deployed automatically when the recovery

o antenna is deployed. The marker and swimmers umbilical are tethered }

. to the C/M forward compartment deck. The sea dyc marker will last .
‘\ approximately 12 hours. The C/M vent fan (partofthe ECS) is turned on 1

after landing to vent the C/M to the outside atmosphere. The C/M TE

uprighting systém is activated only if the C/M is in a stable invérted .'r‘

attitude. (Refer to Command Module Uprighting System in scction 2.)

The flashing beacon light and two VHF antennas located on the \
forward compartment deck on the C/M are autornatically deployed to . b
an upright position after main parachute deploymént. The risers of
| the main parachutes actuate reefing line cutters, which cut retention .
| ties and allows the beacon light and VHF antennastobe extendedin 8 seconds.
The beacon light has a self-containéd powéer supply capable of operating
the light for.three 8-hour duty cycles. The flash rate is 15 per minute
at an intensity of 1.2 candle-seconds per flash, }

ey ¢ e Ml

The postlanding control switches are located on MDC-25, A
recovery pickup cable is provided on the command module for retrieval
by recovery forces.

2.9.3 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

Each of the sequeéntial systems émploy redundant circuits for
reliability. Seveéen batteriés aré provided in the spacecraft to furnish
electrical power for the spacecraft portion of the systems during opera-
tion. Entry batteries A, B, and C, and two pyro battéries are located
in the. command module, and two S/M jettison batteries are located in the °
servicé module. Entry batteriées A, B, and C are the oaly battéries that
are rechargeable during the mission.

Entry battériés A and B furnish power for the EDS displays and
MESC logic circuitry, . The pyro batteries furnish power for detonation
of pyrotechnic devices during aborts, separation functions, and .para-
.hute operation during the normal landing sequence. (Sce figure 2.9.5

for a C/M battery bus tie-in schiematic.) A description of each of the
scquential systems is contained in the following paragraphs.

2.9.3.1 Sequential Events Control System.

The SECS consists of two master events scquence controllers
(MESC), two carth landing sequence controllers (ELSC), two command

SEQUENTIAL SYSTEMS
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Figure 2.9-5, C/M Battery Bus Tie-In Schematic
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module reaction control system controllers (C/M RCSC), and two service
‘module jettison controllers (SMJC). The SMJC is located in the service ; i
module. All other controllers are located in the command module. Each o
controller consists of relays, timers, and other devices to provide auto-
mati¢ and semiautomatic control of the systems. o

Many operations in the SECS are accomplished by py rotechnic
devicés of varicus types.. Apollo standard initiators (ASI) are used
throughout the spacecraft to initiate firing of the pyrotechnic devices.
The initiator acts as a primer, in most applications, for the main
pyrotechnic device. Pins in the initiators are electrically connected
with a one-ohm-resistance wire. When a current of at least 3. 5 amperes
at 28 volts is applied, the one-ohm-resistance wire ignites a primary
explosive. The primary explosive, in turn, ignites a secondary explo-
sive to fire a detonator,. igniter, or gas cartridge assembly. The
detonator assemblies are used to transfer detonation {rom.the A8/
detonator combination to explosive components to perform a specific
function. The other high explosive devices are flexible, linear-shaped
charges (FLSC) and mild detonating fuzes (MDF) that.are employed
during module separation functions. The igniter assemblies are used
to ignite the LLES motors. The gas cartridges are used to actuate the
apex cover thruster assemblies, canard thrusters, SLA thrusters,
circuit interrupters, and parachute deployment mortars. A control
relay maintains a shunt across each pyrotechnic device prior to firing
and simultaneously removes the shunt upon receiving a firing command,
The Apollo. standard initiz.tox (ASI) acts as & pressure cartridge for RCS
pyrotechnic valves.

The major pyrotechnic functions performed by the SECS arc
listed below,

Function and Normal Actuating
Pyro Device Control Backup Control
Spacecraft LEM Adapter Automatic signal from Command pilots translation
(SLA) separation MESC during SPS abort and control (left arm rest)
manual control from
a. Umbilical disconnect ADAPT SEP switch

b. Adapter separation
(explosive train)

¢. Panel thrusters (8)
Apex cover jettison Automatic signal from APEX COVER JETT switch
MESC . (MDC-5)

a. Thruster cartridges

b. Apex cover pilot
parachute mortar

SEQUENTIAL SYSTEMS
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Function and
Pyro Device

Normal Actuating
Control

Backuy Control

RCS oxidizer dump
a. He isolation valves
b. He interconnect valve

c. Oxidizer isolation
valve

d. Gas chromatograph

Oxidizer and fuel
burnoff

a.. He interc¢onnect
valves

b. Fuel interconnect
valve

c. Oxidizer interconnect|
valve

RCS purge

a. Oxidizér bypass
valves :

b.. Fuel bypass valves
Drogue parachute
mortars

Pilot parachute
mortars

Main parachute release
mechanism

C/M-S8/M. separation

a. Tension-tie cutting

Automatic signal from
RCSC during a LES abort.
initiated prior to 61
seconds after lift-off.

Mar;ual actuation of the
C/M PROP JETT-DUMP
switch (MDC-8)

C/M PROP JETT - PURGE
switch (MDC-8)

Automatic signal from
ELSC

Automatic signal from
ELSC

Manual actuation of MAIN
CHUTE RELEASE switch
({MDC-16) .

Automatic signal from
MESC during a LES abort
or C/M-S/M SEP

None for fast tump.

C/M RCS - He DUMP/OFF
switch (MDC-26), and also.
opposité commands from .

rotational controllers one and

two for roll and yaw. Oné
c¢ontroller also commands
minus pitch.

DROGUE DEPLOY switch
(MDC-5)

MAIN DE PLOY switch
(MDC-5)

None

Command pilots translation
control (left arm rest) for
LES abort and C/M-S/M

e i e L et At it o i

charges switches 1 and 2 SEP switches 1 and 2 if
during normal mission . translation control does
not work,
SEQUENTIAL SYSTEMS
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Function and Normal Actuating
Pyro Deviceé Control Backup Control

b. C/M-RCS pres-
surizing valves

¢. Circuit interrupters

d. C/M=-§8/M umbilical
guillotine

e. LE and Pc motors
igniter cartridges

LE tower (TWR) jettison Automatic signal from ABORT SYSTEM - MODE

MESC or manual control switches 1 and 2 (MDC-16)

a. TWR to C/M attach-| from ABORT SYSTEM -
ing nuts -(explosive) MODE switches 1 and 2

b.. TWR jettison motor
igniter cartridges

Postlanding antenna : Manual actuation of
deploy POS TLANDING -
DEPI.OY switches 1
and 2 (MDC-25)

2.9.3. 1.1 Master Events Sequence Controllers (MESC).

The MESC (figure 2.9-6) provides the logic and timing to initiate and
terminaté events associated with the ascent and abort modes. Controller
A is in system A and controller B is in system B of the redundant systems.
Crossover circuitry between controllers A and B cnsures correct outpuis
for. detonating pyrotechnic devices even if one redundant circuit is inopera-
tive. The logic circuitry is armed with the two MESC-LOGIC ARAI
switches 1 and 2 on MDC-25. The pyro circuitry is armod with the two
MASTER EVENT SEQ CONT-PYRG ARM switches 1 and 2 on MDC-24.

Backup controls are provided for most of the events controlled by the
MESC.

[
2
w
—
™

FEarth Landing System Controllers (ELSC).

The ELSC (figure 2.92-7) provide automatic and manual control ol
drogue pzrachute deployment, drogue parachute relecase, and pilot para-
chute deployment. Two redundant controllers are provided for dual
redundancy. Relays are encrgized in the ELSC and a pyro continuity
verification box (PCVB) to control pyrotechnic devices and.pertorm the
events. The PCVB provides an access for checkout of pyro circuitry,
and contains relays that work in conjunction with the ELSC. The ELSC
contains baro switches that inhibit automatic operation of the ELS abuve
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Other events are controlled by time-delay relays
Refer to functional description of the ELS,

the baro switch setting.
after the baro switches close,

Command Module Peaction Control System Controllers {C/M RCSC).

The C/M RCSC (figure 2.9-8) provide automatic and manual control
of events that occur in the reaction contrel system. Two redundant
controllers are provided for dual redundancy. During an abort initiated
prior to 61 seconds after lift-off, the C/M RCS oxidizer and helium are
automatically dumped. When the abort signal is received, the following
pyro valves are fired by initiators to pressurize and dump the RCS
oxidizer:

Two helium isolation valves
. Helium interconnect valve
c. Oxidizer interconnect valve
d. Two oxidizer overboard dump valves .

The oxidizer overboard dump valves route the oxidizer to a blow~out plug
in the aft heat shield of the C/M, Pressure buildup shears a pin which
releases the blowout plug and dumps the oxidizer overboard,

The helium pressure is dumped into the aft compartment 18 seconds
after abort initiation when the following pyro valves are fired by initiators:

a. . Helium interconnect valve
b. Two oxidizer tanks bypass valves
¢. Helium overboard dump valve

The three entry batteries are automatically connected to d-c main
buses A and B during an LES abort or normal C/M-S/M séparation, RCS
control is transferréd (S/M to C/M). (Sée figure 2.9-9 for RCS control
schematic.) The controllers inhibit automatic oxidizer dump, helium
dump, and LES pitch control motor firing automatically at 61 seconds
after lift-off., RCS propellant burn.and purge must be manually selécted.

The pyro bus¢s are armed whén the MASTER EVENT SEQ CONT - -
PYRO ARM switches 1 and 2 are set to the PYRO ARM position. Backup
controls arc provided for most of thé functions performed by the RCSC,

Service Module Jettison Controllars (SMJC).

The SMJC (figure 2. 9-10) program the operation to impart a
desired motion to the service module after C/M-S/M separation. The
S/M reactiohn control system will be controlled by.the SMJIC and command
continuous firing of the -X jets, It is possible that the resultant -X
thrusting will be offset from the S/M X-axis; therecfore, the S/M RCS
~ roll jets afe activated for a 5.5-second interval, 2 seconds after
separation. This ensuresd that a major component of the jettison thtust-
ing will be in a difection that was parallel ta the CSM (-X) axis at

3 2.9.3.1.3
i
!
T
.
{
i
i
i
!
S
)
) 2.9.3.1. 3%
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severance.  The dual controllers are powered by dual separation
batteries located in the §/M.  The batteries arce not rechargeable
during the mission.

C/Ma8/M Separation Mechanism,

The C/AS/M separation mechanism (figure 2. 9-11) consists of
eléctdical circuit interrupters, shear compréssion pads, tension tres,
lincar-shaped charges, and a dual-blade guillotine (umbilical severance
device), Redundant systems (A and B) in the MESC provide dual redun-
dant commands to fire dual initiators and charges to ensure sudden
complete tension and umbilical severance with adequate reliability,
Briov to wabilical severance, sensitive civcuits in the umbilical are
deadfaced by circuit intevrupters, The shear compression pads arc
designed tor interference-froe separiation after the tension ties arve
scevered, A separation signal is sent to dual redundant service mwodule
jettison controllers which control the 8/M atter if sepavates trom the
C/M ML

Spacecratt LENM Adapter (SLA) Separation Mechanism,

A command tor CSNM-SLA separationis automatically sent to the
MESC when a 8PS abort is manually initiated,  An ADADT SKP switch
on MDC-5 may be nsed as a backup and for normal CSN-S1LA separation
during a novinal mission. Scparation of the adapter into tour pancls

(tigure 2. 2-12) is accomplished by an explosive ttain. The explosive

train consists of I8 charge holdees, 2 initiators and shiclds, 8 panel
thrusters, 8 imtiator pressure cattridges, and an umbilical separation
svstem, Redundant detonator assemblies fife dual haes ot mild deto-
mating fuse (MDE) installed between the adapter pancels, top.and hottom,
and between cach panel. - Either line will sever the splice plites between
the tour panels and around both ends,  Crossover boosters are used in
the charge holder joints to ensurfe that both lines are tiring simultanc-
ously tor complicete reliability.  The detonating lines are continuous lead
sheaths subrounding an explosive core which is vivgin RDXL class G
The mild detonating tuse separates the adapter panels and tives car-
tridpes for the panel thrusters which open the tour panels. Simultane-
ously with this operation, umbilical disconnect takes place, Four
spring-loaded reels hold the panels in a dh-degree open position, the
panels are stopped in the opén position by eight attenuators that have
honeycomb cores,

Eiiergency etection System,

The EDS consists of sensors, logic circuitry and signal condi-
tioners located 1in the launch vehaele, displavs and controls located in
the C/M, and Q-ball whichis located on the orward tip ot the LES tower
above the canard, The displays and controls consist of L/V rates, 1.7V
purdance, abort, and crigines highta, along with an angle-ot-attack
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- ! o] AUTOMATIC COLLS
{(MDC16) * o~ C/M RCS
OFF '\ - AUTOMATIC COILS
csc ) L‘—ﬂ
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SM-2A-930

Figuré 2.9-9, SCS-RCS Functional Block Diagfam _
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indicator and control switches, The L/V portion of the EDS and the -
Q-bLall are powered by eight L/V batteries. The displays are powered -
by two entry battéries A and B,

4%

.6.3.3 Launch Escape System.

The LES consists of two major asscmblics (figure 2.9<3) that arce
installed on top of the command module prior to lawich.. The fifst ;
structurd is a four-légged, weldéd tubular titaniun tower, The tower ;
is attached to the command module with four {rangible nuts on studs,
Two detonator.assemblies are installed in each nut to break it when
LES tower jettison is commanded. The second structure is cylindrical
in shapc topped by the Q-ball, and houses the launch escape, tower jetti-
son,. and pitch.control ntotors. A canard subsystem is installed ncar. the
forward énd below the Q-ball,

2.9.3,3.1 [LES Motors.

Each of the three motors in the LES {tigure 2. 9-3) are fired by two
igniter assemblics. The three motors ave the launch ¢scape motor,
tower jettison motor, and pitch control mwotor. The pitch control mmotor
works in conjunction with the launch escape mwotor during a LES abort
initiated prior to 61 scconds atter lift-off. The pitch control motor has a
fixed zerosdegree, single-exhaust nozzle and is mounted below the hallast
cuclosure in a horizontal position. The motor produces appreximately
2300 pounds of thrust for about 0.5 second to force the nose of the LES
tower in the -Z.direction. Firing of the piten control motor is inhibited
61 seconds after lift-off by a signal trom the C /M RCSC. The lauunch
escape motor has four nozzles that have a centerline cant angle ot
35 degrees.  The résultant thrust vector defléction is obtained by oftsizing
the nozzle throat diameters and producing a thrust vector in the -/ divee-
tion. Thrust output is approximately 150,000 pounds which starts dropping
in approximately 4 scconds. Lateral translation of the escape vehicle is
aided by the thrust vector alignment offset during an LES abort.  The
tower jettison motor has two nozzles in which the thrust vector alignment
is olfsct approxamately 4 degrees to produce a thrust component in the
t7 direction. Thrust output is approxincately 33,000 pound.. !

R DA O P Canard Subsystem,

The canard subsystein (figare 2.9-3) consists of two deployable
surfaces faired into the outer skin of the LES below the Q-ball interface,
Each surface 1s mounted on two hinges and is opetated open by a pyro-
techntc thruster with redundant was cartrfidges, The surfaces are !
approsimately 47 inches long, clam-shell shaped, and constructed.of
double-skin ribbed ihconel. The canard surfaces are automatically
opened during a LES abort and iderodynamic forces acting on the sur- i
faces contfol a turnaround mancuver of the C/N.  (Refer to Abort
Praocedures in section V,)
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2.9.3.4 Earth Landing Subsystem.

The ELS consists of the parachute subsystem (figure 2.9-4), two
- éarth landing sequence controllers (figure 2.9-7), and the apex cover
’ jettison mechanism.

The parachute subsystem is comprised of two fist-ribbon-type
nylon drogue parachutés, 13,7 feet in diameter; threc ring-slot-type
nylon pilot parachutes, 7.2 feet in diaméter; threé ring-sail-type nylon
main parachutes, 83.5 feet in diameter; deploymient bags; bridles; sus-
, pension lines; mortars; and the necessary hardware for attachment to
l the C/M. The parachuté subsystém is housed in the forward compart-
mént under the apex covér of the /M.

i The earth landing séquénce controllers are located in the right
[ equipment.bay of the C/M and controls automatic operation of the ELS,
' Crossover circuitry béetweén the controllers ensures corréct output

signals. Backup émergency. switchés are providéd on MDC-5 fo~-apeéx

{ cover jettison and parachute deployment. The apex cover is jettisoned

{ by four gas-operatéd thrusters. Two gas-type cartridges are employed
for redundancy and operate two thrusters cach, Either pair of thrusters

! will jettison thé¢ apex cover, A pilot parachute and mortar are installed.

in the forward énd of the apex cover. The mortar is fired at exactly

the same time as the apex cover thrusters to deploy the -parachute. The

parachute will pull the apex cover from the negative pressure arca

following the C/M. —

2,94 PERFORMANCE AND DESIGN DATA.,

i Entry descent velocities, altitude, and time aré contained in the

following tabulated data. The figures are bascd on a command module
of recovery weight of 11,000 pounds and a standard day barometric
pressure,

The tabulated data states the automatic events that normally
occur.in the ELS during desceént, . Under certain enatry conditions, the
apex cover may be manually jettisoned, and.the drogue parachutes
manually deployed at 45, 000 feet. Refer to opérational limitations and
restrictions that follow the tabulated data.
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Time on Descent
Occurrence Altitude Parachutes Velocity

TWO DROGUE PARACHUTES
24,000 ‘cct baro switch closes
Apex cover jettison

Drogue parachutés {2) deploy

10, 000 feet baro switch
closes

Drogue parachutes (2) release
and main parachutes deploy

Main parachutes open (rected)
after two drogue parachutes

release

Main parachutes disreef

ONE DROGUE PARACHUTE

Drogue parachute (1) releasés
and main chutés deploy

Main parachutes open
(rectfed) after one drogue
parachute releasces

Main parachutes disreet
F'ouchdown (3 main
parachutes,

Fouchdown (2 main
parachutes) -

24,900 to 21,500 feet
24,000 feet baro
switch closure + 0.4
séconds

24,000 feet baro
switch closure +2.0
scconds

10,950 to 9, 100 fcet

10, 000 fcet bato
switch closure

8400 %500 feet

10, 000 feet baro

switch closureé

8200 £500 feet

5-minutes

4% to 46 seconds

8 seconds after
line. stretch

40 séconds

8 seconds after
lihe stretch

4. 2 minutes

425 ft/sec

410 ft/sec

225 ft/scc

235 ft/sec

110 {t/sec

275 {t/scec

290 ft/scc

120 ft/scc

28 {t/scc

33.5 ft/sec
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ALTITUDE ~ 1000 FT

R A

~
Ne}

2.9.5

50

Power Requirements,

The SECS requires power only during the launch and ascent phase, for
CSM-SLA separation in orbit, for C/M-S/M separation during the pre-entry
phase, and during the parachute descent phase. Most all events performed
by the SECS occur instantaneously, and not on a continuous duty cycle. In
accordance with the Mission Modular Data Book (SID 66-1177), dated
1 September 1966, there are no power requirements for the SECS,

OPERATIONAL LIMITATIONS AND RESTRICTIONS,

Undér cértain entry conditions, the spacecraft may become unstable.
Bécausé of the errdtic aerodynamic damping coefficients, wind gusts, and
shéars, thé astronaut may not be able to damp the oscillations with single
RCS. 1If this should occur, the apeéx cover and drogue parachutes may be
manually deployed at 45,000 féet. This will stabilize and kéep the:C/M in
a heat shield forward descending attitude, Figure 2,9-13 portrays the
drogue development design envelopé. Theé following precautions should be
observed,

® Manual initiation of apéx covér jéettison and drogue parachute
deploymeént should never be accomplished above 45, 000 feet
during entry.

e The C/M RCS must be turned off prior to apex cover jettison,

® The LES towér and apex covér should never be manually jettisoned
above the automatic mode of 24,000 feet during LES aborts.

ENTRY ENVELOPE

40

o -
- ’a’
| -
-

AN AN ANANTA G

|
ANANNRS

Q& . - .. s
< NOTE: The drogue parachutes may
be manually deployed ot .
45,000 feet during entry —
if the C/M becomes
unstable.

A R N

0.4 0.5 0.6 0.7 0.8 0.9

MACH NUMBER
SM=2A-896

Figure 2,9-13. Drogue¢ Parachute Deployment Design Enveélope
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2, 9.6 TELEMETRY MEASUREMENTS. E
AR
T, . The following is a complete list of all sequential systems telemetry )
' data that is monitored by flight céntrollers and ground support perscnnel.
\ The last column contains the name and type of S/C crew display. The
- display utilizes thé same pickoff or signal sourcés as telemetry, unless a H ;
scparate méasurement number is included in the display column. g |
o
An asterisk (¥) by the méasuremeént numbér denotes information which :
is not available for recording or télemetry transmission during PCM low )
bit rate operation. .
i
Mcasurement Sensor Crew ; :
Number Description Range Display .
CD 0136 X | EDS abort logic out B Event Nonc
CD 0140 X | Direct ullage on A Event None
. CD 0141 X |Direct ullage on.B vt e e oo | Event None
» CD 0170 X |RCS activate signal A Event None
CD 0171 X |[RCS activate signal B Event None
CD 0173 X | CM-RCS pressurize signal A Event None
CD 0174 X JCM-RCS pressurize signal B Event None
y ®*CD 0200 V [ DC voltage logic bus A 40,437 vde | None . -
*CD 0201 V [DC voltage logic bus B +0/437 vde | None.
: CD 0230 X | Forward heat shield jettison A Event None
B
CD 0231 X | Forward heat shicld jettison B Event Nonce .
CD 0313 X | EDS cnable A Event None
CD 0316 X. | EDS cnable B Exent None
CD 1006 X | LES motor firc initiate A Ewvent None
CD 1007 X | LES motor fire initiate B Event . Nonc .
CE 0001 X |Droguc deploy relay close A Fvent None
» )
CE™002 X |Drogue deploy relay close B Event None '
CFE 0003 X |Main parachute deploy-drogue release relay A} Event None
SEQUENTIAL SYSTEMS
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Measurement Sensor Crew
~ Number Description Range Display l
CE 0004 X | Main parachute deploy-drogue release relay B | Event None ;
3 CE 0007 X | Baroswitch lock-in relay close A Event None '
\ .
CE 0008 X | Baroswitch lock-in relay close B Event None
%“CE 0035 P | Barometric pressure static reference +0/+15 psia| Indicator
‘ ! CE 0321 X | Main chute disconnect relay A | Event None
!
‘ CE 0322 X | Main chute disconnect relay B Event None .
! ®LS 0001 V | Q-ball vector sum output +0/+5 vdce Indicator
BS 0016 X | Launch vchicle guidance fail A "1 Event L/V.GUID
light .
BS 0020 X | Launch vehicle rate excessive A Zvent L/V RATE
light
BS 0030 X | Engine No. 1 out A Event ENGINES 1
light
BS 0032 X | Engine No. 2 out A , Event ENGINES 2 ..
light
BS 0034 X Engine No. 3 out A ) Event ENGINES 3
light
: BS 0036 X | Engine No. 4 out A . Event ENGINES 4
s light
B BS 0038 X | Engine No.. 5 out A | Event ENGINES 5
. light
BS 0040 X | Engine No. 6 out A Event ENGINES.6 ..
{. light
BS 0042 X Engine No. 7 out A Event ENGINES 7
light
! BS 0044 X | Engine No. 8 out A Event ENGINES 8
light
BS 0061 X |Lift-off signal B Event LIFT OFF
g . ' light

SEQUENTIAL SYSTEMS
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Measur. 1. Sensor Crew
Numt. » Description Range Display
Cs ””‘:" . \ - KDS abort request A Event ABORT
light
Y ru X | Toweér physical separation monitor A Event None
1< ~ Tower physical separation inonitor B Event None
CS Vot X ] CM-SM physical separation maonitor A Event None
o £ | CM=8SM physical separation monitor B — .. Event None .
1120 X | 8M/adapter physical separation monitor A Event None
PlX SM/adapter physical separation monitor B Event r None
SEQUENTIAL SYSTEMS
“ission o Basic Date 12 Nov 1966 Change Date Page 2.9-38
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SUBSECTION 2.10

CAUTION AND WARNING SYSTEM (C&WS3)

e e
S

2,1041 INTRODUCTION.,

The C&WS monitors critical parametérs of most S/C systems in the )

, C/M and S/M. When a malfunction or out-of-tolerancé condition occurs in i

. any of thése systéms, the crew is immediately alerted in order that cor=
réctive action may be taken, .

2,10,2 FUNCTIONAL DESCRIPTION.

gt oty

Upon receipt of malfunction or out-of-tolerance signals, the C&WS »
simultancously identifies the abnormal condition and alerts the crew to its .
existence, Each signal will activat~ an appropriate systems status indica- t
tor and a master alarm circuit, The master alarm circuit visually and
aurally attracts the.crew's attention by alarm indicators on the MDC and an
alarm tone in the headsets, Creéw acknowledgement of an abnormal condition
i consists of resetting the master alarm circuit, but retaining the particular

systems status malfunction indication, The capability exists for the crew to \
sclect several modes of obsérving systems status and master alarm indi- :

\ cators, and of monitoring C/M.or S/M systems. ‘

2,10,3 MAJOR COMPONENT/SUBSYSTEM DESCRIPTION,

The C&WS consists of one major componeént, thé detection unit. It is
| located behind MDC-13 and, therefore, is neither visible nor accessible to
the crew during the mission. Thé balance of thé system is made up.of
' visual indicators, aural alerting and associated circuits, and thosc switches
required to control the various system functions, Visual indicators include
the five uppér-most electromechanical event devices on MDC-18, as well
as all systoms status and mastér alarm lights,

- Theé.detection unit circuits consist of comparators, logic, level
detectors, lamp drivers, and a maste? alarm and toné generator. Also
incorporated are two redundant powéer supplies that furnish regulated +12
and ~12 d-c voltages for the electronics. Inputs to the détéction unit con-
sist of hoth analog and eventstype signals.

The analog signals, totaling 51 inputs, arc in the 0- to 5-volt d-c
range, Alarm limits for thésce signals trigger voltage comparators, which,
in turn, activate logic and lamp-driver circuits. This causcs activation of
the master alarm circuit and tone genérator, illumination of application
systems status lights on MDC-10 and ~11, and/or activation of applicable
electromechanical évent indicators on MDC-18, A total of 25 cvent inputs.
arc fed to the C&WS detection unit, These¢ signals originaté from solid
state and mecéhanical switch closures in malfunction scensing devices, Of
this numbe?, 19 signals will directly illurhinate applicable system status
lights, and through logic circuitry, activate the master alarm circuit (and
tone generator), Two other event signals directly illuminaté the system

CAUTION AND WARNING SYSTEM
Basic Date 12 Nov 1966 _ Changé Date o Page _2:10°1
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status lights, but réquire level detéctors to activate the master alarm cir-
cuit,  Fach of the four remaining event signals to set to an OR gate, which
is also {od by two analog signals, The resulting output will activate lamp
drivers and the master alarm circuits One other cvent signal, originating
within the détection unit directly, illumihates the CAUT/WARN FAIL light,
out activates only the MASTER ALARM lights of the MASTER ALARM

circuit,

The master alarm. circuit alerts crowmembers whenever abnormal
conditions are détected, This is accomplishoed visually by the illumination
of remote MASTER ALARM switch-lights on afDC-3 and <18, and the
MASTER ALARM light on LEB-103.  An audiv alarm tone¢, sent to the three
headsets, aurally alertd the crow, regardless of whether the télecom systém
is activated. Thée output signal of the tone gendérator is a square wave that
is altefnately 750 cps and 2000 cps, changing at a fréquency of 2.5 cps,
Although the tone is audiblé abové the conversaticn level, it does not réndar
normal conversation indistinct or garbled, When the ¢rew has noted the
abnormal condition, the thréee alarm lights and the.tone géneratos are
deavtivated and reset by pressing cither MASTER ALARM switch<light, both
of which incorporate a push-switche This action leaves the systems status
Lights illuminated, and resets the master alarnt circuit for alerting the crew
to the next abnormal condition, The individual system status lights will
remain illuminated until the malfunction or cut-of=tolerancé condition is
corrected,

Lhe C&WS power supplies include sensing and switching circuitry that
asaure umt selt-orotection should high-input current, or high« or low-
output voltage occur. Any of thesé¢ conditions will cause the illumination of
the master.alarm lights and the CAUT-WARN FAIL systems status light,
The tone generator, however, will not be activated due to requiring the
12-volt output from the malfunctioned power supply for its operations The
craw must then manually select the redundant power supply to return the
C& WS to operations In so doing, the CAUT/WARN FAIL status light is
extinguished, butthe mastér alarm circait is dctivated, thus réquiring it to
b“ L'(‘S(‘-tv

Incorporated into the. C&WS is the capability to test thé lamps of sys-
tems status and master alarm lights, Position 1 of the LAMP TEST switch
(MDC-23) controls the illumination of s*1tus lights on MDC-10 and the
MASTHR ALARNM switch-lights on MDo -3 and MDC-18, Position 2 tests
only the status lights on.MDC-11, The femaining MASTER ALARM light
is on LEB-103, and is tésted along with the nine G&N condition lights on
that pance! by pressing the CHECK CONDITION LAMPS push-switch on
LER-105%, Although these nine lights are not part of the C&WS, all but three
of them (PGNS, ZERQ FENCODER, and IMU DISPLAY) are duplicated on
MDC-10,

Switches on the MDGC enable the crew to select C&WS operational
modes,  The nosition of the MODE switch (MDC-11) cstablishes the §/C
systems to be monitored, Before separation and entry, systems in both the
C'Mand 8/M arc nonitored for maltunction of out-ot-tolerancé conditions,
After CSM separation, however, only those systems in the C/N\ age moni- .
toteds  Repositioning the switch also prevents 8/M systems status lights
and event indicators trom remaining activated after separation, .

Ihe C/W switch (MDC-13) permits three modes of status and alarm
Light illuimimmation,  For most of thée misxsion the switch is set to the
NORMAL pasition to give normal C&WS light operation; that is, upon receipt
of abnormal condition signals, all systemas status lights and mastér alamn
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lights aro capable of illumination. During ths ascent phase the switch i3 set
to the BOOST position, so that although all other C&WS lights operate nor-
mally, the MASTER ALARM switch-light on MDC-3 will not illuminate.
This prevents possible confusion on MDC -3 between the red MASTER
ALARM light and the adjacent red ARORT light. The ACK switch position
is sclected when the crew desires to adapt their cyes to orbital darkness, or
it a continnously illuminated systems status light is undesirable. While in
this mode, incoming signals will activate only the master alarm lights and
the tone generator. ToO determine the abnormal condition, the crew must
préss oither MASTER ALARM awitch-light. This illuminates the applicable
aystéms status light, and deactivates and résets the master alarm cirdult.
The systems status light will remain tlluminated only as long as thé switch-
light is préssed. However, it faay be racalled as long as the abnormal
condition oxists by again pressing cither switcli-lights

Flectrical Power Distribution.

The CHWS only pécéives power from 28-volt d-C Sources. (See
figttre 24 10-1 .) Detore CSM separdtion, the power source iz from the fuel
celld in the S/AL, and following separation, from batteries located in the
CIN,

PERFORMANCE. AND DESIGN DATAL

CA WS Power Conzutption Nata,

Total powet consuned by the G& WS antounts to 7.8 watts, which is the
maximum quicacent power for detection wnit operation.  Very smatlamounts
of.power are aldo requiréd to illuminate several lamps whenevers the Ok wWas
i3 activated Ly malfunction input signals., These small amounts, however,
are fot considered i the overall CRWS powet fequiréments.

OPERATIONAL LIMITATIONS AND RESTRICT IONS.

CA& WS General Data,

With the C/W awiteh in the BOOST position during ascent, the
MASTER ALARM switch=light on MDC =3 will not illuminate should a thal -
function occur. The master alarm cifeuit reset capability of the light i
also disabled during this time.. This fequires the MASTER ALARM switch-
light on MDC-18 to be used exclusively for monitoriig and fesetting
functions.

Several peculinrities dhould be noted in rexa rd to the CAUT, WARN-
POWER switch, Whenever this switeh 13 moved trom, or through, the OFF
position to either powet supply position, the mastes alarm cifcutt s acti-
vated, which then requires it be feset. Also, wwitching fromm vhe power
supply to another (when thete is not power supply tatlurve) will cause the
CAUT /WARN FAIL status Ught to illuminate at the OQOF'E position, and then
be extinguished when the ather power supply position is reached.

———

Muission oo
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DETECTION UNIT

———————
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Pigore S 10-10 CEWS Power Distribution Diagram

CAUTION .AND WARNING SYSTEM

Mission 233 macie pare LS Nov 1900 change Date,




" Sl i\ T v 30 e i a4 emer e g Fen Bt h Lot aiiibias PulE NG r ISR rI B TR Tyt e

SM2A-03-8C012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA :

Should the redundant power supply also fail, the CX WS is degraded to
the following extent, Renderdd inoperative is. the complete master alarm.
circuit, as well as those status lights that illuminate as the result of analog-
type input signals, This leaves only those status lights operative that ,
require event-type input signals, Included are the following 8/M and C/M '
lights: CDU FAIL, G&N ACCEL FAIL, IMU FAIL, G&N ERROR, IMU
TEMP, GMBL LOCK, AGAP TEMP, SPS ROUGH ECO, HoP ACCUM
FAIL, PITCH GMBL DR FAIL, YAW GMBL. DR FAIL, SPS PU SNSR
FAIL, O, FLOW [iI, F/C BUS DISCONNECT, AC 1 BUS FAIL, AC BUS |
OVERLOAD, AC 2 BUS FAIL, AC BUS 2 OVERLOAD, MN BUS A
UNDERVOLT, MN BUS B UNDERVOLT, and CAUT/WARN FAIL.

The CAUT/WARN-MODE switch must be in the CSM position in
order to conduct a lamp tést of those status lights associated with 8/ M gys-
terns. The status.lights of C/M systems may be tested with the MODK
switch i either position. Circuit design also permits a complete lamp tost
to be conducted with the C/W switch in the ACK position.

Normally, each abnormal condition signal will activate the C& WS
master alarm circuit and tone gencrator: and illuminate an applicable - sys -
tems status light, The one exception to this concept is when the C&Ws
power supply fails. The visual.indicators will function, but not the tone
generator portion of the master.alarm circuit. This is due to the tone
generator requiring the t12 and -12 d-¢ voltage output of the failed power
supply for its operation.

The MASTER ALARM. iight on LEB-103 is part of the master alarm
circuit.of th C&WS,  As such, it is tlluminated wheneve £ .the master
alarm circuit is activated by an incoming abnormal condition signal. A
lamp check of this light, however, it not accomplished by the CAWS,
Instead, the light is checked by pressing the CUHFCK CONDITION LAMPS
push-switch on TR -105, The primary function of this switch i ta check
the lamps of the nine GEN.condition liglhts on 1 EB-103, none of which are
part of the LW,

Soto el Sy stem Status laght Data,

The tollowing list provudes the Tamp trigger values and associated
miormation tor all syvsten: status Lighes on MDY 10 and <11

CATTION AND WARNING sysTiEN
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TLAM §/C
Status Light Latmp Lrigger Value Code No, Other Indication Mode - Remarks
- N
CDU FAIL L. Losa («50%) 25 0RC supply CG3002X | PGNS Light illuminated CIM Light cnabled in fine
2, Lass (<507 ) motor exvita- (JLER-103). align mode only.
tion
LICDU error d1,2 ms tor
A geconds
\ 4. MUDU srrordt, 2 mr tor
S oscconds
A QO errar 2100 mar for
S meconds
INMU PALL L Loas (50900 1200 cpa [SESTIVB N PGNS Light allununated /M Inkibited {by AGC
2. Loss (<507 800 ¢ps wheot (LEBR-10Y). program) in coarse align
| powor made.
| A IG omerve ared 209 e o
‘ S oweconds
| 4. MG servo med 2,9 e tor
| 3 sevonds
A0 QG aervv arr 209 e tor
i 27revonda
IMU TEMEP 1, IRIG ten o<1 CGR0uX | None COM IRIG ferup (135°F) s
S TRIG temnp MR8 wite raal and not ¢énd vap
LOPEEA temp IR Y tetnp.
4. PIPA reanp > Las
AGAP TENMP | 1. Any BMAGR 0O CHZOWOV | None® G
200 Any BMAG LY
GAN ACCYT. L. N BPIPA crrorddmr tor CGSO0ON | PGNS light ilunminated UM
FALL 5 meconds {LEB-103),
S0 X PIPA crror SO0 i tor
S goevonds
. 0 PIPA error M e tor
s meconds
GAN PRROR 1. Dowt TEM word rat, (toa COR00NN DSKY-TAN FALL CoM
high or low (LER-100) and PONS
S0 Up PUAM it rate too hagh hghts (LER-10Y)
L, Up-link data o error luminated.
Gant 1OUKR Mo angle ™ too® CLA AN FDAL attatade ball ved C M
sone under aew asts
wndicator,
t, PRISS Lo Lank 18220 pma Stonag FANK PRESSURF-H -1 8§ A\t
- S0 tank 13270 paia wdicatar
oo Tankh SN0 paaa sStondor LANK DPRESSURE 112-1
4 Tank & N0 paga mndicator
CONRUS A Loootuel th Ve prose o068 paa CRAIVVSE | CONRCS PRESS- T CoM Light tunctional only
2. tuel th e press dide peg mndicator when CAULT/WARN-
L O8N th He pross 200 paa CROOMEE ] C/NRUS PRESS OX MODE swatchan C/'W
40 O He prexa ™AL paa udicato:
oM RUS 1 U el th fle press <o s peia CROB6P | COM RCS PRESS- CoM Light tunctional only
N 2. tuel th He press D30 puia indicator when CAUT 'WARN-
‘ tON th He presagle s paiy CRIVLIP | O N RCS PRESS-ON MODFE aw.tchan O M
4. Onth He presa D) joaa indacator
At PWR booboan o 208 wde sunply CUSION | PONS Tgeht allununated [SEENY

FAT

Toms ot LV ade ayoply
I oas oV nde aunply

(I ER-loy,

Misston

AL TION AN WARNING SYST M\

N

L. Basie Date L

SR R

e Change Date ;

pf\@p NIRRT

¥
i

:

1

|

- —



S

L

SM2A-03-8Co012
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

SRR RAEA T RT RST R

< L et i A A b

TLM s/C
Status laght Lamp Trigger Value Code No. Other Indication Mede Remarks
Qs PRESS 1. Tank 1 €800 psia sF0037P | TANK PRESSURE-0,-1 | §/M
) 2. Tank 1 2950 psia indicator
3. Tank 2€800 psia SF0038P | TANK PRESSURE-03-2
4. Tank 2 2950 psia indicator
S M RCS A 1. Pkg temp<63°F SR5065T | S/M RCS TEMP-PKG S/M
2. Pkg temp 2175°F indicator
3. Reg He press <155 psia SR5729P | S/M RCS PRESS-MANF
4. Reg He press 3215 psia indicator
S M RCSDB 1. Phg temp <63°F SRS066T | $/M RCS TEMP-PKG S/M
2. Pkg temp DI75°F indicator
3. Reg He presa<l155 psia SR5776P | S/M RCS PRESS:MANF
4. Reg He press >215 psia indicator
S M RCSC 1. Pkg temp<63°l SR3067T | S/M RCS TEMP-PKG §/M
2. Pkg temp D175°F indicator
3. Reg He press <155 psia SR5817FP | S/M RCS PRESS: MANF
4. Reg He press >215 paia indicator
$ M RCSD 1. Pkg temp<63°F SR5068T | $/M RCS TEMP-PKG' .| /M
2. Pkg temp >175°F indicator
3. Reg He prcas<153 psia SRS830P | S/M RCS PRESS-MANF
4. Reg He press D215 psia indicator
SPS ROUGH 1, 180G's for 70 m seconds None ... Engine cuts off. S/M | G-levels are peak-to-
X 2. 360C's for 30 s scconds peak,
HaO ACCUM Three O, bubbles {min) in None None C/M
FAIL -outlet water line
I C BUS 1, Fwd current at 75 amps SC2120X | MN BUS A event S/M
PISCONNECT for 15 min, or at 112 ampa | SC2121X | indicator (3)
for 25 to 300 séconds sca122X t
2. Reversé current at 4 amps | SC2125X | MN BUS 3 event
for 10 sec, or 20 amps for SC2126X | iadivator (3)
1 sec. scar27x
[ AN} 1. "2 flow< 0,018 1b/hr SC21349R FUEL CELL-FLOW- S/M Event indicators pH,
2. Hj flow 30.16 1b/hr H; indicator HI. F/C RAD TEMP
3, Oz flow<0. 14 lb/hr SCIl42R FUEL CELL-FLOW-. LQ. H, ERESS, 0
4. O flow >1.27 Ib/hr O, indicator PRESS, and N, PRESS
S, At pH tactorof 9 SC160X | pH RHI event ind are activated at lamp
6. Skin temp<360°F SC2084T | MODULE TEMP:SKIN trigger values.
7. Skin temp>500°F indicator
8. Cond exh <185°F SC2081T MODULE TEMP-COND
9, Cond exh ?175°F EXH indicator
10, Rad out tempeorature- $C2087T | F/C RAD TEMP LOW
below -30°F event indicator
11, H; rog press D75 psia SC2069P | REG QUT PRESS Ml
-H2 evént ind
12, Op reg press>75 psia $C2066P. | REG OUT PRESS HI
=02 evenit ind
1%, N reg press 570 paa sC2060P | REG OUT PRESS Hl
«N2 event iid
INV At 241°F CCot?sT | Noné CIM
I ENP L
GLYCOL At -30°F CF0020T | GLY EVAP-OUTLET C/M
PENMP LOW TEMP indicator
CAUTION AND WARNING SYSTEM
M1S S 101 e BA®IC Date 12 Naxddue  Change Date_. Page 2.10-7
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TLM S/C
Status L.apht Larp Trigger Value Code No. Other Indication Mode Remarks
SPS PRESS 1. Fuel tk He pross <lo0 psia SPO006P | PRESSURE-FUEL S/M
2. Fucl tk He press 2200 psia indicator
3, Ox tk He press <160 psia SP0QQ3P | PRESSURE-OX
4. OX tk He press >200 psia indicator
C2 Lo Hy low 0,018 1b/he SC2I40R | FUEL-CELL-FLOW. S/M Event indicator pH Hl,
2. H) flow >0. 16 1biir H2 indicator F/C RAD TEMP LO,
3. O: tHow <0, 14 Jb/hr SC2143R | FUEL CELL-FLOW- H2 PRESS, O, PRESS,.
L 0p tlow 21,27 1b/hr | ©2 indicator and N2 PRESS arc
5. At pH factor of @ SC2161X | pH HI évent ind activated at lamp
o7 Skin temp <30°F SC2085T | MODULE TEMP.SKIN trigger values.
7. Skt temp 2000 F indicator
8. Cond exh <155°F SC082T | MODULE TEMP-COND
9. Cond exh >173¢F EXH indicator
10, Rad out temp SC2088T | F/C RAD TEMP LOW
below -30° cvént indicator
14 H) reg pross 378 psia SC207¢P | REG QUT PRESS HI:
H, cvent indicator
13, Qy reg press >75 puia, SC2067P | REG QUT PRESS HJ-
- Oz ¢vent indicator »
13, N2 rog pross >70 psia SC2061P | REG OUT PRESS Hi-
Ny eveat.indicator
INV 2 At 200 CCo176T | None C/M
TEMP HI
PITCH GMBL| 1, Under & amps SPL000X | None S/M QOvercurrent condi-
DR FAIL 2. Qver 40 amps tions dependent upon.
timé and temp:
SPS WaLL . At 3Ta b SPu020T None S/IM
TENMP HI
FiC 3 Lo o flow 0,018 tbh/hr SC2141R FUEL CELL.FLOW=- S/M Event indicators pH
20U tlow 30, 16 Ib/hy H; indicator HL. F/C RAD TEMP
3. 0, tlow <0, 14 Ih/he SC2144R | FUEL CELL-FLOW - LO, H, PRESS, Q,
4. O) flow 31,27 \b/hr Q, indicator PRESS, and N; PRESS
&, At pH factor of 9 SCl1e2X p}i HI event ind are activated at lamp
6. Shin temp<360°F $C2086T | MODULE TEMP-$KIN trigger values.
7. Skin temp D300°F indicator
&, Cond exh <l88°F SC2083T MODULE TEMP-COND.
9, Cond exh >178°F EXH indicator
10, Rad out temp below SC2089T | F/C RAD TEMP LOW
-30°F cvent indicator
Y. Hy reg press>78 pma SC2TIF. | REG OUT PRESS HI-
Hy event indicator
1o O veg pross 373 pyia SC2068P | REG QUT PRESS 1I-
O, event indicator
TR Ny reg press D70 psia SC2062P | REG OUT PRESS ii1-
Nz event indicator
INV 2 At 2411 CCOL77T | None C’/’M
TEMP I
YAW GBI Lo Under & amps SP1o0o1IX None S/M Overcurrent condition
DR AL 2. Crer 40 amips dependent upon time
and temp.
SPS Pt o 7ON ratie unbatance over None UNBALANCE indica- S/M Light functional only

SNSR AL

[

YO0 the, or-9°
unbalanci,
Priniary and aux svstems
tro bV discrepanc,.

ul v ritical

tor (for over 300
lbs only)

during SPS firing,
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1 . Starus Laght Lamp Trigger Value Code No. Other indication Mode Remarks :
MN BUS A At 26,2520, 1 vde CG0206V | DC VOLTS mcter C/M
UNDERVCLT
| AN BUS B At 20,2520, 1 vde CG0207V | DC VOLTS moter c/M -
! CNDERVOLT
cex PPl AT, 6 mm Hg CF0005P | PART PRESS CO; cinm
indicator ‘
} .
; AC BUS ] 1. AL 93%3 vde CGO200V | AC VOLTS micter C/M . ’
' tALL 2, At 13022 vde CGo201V '
cGoao2y .
ACBUS 2 1. At 9523 vdc CC0203V | AC VOLTS meter C/M
PALL 2. At 130%2 vdc CCo204V
CColo5V
CAUT,WARN | 1. AL 11,7 vde or «11.7 vdc None MASTER ALARM C/\. Alarm tone itoperative, i
CALL 2, At +13,9 vde or «13,9 vdce lights (3)
Cy FLOW I At 1.0 lb/hr Noac FLOW Qp indicator - - C.\ ’
AC RUS 1. 3¢ at 9 amp’Q tor 155 scc None AC VOLTS moater C/IM Overload disconnects.,
OV ERLOCAD 2. 19 at 1l.amp for 5%l sec ihverter frofn bus,
AC RUS 2 1. 30 at'? amp/Y for 15£5 sce | Nono AC YOLTS nicter C/a Overload disconnccts ]
CVRRLOAD 2, 19 at 1l amp for 3zl scc inverter from bus.
K
\".‘I )
N\
. 'D
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2.10.6 TELEMETRY MEASUREMENTS
The following is a complete list of all C&WS telemetry data that is
monitored by flight controllers and ground support personnel, The last
column contains the name and type of S/C crew display. The display
utilizes the same pickoff or signal source as telemetry, unless a separaté
meéasuremént number is included in the display column,
Measurement
Number Description Sensor Range Crew Display
CS0150X Mastér caution-warning on | Off/on event MASTER ALARM lights
L J
CAUTION AND WARNING SYSTEM
Mission — Basic Date_12 Nov 1966 Change Date Page 2.10-10
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SECTION 2

' SUBSECTION 2. 11

MISCE LLANEOUS SYSTEMS DATA

2. 111 INTRODUCTION,

Miscellaneous systems data pertains to itéms that were not covéred in
a previous system. These items consist of clocks, timérs, accelerometers .
(G-meéter), intérior lighting, etc,

2.11.2 CLOCKS,

Two clocks and two clock-like event timers, all mechanical, are
provided for the crew in the command module. The 400-hour clock
(MDC-12), used in monitoring mission elapsed time, is illuminated by
floodlights. The GMT 24-hour clock and two 10-hour event timers are
locatéd on panel 306 in.the LH forward equipment bay and lighted by integral
bulbs controlled by the CLOCKS-BRT/OFF/DIM switch on LEB 100, For
further.information, refer to section 4,

2.11.3 DIGITAL EVENT TIMERS,

The digital evént timers provide the ¢rew with a means of monitoring
and timing events, One event timer is locatéd on MDC-5 the other is
located on MDC-11, The event timérs start automatically when lift-off
accurs, and the timer locatéd on MDC-5 will be reset if an abort is auto-
matically or manually initiated. For further information, refér to
! section 3,

~

L1104 ACCELEROMETER (G-METER).

l The accelérometer or G-meter (MDC-2), providés the crew with a
visual indication of spacecraft positive and negative G-loads. This meéter.
3 . is illuminat»d by floodlights controlléd by the LH area control panél

(MDC-26). For détailed information on the accelerometér (G=meter), refer

to section 4,
l 2.11.53 COMMAND MODULE INTERIOR LIGHTING,
The interior lighting provides light for the main dxspla) console and ; J
LEB panéls in the command module.
I\HSCELLANEOUS SYSTEMS DATA -
Mission Basic Date 12 Nov 1966 cChange Date ; Page 2.11-1
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2.11.5.1 Functional Description.

The interior lighting equiprm.ent consists of eight floodlight fixture ‘
assemblies and three control panels, Each fixture assembly contains two 8
= fluorescent lamps {one primary and one secondary) and a converter, The T
intérior lighting is powered by 28 volts d¢ f{rom main buses A and B for BT
\ redundancy (figure 2.11-1), This assures a power source for lights in all o
' ' areas in the event that either bus fails. The converter in each floodlight
fixture converts 28 volts dc to a-c power to operaté thé fluorescent lamps.
The floodlights are uséd to light three aréas: the main display console . 3
(left and right areas) and the LEB area. Control panel (MDC-26) is located
on the left and control panel (MDC-23) is located on the right of the main . ]
display consolé (figure 2, 11-2). The third control panel is located in the
lower equipment bay area on LEB-100, The floodlight fixtures are located
around the interior of.the command module. (See figure 2.11-2.) ) 4

Fach control panel has a primary and secondary contro’ for the flood- .
lights in its respective area. The primary control is a rheostat that con- ,
trols brightness of the primary floodlights. The secondary control is an R
ON-OFF switch for the secondary floodlights and is turned to ON whén i
additional brightness is. desired. The floodlight circuit breakérs afe on
MDC-25. The operational use, or brightiness level of the floodlights
depends on two factors: the g-level and the task béing performed. The
floodlights should be turned up bright during ascent and entry. The flood-
lights will be adjusted as required while in earth orbit. The FDAI (MDC-4)
is lighted by integral bulbs which are controlled by the FDAI LTG switch on
MDC-25 and FDAI BRIGHTNESS rheostat on MDC-2, A switch is provided
on the LEB. floodlight control panel to control lighting for the clocks on ‘i
LHFEB-306, . 4

[
.

—
—

.6 COMMAND MODULE UPRIGHTING SYSTEM,

The C/M uprighting systém is manually controlled and operated after
- the C/M has assumed a stablé inverted floating attitude. The system con-
sists of three inflatable air bags, two rélays, three solenoid control valves,
two air compressors, control switches, and air lines. The inflatable bags
areé locatéd in the C/M forward compartment and the air compréssors are ;
located in the aft compartment. Thé control switches and circuit breakers :
are located in the créw compartment. Switches 1 and 2 are powered by the
postlanding bus switch 3 arid thé compréssors are powered by battery buses
A and B, (See figure 2.11-3.)

2.11.6.1 Functional Description.

POSTLANDING - FLOAT BAG switch 1 controls inflation of the air .
% bag on +Y axis, .switch 2 controls inflation of the air bag on the -Y axis, !

n and switch. 3 controls inflation of the air bag on the +Z axis of the C/M. '
?’J (See figure 2.11-3.,) Each bag is 43 inches in diameter and has a capacity
3 of approximately 24 cubic feet when inflated, If the C/M becomes invérted

MISCELLANEOUS SYSTEMS DATA

Mission ; Basic Date_12 Nov 1966 _ Change Date e Page 2.11-2
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Figure 2.11-2. C/M Interior Lighting Configuration
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Figure 2.11-3. C/M Upiighting System Electrical Schematic
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atter landing, the crewmember at station | initiates filling of the three bags
by sctting the POSTLANDING - FLOAT BAG switches 1, 2, and 3 to FILL.
When the C/M is-upfighted, the three FLOAT DAG switchés will be set to
OFF, A 4.2520, 25 psi relief valve is located in the inlet of cach bag.
Backup relief valves set at 13,5 psi are located in the outlet of cach

Comnpressor,

MISCELLANPFOUS SYSTEMS DATA
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SE.CTION 3

3 CONTROLS AND DISPLAYS

' INTRODUCTION,

This soction identifies cach control and display in the command module
and lists pancl location, item nomenclature, positions and related
functions, power source, télemetry measurément number, and associated
cxplanaiory data, Controls and displays are prescented in a tabulated list .
in numerical order by panel number. Panel numbers are those appearing
on the main display console drawing and the lower ¢quipment bay drawing
in figure 3-1. (The.command module itself does not incorporate numbers
on the pancls.) The following is a détailed explanation of the columnar
data prescnted in the tabulated list.

Location Ghves the location of a particular control or
display by .panel number or othér descnptive
information such as- "LH couch armrest,

t
ote, !

Nawme and Position Gives the exact nomenclature of a patticular
countrol or display and the control positions,
as placarded on the panel, In the abséncee of
a placard, a functional name is assigned and
the pusitions aré deacribed physically (“up, "
“down, " ete)

Function Describes the funition of ach control in each
position.

Cireeut Bredker Chives the nane and location of the ciraowmt
breaker(s) conteolling the elevtricdl power to
cacht control & display.

Bower Source Identities and gives the fatifig of the immedy
ate bus oF source supplying power toa
particular control or display,

Telemetry Code No. and Gives the measurement numbers tor tele

Tdentity metry srgnats which are uséd to momtor the
perfurmance of comporents, systems, and
subaystems, the atatus of consumable 1tems,
and the proped sequéenciny of critical

i CONTROLS AND DISPLAYS
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operations during all phases of the spacectaft
misswon,  This information s montored at

= MSFN stations for spacecraft management
from the ground by use of voiwd or command
links, Measurement munbers are entered
only for wisplayed measurements, Those for
undisplayed measuranents are included in the

\ telemetry measurements table for the )
appropriate system in séction 2 of this
handbook.

The number consists of seven characters:
two létters followed by four numbeérs and one
lettér.  An example is as follows:

9]

A 0099 S.

Module code letter

Fuanctional system code letter N

Discrete number

Measurcment classification

a. The first letter designates the module in which the medsurement
origmates, Module code letters are as tollows:

A Adapter L Launch escapé tower
B Booster S Scrvice module
C o Comnuaid module

b, The sccond letter denotes the system mnwhich the ineasurement
ofigitates.  Functiondl systein code lettérs are as foliows:

A Structures J o Lafe syastetins

G Electiical power K. Flight technology

D Launch escape P Propulason

B Farth landing R Reaction control
FooEavivonmental control S Croew satety

G Guidance and navigation T Telecommunications and
Ho Statibhization and control . mstrumentation

¢ Chafacters three through sis are numerals comprising a number
which 1x assiened to a particular mieasurement point,  These numbers are
hsted sequentially or are grouped for clarity within cach system,

CONTROLS AND DISPLAYS
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d. The seventh letter denotes measurement classification, Classifi-
vation code letters are as follows:

A Acceleration N Camera

B Phase P Pressure

C Current Q Quantity

D Vibration R Rate

E Power S Strain

r Fr()qucncy T Tvmpcratur(\

G Force \% Voltagc

H Position W Timeé

J Biomeédical X Discrete évent

K Radiation ... Y Acoustical

L. Velcotiy Z pH - acidity

M Mass

Remarks Contains additional data and explanatory remarks,
3.1 CONTROLS/DISPLAYS LOCATOR INDEX.

To aid in finding data within this scction, a locator index precedes
the tabulated list. The index is sub-divided into spacecraft systoms,
Undér cach system is listed, in alphabetical order, all controls and dis-
plays associated with the particular systém with cross réference to the
panel on which the control or display is located. -Where items, such as
circuit breakers, are associated with moré than one system, such items
are repeated under each applicable system. Each panel number is
preceded by anabbreviated descriptor to aid in quickly determining the
general location of each item, as tollows:

MDC main disnlay console (panels 1 thru lo)

LB low er cquipmient bay (panels 100 thru 107, 120, 15Q)

LHEB lett hand equipment bay (pancls 307 thru 317 and 3149)

LLHFEDR left hand forward equipment bay (panels 300 thru 00 and 318)

RHERB right hand equipment bay (paiels 201 thru 200)

RHFFR right hand forward cquipment bay (pancls 200 and 207)

The controls/displays locator index 1s sub-divided as follows: "

Page

Guidance and Navigation 3.5

Stabilization and Control . 3-7

Service Propulsion System 3-9

Reaction Control 3-1

Electrical Power 3-13

Scquential Systems (ELS, LES, FDS, SECS) 317

Teleconmmunications 3-18

Environmental Control 3-20

CONTROLS AND DISPLAYS
Mission
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Page
Caution and Warning 3-23
Miscellaneous Systems 3-24
Scientific Experiments 3-25
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GUIDANCE AND NAVIGATION SYSTEM-—CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator

ACCEL FAIL Lt LEB-103
ACTIVITY COMP Lt MDC1l4, LEB-106
AGC MODE Sw LEB-107

AGC PWR FAIL Lt MDC-10, LEB-103
ATT CONT MODE Lt LEB-101
ATTITUDE IMPULSE Contrel LEB-105
ATTITUDE IMPULSE ENABLE Sw LEB-105
BRIGHTNESS Control MDC-14, LEB-106
CDU FAIL Lt MDC-10, LEB-103
CDU MAN MODE Lt LEB-101

CIIECK CONDITION LAMPS Sw LEB-105

CHECK COOLANT Sw LEB-105

CHECK COOLANT Windows (2) LEB-105

CHECK FAIL Lt LEB-106

CHECK MODE LAMPS Sw LEB-105

CLEAR Sw MDC-14, LEB-106
COARS ALIGN MODE Lt LEB<101

COMP FAIL Lt MDC-14
COMPUTER. CB (2) MDC-22
CONDITION LAMP Sw LEB-105
COUNTER FAIL Lt LEB-106

DOOR LATCH Control LEB-105

DSKY Keys MDC-14, LEB-106
ENTER Sw MDC-14, LEB-106
ENTRY MODE Lt . LEB-101

ERROR RESET Sw . MDC-14, LEB-106
FINE ALIGN MODE Lt LEB-101

GMBL LOGK Lt MDC-10, LEB-103.
G&N ACCEL.FAIL Lt MDC-10

G&N ERROR Lt MDC-10

G&N VIEWER Sw MDC-22

IMU-CDU DIFFERENCE Ind LEB-101

IMU CB (2) MDC-22

IMU DELAY Lt . LEB-103

IMU FAIL . Lt MDC-10, LEB-103
IMU HTR CB (2) MDC-22

INMU TEMP Lt MDC-10, LEB-103
IMU TEMP MODE GAIN IRIG Sw LEB-105

IMU TEMP MODE GAIN PIPA Sw LLEB-105

IMU TEMP MODE Mode sw LEB-105

IMU TEMP MODE ZERO Sw LEB-105

INNER GIMBAL (PITCH) Ind LEB-102

KEY RLSE Lt MDC-14, LEB-106
KEY RLSE Sw MDC-14, LEB-106
MANUAL ALIGN Lt LEB-101

MARK Sw LEB-105

MASTER ALARM o Lt MDC-3, LEB-103

GUIDANCE AND NAVIGATION SYSTEM-CONTROILS/DISPL

Mission
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GUIDANCE AND NAVIGATION SYSTEM—~CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator
MIDDLE GIMBAL (YAW) Ind LEB-102
-(minus sign switch) Sw MDC-14, LEB-106
NOUN Sw MDC-14, LEB-106
NOUN End MDC-14, LEB-106
OPTICS CB (2) MDC-22
OPTICS CONTROLLER MODE Sw LEB-105
OPTICS CONTROLLER SPEED Sw LEB-105
Optics hand controller (no placard) Control LEB-105
OPTICS HOLD Sw LEB-105
OPTICS Mode sw LEB-105
OPTICS SLAVE TELESCOPE Sw LEB-108
OUTER GIMBAL (ROLL) . Ind LEB-102
PANEL BRIGHTNESS Control LEB-105
PARITY FAIL Lt. LEB-106
PGNS Lt LEB«103
+ (plus sign switch) Sw MDC-14, LEB-106
PROG ALM Lt LEB-106
PROGRAM Ind MDC-14, LEB-106
REGISTER 1 Ind MDC-14, LEB-.106
REGISTER 2 Ind MDC-14, LEB-106
REGISTER 3 Ind MDC-14, LEB-106
RUPT LOCK Lt LEB-106
Sextant (not placarded) SXT LEB-104
SCALER FAIL Lt LEB-106
SHAFT ANGLE Ind LEB-102, LEB-104

SHAFT

Telescope (not placarded)
TC TRAP.

™™ FAIL

TRANSFER

TRUNNION ANGLE .
TRUNNION

UPTEL ACCEPT BLOCK
VERB

VERB

VIEWER

ZERO ENCODE MODE
ZERO ENCODER

2X TRUNNION

Manual drive
SCT.

Lit

Le.

Sw

Ind

Manual drive
Sw

Ind

Sw

CcB (2)

Lt

Lt

Ind

LEB-104
LEB-104
LEB-106
LEB-106

LEB-101

LEB-104 .
LEB-104 .
MDC-14

MDC-14, LEB-106
MDC-14, LEB-106
MDC-22

LEB-101

LEB-103
LEB-102

GUIDANCE AND NAVIGATION SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX
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S$TABILIZATION AND CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX
N Control/Display Name Type Panel Locator
: AGAP TEMP Warn 1t MDC-10
- ATT DEADBAND Sw MDC-8
ATT SET Sw MDC-6
: ATTITUDE IMPULSE-ENABLE _ Sw LEB-105 "
\ ATTITUDE/MONITOR/ENTRY Sw MDC-8
. [~ ATTITUDE SET-ROLL, PITCH, YAW Thumbwheel (3) | MDC-6
ATTITUDE SET-ROLL, PITCH, YAW Ind (3) MDC-6
BMAG POWER Sw MDC-24
C/W-NORMAL/BOOST/ACK Sw MDC-13
CAUT/WARN-MNA, MNB CB (2) MDC-25 ,
CAUTION/WARNING-MODE Sw MDC-11 v
DIRECT RCS Sw. MDC-8 '
DIRECT ULLAGE Sw MDC-7
FCSM AUTO/OVERRIDE Sw ) MDC-2
FCSM ON/RESET Sw MDC-2
FDAI Ind. MDC-4
FDAI ALIGN Sw MDC-6
FDAI BRIGHTNESS Control MDC-2
FDAI LTG Sw MDC-25
FDAI SELF TEST Sw MDC-2
.05G ENTRY Sw MDC-8
GIMBAL POSITION Ind MDC-6 i
N G&N/SCS Sw' MDC-8
G&N SYNC Sw MDGC-25
LCL VERT Sw MDC-8
LIMIT CYCLE Sw MDC-8
MASTER EVENT SEQ CONT-A LOGIC B= CB (2) MDC-22
BAT A, BAT B
NORMAL/OFF/DIRECT ON Sw MDC-7
PARTIAL SCS POWER Sw MDC-24 .
RATE GYRO POWER Sw MDC-24
RATE GYRO-ROLL, PITCH, YAW Sw (3). MDC-8
REACTION CONTROL SYS-TRANS . Sw MDC-16
Rotational Controllers (not placarded) Controls (2) LH couch, RH arm-
rest, RH couch,
LH armrest
- ROTATION CONTROL POWER Sw -24
SCS CHANNEL-A&C ROLL, B&D ROLL, Sw (4) MDC-8
PITCH, YAW
STABILIZATION & CONTROL SYSTEM - CB (18) MDC-25
[ - A&C ROLL-MNA, MNB
B&D ROLL-MNA, MNB
DIRECT CONT-MNA, MNB
. GROUP 1-ACI1, AC2
* GROUP 1-MNA, MNB
GROUP 2~ACl1, AC2
s GROUP 2-MNA, MNB

STABILIZATION.AND CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX . -
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STABILIZATION AND CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator
THRUST ON Sw MDC-7
Translational Controliers (not placarded) Control (2) LH céuch,
i LH armrest

TVC 1 POWER Sw. MDC-24

TVC 2 POWER Sw MDC-24

av Sw  MDC-8

AV REMAINING Ind MDC-7

AV SET Sw MDC-7

YAW, PITCH Thumbwheel (2) | MDC-6

STABILIZATION AND CONTROL SYSTE

M~CONTROLS/DISPLAYS LLOCATOR INDEX
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SERVICE PROPULSION SYSTEM—-CONTROLS/DISPLAYS LOCATQR INDEX

Control/Display Name Type Panel Locator

ABORT SYSTEM-~TWR JETT SPS MODE—-A (B)| Sw MDC-16

two
CAUT/WARN-MNA (MNB) CB (2) MDC-25
AV Sw MDC-8
AV REMAINING Sw MDC-7
AV SET Sw MDC-7
DIRECT ULLAGE Sw MDC-7
FCSM-G&N. Sw MDC-2
FCS5M-8CS Sw MDC-2
G&N/SCS Sw MDC-8
GIMBAL POSITION- PITCH Ind MDC-6
GIMBAL POSITION~PITCH Thumbwheel MDGC-6
GIMBAL POSITION-YAW Ind MDC-6 .
GIMBAL POSITION-YAW Thumbwheel MDC-6
H, TANK-PRESS Ind MDC-20
Ho TANK-TEMP Ind MDC-20
INSTRUMENTS-ESS-MNA (MNB) CB (2) MDC-22
L/V AQA/SPS P_ Ind MDC-3
L/V AOA/SPS P, Sw MDC-3
MASTER EVENT SEQ CONT~A LOGIC B~ CB (2) MDC-22

BAT A (BAT B)
NORMAL/OFF/DIRECT ON (Thrust) Sw MDC-7
OXID FLOW Sw MDC-20
OXID FLOW-DECREASE Ind MDC-20
OXID FLOW-INCREASE Ind MDC-20.
PITCH GMBL DR FAIL Status lts MDC-11
PRESSURE-ENG INLET-FUEL . Ind MDC-20
PRESSURE -ENG INLET-0X Ind MDC-20
PRESSURE-FUEL Ind MDC-20
PRESSURE-OX Ind MDC-20
QUANTITY-FUEL Display MDC-20
QUANTITY-OXID Display MDC-20
SENSOR Sw MDC-20
SERVICE PROPULSION SYSTEM -.

GAUGING-AC1 (AC2) CB (2) MDC-25

GAUGING-MNA (MNB) CB (2) — MDC-25

GIMBAL MOTOR CONTROL -1 PITCH

~-BAT A (PITCH 2-BAT B) CB (2) MDC-25
GIMBAL MOTOR CONTROL -1 YAW
-BAT A (YAW 2-BAT B) CB (2) MDC-25

H, VALVE-MNA (MNB) CB (2) MDC-25
SPS ENGINE INJECT VALVE -1 (2, 3, 4) Ind (4) MDC-20
SPS GAUGING Sw MDC-25
SPS HELIUM (left hand and right hand) Ind (2) MDC-20
SPS HELIUM (left hand and right hand) Sw (2) MDC-20
SPS-INJECT PRE-VALVFS-A (B) Sw (2) MDC-3
SPS-GIMBAL MOTORS -1 PITCH (PITCH 2) Sw (2) MDC-3

SERVICE PROPULSION SYSTEM~CONTROLS/DISPLAYS LOCATOR INDEX .
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SERVICE PROPULSION SYSTEM-—CONTROLS/DISPLAYS LOCATOR INDEX

B e N T

Control/Display Name Type Panel Locator
SPS-GIMBAL MOTORS -1 YAW (YAW 2) Sw (2) MDC-3
SPS LINE HTR Sw MDC-19
SPS PRESS Status Its MDC-11
SPS PU SNSR FAIL Status lts MDC-11
SPS ROUGH ECO Status lts MDC-10
SPS TANK PRESS Sw MDC-20
STABILIZATION & CONTROL SYSTEM

-DIRECT CONT-MNA (MNB) CB (2) MDC-25

-1 GROUP-AC 1 (GROUP 2<AC 2) CB (2) MDC-25

-1 GROUP-MNA (GROUP 2~-MNB) CB (2) MDC-25
TELECOMMUNICATIONS—~GROUP 5 CB MDC-22
TEST/AUTO/TEST (propellant quantity) Sw MDC-20
THRUST ON Switch-light . MDC-17
TK PRESS-N Ind MDC-20
UNBALANCE Ind MDC-20
VALVE Sw MDC-20

SERVICE PROPULSION SYSTEM~CONTROLS/DISPLAYS LOCATOR.INDEX

Mission Basic Date_l12 Nov 1980 _Change Date
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. : SM2A-03-5C012
; APOLLO OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Control/ Display Name Type Panel Locator |
' i
\ ' - ABORT SYSTEM-~OX DUMP Sw MDC-16 {
CM PROP JETT-DUMP Sw MDC-8 |
: CM PROP JETT-LOGIC Sw MDC-8 !
; : CM PROP JETT-PURGE Sw MDC-8 |
C/M RCS : Sw MDC-26 |
l C/M RCS A Status lts | MDC-10 ;
‘ ! C/M RCS B Status lts MDC-10 |
: C/M RCS HTRS Sw RHFEB-200 ;
, C/M RCS PRESS F Ind MDC-12
3 : C/M RCS TEMP H, Ind | MDC-12
C/M RCS PRESS OX Ind . MDC-12
C/M RCS PRPLNT-A Sw MDC-15
C/M RCS PRPLNT-A Event ind MDC-15
C/M RCS PRPLNT~B Sw MDC-15
C/M RC$ PRPLNT-B Event ind MDC-15
C/M RCS TEMP He Ind MDC-12
C/M-S/M~SEP-A (B) Sw (2) MDC-15.
DIRECT RCS Sw MDC-8
INSTRUMENTS-ESS-MNA (MNB) . CB (2) MDC.22
MASTER EVENT SEQ CONT’
-A ARM B~BAT A (BAT B) CB.(2) MDC-22
-A LOGIC B-BAT A (BAT B) CB (2) MDC-22
PROPELLANT QUANTITY-FUEL (bottom Digital ind MDC-12
window)
PROPELLANT QUANTITY-OXIDIZER Digital ind MDC-12
(top window)
PYRO A-RCS FUEL DUMP CB LEB-150.
PYRO B-RCS FUEL DUMP CB. LEB-150
RCS HEATERS-A MNB CB MDC-21
RCS HEATERS-B MNA CB. MDC-21
s RCS HEATERS-C MNB CB MDC-21
| RCS HEATERS-D MNA ¢B. MDC-21
) RCS INDICATORS selector
C/M section . Sw. MDC-12
B i S/M section Sw . MDC-12
REACTION CONTROL SYS-CMD Sw MDC-16 '
REACTION CONTROL SYS-C/M PRESS Sw MDC-16 "1
- REACTION CONTROL SYS-TRANS Sw MDC-16 :
! REACTION CONTROL SYSTEM
-C/M=S/M TRANSFER~MNA (MNB) CB (2) MDC.25
’ -GAUGING-MNA (MNB) CB (2) MDC-25
i ~PROP ISOL-MNA (MNB) CB (2) MDC-25
S/M RCS$-A (B, C, D)=-HELIUM 1 Sw (4) MDC-15
S/M RCS-A (B, C, D)-HELIUM 1 Event ind (4) MDC-15
' S/M RCS-A (B, C, D)-HELIUM 2 . Sw (4) MDC-15
l S/M RCS-A (B, C, D)=HELIUM 2 Event ind (4) MDC-15
) S/M RCS PRESS H, Ind MDC-12

REACTION CONTROL SYSTEM~CONTROLS/DISPLAYS LOCATOR INDE*.

Mission Basic Date_l2 Nov 1966 Change Date 3-11
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SM2A-03-SC012
APOLLO.OPERATIONS HANDBOOK

REACTION CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name ' Type Panel Locator
S/M RCS PRESS MANF Ind MDC-12
S/M RCS-A (B, C, D)-PROPELLANT Event ind (4) MDC-15
S/M RCS-A (B, C, D)-PROPELLANT Sw (4) MDC-15
S/M RCS TEMP PKG Ind MDC-12
S/MRCS A Status lts MDC-10
S/M RCS B Status lts MDC-10
S/MRCSC Status lts MDC-10
S/M RCS D Status lts MDC-10

e

REACTION CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Mission_____. Basic Date 12 Nov 1966 _ Change Date Page 3-12




SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM~CONT ROLS/DISPLAYS LOCATOR INDEX

Control/ Display Name ' Type Panel Locator

AC BUS 1 FAIL Lt MDC-11
AC BUS 2 FAIL Lt MDC-11
AC BUS 1 OVERLOAD It MDC-11
AC BUS 2 OVERLOAD Lt MDC-11
AC INDICATORS Sw : MDC-18
AC INVERTER~—AC BUS 1-RESET Sw. MDC-18
AC INVERTER—AC BUS 2-RESET Sw MDC-18
AC INVERTER-—1 Sw MDC-18
AC INVERTER—1-AC BUS 1 Sw MDC-18
AC INVER‘I‘ER—-I-A.C BUS 2 Sw MDC-18
AC INVERTER=—2 Sw - w{ MDC-18
AC INVERTER=-2-AC BUS 1. Sw MDC-18
AC INVERTER-2-AC BUS.2 Sw MDC-18
AC INVERTER=3 Sw. MDC-18
AC.INVERTER~-3-AC BUS 1 Sw. MDC-18
AC INVERTER=—3-AC BUS 2 Sw ) MDC-18
AC SNSR SIG-AC1 CB MDC-25
AC SNSR SIG-AC2 CB MDC-25
AC VOLTS Meter MDC-18
BAT A PWR-ENTRY CB LEB-.150
BAT B PWR-ENTRY CB LEB.150
BAT CHGR Sw MDC-22
BAT CHGR-BAT C CB LLEB-150.
BAT.C PWR-POSTLANDING ENTRY CB LEB-150
« BAT RLY BUS-BAT A CB . MDC-22
BAT RLY BUS-BAT B CB MDC-22
BATTERY CHARGER Sw MDC-18
BATTERY CHARGER-AC PWR CB MDC-22
BATTERY CHARGER-BAT A CHGE °B . MDC-22
BATTERY CHARGER-BAT B CHGE . CB . MDC-22
BATTERY CHARGER-MNA . CB MDC-22
BATTERY CHARGER-MNB CB MDC-22
CRYOGENIC SYSTEM-QTY AMPL=-AC 1-4C CB. MDC-22
CRYOZENIC SYSTEM-QTY AMPL-~AC 2~§C . CB MDC-22
CRYOGENIC SYSTEM-TANK HEATERS-HZ CB MDC-22
CRYOGENIC SYSTEM~-TANK HEATERS-O; CB MDC-22 .
CRYOGENIC TANK FAN MOTORS-AC 1-0A CB MDC-22
CRYOGENIC TANK FAN MOTORS-AC 1-§B. CB MDC-22
CRYOGENIC TANK FAN MOTORS-AC 1-9C CB MDC-22
CRYOGENIC TANK FAN MOTORS-AC 2-9A CB MDC-22
CRYOGENIC TANK FAN MOTORS-AC 2-0B CB MDC-22
CRYOGENIC TANK FAN MOTORS-AC 2-9C CB MDC-22
DC AMPS Meter MDC-18
DC INDICATORS Sw MDC-18
DC SNSR SIG-MNA CB MDC-22
DC SNSR SIG-MNB CB MDC.22

DC VOLTS Meter MDC-18

ELECTRICAL POWER SYSTEM~CONTROLS/DISPLAYS LOCATOR INDEX

Mission Basic Date_l2 Nov 1966 Change Date Page, %t.n




SM2A-03-SCO12
APOLLO OPERATIONS HANDBOOK

ELECTRICAL POWER SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Control/ Display Name Type Panel Locator
DC VOLTS (auxiliary) Meter RHFEB-200 :
F/C-RUS DISCONNECT Lt NMDC-11 .
¥/C RAD TEMP LOW Ind MDC-18
F/C VALVES Sw MDC-19
F/C 1 1t MDC-11
F/C2 Lt MDC-11
F/C 3 Lt MDC- 11
FREQUENCY Meceter MDC-18
FUEL CELL-FLOW-H, Ind MDC-18
FUEL CELL=FLOW-0; Ind MDC-18
FUEL CELL INDICATORS Sw MDC-18
FUEL CELL=MAIN BUS A-RESET Sw , MDC-18
FUEL CELL-MAIN BUS B-RESET Sw MDC-18
FUEL CELL-MODULE TEMP-COND EXH Ind. MDC:18
FUEL CELL-MODULE TEMP-SKIN Ind . MDC-18
FUEL CELL 1=-BUS CONT CB MDC-22
FUEL CELL 1-CIR &.SEP MOTORS CB. MDC-22
FUEL CELL 1-Ha&O02 VALVE Ch MDC.22
FUEL CELL 1-PURGE CHh MDC-22
FUEL CELL~-1-MAIN BUS A Ind MDC-18
FULL CELL<1-MAIN BUS A Sw MDC-18
FUFL CFLL-1-MAIN BUS B - End MDC-18
FUEL CFl.L-1-MAIN BUS B Sw MDC-18
FUEL CELL= purge Sw MDC- 18
FUEL CELL<1-REACTANTS Ind MDC-18
FUEL CELL~=1-REACTANTS Sw MDC-18
FUEL CELL 2-BUS CONT cB MDC.22
FUEL CELL 2=CIR & SEP MOTORS. Ch MDC.22
FURL CELL 2=-H&0» VALVE cR MDG-22
FUEL CELL 2-PURGFE - CB MDC.22
FUEL CELL~-2- MAIN BUS A Ind MDC-18
FUKL CELL-2-MAIN BUS A Sw MDC-18
FUEL CELL-2-MAIN BUS B Ind . MDC- 1R
FUSL CELL=2- MAIN BUS B Sw MBC-18
FUEL CELL=2 purge Sw MDC-. 18
FUEL CFLL-2-REACTANTS Ind MDC-18
FUEL CELL=2- REACTANTS Sw MDC- 1B
FUEL CELL 31-BUS CONT B MDC-22
FUEL CELL 3=-CIR & SEP MOTORS cn MDC-22
FUKL CELL 3-H &0 VALVE . cB MDC-22
FUEL CELL 3-PURGHE B MDC-22
FULEL CELL~=3-MAIN BUS A Ind MDC- 18
FUEL CELL =3-MAIN RBUS A Sw MDC-18
FUFRL CELL=-3-MAIN BUS B Ind MDC-18
FUKL CELL -~ 3-MAIN BUS B Sw NMDC. N
FUFEL CELL<3 purge Sw MDC-18
FUEL CELL=3=-REACTANTS . Iad MDC -8 i
FUERL CFLL = 3= REACTANTS Sw MDC- 18 !

FLECT RICAL POWER SYSTEM=~CONTROLS/DISPLAYS LOCATOR INDEX i
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SMNEA-03-SCOLL
APOLLO OPERATIONS H ANDBOOK

ELECTRICAL POWER SYSTEM~CONTROLS/ DISPLAYS LOCATOR INDEX

Control/ Display Name Type Panel Locator
FUEL CELL PUMP-1 Sw MDC-22 !
FUEL CELL PUMP-2 Sw MDC-22 :
FUEL CELL PUMP.3 Sw MDC-22
FUNCTION SELECT Sw RHFEB-200
) [ FANS-1 Sw MDC-13
Hy FANS-2 Sw MDC-13
H> HEATERS -1 Swo. MDC-13 5
H, HEATERS -2 Sw MDC-13
1 Iy PRESS 1t MDC-10
INVERTER CONTROL<1 CB MDC-22
INVERTER CONTROL <2 cB MDC-22
INVERTER CONTROL =3 CR MDC-22
INVERTER PWR-NO, 1 MNA cn RHER-203
INVERTER PWR-NOQ, 2 MNB CR RHEB-20%
INVERTER PWR-NQ, .3 MNA cyoo. RHEB-203
INVERTER PWR-NO, 3 MNB cB RIIRB-20%.
INV 1 TEMDP HIL. 1t MDC-11.
INV 2 TEMP HI Lt MDC-11
INV 3 TEMP HI 1.7 MDC-11 —
MAIN A-BAT BUS A ch RHER-03
MAIN A-BAT C ch RHFR-203
MAIN R-BAT BUS B. CR RHER-203
MAIN RaBBA L C cB RHEB-203
MAIN BUS TIE-RAT A&C Sw MDC-22
MAIN BUS TIE-BAT B&C Sw MDC-22
MN BUS A UNDERVOLT . It MDC-11
MN BUS B UNDERYOLT : Lt MDC-11
NON ESS HUS Sw MDC-22
O FANS-1 Su MDC-13
QO FANS-2 Sw MDC-13
O HEATRRS -1 Sw MDC-13
Op HEATERS -2 Sw MDC-13
O PRESS Lt MDC-10
pti HL Ind MDC-18
POST LDG-BAT RUS A cB RHEB-203
POST [.DG-BAT BUS B cn RHER-20%
POST LDG-BAT C cn RHER-203
| POST LDG-MAIN A Ch RUEB-201
{ POST L.DG-MAIN B cn RIEB-203
REG OUT PRESS Hi-H, Ind MDC-1R
REG OUL PRFSS HIZN, Ind MDC-18
REG OUT PRESS HI-Q, Tiid MDC-18
SNSR UNIT-AC RUS-1 ch MDC-2}
SNSR UNIT-AC BUS<2 cn MDC.2
SNSR UNIT-DC BUS=-A ChR MDC-21
SNSR UNIT-DC ns-n chB MDC-21

FLECTRICAL POWER SYSTEM=CONTROLS/DISPLAYS LOCATOR INDEX
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SM2A-03-sC012 ;!
APOLLO OPERATIONS HANDBOOK v

ELECTRICAL POWER SYSTEM~CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator
‘ TANK PRESSURE-H,-1 Ind MDC-13
TANK PRESSURE-H3-2 Ind MDC-13
TANK PRESSURE-O2-1 . Ind MDC-13
TANK PRESSURE-02-2 Ind MDC-13
\ TANK QUANTITY-Hp-1 Ind MDC-13
TANK QUANTITY-H2-2 Ind MDC-13
TANK QUANTITY-O,~1 Ind MDC-13
) TANK QUANTITY-O0,-~2 Ind MDC-13
- TEST SELECT Sw RHFEB-200
H; PURGE LINE HTR . Sw MDC-15
INV, PHASE LOCK Sw RHEB 208

ELECTRICAL POWER SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Mission Rasic Date 12 Nov 19nt . Change Date . __Page 3-16
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SM2A-03-8C012 :
APOLLO OPERATIONS HANDROCOK ;

SEQUENTIAL SYSTEMS— CONTROLS/DISPLAYS LOCATOR INDEX :

Control/Display Name Type Panel. Locator
ABOQRT Lt \NDC-3
ABORT SYSTEM-NMODE Sw(2) NMDC- 1o
ADORT SYSTEM-L/V RATES Sw \MDGC-l1e
ABORT SYSTEM-OX DUMP Sw MDC-1o :
ABORT SYSTEMN.I ENG OUT Sw NMDC.lo. i
ADAPT SEP Sw AMDC-5 :
ALTIMETER Indicator \DC-1
APENX COVER JETT Sw NDC-5
CANARD DEPLOY Sw NDC-5
C/\-§/\M SEP Sw (2) NMDC-15
COQUCH UNLOCK Sw NDC-38
Digital Event Timer Indicator (no placard) Window NMDC-5
DIGITAL EVENT TINMER-MIN Sw \DC-8
DIGITAL EVENT I'IMER-RESET Sw MDC-3
DIGITAL EVENT TIMER-SEG Sw \IDGC-8
DIGITAL EVENT TINMER-START Sw MDC-8
Digital Event Timer Ihdicator (no placard) Window ADC-11
DIGITAL EVENT IIMER-MIN Sw -1 NDC-11
DIAITAL EVEXNT TIMER-RESET . Sw NMDC-11
DIGITAL.EVENT TIMER-SEC Sw NDC-11
DIGITAL EVENT TIMER-START Sw NMDC-11
NROGUE DEPLOY Sw. ADC-5
DS Sw NDC-lo
DS ChR (3) MDC-25
DS POWER Sw MDC-24
HLS CR (3) NMDC-25
1ILS LOGIC Sw NMDG -8 1
EVENT TIMER CB (2) MDC-2% ,
LES MOTOR FIRE Swoo . MDC-5
LIF-0Or¥E Lt MNDC-5
LOCK ' UNLOCK Control MDC-5
LoV AOA/SPS Pe | Ind . MDC-3
.V AOASPS P . Sw MDC-3
[+ V ENGINE . Lt (8) MDG-3
LV GUID Lt MDC-5
LV RATE Lt MDC.A
MAIN CHUTE RELEASE Sw MDC-lo
MAIN DEPLOY Sw MDC-3
MAIN DEPLOY <AUTO Sw MDG-1o
MASTER EVENT SEQ CGONT-ARM CcB (2) ADC.22
MASTER EVENT'SEQ CONT-LOGIC CB () MDC.22
MASTIIR EVENT SEQ CONT-PYRO ARM Sw {2) MDC.2-
\MESC-LOGIC ARM Swo(2) MDC-25
\ NO AU QO ABORT L.t MDC-.5
; POST LDG BEACON LIGHTS Sw MDC-20
PYRQO ARCS PFUREL DUMP (ot LENB-150
PYRO ALSEQ A chn LER-150
: PYRO B-RCS FUEL DUMP . chn LER-150
’ PYRO B-SEQR cn LEB-150

SUQUENFTAL SYSTEMS=CONTROLS/DISPLAYS LOCATOR INDEX .
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SM2A-03-SCO12
APOLLO QPERATIONS HANDBOOK

TELECOMMUNICATIONS -CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel lLocator

BIO-MED COMM-MNA CB MDC.25
B1O-MED COMM-MNB CB MDC-25
C-BAND Sw MDC-20
CENTRAL TIMING SYS-MNA CB MDC.22
CENTRAL TIMING SYS-MNB CB MDC-22
FLIGHT QUAL RCDR Sw MDC.19
RCDR/HF Sw MDC.13, -23, -26
INST PWR CONT RHEB-204

ESSENTIAL 1| THRU 4 CB (4)

NON-ESSENTIAL 5 THRU 10 CB (6)
INSTRUMENTS-ESS~-MNA CB MDC.22
INSTRUMENTS - ESS-MNB CB . MDC-22
INSTRUMENTS-NONESS CB MDC.22
INST RUMENTS-NONESS BUS CB . MDC-22
INSTRUMENTS= R CDR.NONESS . CB MDC:22
INSTRUMENTS-SCIEN CB MDC-22.
INTERCOM Sw. MDC.13, -23, -26
INTERCOM BALANCE Sw. MDC-13, -23, -26
NONESS BUS Sw. MDC.22
POSTLANDING ANTENNA DEPLOY Sw MDC=25
POWER. MDC-13, -23, =26
POWER-PMP Sw MDC-20
POWER-SCE Sw. MDC.20
RECOVERY-HF-ON/OFF Sw MDC-20
RECOVERY-HF.SSB/BCN/AM . Sw MDC-20
RECOVERY-VHF BCN Sw . MDC-20
S.BAND Sw MDC-13, -23, -26
S-BAND ANT Ind . MDC<19
S-BAND ANTENNA Sw MDC-20
S-BAND-EMERG Sw MDC-20
S-BAND-QSC Sw MDC-20
S-BAND-PWR AMPL Sw MDC-20
S-RAND-VOICE-RNG/RNG ONLY Sw MDC-20
S-BAND-VOICK-TAPL Sw MDC-20
$.-BAND-VOICE=TV Sw MDC-20
S-RAND-XPONDER/XPONDER PWR AMPL Sw MDC-20
TAPE RECORDER-FWD/REV Sw MDC-20
TAPE RECORDER-PLAY Sw. MDC-20.
TAPE RECORDER-RECORD/PLAY Sw MDC-.2
TAPE RECORDER-SPEED Sw MDC-20
TELECOM-ESS Sw MDC-22
TERLECOM-NONESS Sw MDC-.22
TELECOMMUNICATIONS-GROUY 1 AC cB MDC.2
TELECOMMUNICATIONS-GROUE® & AC cB MDC.22
1 ELECOMMUNICATIONS-GROUP 3 cR MDC.-22
TELECOMMUNICATIONS-GROUP 4 . cB MDC.22
T ELECOMMUNICA TIONS-GROUP & cn MDGC. 22

TELECOMMUNICATIONS —-CONTROLS/DISPLAYS LOCATOR INDEX
3.1R
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; SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

TELECOMMUNICATIONS —~CONTROLS/DISPLAYS LOCATOR INDEX

——

Control/Display Name Type Panel Locator

l TELECOMMUNICATIONS-PCM TLM AC CB MDC-22
TELECOMMUNICATIONS-SIG COND S-BAND CB MDC.22

| PA AC

, TLM INPUTS-BIOMED Sw MDC-20

' TLM INPUTS-PCM Sw MDC-20
UP DATA’ Sw MDC-20
UP TLM CMD Sw MDC-19
VHF-AM Sw MDC-13, -23, -26
VHF-AM RCVR Sw MDC-20
VHF-AM SQUELCH Control MDC-20
VHF-AM-T/R/REC Sw MDC.20
VHF-ANTENNA Sw MDC.20 .
VHF-FM Sw MDC-20
VOICE RECORD Indicator MDC-19
VOLUME Control MDC-13, -23, -26

VOX SENS Control MDC-13, -23, -26

TELECOMMUNICATIONS =CONTROLS/DISPLAYS LOCATOR INDEX.
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SM2A-03-5C012

APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator
BATTERY VENT Valve RHEB-203
Cabin air control louver Control LHFEB-303
CABIN AIR/AUTO/SUIT AIR Sw LEB-120
CABIN AIR FAN-1 & 2 Sw (2) MDC-21 .
CABIN PRESSURE RELIEF Valve (2) LHEB-307
CABIN REPRESS Valve LHEB-314
CABIN TEMP Valve . LHFEB 303
CABIN TEMP-AUTO Control MDC-13
CABIN TEMP-AUTO/MAN Sw MDC-13
CO-odor absorber diverter Valve LHEB-313
CO;, PP HI Light MDC=11
DIRECT O3 Valve. MDC-24
DRINKING WATER SURPLY. Valve LHFEB-304
AP SUIT COMPR Ind MDC-13.
ECS-CABIN AIR FAN-1 & 2 CB (6) MDGC-22
ECS-GLYCOL PUMPS-AC 1 & AC 2 CB (6) MDC-22
ECS-GLYCOL-PUMP }/PUMP 2 Sw (2) MDC-21
ECS-H20 ACCUM-MNA & MNB CB (2) MDC-22
ECS-POT H20 HTR-MNA & MNB CB (2) MDC-22
ECS-RADIATOR Sw (4) MDC-21 . .
ECS .RAD-OUTLET TEMP Ind MDC-13
ECS RAD OUT TEMP-1 & 2 Ind (2) MDC-19:
ECS-RAD VALVE-AC | & AC 2 CB (4) MDC-22
ECS$ STEAM DUCT HTR-MNA &.MNB CB (2) RHEB-206
ECS-SUIT COMPRESSORS-AC 1 & AC 2 CB (6) MDC-22
ECS-TRANSDUCER-PRESS GROUPS 1 & 2 CB (4) MDC-22
ECS-TRANSDUCER-TEMP-MNA & MNB . CB (2) MDC-22
ECS-TRANSDUGER-WASTE & POT H;0- CB (2) MDC-22

MNA & MNB

EMERGENCY CABIN PRESSURE Valve. LHER-314
EVAP H;0 Valve LHER-311
FLOW O, Ind MDC-13
FOOD PREPARATION WATER:-COLD & HOT Valve (2) LHFER- 05
GAS ANAL CB MDC-22
GLY ACCUM-QUANTITY Ind MDC-13
GLY EVAP WATER CONTROL BYPASS Valve LHEB-317
GLYCOL ACCUMULATOR Valve LHEB-312
GLYCOL EVAP-H,;0 FLOW Sw MDC-13
GLYCOL EVAP-STEAM PRESS-AUTO/MAN Sw MDC-13
GLYCOL EVAP-STEAM PRESS-INCR/DECR Sw MDC-13
GLYCOL EVAP-STEAM PRESS-TEMP IN Sw MDC-13
GLYCOL EVAP TEMP IN Valve LHER- 111
GLYCOIL. PRESS RELIEF BYPASS=] & 2 Valve (2) LHEB-309
GLYCOL RESERVE Valve LHEB-311
GLYCOL RESERVOIR-BYPASS Valve LHEB- 307
GLYCOIL RESERVOIR-INLET Valve LHER-307
GLYCOL RESERVOIR-OUTLFET Valve LHER-1307
GLYCOL TEMP LOW Light MDC-11

ENVIRONMENTAL CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX
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APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM-—CONTROLS/DISPLAYS LOCATOR INDEX
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Control/Display Name Type Panel Locator E
GLYCOL TO RAD Valve LHEB-307 ;
GLY EVAP-OUTLET TEMP Ind MDC-13 !
GLY EVAP STEAM PRESS Ind MDC-13 ;
H>0 ACCUM-AUTO/MAN Sw MDC-13 !
H20 ACCUM FAIL Light MDC-11 n
HO ACCUM-ON 1/ON 2 Sw MDC-13
H20 ACCUMULATOR-1 & 2 Valve (2) LHEB-311
H2O0 IND Sw MDC-13
INST PWR CONT-ESSENTIAL 2 CB RHEB-204 )
MAIN REGULATOR Valve LHEB-314 5
02 FLOW HI Light MDC-11
02 PRESS IND Sw MDC-13
OXYGEN-ENTRY Valve LHEB-307
OXYGEN-S/M SUPPLY Valve LHEB-307 .
OXYGEN-SURGE TANK Valve LHEB-307
PART PRESS CO; Ind MDC-13
PGA pressure Ind (3) PGA sleeve
PLSS FILL Valve LHEB-314
PLVC Sw LHEB-316
POST LANDING-VENT FAN Sw MDC-25
POST LANDING-VENT FAN-PL BUS/FLOAT CB MDC-25

BAG 2
POTABLE TANK INLET Valve LHEB-315
POT H>0 HEATER Sw MDC-21
PRESS-CABIN Ind MDC-13
PRESS GLY DISCH Ind MDC-13
PRESS-SUIT Ind MDC-13
PRESSURE RELIEF Valve LHEB-315
START/OFF/PREHEAT Sw LEB-120
Suit circuit return air Valve LHEB-319
SUIT COMPRESSOR-COMPR 1/COMPR 2 Sw MDC-21
Suit demand pressure regulator selector Valve LHEB-310
SUIT EvAP Sw MDC-13
SUIT EVAP Valve LHEB-311.
SUIT EVAP GLYCOL Valve LHEB-311
SUIT FLOW Valve (3) LHFEB-300, -301,
-302

SUIT FLOW RELIEF Valve . LHEB-311
SUIT HT EXCH Sw LHEB-310
SUIT TEST Valve LHEB-310
SURGE TANK PRESSURE RELIEF Valve LHEB-308
TANK PRESSURE-0;-1 Ind MDC-13
TEMP-CABIN Ind MDC-13
TEMP-SUIT Ind MDC-13
WASTE HO TK REFILL Sw MDC-13
WASTE MANAGEMENT-OVBD DRAIN Valve RHEB-201
WASTE MANAGEMENT:-SELECTOR Valve RHEB-201




SM2A-03-SC012
APOLLO OPERATIONS HANDBOOK

ENVIRONMENTAL CONTROL SYSTEM~CONTROLS/DISPLAYS LOCATOR INDEX

Control/Display Name Type Panel Locator

WASTE TANK INLET Valve LHEB-315 .
WASTE TANK SERVICING Valve LLHEB 315 ol
WATER & GLYCOL TANKS PRESSURE-

REGULATOR-SELECTOR INLET ' Valve LHEB-314 :
WATER & GLYCOL TANKS PRESSURE- !

RELIEF-SELECTOR OUTLET Valve LHEB-314 ©
WATER-QUANTITY S Ind MDC-13

ENVIRONMENTAL CONTROL SYSTEM—CONTROLS/DISPLAYS LOCATOR INDEX O

Mission . _.Basic Date_l2 Nov 19nt Change Date . Page_ 3-22




' ; SM2A-03-SC012
3 ! APOLLO OPERATIONS HANDBOOK
CAUTION AND WARNING SYSTEM—LOCATOR INDEX
Control/Display Name Type Panel Locatoér
" . AC BUS | FAIL Lt MDC-11
AC BUS 2 FAIL Lt MDC-11
\ AC BUS 1 OVERLOAD Lt MDC-11
3 AC BUS 2 OVERLOAD Lt MDC-11
\ AGAP TEMP Lt MDC-10
. AGC PWR FAIL Lt MDC-10
CAUT/WARN-FAIL Lt MDC-11
CAUT/WARN-MNA & MNB CB (2) MDC-25
CAUT/WARN-MODE Sw MDC-11
CAUT/WARN-POWER ‘ Sw MDC-11
CHU FAIL Lt MDC-10
C/M RCS A . Lt . MDC-10
C/M RCS B. Lt MDC- 10
CO, PP HI o Lt . MDC-11
C/W Sw MDC-13
C/W LAMP TEST : Sw ' MDC-23
F/C 1 Lt MDC-11
F/C2 Lt MDC-11
F/C3 Lt MDC-11
F/C BUS DISCONNECT Lt MDC-11
GLYCOL TEMP LOW Lt MDC-11
GMBL LOCK Lt MDC-10
G&N ACCEL FAIL Lt MDC-10
G&N ERROR Lt MDC-10
H,0 ACCUM FAIL Lt MDC-11
H> PRESS ) : Lt MDC-10
IMU FAIL Lt MDC-10
IMU TEMP Lt MDC-10
INV 1 Lt MDC-11
INV 2 Lt. MDC-11 .
INV 3 Lt. MDC-11 :
MASTER ALARM Lt MDC-3
MASTER ALARM Lt MDC-18 ]
MASTER ALARM Lt LEB-103. 1
MN BUS A UNDERVOLT Lt MDC-11 .
MN BUS B UNDERVOLT Lt MDC-11 '
0, FLOW HI Lt MDC-11 ")
0, PRESS Lt MDC-10 '
', PITCH GMBL DR FAIL Lt MDC-11
S/M RCS A Lt MDGC-10
S/M RCS B Lt , MDC-10 , |
S/M RCS C Lt MDC-10
S/M RCS D Lt . MDC-10
SPS PRESS Lt MDC-11 .
SPS PU SNSR FAIL Lt MDC-11 )
S$PS ROUGH ECO Lt MDC-10 ;
. SPS WALL TEMP HI Lt . MDC-11
YAW GMBL DR FAIL o Lt , MDC-11
CAUTION AND WARNING SYSTEM~LOCATOR INDEX
Mission_ Basic Date 12 Nov 1966 Change Date , Page. 3-23
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j
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MISCELLANEOUS SYSTEMS ~CONTROLS/DISPLAYS LOCATOR INDEX : ‘
. v

{

Controls /Display Name ] Type Panel Locator
i
COUCH ATTEN-FLOODLIGHTS CB (2) MDC-25 RN
ELS-FLOAT BAG 3 CB MDC-25 oy
FLOODLIGHTS-PRIMARY Sw MDC-23 "
FLOODLIGHTS-SECONDARY Sw MDC-23 RN
FLOODLIGHTS-PRIMARY Sw . MDC-26 R
FLOODLIGHTS-SECONDARY , | Sw MDC-26 i:
LIGHTING-CLOCKS Sw LEB-100 S
LIGHTING-FLOODS-PRIMARY Sw LEB-100 v
LIGHTING-FLOODS-SEC Sw LEB-100 0 .
POST LANDING-FLOAT BAG Sw (3) MDC-25 ‘
POST LANDING-FLOAT BAG 1 PL BUS CB MDC-25 |
POST LANDING-VENT FAN-PL BUS-FLOAT CB MDC-25 :
BAG 2
UPRIGHTING SYSTEM-COMPR NO. 1 AND CB RHEB-205 o
NO. 2 . Uy

MISCELLANEOUS $YSTEMS ~CONTROLS/DISPLAYS LOCATOR INDEX

Mission __Basic Date_12 Nov 1966 Change Date .. Page 3-24
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'
[ R S—

z SCIENTIFIC EXPERIMENTS —CONTROLS/DISPLAYS LOCAT OR INDEX

‘ Controls/Display Name Type Panel Locator i
! -
k ! SCIEN EQUIP SEB 1 CB MDC-22 1
SCIEN EQUIP SEB 2 CB . MDC-22 P

: ; INSTRUMENTS—SCIEN (not used) CB MDC-22 :

j j SCIEN EQUIP HATCH CB MDC-22 a

—

SCIENTIFIC EXPERIMENTS =CONTROLS/DISPLAYS LOCATOR INDEX
3-25
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