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reactant temperature. With design pressures in the tanks, single-phase
reactant is available independent of downstream system transfer.

The manual mode of operation simply bypasses the pressure switches. s
It can be used in case of control failure or when operating with quantity
unbalanced.depletion. To avoid excessive temperatures, a thermal sensi-
tive interlock device is in series with each heater element in the Oy and
H, tanks. These open the heater circuits when internal temperatures
reach 80°F and closc when temperatures decrease to 70°¥, Tank
pressures and quantities are monitored on meters located on MDC-13,
O, tank velief valves initially vent at 983 psig and reseat at Q7C psig.
H, relief valves vent at 273 psig and reseat at 268 psig. The C&W system
will alarm when oxygen pressure in either tank exceeds 950 psia, or goes
below €00 psia. The hydrogen system alarms the C&W system when
pressurc in either tank exceeds 270 psia, or goes below 220 psia.

Individual tank pressures, guantities, and reactant temperatures
are telemetered to MSFN. :

2.6.3.2 Batteries.
A totzl of seven silver oxide-zinc storage batteries are incorporated
in the EPS. Five of these batteries are located in the C/M lower equipment
bay, the other two in sector IV of the S/ M.
Threec entry batteries A, B, and C) provide the primary source of
power after CSM separation and duriag postlznding ope.sativus, Frior o
; GSM separaticn, the entry batteries provide a secondary source of power
while the fuel cells provide the primary source. The entry batteries are
used for the following purposes:
e Provide C/M power after CSM separation
® Supplement fuel cell power during peak load periods (SPS gimbal
motor operation)
¢ Provide power during emergency operations {failure of two fuel
cells)
e Provide power for EPS control circuitry (relays, indicators, eatc.)
e Provide sequential logic power
o Provide power for recovery aids during postlanding phase
¢ DBatteries A and B can power pyro circuits vpon selection,
The entry batteries can be recharged in flight.
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2.6.3

2.6.3.1

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION,

Cryogenic Storage.

The cryogenic storage system (figure 2. 6-2) supplies oxygen and
hydrogen reactants to the spacecraft, Hydrogen is supplied to the EPS
and oxygen is supplied to both EPS and ECS, The design functions of the
two storage systems are identical. The physical data for the cryogenic
storage system is given in the following list.

Tank
Number

Design Min Approx
Flow Rate Storage Allowable Tank Qtys

Wt of Usable at Min Press. Operating at Min Heater

Cryogenics dg/dm APsid) Pressure ‘& Fan Cycling

LO 12
o5 XTA 0006
LH 23
LH 25

320 1b 0.676 1b/hx 900435 150 psia 131 to 82 ihs
320 1b 0.713 1b/hr 900+35 150 psia 131 to 82 lbs
28 1b 0¢.070 Ib/hr 245 (+15, =26} 4 100 psia 14.5 to 7.3 Ibs
28 1b 0.066 1b/hr 245 (+15, -20} } 100 psia 14.5to 7.3 1bs

The automatic control mode is designed to give a single~phase
reactant {low into the ¥/C and ECS feedlines at design pressures. This
control is achieved in effect by controlling the heat transfer within the
systern. The heat required to maintain constant pressure varies with
density. Fill density for oxygen is a little above 70 bs/ft3. As depletion
proceeds from 70 1bs/ft3, or 100 percent quantity, to approximately
28 1bs/ft3, or 40 percent guaatity, the cycling of the fans and heaters for
repressurization will extend until they cycle least at guantities between
131 and 82 lbs. In the hydrogen system, least amount of heater and fan
cycling will occur at quantities between approximately 14.5 and 7.3 lbs.
With the system in automatic operation, tank quantities should remain
within 15 pounds of cach other for oxygen and within one peund difference
for hydrogen. The pressure switches activating the heaters and fans are
in series. The oxygen switches activate when pressure drops to 865 psia
in both tanks. They deactivate when pressure reaches 935 psia in one of
the tanks. Keeping the design pressure permits depletion to follow
predictable tenk densities and respective heat requirements.

When the systems reach the point where the heater and fan cycling
is at 2 minimum, the heat leak of the tank becomes sufficient to maintain
design pressures, provided flow is within min dgq/dm values as shown in
the preceding list. This realm of operation is referred to as being in the
minimum dq/dm region. The minimum dq/dm point for oxygen is
23.5 1bs/ft3‘ at the nominal operating pressure of 900 psia. The value for
hydrogen is 1.87 ibs/ft3 at 250 psia. The heat required for densities less
than the above rises abruptly {or both oxygen and hydrogen. The intrinsic
flow output of the systems is a maximum at the point where minirmmum heat
is required tc maintain pressure. The time-rate of arrviving at the
minimum dq/dm point is dependent on load demands, tank pressure, and

Mission

ELECTRICAL POWER SYSTEM

«

) 2 N ¢ -
Basic Date_ 12 Nov 1966 change Date




N S i

ol

’ +28 VDG <t
o ] 0y PRESS (MGC-10} .
— — —
' O 02 0, G, 10: ECS
i ‘ }
b 0y PRESS P
] l IND (MDC-13) Lwl Ozl_ 4
- ! syree  TO: SURGE TANK s
wer) N W R
ST TEMP SIGNAL o ANSDUCER CAUTION Wi ¢
J SENSOR OXYQEN SENSOR CONDITIONER A c I ()\\d (ECS) & WARNING A 2
PROSE TANK |——' PROBE e C BUS S o N
| SO N 5 NO. 1 YSTER
NO.T %7 -
#C PRESSURE X
e e @ switcH ;
r SFO0ALT O NO,
! g TEMP Oy r
— -J (-
v i CIANKND. 1 . :
Tt j “3251480°F . 5 0037P\ ‘
B o 5 % e ~7 PRESSIRE \\ / PRESS 007 [
4 MOT0RS / RELIFF || r-}-,z TANK NO. 1 |
VALVE \ S -
e ' AR pe
: i (H‘ ATERS - SIA
5 0. ~
f PP
k ¥
; o~ -
3¢ = HEATERS
FAN ! PRESSURE /4
; MOTORS \ - RELIEF —yyy N
7 { ¢ " L /f-""\VALVE / TANK PRESSURE i 0C MALL
e 9 | SFo04RT \ 1 8 2 /00”"[)\ 0, 208 &
m L TEMP O, 0 PSIA /
d 2 P N O
. - - rj ' (o, 10502 K102 ®© 3
: i N3251 Y PRESSUKE [
T s |4 = SWITCH
A ooxveew L g 05 i = NO, 2
CADENSITY j— TANK  LdTEmP oC = o
% SENSOR NO. 2 SENSOE  TEMP SIGNAL | Z
3§ PROBE { PROBE - CONDITIONER L = Prasg N
3 \\ ///i 4= b
! 7 H |

I

—_— S [ —
e b2 % 2 | 0, 10:
2 0, 0, 0,
M3



e e e A b A0 T

« OXYGEN FILL VENT F—
¢ 0
2
OXYGEN FILL VALVE —
th]3e [ ) 02
DENSITY |
SIGNAL
. CONDITIONER
, ™
. . L ‘ AC BUS
B-NOL 1 .
SFE0320Q &C
QUANTITY 0y
TANK NO. 1
\\Q/}zow
; = OXYGEN RELIEF
" A 0XY6 43 <
i [ 02
4 J
1
| TANK QUANTITY -~
i SF0033
: 1O 2 fme— 2N
1BS QUANTITY 0,
TANK NO., 2 AC BUS
= 300 = AL ¢ B
0/520L8 P NO, 2
200 #C
; 100 ! 1 —_
0 DENSITY SIGNAL
CONDITIONER
k OXYGEN FILL VALVE e
OXYGEN FILL VENT G ——-
D,(: OXYGEN PURGE VALVE {GSE) —p
!
|

e 5

S e N e

AT T TR T S




SMZA-03-5C012

APOLLO OPERATIONS HANDBOOK

SYSTREMS DATA

Hy TANK NO. 2
MOTOR SWITCH
~ Hy TANK NO! 1 MOTOR SWITCH CONTACTS (D) | CONTACTS .

s v i

S SAME AS Hp
_j‘\ N\ TANK NO,1 | ’
MOTOR R .
SWITCH @
CONTACTS H, EANS -1
(Rr.-13)
4 N
WYRY , AUTD
L”{ﬂ'—' " - ¢C
14 OFF os7—om=~
e Y O :
ENIC SYSTEM H2 HEATERS -1 '
1EATERS Hop-1 MHC-13)
 (MDC-22) AUTO L
A -
© 5p o————————0—20 OFF |1, HEATERS ~—)
1 AUTO 2
Vol OFF  Ghiessiinesns
J
S Hp FANS -2
{MDC-13)
; INIC SYSTEM ATERS - OFF o j—o-
EATERS -2 Kol IR
3 MDC-22) o |
4 N
{ ' 54 o OFF
o
NOTE: 1. PRESSURE AND MOTOR SWITCHES ARE
E SHOWN IN LOW PRESSURE POSITION
2, TO OPERATE FANS AUTOMATICALLY, (FANS SWITCH
; TO AUTO) HEATERS SWITCH(ES) MUST ALSO RE
; POSITIONED TO AUT)
SM-2A-635€
4
Figure 2.6-2. Cryogenic Storage System {Sheet 2 of 2)
ELIECTRICAL POWER SYSTEM
i
i . ) &
n.. . Basic Date 12 Nov 1966  Change Datee e Page 2.0:2/2: 6210




128VDC «a—@*—-—

Hy PRESS (MDC-10) —
" ——> e !
Hy Hy Hy Hy Hy ‘ Hy . 1;
Ha LTP.._I HzL l .
PRESSURE (D [532% <
’ SWITCH YR v
TERS ok | vinea IO B %
1P SIGNAL CAUTION LA L)
SENS O 3 \ '
pERf\OSé)ER CONDITIONER . o.c ‘L, B WARR NG .
___._‘._____| l_&‘ NO. 1 SYSTEM
¢C H L
2
/,J.\ ;
_SroeasT
TEMP Hy
Ncd231-200°E /EF@Q;?:{’_\?} i
- \\ / PRESIHp |
PRESSURE || TANK 0.1 ) {
" 0550 PSIA
VALVE B PSIA,
3 Hy
k o i
';HZ HZ
. e Hy —
’"T HEATERS PRESSURE
3 RELIEF /
44 VALVE || Y : £
4 gﬁ [l \ - D-C MAIN
0 ,J' l = SFO044T £ /s
Y" T o kL -
3 ol_L TEMP Hp ' I P
[ 1angno 2 ) TANK :RESSURE l_”ﬂ\'ﬂ\f(lz @
TEMP  N\4250-200°F 1 2 2 01350 PSIA PRESSURF
: - SWITCH
SENSOR . PSIA
: PROBE AC BUS = = NO. 2
3YDROGEN E ___ b N0, 2 = S SR
: L%N‘; TEMPSToNAL TC Ela] ¢
b ), = O mem
5 / CONDITIONER 0 = f:
100 _;. S N
N ) 2 L )
F’ T i H
1 — = [7] |
H2 H2 H2 H2 R —— H2
R ——
Hy Hy ily Hy Hy

N

A

?
[
N R




i
q
P
A
!
i
. pEa
; 3
; H
o
SR St
3 ol
i
i 7|
e
b
o

¢
!

7

s
e
o
o

HYDROGEN FILL VENT . S,

HYDROGEN FILL VALVE ———p

L_ Hy Hy -

DENSITY

SIGNAL DENSITY
CONDITIONER SENSOR

™1 PROEE

f
}
s
|
;
i

3¢ FAN
FOTORS

HYDROGEN REL iEF ’ P
Ry

TANK QUANTITY s
o N

1 2 2 Y

oo s QUANTITY Hy

I LBS

NN
S 6D

ot
i=3

Pt

Fonech ;
DENSITY SiCIAL i
CONDITIONER

<

. HYDROGEN FILL VALVE ———t
ty Hy

HYDROGEN TILL VENY <

i - HYDROGEM PURGE VALVE {GSE) J——
e, N
A
e
i

13
FROM CB
2 - CRYOQGENIT TAMK FAN MOTCRS Af
-} - CRYOGENIC TANK FAH MAOTURS AL



Jemkade Wd

SM2A-03-5CG12
APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

Each entry batlery is mounted within a vented plastic case. The
battery cells are individually encased in plastic containers which contain
relief valves that open at 40%10 psig, venting pressure and hydrogen gas
into the battery case. ach battery case is vented overboard through a
manifold lcading to a manually operated valve (BATTERY VENT VALVE),
which is connected to the ECS dump line. With the valve at its normal
position of VENT, the battery cases are vented overboard through the ECS ¢
urine/water dump line. In a failure mode, this would prevent hydrogen
gas from entering the crew compartment. With the battery vent valve
i : closed, which would be the position after fracture of a battery case, the
possibility exists for pressure buildup in the battery manifold due to
outgassing of the batteries. The vent valve will be opened at pressures
slightly belew CM pressure and allow the built-up pregsure to vent
overboard, Battery manifold pressure can be monitored using the
DC VOLTS meter, located on panel 200 in the RHTFERB, and is telemnetered.

auxiliary

The two pyrotechnic baitéries supply power to initiate ordnance
devices in the 8/C. The pyrotechnic batteries are isolated from the rest
of the EPS to prevent the high power surges in the pyrotechnic systermn {rom
affecting the EPS and to ensure source power when required. These
batterics shall not be recharged in flight. Entry battery A or B can be ;
used as a redundant source of power for initiating pyro circuits in the
respective A or B pyro system, if either pyro battery fails.

The two S/M jettison controller batteries, located in the S/M, supply
power to two jettison sequencers fo sustein the &/M RCS retrofire, as well
as firing the S/M positive roll RCS engines two seconds after CSM

- separation. These batteries are isolated from the rest of the EPS and
cannot be recharged or monitored in {light.

Performance characteristics of each S/C battery are as follows:

R

No. of Open
Capacity Cells Circuit Ambient
per per Voltage Nominal | Minimum Battery
Battery Battery Battery| {(Max.) Voltage | Voltage |Temperature
Entry A, B, and C 40 -amp-hrsg 20 37.8 vdc 29.06 vdc | 27.0 vdc |50° to 110°F
(3) (25 ampere (37.2 vdc ](35 amps!| {35 amps
rate) in flight) Joad) load)
Pyro A and B (2) 5 amps 20 37.8 vde 23.0 vdc | 20.0 vdc [60° to 110°F
for 36 (37.2 vdc (75 amps]| (75 amps
scconds in flight) load) load)
(35.0 vdc
open
circuit})

EL
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No. of Open
s Capacity Cells Circuit Ambient ’
per pex Voltage Nominal | Minimum Battery
! Battery Battery Battery!l (Max.) Voltage | Voltage |Temperature
& A
1 S/M jettison 75 amps 20 37.8 vdc 23.0 vdc | 20.0 vdc [60° to 110°F .
< controller A and B} for 36 (not (75 amps| (75 amps
A (2) . seconds measur- load) load) -
! able in
| S/C or by
i . telemetry) -
1 NOTE Pyro battery load voltage is not measurable due to the
_f extremely short time they power pyro-loads.
2.6.3.3 Fuel Cell Power Plants. [

Fach fuel cell power plant consists of 31 single cells, connected in
series, and an accessory section. Each single cell generales approxi-
mately ! volt. The accessory section consiets of 3 nitrogen pressurization
systern, an oxygen feed, a hydrogen feed, a primary (hydrogen) loop, and
a secondary (glycol) loop (figure 2.6-3). The primary and secondary loops ~;
control the temperature within the fuel cell power plant. The primary joop
also extracts potable water from the power plant for use by the crew. The
secondary loop radiates heat from the power plant into space through
radiators located on the exterior of the S/M.,

The nitrogen system establishes a reference pressure in the fuel ceil,
There is approximately 0.44 lbs of Np contained in the nitrogen tank under
a pressure of 1500 psia. The nitrogen regulator reduces this pressure to
52 psia, which is used to pressurize the glycol accumulator, the electrolyte
(KOH)} in the cells, and as a reference pressure for the oxygen and
hydrogen regulators,

i S T L S e 2. T b e R S el T L R LR P L

Oxygen, stored in a cryogenic state at a pressure of 900%35 psia, is
supplied tc the fuel cell power plants. Due to the low-flow rate, the
oxygen absorbs heat while flowing through the lines, absorbs additional
heat in the preheater, flows to the oxygen regulator, and reaches the fuel
cell power plants in a gaseous form at temperatures above +100°F. The
regulator is designed to maintain a pressure differential of 10.5 psia gbove

 vsotsiiat S

s 2

the nitrogen pressure, supplying the oxygen to the fuel cell at a nominal
62.5 psia. The oxygen in the systern is approximately 99.99 percent

] pure. Over a period of time, the impurities accumulate in the reactant
compartment and decrease fuel cell efficiency. This is noted by a drop in
fuel cell performance. To eliminate the impurities, the fuel cell is
purged. Normally a fuel cell will be purged every 24 hours; however,

the actual purge cycle will be determined by the predicted mission power
profile and the purity of the reactant as it is calculated to be after ' i

ELECTRICAL POWER SYSTEM
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completion of S/C cryogenic tank fill. Time required for oxygen purge s
is 2 minutes for each power plant. Activating the Op purge valve allows
an additional flow of up to 0.6 1b pex hr. An emergency purge can be
1oy performed if steady state current output of a power plant decreases by

i % approximately 3 amps. Power plant parameters (primarily voltage,
current, and skin temperature) must bhe considered to determine if an

emergency purge is reqjuired,

Hydrogen, stored in a crypgexlic state at a pressure of 245 (+15, -20),
psia and regulated down to a pressure of 60.5 psia, flows into the hydrogen:
regenerator loop, passing through an in-line heater and into the fuel cell.
The in-line heater is an automatic device which aids the fuel cell power
piant in sustaining operating _tempefatu.re at low-power cperating levels.
The hydrogen, or primary regenerator loop, is used for fuel cell thermal
control and permits water removal {rom the fuel cell. The heat generated
by the reaction is tran zferred to the saturated Hy fluid. The hot, saturated
hydrogen is drawn into the hydrogen exhaust line by the Hp pump. A sensor
in this line provides an input to an electronic switch which controls
activation of the H, in-line heater. Activation of this heater is accom-~

: plished automatically at a hydrogen exhaust temperature of 38E£5°F,
supplying additional heat to hydrogen gas flowing to the fuel cell power

; ' plant. The in-line heater is automatically deactivated at a temperature

of 390+5°F, After passing the in-line heater sensor, the saturated
hydrogen flows to a sensor-controlied hypass valve. This valve controls
the amount of exhaust gas flowing through the Hy regenerator, The sensor
closes the bypass valve at 425°F, "allowing all exhaust gas to flow through
the regenerator. This heats the refurning hydrogen and sustains opera-

n
%

ting temperature of the fuel cell. With the bypass valve in a full regenera-
tive position (temperatures 425° ox lower), if fuel cell power plant
temperature continues to decrease, the in-line heater will be activated

to supply additional heat. If power plant temperature is above 425°T", the
sensor causes the bypass valve to open proportionately (fully open at
495°F) allowing exhaust gas to flow directly to the condenser. A transfer
of heat from the bydrogen and steam to the glycol takes place in the
condenser. The temperature of the hydrogen and steam is iowered to
bBetween 155° and 175°F, thus liquifying some of the water wapor. A sensor
in the condenser exhaust, controls a glycol regenerator bypass valve in
the glycol radiator return line which regulates the temperature of the
glycol. This, in turn, helps control fuel cell temperature and maintains
the teraperature of the condenser exhaust within the desired range of

155° to 175°F, The liquid water and hydrogen then flows through a
centrifugal water scparator pump which extracts the water and delivers

it to the ECS potable water storage tank in the C/M. The arnount of watex
produced by each fuel cell is in divect relation to the reactants consumed
which is related to power output. (See figure 2. 6-4.)
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WATER GENERATION RATE - POUNDS PER HOUR (PURGING EXCLUDED)
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‘ SM=2A-U84 %
Figure 2.6-4. Water Production Rate vs Power Output £
i
&

‘The hvdrogen pump circulaies iis rexaainiug slightly moist fluid
through the regenerator and back to the fuel cell. In order to maintain
the desired ratio of water to KOH in the fuel cell, the condencer exhaust ;
temperature is regulated at a level so that some moisture is left in the 4
returning hydrogen as it flows back into the cell. The hydrogen in the
cryogenic system is approximately 99.94 percent pure. H; purge valve
activation allows an additional flow of up to 0.75 lbs per houvr, and will
normally be performed for a period of 80 seconds per power plant every
24 hours. The actual Hy purge cycle will also depend on the predicted
power profile and reactant purity as calculaied after cryogenic tank fill.
The performance degradation participation by the Hp electrode is negli-
gible and cannot be scen with on-board instrumentation (with normal
degradation). If degradation is suspected to remain after an ernergency
Oy purge, an Hp purge may be warranted. There is scme indication that
periodic Hp purging may be eliminated altegether, thereby only periorming
the degradation purge whenever it may be required. Thirty minutes prior
to Hy purging, the Hz PURGE LINE HTR switch (MDC-15} is placed in the
up position o energize the Hy fuel cell vent line heater and preciude any
freezing of the moist exhaust gas in the vent line,

TR

T
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The secondary loop contains a 62.5 to 37.5 mixture of ethvlene
glycol and water, respectively. This loop serves to preheat the reactants ,

it

and to transport waste heat to the space radiaters. An accumulator,
pressurized by the nitrogen, pressurizes the glycol loop and also acts as
a buffer for the expansion and contraction of the coolant as it varies in -
temperature. Glycol flow through the regenerator is controlled by a
bypass valve which operatles in conjunction with the condenser exhaust

serisor. When the condenser exhaust is at 155°F, the glycol is routed
through the regenerator to increase glycol temperature and effect mini-
murn heat transfer in the condenser. The glycol bypass valve is completely
open at a condenser exhaust temperature of 175°F, routing the glycol ;
through the pump to the condenser and on to the oxygen and hydrogen pre-

heaters. Since the glycol temperature is lower, a maximum transfer of

Leat in the condenser lowers the cond

enser exhaust temperature. The
condenser exhaust temperature sensov regulates coolant temperature
which affects the amount of water removed from the pewer plant.  The
155° to 175°F operating range will best maintain the desived ratio of
water to KOH in the {uel cell. ’

A 400-cps 3-phase a-c gear pump maintains glycol flow at the rate £
of 35 to 80 lbs per hour, raising the pressure 6 psi. After the oxygen and
hydrogen preheaters, the glycol is routed through the glycol regencrator ‘i
and to the space radiators, where heat is radiated into the space
environment.

Fach fuel cell contains electrolyte (KOH) which consists by weight
of 83 percent potassium hydroxide and 17 percent water on initial fill,
and has a critical temperature of 300°F {(fipure 2.6-5). The elecirolyte
remains a solid to an approximate temperature of 220°F; with a tempera-
ture increase to 300°F, the clectrolyte becomes a liquid and the fuel celi
electrochemical reaction becomes cffective. Bringing the fuel cell to
critical temperature is accomplished using GSE, and cannot be performed
from S/C power sources. Pla.cihg a load on the power plant will maintain
it above this critical temperature. ' :

2.6.3.4 -+ Inverters.

Fach inverter {figure 2.6-6) is composed of a clock oscillator, an
eight-stage digital countdown section, a d-c line filter, twe silicon-
controiled rectifiers, a magnetic amplifier, a buck-boost amplifier, a
demodulator, two d-c filters, an eight-stage power inversion section,

a harmonic neutralization transforrner, an a-c output {ilter, current
sensing transformers, a Zener diode reference bridge, a low-voltage
control, and an overcurrent trip circuit. The iaverter normally uses a
6.4-kc square wave synchronizing signal from the central timing equip-
. : "ment (CTE) which maintains inverter output at 400x2 cps. If this extecrnal
- signal is completely lost, the oscillator within the inverter will provide
pulses that will maintain inverter output vithin 7 cps. The internal

\ ' EL}‘CCTLIC'A.L POWER SYSTE]\’LV
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2. Critical tempsrature {300°F) of elechiolyte ot which
electroshemical reaction begins, on initial start-up
of fuel cell,

Figure 2.6-5, KOH Hz0O Pbase Diagram
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oscillator is normally synchronized by the external pulse which is
provided through the phase synchronizing unit. The phase synchrenizer
will provide these pulses to the inverter after a maximum of two seconds.
The following paragraphs describe the function of the various stages of the
inverter.

The 6.4-ke negative square wave provided by the central timing
equipment is applied through the phase synchronizer and the ogcillator
to the eight-stage digital countdown section. The oscillator has two
divider circuits which provide a 1600-pps signal to the magnetic amplifier
and two silicon-controlled rectifiers.

The eight-stage digital countdown section uses the 6.4-ke square
wave signal to produce a series of eight 400-cycle square waves, each
mutually displaced one pulse tirne from the preceding and following wave.
Once pulse time ig 156 microseconds and represents 22.5 electrical
degrees., This series of square waves is applied to the eight-stage power
inversion section..

The eight-stage power inversion section, using a controlled voltage
from the buck-Ioost amplifier, amplifies the series of 400-cycle sguare-
waves produced by the eight-stage digital countdown section. The ampli~
fied square waves, still mutually displaced 22.5 electrical degrees, are

a subsequent paragraph.
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Figure 2.6-6. Inverter Block Diagram
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D-C power to the inverter is supplied from the rnain d-c buses

through the d-c line filter. This filter reduces the high frequency ripple
in the input, and the 25 to 30 vdc is applied to the silicon-controller recti- b
P fiers and buck-boost amplifier. '

' The si’l_icon—contro],led rectifiers, using the filtered d~c power and

f the 1600-pps signal from the clock oscillator, produce a d-c square wave :

with an on-time of greater than 90 degrees from cach rectifier. This is
{iltered and supplied to the buck-boost amnplifier where it is coupled writh k
the amplified 1600-pps output of the magnetic amplifier to develop 2 L

{iltered 35 volts dc which is used for amplification in the power inversion

3 stages.

The buck-boost amplifier, using the 1600-pps signal from the mag-

i ’ netic -amplifier, the filtered d-c power from the main duc buses, and ax ‘
error signal fecedback from the Zener diode reference bridge, provides a ‘
variable bias voltage to the eight-stage power inversion section. The 3
amplitude of this voltage is contrclied by the amplitude and phase of the

feedback signal from the Zener diode refercnce bridge. This bias signal

is varied by the error signal to regulate inverter voltage and cusrrent

output.

The demodulator compensates for any low-frequency ripple in the d-c
! input to the inverter. The high-frequency ripple is attenuated by the
filters. The demodulator senses the 35-voit d-c output of the buck-boost

: amplifier and the current input to the buck-boost amplifier. It com- 0

_pensates for ripple in the 10~ to 10060-cps range. An input vollage drop

or increzse will be reflected in a drop or increase in the 35-volt d-c

output of the buck-boost amplifier as well as & drop or increasc in current

: input to the buck-boost amiplifier. A sensed decrease in the buck-boost

amplifier voltage output would be cormpensated for a demcdulator ouviput,
transformer coupled, to the silicon-controlled rectifiers, causing them to
conduct for a longer time, thus increasing their filtered output. A sensed {
increase in buck-boost amplifier voltage output, caused by an increase in
the d-c input to the inverter, would cause the demodulator to produce a

: signal causing the silicon-controlled rectifiers to conduct for shorter

periods, producing a lower filtered output to the buck-boogt amplifier.

In this fashion, the 35-volt d-c input to the power inversion section is

o

maintained at a relatively constant level,

The low-voltage control samples the input voltage to the inverter and

can terminate inverter operation. Bince the buck-boost amplifier provides
2 boost action during a decrease in inpuf voltage to the inverteyr, in an
attempt to maintain a constant 35 volts de to the power inversion section,
the high boost required during a low-voltage input would tend to overheat
the buck-boos? amplifier. As 2 precsutionary rneasure, the low-volitage
control will terminate inverter operation by disconnecting operating i
voltage to the magnetic amplifier and a power inversion stage when input

voltage decreases to between 16 and 19 volts dec.
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" The harmonic neutralization section, using the 400-cycle, square-

wave output of the eight-stage power inversion section, transforms it into
a ¥-phase 400-cycle 115-volt sine wave signal. The manner in which these
transformers are wound produces flux cancellation which eliminates all
harmonics up to and including the fifteenth of the fundamental frequency.
The 22.5 electrical degree displacement of the square wave provides a
means of electrically rotating the square wave excited primary windings

‘ around the 3-phase, wye-connzscted, secondary windings, thus producing -

’ the 3-phase 400-cycle sine wave output. This 115-volt signal is then
‘ applied to the a-c output filter. :

The a-c output filter eliminates the remaining higher harmonics.
Since the lower harmonics were eliminated by the harmonic neutralization
section, the size and weight of this output filter was reduced. Circuitry
‘in thi
diode reforeucc bridge. The amplitude of this signal is a function of the
amplitude of a-¢ outpqt voltage. After filtering, the 3-phase 1l15-volt
a-c 400-cycle sine wave is applied to the a-c buses through current-

his filter also produces & rectified signal which is applied to the Zener

‘sensing transformers,

The current-sensing transformer section produces a rectified
signal, the amplitude of which is in direct function of inverter output

current magnitude. This d-c signal is applied to the Zener diode refer-

ence bridge to regulate inverter current output. It is also applied fto an
overcurrent trip circuit,

The Zener diode reference bridge veceives a rectified d-c signal,

T ET T S vy unttare outne ~e oy 2l A e < Jela ~ Fy ] ¢ -
representing voltage output, from the civeuitry in the a-c cutput filter

A variance in voltage output unbalances the hridge providing an error
signal of proper polarity and magnitude to the buck-boost amplifier via
the magnetic amplifier, When inverter current output reaches 200 to 250
percent of rated current, the rectified signal applied to the bridge from the
current sensing transformers is of sufficient magnitude te provide an
error signal and cause the buck-boost amplifier to operate in the sarne
manner as during an overvoltage condition. The bias output of the buck-
boost amplifier, being controlled by the error su}ual will be varied to
correct for any variation in inverter voltage or current output. When
inverter current output reaches 250 percent of rated current, the over-
current trip circuit is activated. :

The overcurrent trip circuit monitors a rectified d-c signal repre-
senting current output. When total inverter current output excecds
250 percent of rated current, this circuit will-etfect an inverter dis-
connect in 15%5 seconds. If current output of any single phase exceeds

300 percent of rated current, this circuit.will effect an inverter disconnect

¢

in 5+1 second. .
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2.6.

w
o

A phase s y‘nrhroni}or unit (PSU), located in the RHEB (panel 208},
establishes inverter outputs so they are in phase when using a separate
inverter on each of the two a-c buses. The two inverter configuration is
prevelant during delta V's as a safety precaution in case of a single failure
in thrust vector control. .

The nse of two inverters during delta V's retains redundancy in the
stabilization and control subsystem, since power through a-c bvs 1 is used
for automaiic thrust vector control and power through a-c bus 2 is used for
manual thrust vector control,

Central timing equipment (CTE) trigger pulses, used for inverter
operation, are supplied to the inverters through the PSU, The PSU
samples ¢B from each inverter output, and wnef: an in-phage relationship
is established, supplies the 6400-cps CTE trigger pulse to the inverters
being used. The ¢B input also supplies power for PSU circuitry.

The in-phase relationship is acquired by mxha;ly providing ont-of-
phase trigger pulses (6080 to 6400 cps) uatil the two inverters are
synchronized, at which time the CTE signal is coupled to the inverters.
Phase lock, with a maximum displacement of #10 degrees, is acquired in
a maximum of ftwo seconds

The synchronizer provides this function for any combination of pairs
of the three available inverters. A two-position toggle switch on the P3U,
when positioned to OFF, allows for direct input of CTE signals to the
inverters in the eveat of failure of the cynchronizer unit. However, in
this situztion, the in-phacge relationship would not bre realized.

. A temperature sensor with a range of +32° fc +248°F is installed
in each inverter to provide MSFN the capahility of rnonitoring iuverter
temperature. It also provides an input to the C&WS which will illumine
a light at an inverter overtemperature of 226°F.

Batterv Charger.

A constant voltage, solid-state battery charger (figure 2.6-17),
located in the C/M lower equipment bay, is incorporated into the EPS.
The battery charger selector switch (MDC-18) controls puwer input fo
the charger, as well as connecting the charger output to the selected
battery (figure 2.6-11). When the BATTERY CHARGER selector switch
is positioned to entry battery A, B, or C, a relay (K4) is activated,
completing circuits from a-c¢ and d-c power sources to the batiery
charger. Also, the battery charger output is connected to the gelecied
battery to be charged through the MAIN BUS TIE switches (MDC-22).
Positioning the MAIN BUS TIE switch {A&C ox B&C) to OFF, for the
selected batteries, will disconnect main bus loads from the batteries
and alsc complete the circuit frorn the charger to the battery. Only one.
battery can be charged at 2 time.
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Figure 2.6-7. Battery Charger Block Diagram

The battery charg'er uses 25 to 30 velts dc from the mzain d-c¢ buses
and 115 volts 400-cps, 3-phase ac from either of the a-c buses. All three
phases of ac are used to boost the 25 fo 30-volt d-c input to produce
40 volts de for charging. In addition, phase A of the ac is used to supply
power for the rest of the charger circuitry. The logic netwerk in the
charger, which consists of a two-stage differential amplifier {comparator),
a two-stage Schmitt trigger, a current sensing resistor, and a voltage
amplifier will set up the initial condition for operation. The first stuge
of the comparator is in the on mode, with the second stage in the off mede,
placing the Schmitt trigger firsi stage in the cn mode with the second
stage off, This condition provides maximum base drive to the cuvrrent
amplifier which turns the switching transistor to the on reode. With the
switching transistor on, current flows from the transformer rectifiex
through the switching transistor, current sensing resistor, and switch

Do b
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choke to the battery being charged. As current flow increases, the voltage
drop across the sensing resistor increases. The voltage across the
sensing resistor builds to a level which turns the first stage of the com-
parator to the off mode and the second stage to the on mode. This condi-
tion turns off the voltage amplifier which reverses the operation of the

Schmitt ¢rigger to first stage off and second stage on. This places the p

current amyplifier off, which turns cff the switching transistor. The
switching trancistor in the off mode will stop current flow from the power
source, causing the field in the choke to continue collapsing and discharging
into the battery through the switching diode and the current sensing resis-
tor. As the EMF in the choke decreases, the current through the sensing
resistor decreases, reducing the voltage drop across the resistor. At
some point, the decrease in voltage drop across the sensing resistor,
reverses the operation of the comparator circuit, setting up the initial
condition and completing one cycle of operation. The output load current,
due to the action of the choke, remains relatively constant except for the
small variation through the sensing resistor. This variation is required
to switch the switching transister and Schimiit trigger through the action
of the comparator.

Battery charger output is regulated by the sensing resistor until the
battery voltage reaches approximately 36 volts. At this time, the voitage
control network is activated and, in conjunction with the sensing resistor,
provides a signal for cycling the battery charger. As the battery voltage
increases, the internal impedance of the battexy increases, decreasing
current flow from the charger. At 39 volts, the battery is fully charged
and current flow becomes negligible. (See figure 2.6-8.) Battery charger
disconnect will be effected at a current output ¢f approximately 0.6 amps.

40 S -
- IR e S
i
» \\ _
%
BATTERY o0
VOLTAGE ¢ )
10 S
0 \ .
0.5 1.0 1.5 2.0 2.5 3.
BAITERY CHARGER OUTPUT (AMPERES) S M~2A=880
Figure 2.6-8, Battery Charging Rate Chart
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Battery input will be monitored by MSEN through the normal battery
telemetry measurements. ,

2.6.3.6 ' Power Distribution,

. 4
D-C and a-c power distribution to components of the EPS is pro-
vided by two redundant buses in each system. A single-point ground on
the spacecraft structure is uscd fo eliminate ground loop effects, Sensing.
and control circuits are provided for monitoring and protection of each bus
system,

Distribution of d-c power (figure 2. 6-9) is accomplished with a two-
viire system anda series of interconnected buses, individual switches,
circuit breakers, and isolation diodes. The buses consist of the fellowing:

e Two redundant main d-c¢ buses (A and B) powerad by the three fuel
n
B, an

@ Two battery buses (A and B) each powered by its respective entry
' battfg{;;y A and B.

@ Fligﬁt and postlanding bus, powered through the main d-c buses,
and/or the three entry batteries, A, B, and C.

e Two nonessential buses, powered through either d~c main bus A or B.

¢ Pyro buscs, which are isolated from the main elecirical power
system when powered by the pyro batteries. A capability is pro-
vided to connect entry battery A or B to the respective 4 or B pyro
system in case of loss of a pyro baitery.

e S/M jettison controllers, powered by S/M jettison controller
batteries, which are completely isolated from the main electrical
power system.

Power from the fuel cell power plants is connected to the main d-c¢
buses through six motor switches (part of overload/reverse current cir-
cuits in the S/M which are controlled by switches in the C/M located on
MDC-18. Fuel cell power can be connected to either or both of the main
d-c buses. Six event indicators show when fuel cell output is connected.
When an overload conditicn occurs, the overload-reverse current sensing

circuits automatically discoanect the fuel cell power plants from the

overloaded bus and provide visual displays for isolation of the trouble.

A reverse current condition will discornect the malfunctioning power piani
from the d-c¢ system. D-C undervoltage sensing circuits (figure 2. 6-10)
are also provided to indicate bus low voltage conditions. f voltage drops
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below 26. 25 volts dc, an applicable d-c undervoltage light on the caution
and warning panel (MDC-11) will illuminate. Since each bus is capable of
handling all EPS loads, an undervoltage condition should not occur except
in an isolated instance, if too many electrical units are placed on the bus
simultaneously or if a malfunction exists in the EPS, A voltmeter, on
MDC-18, is provided to monitor bus voltage. An ammeter is provided on
MDC-18 to monitor current output of fuel cells 1, 2, 3, batteries A, B,

C, and the battery charger. During extreme power loads or emergencies,
power to the main d-c¢ buses can be supplied {rom entry batteries A and B
by way of battery buses and directly from battery C (figure 2.6-11). Each
baitery bus is separated physically intc two parts (e.g., battery bus Ais
A-1 and A-2), but remain connected electrically by motor switch contacts
which are not opened on manned S/C. A switch to two nonessential buses
permits isolating ncnessential equipment during a shortage of power (two
fuel cell power plants out). The postianding bus supplies power to some of
the telecommunications equipment, float bag No. 1 and No. 3 conirols, and
the ECS postlanding vent control. In flight and up to CSM scparation, the
postlanding bus receives power from the fuel cells and/or entry batteries
through the main d-c buses. After CSM separation, the entry batteries
supply power to the postlanding bus through the main d-c buses or directly
through individual circuit breakers. Motor swiich contacts which close
when the MAIN BUS TIE switches are positioned ON, complete the circuit
between the entry batteries and the main d-c buses and open the connection
from the battery charger. The battery relay bus provides d-c power to the
d-c and a-c sensing units, and the fuel cell and inverter control circuits.
The pyrotechnic batteries supply power to initiate ordnance devices for
separation of the LES, forward heat shield, 8/M {rom C/M, and for
deployment of the drogue and main parachutes during a pad abort, high-
altitude abort, or normal mission progression. The 8/M jettison con-
troller batieries, supply power through the §/M jettisen controllers fer
the CSM separation maneuver. To operate recovery communications and
other aids after landing, power is provided by thas eatry batteries through
three circuit breakers (figure 2.6-11) which are normally open until just
prior to CSM separation.

Distribution of a~c power (figure 2.6-12) is accomplished with a four-
wire system via two redundant buses, a-c bus No. I and a-~c bus No. 2.
The a-c neutral bus is connected to the single-point ground. A-C power is
provided by the solid-state 115/200-volt 400-cpe 3-phase inverters., D-C
power is routed to the inverters through the main d-c buses. Inverter
No. 1 can be powered through d-c main bus A, inverter No. 2 through
d-c main bus B, and inverter No. 3 through either d-c main bus A or B by
switch selection, FEach of these circuits has a separate circuit breaker
and a power control motor switch. Switches for applying power to the
motor switches are located on MDC-18. All three inverters are identical
and are provided with overtemperature circuitry., A light indicator, in
the caution/warning group on MDC-11, illuminates to indicate an over-
temperature situation., Inverter operating temperature is telemetered
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to the MSFN. Inverter output is routed through a series of control motor
switches to the a-c¢ buses. Six switches on MDC-18 control motor
switches which operate contacts to connect or disconnect the inverters
from the a-c buses. The motor switches arc designed to prevent con-

; necting two inverters to the same a-c bus at the same time, AC loads
are powered through the redundant a-c buser. In some instances, one
phasc is used for operation of equipment; in others two, and in others all
three. Over-undervoltage and overload seasing circuits (figure 2.6-11)
are provided for each bus. A-C bus voltage fail and overload lights in the
caution/warning group on MDC-11 provide a visual indication of these
malfunctions. Monitoring of voltage and frequency of each phase on each
’ bus is accomplished by selection with the AC INDICATORS switch.

X Readings are displayed on separate AC VOILTS and FREQUENCY meters
located on MDC-18. Each phase voltage and #A frequency is telemetered
to MSFN stations.

E

2.6.4 PERFORMANCE AND DESIGN DATA,

IO

2.6.4.1 AC and DC Data.

e

AC and DC performance and design data for the EPS is as follows:

AC r
,§ !
? Phases 3 ¢
i Digplacement 1202 2 degrecs E
b
. k
i Steady-state voltage 1152 vac (average of 3 phases)
f
: Transient voltage 115 (+35, -65) vac !
Recovery To 115:£10v within 15 ms, steady
state within 50 ms i
b
Unbalance 2 vac (worst phase from average)
: Frequency limits
Normal (synchronized tc 400+2 cms
central timing equipment)
Emergency (loss of central 400+7 cps i
timing equipment)
Wave characteristics (sine wave)
Maximum distortion 5 percent
Highest harmonic 4 percent
Crest factor 1.414+£10 percent
Rating 125G va
§
ELECTRICAL POWER SYSTEM ‘
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SYSTEMS DATA

o — - s s

IHVERTER NO, 1 INVERTER NO, 1 ™ :
ONLY ONE INVERTER ONLY ONE INVERTER
{NVEXTER NO, 2 » CARl POWER BUS AT o anese | NVERTER NO., 2 CAN FOWER BUS AT
ANY ONE TIME ANY ONE TIME
4
INVERTERNO. 3 f G INVERTER NO. 2
AC SNSR H
SIG-AC 2
) s A pa
> ¢ Qi & -
|
AC SENSE UNIT § A AC SENSE UNIT
P w & AND AC s i P P AND AC )
| C— INDICATORS SW ; I N INDICATORS SW '
4 A |
v ]
" ! N s
v ; < o
24 F
F4
Fi . . &
N— :3

'/“‘
7oAy ccozoav\ / ccomc

ccomw\ < 07 !
FEVBITAZEY CVRIIAGE f REYY, : FCVSUA AEVOTTFEEN (A VOTTRGIN {7
MAL BUS 1 AR, ) MAIN EUS 1 Y [ MAIN5US 2 | | MAINBUS Y | WA BUS 2 | |
M st c. Py “phast pHASE A ¥ ';;q; ‘,_iHnSE af Do PRASE C PHASED _ f % PHASEA )
N 0/4150 v x(/ 074150 VACF “\o/:io VALF SOATC f v 075150 VACSH NG/ 4150 VAC 074150 VAC e
¥ » RS ! B 573150 WAC
R : .,) CPS‘«/ H \\._/" . \\.._,,,/ . \E_//
i

FUMP MOTORS ~ FUEL CELL 1
pH SENSOR (jA)
PUMP MOTORS - FUEL CELL 2

PUMP MOTORS - FUEL CELL Y
pii SENSOR (fA)

PUMP MOTORS - FUZL CELL 2
o FH SENSOR (ffa) £H SENSOR (A)
© Beprti> PUMP MOTORS - FURL CELL 3 PUMP MOTORS - FUEL CELL 3
S bt pH SENSOR (6A) pH SENSOR ($A)
g B> CRYOGENIC FUEL QTY AMPL 1 (£C) i frrmemm - CRYGGENIC FUEL QTY AMPL 2 {9C)

Crammentio CRYOGENIC FAN MOTORS - SY5 1 f 'wa&r- CRYOGENIC FAN MOTORS - 5YS 2
TR et BATTERY CHARGER BATTERY CHARGER

TELECOMMUNICATIONS TELECONMMUNICATIONS

ECS GLYCOL PUMP

ECS GLYCOL PUMP

| memamlte £CS SUIT COMPRESSOR ECS SUIT COMPRESSOR

ECS CABIN RECIRC, TEMP COMNIROL . fmmcoma> £CS CABIN RECIRZ CONT AND

AND WASTE MGT BLOWER " TeMP CONT
x”"'——'ﬁ £CS SPACE RAD ISOLATION AND VENT i dereeaie ECS SPACE RAD 1SOLATION AND

i VALVE (BA AND B) VENT VALVE (g4 AND C)

X f;mn@' STAB.AND COHMT 55 - GROUP 1 Tpmeaedzs $TAB, AND CONT SYS - GROUP 1

V"-‘"'%i" STAB, AND CONT SYS - GROW? 2 Crmeeredts STAB, AND CONY SYS « GROUP? 2

semadts $9§ GAUGING (FC) - $PS GAUGING (3C) -
‘ NOTE: Unless atherwise
noted, ot a-¢
loads use 38

poveer.

forewse LIGHTING & G&N S1G COND (88) LIGHTING £ GEMN SIG COND (88)

;i;a--m@- GAS ANALYZER (§4)

Figure 2.6-12. A-C I'ower Distribution
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SM2A-03-SCO012
APOLLO OPERATIONS HANDBOOK

: ' SYSTEMS DATA

DC s

Steady-state voltage limits

Normal 29+2.0 vdc
4
During postlanding and .
preflight checkout periods 27 to 30 vdc
Ripple voltage lv p-p
2.6.4.2 Power Requirements.
Power requirernents for the EPS are as follows:
Unit Input Tetal Input ]
Power Power F
i (Watts) (Watts) &
4 Unit
Unit Control Quantity! AC Ibl@ AC DC e
y P
FUEL CELLS k
Hydrogen pump| FUEL CELL PUMP-1, -2, 3 100.0 300.0 £
and -3 sw (MDC-22) ' {
Glycol pump FUEL CELL PUMP-1, -2, | 3 20.0 60.0 ¢
3 - and -3 sw (MDC-22) g
¢ pH indicator FUEL CELL PUMP-1, -2, 3 2.0 6.0
g and -3 sw (MDC-22) and |
FUEL CELL INDICATORS
sw (MDC-18)
Power factor 3 2.5 7.5
correction for
€ above items
Total
including pf
correction 373.5
Pressure FUREIL CELL INDICATQRS 9 2.0 18.0
transducers sw (MDC-18)
| H, flowmeter | FUEL CELL INDICATORS | 3 1.0 3.0
circuits sw (MDC-18)
E |
i E
1 !

ELECTRICAL POWER SYSTEM

Basic Date 12 Nov 1966 _ Change Date .o e Page 205234
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SYSTEMS DATA

Unit Input

Total Input

Pasic Date__12 Mo

1966 _ Change Date

Power Power
(Watts) (Watts)
Unit e 4
Unit Control Quantity | AC DC AC iple®
O, flowmeter FUEL CELL INDICATORS 3 1.0 3.0 -
circuits sw (MDC-18)
Hy purge Hy; PURGE LINE 2 2.0 4,0
line heater HEATER {MDC-15)
Purge solenoid | FUEL CELL-1, -2, -3, 6 . 17.5 105,90
and HZ PURGE/OZ
PURGE sw (MDC-18)
Fuel cell inline | None 3 160.0 480.0
heater (Autornatic on at
+38545°F)
{Automatic off at
+390£5°T)
CRYOGENICS
H2 tank heater Hy HEATERS-1 and -2 2 20.0 AO 0
sw (DT ~13)
O, tank heater O, HEATERS-1 and -2 2 155.0 316.0
sw (MDC-13)
HZ tank fan Hy FANS-1 and -2 sw 4 5.0 20.0
(MDC-13)
O, tank fan Oa FANS -1 and -2 sw 4 14.5 58.0
(MDC-13)
Pressure ESSENTIAL-3 (153) 4 1.5 6.0
transducer C/B
Signal CRYOGENIC SYSTEM-~ 4 4.0 16.0
conditioner QTY AMPL-1 and -2-
§C C/B (MDC-22)

SATTERY BATTERY CHARGER 1 55.0 84,2
CHARGER selector sw (MDC-18} max max -
FLECTRICAL POWER SYSTEM

Mission 2,6-35




SM2A-03-5C012
APOLLO OPERATIONS HANDRBOOK

‘ . SYSTEMS DATA b
‘ B
Unit Input Total Input -
Power Power E
(Watts) (Watts) B
Unit ,
Unit Control Quantity | AC DC AC DC
SENSING UNITS ’ )
3 -~ D-C under- MAIN BUS A and B- 1 0.5 . ?
voltage sensing RESET/OFF sw (MDC-18) . g
unit (2 circuits)
A-C under and AC BUS 1 and 2-RESET/ 1 1.0 E
overvoltage and | OFF sw (MDC-18) : 3
overicad ) . , )
é sensing unit '
2 {2 circuits)}
PHASE INV PHASE LOCK 1 7.5 7.5
SYNCHRONIZER | (panel 208)
UNIT
INVERTERS AC INVERTER-1, -2,
{(See note) and -3 sw (MDC-18} h
NOTE With a 28-volt d-¢ input, cach inverter will
operate at air efficiency of 76 percent minimum with :

a 1250 volt-ampere load, 0.9 power factor. and
74 percent minimum with a 625 voli~ampere load,
0.9 power factor.

2.6.5 OPERATIONAL LIMITATIONS AND RESTRICTIONS,

2.6.5,1 Fuel Cell Power Plants.

Fuel cell power plants are designed to function under atmospheric
and high vacuum conditions. Each must be able to maintain itself at
sustaining temperatures and minimum electrical loads at both environrnent
extremes. To function properly, fuel cells must operate under the
follewing limitations and restrictions:

o External nonoperating temperature -20° to +140°I"
e Operating temperature inside S/M +30° to +130°F
¢ External nonoperating pressure Atmospheric
® Normal voltage | 27 to 31 vdce

ELECTRICAL POWER SYSTEM

tanian Baszic Date 12 Nov ]966 Change Date Paaoe 2.6-36
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SYSTEMS DATA

il

ROEREE AR SN

Minimum operating voltage
Emergeincy operation

Normal operation

Maximum operating voltage

Fuel cell disconnect (overload and

reverse current relay)

Maximuwmn reverse current

Minimum sustaining power/fuel cell
power plant (with in-line heater off)

In-line heater
Hp purge line heater

Maximum gross power under
emergency conditions

Nitrogen pressure
Reactent pressure
Oxygen
Hydrogen
Reactant consumption/fuel cell
power plant

Power Level

Hydrogen
Cxygen

Electrolyte water concentration

Minimum stack temperature for
self-sustaining operation

Approxzimate external environment

temperature range outside S/C
(for radiation) '

Fuel cell power piant operating skin

temperature

Condenser exhaust operating
termmperature

20.5 vdc at 2295 watts
(gross power level)

27 vdc

31 vdc

75 amperes for over
15 minutes, 112 amperes
for 25 to 300 seconds

1 second minimum

563 walttls

160 watts

4 watts -

2295 watts
52 to 70 psia

62 to 75 psia
60.5 to 75 psia

563W 2295W

0.0476 0.262 1b/hr
0.378 2.08 1b/hr

24.3 to 28.2 percent

+385°F

-260° to +400°F

+385° to +500°F

+155° to +175° T

Mission .

ELECTRICAL POWER SYSTEM
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SYSTEMS DATA

! e Purging frequency v l "Nominally every 24 hrs.
(dependent on reactant parity
after tank fill)

07 switch ON time 2 minutes 4 g
Hy switch ON time 80 seconds , gg
¢ Additional flow rate while purging
O, _ Up to 0.6 1b/hr
H, : Up to 0.75 1b/hr :
2.6.5.2 Cryogenic Storage Subsystem.

3
[V
b
7
&

The cryogenic storage subsystemn must be able to meet the following
requirements for proper overation of the fuel cell power plants and the

ECS:
e Minimum usable quantity
Oxygen 320 1b each tank 1
Hydrogen 28 1b each tank ;’
‘ ‘@ Temperature at time of fill ¢
Oxygen ' -297°F (approx) £
Hydrogen -423°TF (approx) £
e Operating pressure range . :
Oxygen : 865 to 935 psia g
Hydrogen 225 to 260 psia
: ¢ Temperature probe range f
Oxygen -325° to +86°F i
Hydrogen ‘ : ~425° to -200°F
¢ Maximum allowable difference f
E in quantity balance between tanks )
4 Oxygen tanks No. 1 and 2 15 1b .
Hydrogen tanks No., 1 and 2 11b :

e Pressure relief valve operation
Crack pressure

i

Oxygen 998 psia

Hydrogen 288 psia '
Reseat pressure

Oxygen | 380 psia

Hydrogen 283 psia
Full flow, maximum relief

Oxygen . 1025 psia

Hycdrogen 300 psia

ELECTRICAL POWER SYSTEM

2,6-38

RN PR R PR ST

4 Mission oenwn Basic Date 12 Nov 1966 Change Date, o Page




Ll e e e e

SM2A-03-8C012
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SYSTEMS DATA

TELEMETRY MEASUREMENTS,

The following is a complete list of all EPS 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 separate
measurement number is included in the display column. '

An asterisk () by the measurement number denotes information
which is not available for recording or telemetry transmission during
PCM low bit rate operation.

Measurc- Normal
ment Sensor Operating .
Number Description Range Range Crew Display
CC 0175 T | Temp static inverter 1 {+32/+-248°F +40° to +140°F {INV 1 TEMP HI C&W
light
CC 0176 T | Temp static inverter 2 +32/+248°T +40° to +140°F |INV 2 TEMP HI C&W
light i
CC 0177 T | Temp static inverter 3 | +32/+248°F 440° to +140°F [INV 3 TEMP HI C&W
light
#*CC 0178 T | Temp battery A case 432/+212°F +50° to 110°F |None
(200°F entry)
#CC 0179 T | Temp battery B case +32/+4212°F +5C° to 110°F |None
(200°F entry)
%CC 0188 P | Press bat compartinent | Zero/ 118 Zero Auxiliary DC VOLTS
{Mzanif) psia meter
CC o200 V C voltage main bus 1 Zero/+1590 113 io 117 vac |AC VOLTS meter
phase A vac
#CC 0201 V | AC voltage main bus 1 Zero/+150 113 to 117 vac |AC VOLTS meter
phase B vac )
*CC 0202 V | AC voltage main bus 1 | Zero/+150 113 to 117 vac |AC VOLTS meter
phase C vac
CC 0203 V | AC voltage main bus 2 | Zero/+150 113 to 117 vac |AC VOLTS meter
phase A vac
“CC 0204 V | AC voltage main bus 2 Zero/+150 113 to 117 vac tAC VYVOLTS meter
phase B vac
%CC 0205 V | AC voltage main bus 2 | Zero/+150 113 to 117 vac JAC VOLTS mater
phase C vac '
CC 0206 V | DC voltage main bus A | Zero/+45 vdc {27 to 31 vdc DC VOLTS meter
CC 0207 V | DC voltage main bus B Zero/+45 vde |27 to 31 vdc DC VOLTS meter
#CC 0210 V | DC voltage battery Zero/+45 vde | 35 to 37 vdc DC YOLTS meter
hus A open circuit
*CC 0211 V | DC voltage battery Zero/+45 vde |27 to 29 vdc DC VOLTS meter

bus B

on load

Mission

ELEYCTRICAL POWER SYSTEM
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APOLLO OPERATIONS HANDROOK

SYSTEMS DATA

Measure- Normal
ment Sensor Cperating
Number Description Range Range Crew Display

*CC 0212V

#CC 0227

*CC 022

2CC 0224

w
Qa0

=

CcC 0232 V

#5C 2060 P

*SC 2061 P

*SC 2062 ¥

*5C 2066 P

#SC 2067 P

DC voltage post landing
battery

Frequency ac bus 1
phase A

DC voltage bat charger
out

I'requency ac bus 2
phase A

DC current battery A

DC current battery B

DC current post landing
battery

DC voltage battery
relay bus

N, pressurc F/C 1
regulated

N, pressure r/C2
regulated

N, pressure F/C 3
regulated

Oy pressure F/C 1
regulated

O2 pressure F/C 2
regulated

Zero/+45 vdc

+380/+420
cps
Zero/145 vdc

+380/+420
cps
-3/+10C amp
-3/+190 amp
~3/4100 amp

Zero/+45 vdc

1 Zero/+75

psia
Zero/+175

psia
Zero/+75

psia

Zero/+T75
psia

Zero/+T5

psia

35 to 37.2 vdc
open circuit

27 to 29 vdc
on load

393 to 407
cps

37 to 39 vdc

393 to 407
cps

-3 tc 30 amps

-3 to 30 amps

-3 to 30 amps

25 to 36,5

vde
50 to 54 psia

50 tu b4 psia

50 to 54 psia

59 to 65 psia

59 to 65 psia

DC VOLTS metes

FREQUENCY meter
DC VOLTS meter
FREQUENCY meter

DC AMPS meter
DC AMPS meter
DC AMPS meter

None

F/C L C&W light,
REG QUT PRESS
HI-N2 event indi-
cator, and auxil-
iary DC VOLTS
meter.

F/C 2 C&W light,
REG OUT PRESS
HI-Nyz event indi-
cator, and auxil-
iary DC VOLTS
meter

F/C3 C&W light,
REG OUT PRESS
HI-N2 event indi-
cator, and auxil-
iary DC VOLTS
meter

¥F/C 1 C&W light,
RIEG OUT PRESS
HI-Op event indi-
cator, and auxil-
iary DC VOLTS
meter

F/C 2 C&W light,
REG OQUT PRISS
Hi-0) event indi-
cator, and awril-~
iary DC VOLTS
meter

Mission

ELECTRICAL POWER SYSTEM
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SM2A-03-5C012

APOLLO OPERATIONS HANDEROOK

SYSTEMS DATA

Measure- Normal
ment Sensor Operating
Number Description Range . Range Crew Display
%«SC 2068 P | Oy pressure F/C 3 Zero/+75 59 to 65 psia F/C 3 C&W light,
regulated psia REG OUT PRESS
HI-Op event indi-
cator, and auxil- -
iary DC VOLTS
meter
#SC 2069 P { Hy pressure F/C1 Zero/+75 57.5% to 63.5 F/C 1 C&W light,
regulated psia psia REG OUT PRESS
HI-H, event indi-
cator, and auxil-
itary DC VOLTS
meter
%5C 2070 P | Hy pressure F/C 2 Zero/+75 B7.5 to 63.5 F/C 2 C&W light,
regulated psia psia REG OUT PRESS
HI-H, event indi-
cator, and auxil-
iary DC VOLTS
meter
*SC 2071 P | Hy pressure F/C3 Zevo/+T75 - 57.5 to 63.5 F/C 3 C&W light,
regulated psia psia REG OUT PRESS

SC 2081 T

SC 2082 T

SC 2083 T

SC 2084 T

SC 2085 T

Temp ¥F/C 1 cond
exhaust

Temp ¥/C 2 cond
exhaust

Temp ¥/C 3 cond
exhaust

Temp F/C 1 skin

Temp F/C 2 skin

+150/+4250°F

+150/+250°F

+150/+250° F

+80/+550°F

+80/+550°F

+157° to
F172°F

+157° to
+172°F

+157° to
+172°F

1385° to
+460°F

+385° to

HI-H; cvent indi~
cator, and auxil-
iary DC VOLTS
meter

¥/C1 C&W light,
and MODULE
TEMP COND-EXH
indicator

F/C 2 C&W light,
and MOCDULE
TEMP COND-EXH
indicator

F/C 3 C&W light,
and MODULI
TEMP COND-EXH
indicator

F/C 1 C&W light
and MCDULLE
TEMP-SKIN
indicator

F/C 2 C&W light

+460°F and MODULLE
TEMP-SKIN
indicator
ELECTRICAL PCWER SYSTEM
Mission___ . Basic Date 12 Nov 1966 Change Date Pace 2. 6-41
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APOLLO OPERATIONS HANDD OOK

SYSTEMS DATA

Measure- Normal
ment Sensor Operating
Number Description Range Range Crew Display
SC 2086 T | Temp F/C 3 skin +80/+550°F +385° to F/C 3 C&W light s
+460°F and MODULE
: TEMP-SKIN '
- indicator
sC 2087 T | Temp F/C 1 radiator -50/4300°F _30° to 4300°F | F/C 1 C&W light,
outlet F/C RAD TEMP '
LOW event indica- '
tor and auxiliary
. DC VOLTS meter
sC 2088 T | Temp F/C 2 radiator -50/+300°F -30° to 4300°F | F/C 2 C&W light,
outlet ¥/C RAD TEMP
LOW event indica-
tor and auxiliary
DC VOLTS meter
SC 2089 T | Temp F/C 3 radiator -50/+300°F -30°¢ to +300°¢F | F/C 3 C&W light,
outlet F/C RAD TEMP
LOW event indica-
tor and auvxiliary
v DC VOLTS meter
$C 2113 C | DC current F/C 1 Zero/+100 18 to 22 amps |DC AMPS meter
output amps
SC 2114 C | DC current F/C 2 Zero/+100 18.tc 22 amps | DC AMDPS meter
output amps
SCG 2115 C | DC current F/C 3 Zero/+100 1& to 22 amps (DO AMPS meter
output amps
SC 2120 X ! Fuel cell 1 bus A Off/on Connected I/C BUS DISCON-
disconnect event NECT C&W light
and FUEL CELL-1-
MAIN BUS A
switch event
indicator
SC 2121 X | Fuel cell 2 bus A Off/on Connected T/C BUS DISCON-
disconnect event NECT C&W light
and FUEL CELL-2-
MAIN BUS A
switch event
indicator
SC 2122 X { Fuel cell 3 bus A Off/on Disconnected ¥/C BUS DISCON-
disconnect event NECT C&W light

and FUEL CELIL-3-
MAIN BUS A
switch event
indicator

Mission
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SMZA-03-5C012
APOLLO OPERATIONS HANDBGOK

YSTEMS DATA

i Measure- Normal ]
ment Sensor Operating ,
Number Description Range Range Crew Display
| SC 2125 X i Fuel cell 1 bus B Off/on Disconnected F/C BUS DISgON—
disconnect event NECT C&W light
i and FUEL CELL-14
MAIN BUS B
4 switch event
: indicator
SC 2126 X | Fuel cell 2 bus B Off/on Connected ¥/C BUS DISCON-
disconaect eveint NECT C&W light
3 and FUEL CELIL. -2~
MAIN B3US B
switch event
indicator
SC 2127 X | Fuel cell 3 bus B Off/on Connected lr/C BUS DISCON-
disconnect event : NECT C&W light
and FUEL CIILI-3-
MAIN RUS B
switch event
‘ indicator
%SC 2139 R | Flow rate Hp F/C 1 Zero/+0. 2 0.046 to 0.056 | ¥/C i C&W light
1b/hr - 1bs/hr and FLOW-Hp
' indicator
%SC 2140 R | Flow rate Hy F/C 2 Zero/10.2 0.046 to 0.056 { F/C 2 C&W light
1b/hr iths/hr and FLOW-H,
indicator
#SC 2141 R | Flow rate Hp F/‘C 3 | Zerof+0.2 0.046 toc 0.056 L F/C 3 C&W light
ib/hr 1bs/hr and FLOW-H,
indicator
%5C 2142 R | Flow rate OZ F/C1 Zerof/+1.6 0.370 to 0. 4506V F/C 1 CT&W light
1b/hr 1bs/hr and FLOW-Qy
indicator
%SC 2143 R | ¥Flow rate Op F/C 2 Zero/+1.,6 0,370 tc 0.450 | F/C 2 C&W light
1b/hr 1bs/hr and FLOW-QOp
indicator
#SC 2144 R | Flow rate Op F/C 3 Zero/+1.6 0.370¢ toc 0.450 | F/C 3 C&W light
1b/hr 1bs/hr and FLOW-0Oy
indicator
*SC 2160 X | pH factor water condi~ | Normal/high | Normal F/C 1 C&W light -
tion F/C 1 event and pH HI event
indicator
%SG 2161 X | pH factor water condi- | Normal/high | Normal F/C 2 CuW light
tion F/C 2 event and pH HI event
indicator
1 #5C 2162 X | pH factor water condi- Normal/high | Normal F/C 3 C&W light
2 tion F/C 3 event and pH HI event

indicator

ELECTRICAL POWER SYSTEM
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SYSTEMS DATA

Measure- Normal
3 ment Sensor Operating
‘ Number escription Range - Range Crew Display
; sC 2323 X | Fuel cell 1 shut off mon Close/open Open FUEL CELL
! event REACTANTS event
E ‘ indicator
: SC 2324 X | Fuel cell 2 shut off mon| Closc/open | Open FUEL CELL
event REACTANTS event
o indicator
i\ SC 2325 X | Fuel cell 3 shut off mon Close/open Open FUEL CELL
3 event REACTANTS event
E indicator
A SF 0030 Q | Quantity Hp tank 1 Zero/+28 1b | +28 lbs'to TANK QUANTITY -
3 zZero Hp~-1 indicator
‘; S¥ 0031°Q | Quantity Hy tank 2 Zero/+28 b | +28 1bs to TANK QUANTITY-
A Z2ero Hy-2 indicator
SF 0032 Q | Quantity O, tank 1 Zero/+320 4+320 1lbs to TANK QUANTITY -
4 1b . zero Op-1 indicator -
3 SF 0033 Q | Quantity O, tank 2 Zero/+320 +320 1bs to TANK QUANTITY- 'E
h 1b Zero O, -2 indicator i
i SF 0037 P | Press O, tank 1 +50/+1050 865 to 935 O, PRESS C&W
1 psia psia light and TANK "{t
3 PRESSURE-O;-1 L
A indicator -
S¥ 0038 P | Press Op tank 2 +50/+1050 865 to 935 O, PRESS C&W
? psia psia light and TANK i
i PRESSURE-Op-2 L4
indicator
4 S¥ 0039 P | Press Hp tank 1 Zexo/+350 225 to 260 H, PRESS C&W 7
psia psia light and TANK g
PRESSURE-H, -1
indicator .
SF 0040 P | Press H, tank 2 Zero/+350 225 to 260 H, PRESS C&W
psia psia light and TANK .
PRESSURE-H,-2
indicator ¢
SF 0041 T | Temp O, tank 1 -325/+80°F | -284° to None
S140°F : &
; S¥ 0042 T | Temp O, tank 2 -325/480°F -284° to None
= -140°F
7 S¥ 0043 T | Temp Hp tank 1 -425/-200°F | -417° to None
s -340°F
] SF 0044 T | Temp H, tank 2 -425/-200°F | -417° to None
’ -340°F
4
3

ELECTRICAL POWER SYSTEM
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SYSTEMS DATA

JENE RIS S0 208

The auxiliary DC VOLTS meter, FUNCTION SELECT and TEST

SELECT switches, located on panel 200 in the C/M RHFEB, provide a )
means of monitoring various telemetered measurements within the S/C
and verifying certain parameters displayed only by event indicators.
The following list presents the measurements test can be monitored asing
the auxiliary DC VOLTS meter, their respective switch positions, and the
range of each sensor . Normal operating parameters of measurable items '
are covered in the telemetry listing. ¢ .
Switch Positions
3 Auxiliary DC VOLTS Meter .
' Indication { Telemetry Identity) Function Test
and Code No.,) Select Select Sensor Range
Ny pressure, psia A : 0 to 75 psia
o /C 1 SC 2060 P 1
4 F/C 2 8C 2061 P 2
3 F/C 3 8C 2062 P 3 S
e
Oy pressure, psia 0 to 75 psia
F/C 1 SC 2066 P 4
¥/C 2 SC 2067 P 5
F/C 3 SC 2068 P 6
H, pressure, psia 0 to 75 psia
F/C 1 SC 2069 P 7
. F/C.2 SC 2070 P 8
- F/C 3 SC 2671 P 9
o
4
2 EPS radiator outlet temp -50° to +360°K
F/C1sC 2087 T 10 '
F/C 2 8C 2088 T 11
F/C 3 SC 2089 T 12
C/M-RCS oxidizer valve temp B -50° to +250°F
-P engine, sys A CR 2205 T 1 ’
4+Y engine, sys B CR 2203 T 2
-P engine, sys B CR 2204 T 3
CW engine, sys B CR 2206 T 4
CCW engine, sys A CR 2201 T il
-Y engine, sys A CR 2202 T 12
&) ; . i
ERNS PiPA temp CG 2300 T 5 +125° to +135°F
; IRIG temp CG 2301 T 6 +128,.5° to +138.5°F
j ELECTRICAL POWER SYSTEM
; Mission__________ Rasic Date 12 Nov 1966 Change Date e Page | 2.6-45
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Auxiliary DC VOLTS Meter
Indication (Telemetry Identity) Function Test v .
E and Code No.) Select Select Sensor Range
4‘ IMU current 0 to 5 amps
8 Heater CG 2302 C , . 7
Blower CG 2303 C 8
i Battery manifold v
3 Pressure, psia CC 0188 P 9 0 to 18 psia
1 ECS radiator inlet : . ‘
Temp SF 0665 T 10 +60° to +150°F
The conversion of the previously listed telemefry measurements
. to the auxiliary DC VOLTSmeter indication is presented as follows:
3
' Aux- C/M- ' IMU
iliary EPS RCS’ Heater : ECS
DC N3z, Oj, Radiator | Oxidizer and Battery Radiator
VOLTS Hp Qutlet Valve PIPA IRIG Blower | Manifold Inlet
s Meter | Pressure | Temp Temp Temp Temp |Current|Pressure Temp
o Display| (PSLA) (°F) (°T) (°F) (°F) (Amps) (PSLA) (°F)
; 0.0 0 -50 -50 $125.0 | +128.5 0.0 0.00 +60.0
ex 0.2 3 -36 -38 +125.4 1 +128.9 0.2 0.72 +63.6
3 0.4 6 -22 -26 +125.8 | +129.3 0.4 1.44 +67. 2
0.6 9 -8 -14 +126.2 | +129.7 0.6 . 2.16 +70. 8 pid
0.8 12 +6 -2 +126.6 | +130.1| 0.8 2.88 1744 L
1.0 15 +20 +10 +127.0 | +130.51 1.0 3. 60 +78.0 h
1.2 18 +34 122 | 127,04 | +130.9 | 1.2 4.32 | +81.6 i
1.4 21 +48 +34 +127.8 | +131.3 | 1.4 5. 04 +85. 2 ¢
1.6 24 162 +46 +128.2 7 +131.7 1.6 5.76 +88. 8
1.8 27 +76 +58 4+128.6 | +132.1 1.8 6.48 +92. 4 B
2.0 30 +90 +70 +129.0 | +132.5| 2.0 7.20 +96.0 i
&
2.2 33 +104 +82 +129.4 | +132.9 2.2 7.92 +99. 6 )
2.4 36 +118 +94 £129.8 | +133.3 | 2.4 8. 64 $103.2 P
2.6 39 £132 1106 | +130.2 | +133.7| 2.6 9.36 +106.8 ¢
2.8 42 +146 +118 +130.6 | +134.1 2.8 10,08 +110.4
3.0 45 +160 +130 +131.0 } +134.5 3.0 10. 80 +114.0 F
_ 3.2 48 +174 +142 +131.4 { +134:9 3.2 11,62 +117.6 k
5 3.‘?‘ 51 : +188 +154 +131.8 | +135.3 3.4 12.24 +121.2 )
; 3.6 54 +202 +166 | +132.2 | +135.7| 3.0 12.96 +124. 8 :
: 3.8 57 +216 +178 | +132.6 | +136.1| 3.8 13.68 +128. 4 ¢
4.0 60 +230 +190 +133.0 | +136.8 4.0 14, 40 +132.0
ELECTRICAIL POWER SYSTEM E
. Mission.________ Basic Date, 12 Nov 1966 Change Date ..o Page va“’%““(i;iéwmn '
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Aux- C/M- . IMU
o iliary EPRS RCS Heater ECS ’
3 DC Np,0,, |Radiator|Oxidizer and Battery | Radiator
VOLTS H, Qutlet Valve PIPA 1RIG Blewer | Manifold Inlet
I Meter | Pressure | Temp Ternp Temp Temp | Current | Pressure Teemp
i ; Display| (PSIA) (°F) (°F) (°F) (°F) | (Amps) {PSLA) (°F)
4.2 63 +244 +202 +133.4 | +136.9 4.2 15,12 +135.6
4.4 66 +258 +214 +133.8 1+137.3 4,4 15, 84 +139.2
4.6 69 +272 14226 +134,2 |+137.7 4.6 16.56 12.8 ¢
4.8 72 +286 +238 +134,6 | +138.1] 4.8 17,28 | +146.4
5.0 75 +300 +250 +135.0 [+138.5 5.9 18.900 +150.0
E
R E«
i
3 b
3

ELECTRICAL POWER SYSTEM
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SECTION 2 ’

SUBSECTION 2.7

ENVIRONMENTAI CONTROL SYSTEM (ECS)

2.7.1 INTRODUCTION,

The environmenial control system {ECS) is designed to provide a
controlled environment for three crewrnen within the Apollo C/M for
missions up to 14 days. The system also supplies several of the metabolic
requirements, as well as functioning in the removal of by-products result-
ing from the normal metabolic process. The controlled environment
consists of a pressure suit circuit for use during normal or emergency
conditions, and a shirtsleeve atmosphere within the C/M cabin, for use
when normal conditions prevail. Ozygen and thermally controlled water
are supplied for crew consumption; whereas, carbon dioxide and odors,
water-production, and heat output are removed. In addition, the IKCS
disperses equipment heat loads and provides for venting the waste storage
compartment, Contrels and displays are located in several areas within
the C/M cabin; these, in conjunction with automatically functioning compo-
nents, and sensing and protective devices, aid the c¢rew in the operation of

- n revd M e . - o s 1 S OQ
the system. The five subsystems composing the BECS

vcol coolant, and water supply.

aQ

The oxygen supply subsystem controls the inflow of oXygen for the
entire Apollo mission. This function is accomplished by pressure regu-
lator, demand regulators, storage tanks, check valves, and manual shutoff
valves. The pressure suit subsystern automatically controls the flow,
pressure, temperature, and composition of the pressure suit gas, In con-
junction with the C/M pressure and temperature conirocl subsystem, it also
controls the environment conditions in the cabin when one, or all of the
crew are out of their pressure suits. These functions are provided by

water separators, temperature coatrols, a3 suit heat exchanger, a debris
trap, gas compressor, COj-odor absorbers, and a water glycol-to-gas
heat exchanger.

The cabin pressure and temperature control subsystem automatically
maintains the pressure and ternperature of the cabin within specified limits.
This function ig accornplished in conjunction with the pressure suit subsys-
tem by means of regulated oxygen inflow, recirculation blowers, a heat
exchanger, a temperature control and sensors, vent valves, and other
valves and controls required. The water-glyccl subsystem is an inter-
mediate heat transfer loop which permits excess heat to be transferred
from the C/M interior to the space radiators where it is rejected to the
cosmic sink, This function is accomplished by pumps, heat exchangers,

ENVIRONMENTAL CONTROL SYSTEM

Mission . - Basic Date 12 Nov 1966 Change Date__ ... . Page _E‘;_‘_?_;] i
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cold plate networks, valves, and controls. The water supply subsystem
collects, stores, and provides water for supplemental heat transfer opera-
tion, and collects and stores potable water for consumption by the crew.
These functions are accomplished by utilizing water tanks, pressure
controls, cyclic accumulators, and valves.

Other than the circuitry required for controls and cisplays or electri-
cal power, three points of interface exist between the ECS and other S/C
systems. All oxygen supplied to the ECS flows from the cryogenic storage
tanks, which are considered a part of the EPS. The fuel cells, also a part
of the EPS, furnish the onboard supply of potable water that is stored by the
ECS. The third interface point is with the waste management system,
which connects into the F.CS overboard dump }in&.

FUNCTIONAL DESCRIPTION,

The ECS requires a minimum amount of crew time be spent for
normmal system operation. In addition to periodically moniforing system
indicators, the crew is responsible for the accomplishment of several
normal tasks on an infrequent basis. For conditions other than normal,
the duties of the crew will increase. Electrical and manual override and
backup capabilities exist throughout the ECS to maintain the required
reliability level of the system.

The oxygen supplied to the ECS from the storage tanks in the S/M
is used to carry out a variety of system functicns. Upon reaching the ECS,
oxygen is autornatically regulated and manually routed to various sub-
system components by a system of valves and lines. Also incorporated are
automatically functioning components to maintain suit and/or cabin pressure
in the event of cabin decompression of equipment malfunction,

The atmosphere of the pressurized cabin, as well as that of the
pressure garment assemblies (PGA), is routed through the suit circuit for
contaminant removal and humidity control. The flow, pressure, and
temperature control within the suit circuit, are maintained by other compo-
nents of the subsystem. This is accomplished automatically by using
transducers, sensors, and conirol units tc regulate these functions.
Mechanical-type oxygen pressure regulators automatically maintain cabin
pressure within prescribed limits., The temperature of the catin is con-
trolled by an automatic unit that regdlates the output of the cabin heat
exchanger with the aid of sensors and anticipators.

Carbon dioxide and odors are removead from the suit circuit and
cabin gases by routing the gas flow through two filters in the CO;-odor
absorber canisters. FEach filter contains sufficient lithium hydroxide
(CO; removal) and activated charcoal (odor removeal) for a 1Z2-hour duty
period for a crew of three, The suit circuit and cabin atmospheres are
also sampled by a gas chromatograph that will identify up to 28 gas compo-
nents that may be present. '

Migssion
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Heat, generated by the crew and the many items of electrical eguip-
ment located in the cabin, is absorbed by recirculating water-glycol. The
heat is transferred to the water-glycol as it flows through the suit heat
exchanger, the cabin heat exchanger, and the cold plate network for the
electrical equipmént. The warm water~-glycol is then routed through’space
radiators in the S/M, where the heat is radiated to space. Supplementing
the ‘radiators and/or as a backup mcde, water evaporators are employed
for any additional temperature control of suit gases or insufficiently cooled ’
water-glycol.

Potable and waste water are generated on-board the S/C. The potable
water is a by-product of the EPS fuel cells 2nd flows to the ECS where it is
stored. Cold potable water is available to the crew for drinking, and hot or
cold potable water is available for food reconstitution. Waste water 3s
derived from the moisture that condenses in the water separator of the suit
exchanger. It is collected and stoved by the ECS and used for evaporative
cooling in the suit heat exchanger evaporator and the water-glycol
evaporator.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

Pertipent design data in regard tc components, their function within
each subaystem, and how they interface is contained under major compo-
nent/subsystem description. The description follows the logical flow,

component by component, through each subsystem of the ECS.

Oxygen Supply Subsystem.

Two cryogenic oxygen storage tanks (part of the electrical power
system) supply 900£35 psia oxygen flow to the ICS. Each tank contains
320 pounds of oxygen, and of the total supply, approximately one-third is
consumed by the ECS. Oxygen flows unrestricted in parallel lines from the
S/M supply tanks into the C/M. Inthe C/M, oxygen flows in each supply
line through a filter, a capillary restrictor, and a check valve upstream %o
their connection to a common distribution line, To assure uniform flow,
the capillary restrictors are coiled around a warm water-glycol line tc
increase the oxygen temperature., Fach restrictor allows a maximum f{low
of 4.5 pounds per hour into the ECS to limit the dernands placed on the
cryogenic oxygen storage tanks and enable the tank heaters to maintain the
prescribed tank pressures. The minimum flow rate will not decrease
below 3. 4 pounds per hour as the oxygen density decreases due 0 usage.
IHustrated in the ECS integrated schematic (figure 2. 7-12) the manual SN
supply shutoff valve, located cn the LHEBR panel 307, is normally in the ON
position and placed to OFF prior to SCM separation for the entry phase of
the mission. Downstream of the $S/M shutoff valve 900£35 psia oxygen is
distributed to a surge tank, an entry Qp tank, a PLSS {ill vaive, and the
main pressure regulator assembly. Oxygen flows to the surge tank through
a manual surge tank isolation valve, lccated on the LHEB panel 307, The
surge tank provides a reservoir of O, for the entry mission modes, and
during flow requirements above the 0.9 pound per hour rnaxiroum

ENVlRONMENATA L. CONTROL SYSTEM
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allowable by the capillary restrictors. Approxirnately 3, 7 pounds of

oxygen ig available at nominal inlet pressure of 900+35 psia. A surge tank
pressure transducer output is displayed by the TANK PRESS O3 1 indicator,
located on MDC panel 13. The indicator input must be selected by the
switch posgition, SURGE TANK, lacated below the indicator. To reduce the
demand loads on the cryogenic storage system, high flow rates {rorn the
surge tank will maintain cabin pressure from 5 to 3.5 psia for 5 minutes,
with a 0. 5-inch-diameter puncture in the cabin. The flow rate into the
cabin is a function of regulator valves downstream of the surge tank. The
5.minute period allows unsuited crewmembers to don PGAs. When isolatea
by the surge tank manual shutoff valve, the tank is protected by a pressure
relief and manual shutoff valve assembly. The relief portion is set between
1020 and 1070 psig. Should the relief valve fail or not reseat properly, the
manual shutoff valve will isolate the relief valve function from the system.

Downastream Oy supply is also stored in 2 one-pound entry Op tank,
through a manual three-way selector valve, a check valve, and a check
valve bypass., When the manual selector valve is in the FILL position, the
entry Oy supply tank receives high pressure Op through the check valve
bypass., When the tank is charged, the selector valve may be positioned to
OFF to isolate the tank supply, or to ON whereby the O, tank supply may
augment the surge tank function., The check valve prevents a reverse flow
in case of entry Op tank damage. An isolation check valve between the two
tanks prevents reverse flow and a manual valve permits charging PLSS
oxygen tanks from the ECS.

The 900£35-psig oxygen suprly, from the crvogenic tanks, is regulated

to 100410 psig by the main pressure regulator assembly illustrated in

figure 2. 7-1. The main pressure regulater assembly consists of a2 ranual
selector valve, two regulators, and two relief and check valves., NORMAL
position of the mmanual selector valve parallels the regulaters. Pasition

No. 1 or No. 2 selects its regulator respectively. The OFF position
isolates all Oy supply for the crew and cabin. Should a regulator fail open,
the relief valve for that regulator will limit the pressure to 140 psig down-
stream and vent a maximum flow of 0. 75 pounds per minute into the cabin.
This fault should be corrected by selecting the alternate regulator only.

An oxygen flow transducer, downstream of the main regulator,
provides a signal to the {low indicator, located on the main display console
panel 13, and the O, FLOW HI light, Although short periods of flow in
excess of 0. 45 pocunds per hour are considered normal, a coatinucus flow
rate between 0. 45 and 1.0 pound per hour should not be tolerated. Flow
rates above !.0 pounds per hour and {or a period of 15 seconds and above
activate the red Oy FLOW HI warning light located on the caution and
warning (C&W) panel 11. The 15-secend time delay prevents the G, FLOW
HI light from lighting during O, flow requirements of the cyclic accumu-
lators that remove water from the suit heat exchanger, and during transient
conditions. Continued flow rates in this range are indicative of cabin
leakage, Oj supplied subsystem leakage, or subsystem misranagement,

ENVIRONMENTAL CONTROL SYSTEM
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igure 2. 7-1. Main Oxygen Pressuare Regulator
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Connected to the 100£10.psig regulated pressure line is a {luid tank
pressure regulator and relief valve assembly, located on the OXYGIEN
CONTROL PANEL No. 314, It consists of redundant pressure regulators
and relief valves which provide oxygen at regulated pressure to the expul-
sion bladders installed in the potable water tank, waste water tank, and the
water-glycol (W/G) reservoir. Two four-position selector valves are
employed at the inlet and outlet, and enable isolation of roalfunctioning
elements or complete shutoff as desired. The pressure regulator is a
normally opened, diaphragm ~operated poppet metering valve which
funciions to reduce 100+£10-psig supply pressure to 2042 -psig Op pressure
to the fluid tanks, in relation to cabin pressure. The relief valve incor-
porated in the assembly outlet chamber functions to relieve Op pressure in

excess of 2542 psig into the cabin.

Should a regulator diaphragm rupture, and is isolated by the inlet
manual selector valve, the manual outlet selector valve must alsc be
positioned to isclate the relief portion of the failed regulator. This
prevents a feedback from the alternate regulator flowing oxygen through
the vuptured diaphragm of the failed regulator into the cabin.

Should the selector inlet valve of the assernbly be placed to.position 1,
the selector outlet valve must also be placed to position 1 {or NORMAL).
1f instead, the selector outlet valve were placed to position 2, the valve
port to pressurize the tanks would be closed, and the port to the relief

ENVIRONMENTAL CONTROL SYSTEM

Mission .._..._......Basic Date 12 Nov 1966 Change Date i Page ,2.,._7:.,5 e o




SMEA-G3-8SC012
APOLLO OPERATIONS HANDBOOK .

3
4
b
b
i

SYSTEMS DATA

valve would remain open. This permits the pressure relie{ function of the
valve to remain cperative but prohibits subseyuent tank pressurization.
Conversely, when the selector outlet valve is set to positicn 2, the selector
inlet valve must also be set to position 2 (or NORMAL). The CFF position
of the inlet and outlet selector valves is norrmally for ground checkout;
however, if both pressure regulators malfunction during flight, the selector :

2%

inlet valve must be set to the OFF position. This eliminates the tank

. pressurization function, but does not affect the pressure relief function. In
response to the possibility of both relief valves malfunctioning, the selector
outlet valve must be set to the OFF position. This action will eliminate
both the pressurization and pressure relief functions.

The 100+£10-psig oxygen supply is controlled by the emergency cabin i;
pressure regulator, located on panel 314, to provide increased oxygen flow
to the cabin, anhd prevent rapid decompression. The emergency cabin
pressure regualator consists of dual aneroid-operated, normally closed

valves to prevent overpressurization of the aneroids, and a manual four-
position selector valve with positions designated No. 1, No. 2, NORMAL,
and OFF. A PRESS-TO-TEST button, which cleses the cabin pressure
sense port allows a fix bleed of 100 cc:.per min to pressurize an anercid
chamber and drive the valve open. Normally the 100+10-psig oxygen
supply to the cabin is controlled by the cabin pressure regulator assembly.
1t consiste of dual, aneroid-absolute type normzally closed valves, and each

will deliver a minimum of 0.2 pound per hour oxygen flow at a cabin pres-
sure of 5. 0x0, 2 psia. Failure mode of the valve iz normally closed. A
manual control valve may be opened and allow a minimum 6 pounds per ;
hour flow of Oy directly into the cabin for repressurization from 0.0 o 5.0 i
psia within one hour. The cabin pressure regulator and the emergency

cabin pressure regulator are associated with the cabin pressure and
temperature control subsystem (paragraph 2. 7.3.3). Oxygen distribution
at 100+10 psig is routed to a manually operated metering valve, for direct *
flow into the suit inlet duct., In the full open position, oxygen will flow from
0.6 to 0. 7 pound per minute.

Downstream the dual suit demand pressure regulator and relief valve,
located on LHEB panel 310, compares suit compressor inlet pressure to
cabin ambient pressure. When the compressor inlet pressure is 2.5 to 3.5 _
inches of water pressure below cabin pressure, the demand regulator
controls OZ flow into the suit circuit at flow rates up to 0. 007 pound per
minute. When the compressor inlet pressure is above 2 to 9 inches of ‘
water pressure above cabin pressare, the relief valve vents the suit .
circuit gases te the cabin at a maximum flew rate of 0,66 pound per minute. '
Normally the compressor inlet manifold is regulated to an average cf 6,10
inches of water above cabin arnbient pressure. When cabin ambient pres-
sure is less than 4 psia, a 100 cem bleed within the demand regulator is
used to maintain the suit circuit pressure at 3. 75+0.25 psia. With cabin
ambient pressure below 3.5 psia and a 0. 66 pound per minute suit leakage,

; the demand regulator should sustain suit circuit pressure at 3, 7520, 25 nsia,
A four-position maunual selector valve with control positions designated as

No. 1, No.1 2, both, and CFF provides isolation of a fault. The demand pres- o
sure reguiator and relief valve are described in paragraph 2. 7. 3. 3.

v
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Oxygen regulated at 100+10-psig pressure is used as a motive force in
the removal of waste water from the suit circuit and then expelled into the

suit heat exchanger.
4

2.7.3.2 Pressure Suit Circuit Subsysterm.

The pressure suit subsystem is a lcop or circuit designed to supply a
conditioned atmosphere for a crew of three, whether they be in or out of
their PGAs. The circuit provides for ventilation and cooling for the crew,

the removal of carbon dioxide and cdors, and the control of relative humidity,

Suit circuit pressure is maintained by controlling the amount of oxygen
entering the subsystem.

A supply-return hose assembly is connected between each crewman's
PGA and a suit hose connector assembly., This assembly consists of a com-
bined supply-return connection. A three-position suit flow control valve,
which diverts oxygen into the cabin when a cv wmember is unsuvited, and 2

check valve prevents return flow from the cabin. Normal operation je to
disconnect the hose at the suit,’ There is also a venturi-type flow limiter,
located upstream in each supply line, to limit flow to any one suit to a maxi-
mum of 0.7 pound per minute, During the time a crewmember is in the
shirtsleeve mode, the flow control valve is positioned to perrnit suit circuit
flow into the C/M cabin, through the suit hose, which is removed at the PCGA
connection. The return section of the sunit hose is capped to prevent cabin

2¢ flowing into the suit circuit when crewmen remove their suits.
tel N

Cabin gases are returned to the suit circuit for removal of carbon

dioxide, odors, heat, and moisture. These gases enter at the suit circait beiat
return air valve assembly, which consists of two check valves in series,

and a manual shutoff valve for isolating the suit circuit if the cabin becomes
contaminated. The combined cabin and suit circuit atmosphere fivst flows
through the debris trap, where small particles of solid matter are removed.

The trap contains a bypass valve in the event the filter screen hecomes
clogged.

Two suit compressors, connected in parallel, maintain circulation
within the suil circuit., Normally only one compressor is operated at a
time; however, both may be opecrated for & small advantage in sensible heat

removal with a large increasse in power consumption in all cases except

prelaunch, or when the three crewmembers are unsuited in a 5-psia
pressurized cabin. A differential pressure transducer between the inlet
and outlet manifolds of the compressor supplies signals for indication o
the main display console {panei 13}. Compressor output is dependent on the
mode of operation. In normal space operation, the operating compressor
delivers approximately 35 cubic feet per minute of suit gas at a pressure
rise of 10 inches of water within the condition of 4.93 psia and 88°F. When
the cabin is unpressurized, the operating compressor delivers approxi-
mately 34.5 cubic feet per minute suit gas at a pressure rise of €.9 inches
of water when inlet conditions are 3.51 psia at 85°F.
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