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APOLLO TRAINING 

ELECTRICAL POWER S-UBSYSTEM 

i 

FEB 22, 1967 FOR (MINING PURPOSES ONLY 
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ELECTRICAL POWER SUBSYSTEM 
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ELECTRICAL POWER SUBSYSTEM 

A. POWER GENERATION 

1. DC SYSTEM 
Ha}: wilt: ~ . \ 

(a) FUEL CELL POWER PLANTS (3) W o fi fi flW  MI- .0. me, 

(my CRYOGENIC STORAGE SYSTEM 
(C) ENTRY & POST LANDING 

BATTERIES (A, B, &C) 

2. AC SYSTEM . 
SOLID STATE INVERTERS .(3) - 19523 06 @_ .‘(fl- a How 

”W". EP-045 {W} 



ELECTRICAL POWER SUBSYSTEM 

B. POWER DISTRIBUTION & CONTROLS 

1. DC DISTRIBUTION 

(a) BUS SYSTEM 

(b) UNDERVOLTAGE SENSING 

(C) FUEL CELL CONTROLS 
(1) DC BUS CONNECTION 
(2) OVERLOADIREVERSE CURRENT 

SENSING 

2. AC DISTRIBUTION 

(a) BUS SYSTEM 

(b) INVERTER CONTROL CIRCUITS 
(1) AC BUS CONNECTION . 
(2) OVERLOAD SENSING ’ - W bwmw 

(3) OVER/UNDER VOLTAGE SENSING _. wowm‘w) (Ly/k 
rm». 

EP-044 (+2} 
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ELECTRICAL POWER SUBSYSTEM 

. c. SPECIALCIRCUITS 
1. BA'ITERY CHARGER (1) 
z w PYROTECHNIC BATTERIES (2) 

arm”. [p-043 a. +3 

i
_

.
—

 



OXYGEN TANKS (2) ' EPS RADIATORS 
{Dam 4, /”'7 6L 6’ 

HYDROGEN am In Icy M 
TANKS (2) 



" -U ' . ‘V "  . p r y " . . -  . _  _V 

SM CRYOGENIC SYSTE’I NTERFACE (EXTERNAL) 

OV-EPS 
HR & NV- EPS 

OV-2 FLYAWAY UMBILICAL 
W «I. 

OF-2 OR 
OP 

HF-l 

OF-l 

OV-l 
HV-l 

HP 

S K M W  b u t  ’ I 

1M— o-v» 5/}; :fww 
HV-2 mm» .: ,0037 

\‘J’fl/ W '- ( 0 0 0 $ ?  

HF—2 

f ' ' Eta-2007' 



SECTOR V 

\ 

EPS RADIATOR LOCATION kw (a) 7 $ 8" 
BLOCK u Q-Jw ‘94. ”PM 

+2  -‘ / 

SECTOR IV : = ~ CTOR I l l  /‘ 

W % aw \ - .s W" a, SECTOR n 

+Y 

m (@3 
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EPS RADIATOR CONTROL 
BLOCK ll 7‘ 

-Y AXIS -z AXIS 
A N r A ‘ 

3 2 2 1 1 3 3 

1 l 3 2 3 2 3 2 1 4 1 ‘ 

2 1 1 3 3 2 2 

j FUEL 
. CELL 

7 
‘ 

J 

2 3 3 2 = :9 
8 3 1 7 l 2 6 2 3 5 3 a} 

1 2 2 3 3 1 1 

J L J 
w Y 

+z AXIS 81  PM: A +v AXIS 
‘ l/ 17/] , 

l /’ 
‘ ' , . EP-ZOOI ((9)) 



L’s—"u: 
V' V r "  ' 7 '  "V W " """“" '  “ W W W  

C/M EQUIPMENT BAYS 
R lGHT-HAND FORWARD 

LEFf-HAND FORWARD / EQUIPMENT BAY 
MAIN DISPLA? / EQUIPMENT BAY 
CONSOLE\ 

LONER ”W ’ \\ 
EOU'PMENT ‘ -" MAIN DISPLAY BAY\ g, I / CONSOLE 

'. « 1-10 

101 _ ‘ * 
\ 5'5. x ' /  \ 

' o 5 276 ..... \ 

. . . . .  . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . .  '-.-'.- ................. . . . . . . . . . . .  

LEFT-HAND 
EQUIPMENT 

,BAY RIGHT-HAND 
EOU I PMENT 
BAY 

r53 
EP-OZBB {WI} 





‘ . army-s 

T/W/Q/HSJ’” W ‘74 
/3 <. Jig: V‘YX W’7 «M 

W7 «4 amsfi+7$°+ M ’TWLW 



o ‘ ,   ‘ , o, 
:3 cc POWER DISTRIBUTION 5? . 

/ F  1’ SIMPLIFIED SCHEMATIC DIAGRAM 
F, . 

2; . ,, 
IFUEI. CELL NO. I ]  IFUEI. CELL NO. 2 I I FUEL CELL N0. 3‘] 

I OVERLOAD sans“. J [l OVERLOAD SENSE & I I OVERLOAD SENSE a. 
v R 

2”
 

REVERSIE CURRENT RELA EVERSE CURRENT RELAIY REVERSIE CURRENT RELAY 

I e («W 

UMB'L'CAL cM INTERRUPTER 
UNDER- 

vomc: MAIN BUS A (CIM) 11—1- MAIN BUS B (CIM) 
SENSING 1 H  

W
N

~
 

ug- ‘ 
v63 BUS A (SIM) BUS 8 (SIM) M 

DFC W W  
""' W 

l t ,  m m  
x 

BATTERY 
ICHARGER 

°—C 

NTERRUPTER 7 “1‘ “4‘ 
UMBILICAL 

UNDER - 
VOLTAGE 
SENSING Him- y M 

1 % “  NON-ESS BUS 5 1 1 %  @ L "  7 Twmxét  A? 
$1 

Pvaoncnmc cm 52 E&PL if 52 em 
BATTERY "A" 3mm "A' MI]- I Lemmy "c" 5:1...“ BAUERY "a" 

"(t -( ”(r—4:; N.°0——3 I 
Ipvnorscnmc LATTERY BUS SA I —[rL|cHt & POST LANDING aus [BATTERY BUS a | 

BUS "A" T L_,,"‘ I t  A65 1 ) . . . )  

BAT A&C ( V F  
AUTO 

N.O. 

*9 t * I-Rcs FUR—GE— OR J‘LBATTERY RELAY BUS } 
He DUMP I 

FCSDI Lm- | \X’LW + W m  
3M mmwfflw Eu). Gilt or“, 

W B B I K I  ~\"|'-"‘v”'""""'1/ , . |  f ’  

— — —  4 

0|
 

jyy‘jn— 3&c / W  
'- RFFT—URG'E-Ofii 15;?! £620.81 

kgma SM) SEC TD " - l  { W M  

PYROTECHNIC 
BATTERY "8“ 

S) 
PYROTECHNIC 

BUS "B" l W 
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- . I I 

AC POWER'DISTRIBUTION 
SIMPLIFIED SCHEMATIC DIAGRAM 

. Ac BUS 1 
mu: r——--1 » \ AC BUSl OVERLOAD 

I l _ 
T'" : ® : 4oo~ ? A  C ?  M W  

4:: INVERTER ' ' Wm: M “  
No.1 ' ¢c ¢>B ¢A ‘ SENSOR I 

I 

i . 
L4H: : 6 ‘ x v y 

: 3Q“) : 400~ :9 AC CONTROL :J—Cw HM 
I—-l:|—r- INVERTER H BOX w 
: : N0“ 2 "qb—C "6 MOTOR " AC BUS TRASPACECRAFI 

SWITCHES) : : L130. LOADS 
.u u 

I 

AC 

*1 2 

+__ ’ ® 45 ¢c EA: 1'——-l: e 4oo~ 1 ‘M B q A 
I I INVERTER t ¢c _;_ 

__J -, No.3 ] 
l | i _ _.J 

u. 'INVERTERI * * ' 
|CONTROL: SENSOR AC BUS 2 
I BOX _ 1--..-.3 , AC Buszé  é OVERLOAD 

EP- “100 4‘ 
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LM NEG 
l , VEHICLE GROUND POINT 

f“ 
I DC NEG BUS 1 L AC NEUT BUS I l PYRO NEG BUSJ 

l INVERTERS PYRO BATT. 
EEMTULSQ LOAD RETURNS 

CM LOADS . PYRO BATT 
9f)“ “KL NEG 

Val, \\'r SM LOADS 

COMMAND MODULE 
----_..-‘--.+.-__---_....-_ ...-..---. . .. -,...-._ _ "-sE'éQTEE'M-Jo-u-LE ........... 

I DC NEG BUS I 
L flSM LOAD RETURNS 

+ F/C NEG TERMINAL 
>JETT|SON SEQ CONTROL NEG TERMINAL 

[SHIELD GND BUS I 

CM WIRE 
SHIELDS 

‘ ' U —  0 ’ . . .  - - - - - ‘ - " ‘ fl ' - - -  4 4 4 4 4 4  

’1‘ 
[SHIELD GND BUS ] 

’ SM WIRE 
SHIELDS 

«Mo. 
EP-038A ( H 
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OXYGEN STORAGE SYSTEM 
(ELECTRICAL) 

r - - I I - - - - - - - I - 1 

I :75 -— E «BUM “all"!!! 
I J I 
I I | 

' ' as: m cm ' i + ‘F 1.: -:=.,mmm IILIIII 
: . ,1; 9) 
I : I ugh—1 

I I . S 

I . .. .. . nus": /‘ ‘5‘ m m  m ms I ; " " . sum I mm "B3 m m I; u I . In: rm <37“: 
' n l mu H—“g I I I _, .. ’ " [RSI 
I .fl' .. --' 
u t - -  : ’ , - —  Um I 
u - - '- * " m I: .___. 
n : ‘ : m 1I sum! "' D W 2 
I . - . as! n u b - : 2 ]  .Q 
' A . \ Em ..... . 4 :  
' i .. .. :68! PS____ ~ .. smlzv 0 mm 
' ' .. w ' ‘ W III‘IIIE : ' ' 111‘] Illfllll mm 
I i : m if. ms: 
: n . [an II III 
' I '- - I I I u - I  .Eutf " m  '3“ 'I u 1 . mu <_L_>ms m r m ml 
' _._ L I a: m 
: f I : mm ".2” 
I I 1 l r 
| : as: III-cum : 'I g!) . I ], I _.__ :5 .. 2 2 
. : : n ] . ‘ z 

u - - . . - - - - - . - f £ . §  m 375"":1I'1mu ' 
mm" . as: 8/: i?) 

I _ m EP-O'BJ 



CRYOGENIC PRESSURIZATION 
3- QUANTWY MEASUREMENT DEVICES 

0 O Fm” 
I] C] 

INTERNAL” 

\ 
\ \ 

\ \ ‘ q ‘  

CAPACITWE P £—---' : ~:~‘ . r 
x ‘ 1; “‘ kaoivvfl bland"? 

.5 
55‘ 

, o 
» ‘0 
0 

FAN 8n MOTOR 
ENCASED 
I NTERNMLY 

m (3') 

l 4  
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IIII cnvuaaln: 

m IIIIIS s———/'- m nuznzux u 
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HYDROGEN STORAGE SYSTEM 
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CRYOGENIC STORAGE SYSTEM 
TELEMETRY 

O TEMPERATURE (smoam H 2 u— _ 2 
SIG TANK 1 COM) QUANTITY (SFOOBZQ) TANK 1 

PRESSURE (SFm37P) 
' RELIEF RELIEF VALVE' PRESS. TXDUCER VALVE 

PRESS. SW ”C 1 PRESS. sw 
REACTANT 

lacs 02 _ sov 
SUPPLY . " f - 
GSE PURGE up _ EPS FIC 3 

E05 02 <- _ css PURGE -) SUPPLY 

. FIC 2 

PRESS. sw PRESS. sw 
RELIEF - 
VALVE PRESS. TXDUCER ‘ RELIEF VALVE 

PRESSURE (SF0038P) 

TANK 2 c5650 gummgsmmo) TANK 2 
TEMPERATURE (smoazn 

9
|

 

TEMPERATURE (SFCXMBT) 

SIG COND QUANTITY (SF00300) 

PRESSURE (SF0039P) 
PRESS. TXDUCER 

FIC 1 
REACTANT 

SOV 

. EPS FIC 3 

FIC 2 

PRESS TXDUCER 
PRESSURE (SF0040P) 

CSJSD QUANTITY (SFOOBIQ) 
-T-E-MPERATURE (swam) 

EP-404A ‘9‘ .f 



nun-m cavoeemc sibaAGE svsrefi 

0 ma. cm H2 VALVE FUEL cm 02 VALVE 
moms MODULE 

-— I 

(I 

f . . ; m"... T M... 
‘ ' a “ .  ‘ - (no.  

I ‘ o . . . ‘  1 h: m. 

94308167) 
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02 TANK l 
HEATER swam? I: FAN MOTORS 
TEMPERATURE season PROBE 
DENSITY SENSOR PROBE 
(DELETED) 
02 TANK I PRESSURE RELIEF VALVE 
02 TANK I PRESSURE sultan 
02 TANK I PRESSURE TRANSDUCER 
02 TANK 2 
HEATER ELEMENT AND FAN MOTORS 
TEMPERATURE season PROBE 
DENSITY season PROBE 
(DELETED) 
02 TANK 2 Pnessune RELIEF VALVE 
02 TANK 2 PRESSURE SHITCH 
02 TANK 2 PRESSURE TRANSDUCER 
02 TANK 2 CHECK VALVE 
02 FILTER, TANK I 
02 FILTER, TANK 2 
H2 TANK u 
HEATER ELEMENT & FAN morons 
TEMPERATURE season PROBE 
DansnTv season PROBE 
(DELETED) 
H2 TANK I PRESSURE RELIEF VALVE 
H2 IANK I PRESSURE sunrcu 
H2 TANK l PRESSURE TRANSDUCER 
H2 TANK 2 
HEATER ELEMENT t FAN morons 
TEMPERATURE season PROBE 
Deuslrv season PROBE 
(DELETED) 

TABLE 2-2 
3: 
32 
33 
34 
C 
D 
35 36 
37 
38 
39 4o 
4: 
42 

Eliiflllflil 
0R 
OV-l 
OF-l 
0P 
0V-2 
OF-Z 
OV-EPS 
HR 
HV-l 
HF-I 
HV-Z 
HF-Z 
HP 
HVBEPS 

‘ 9 ‘  w I ' r » “ = — V " , -  r »  , v  7‘ 

I I 
H; TANK 2 PRESSURE RELIEF VALVE 
H2 TANK 2 PRESSURE sulrcu 
H2 TANK 2 PRESSURE TRANSDUCER 
H2 TANK 2 CHECK VALVE 
H2 FILTER, TANK l 
H2 FILTER, TANK 2 
FUEL CELL 02 Cnecx VALVE (2) 
FUEL CELL l 02 snot OFF VALVE 
FUEL CELL 2 02 snur OFF VALVE 
FUEL CELL 3 02 SHUT OFF VALVE 
FUEL CELL #1 H2 SHUT OFF VALVE 
FUEL CELL £2 H2 suur OFF VALVE 
FUEL CELL 3 H2 SHUT OFF VALVE 
FUEL CELL H2 CHECK VALVE 

ELSEQNN§£I_E§I DESEBLEILQN 
Oxycau RELIEF 
OXYGEN VENT, TANK I 
OXYGEN FILL, TANK I 
OXYGEN Ponce 
OXYGEN VENT, TANK 2 
Oxvceu FILL, TANK 2 
OXYGEN VENT, FUEL CELLS 
HYDROGEN RELIEF 
HYDROGEN VENT, TANK l 
HYDROGEN FILL, TANK I 
HYDROGEN VENT, TANK 2 
HYDROGEN FILL, TANK 2 
HYDROGEN PURGE 
HYDROGEN VENT, FUEL CELLS 
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CRYOGENIC STORAGE SYSTEM 
TEMPERATURE/NORMAL MISSION PROFILE 

-l79 ~ -319 - 

§ I 

'249 " '379 .. 

-259 _ -389 _. (HYDROGEN) 

-269 - -399 - 

-279 - -409 

'289 _ -419 J ' l } J I L 1 I 1 
0 50 100 150 200 250 3CD~ _ 350 

MISSION TIME FROM LAUNCH 0......“ 

EP-Ol9B“. * 
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OXYGEN SPECIFIC HEAT INPUT 
lav- BASED. upon: 

a) WK-PRESSUEI’ OF 900 they. Q+ 

(2) I O O Z F I L L  ' 

040-- (3) FLUID TEMPERATURE -23."; 
z 
3 < 
E am- 
E 
3 
3 ’°°"" 
} 
'— 

D J 
co«b 

p. 
3 
L 
a . 

+- ‘°"’ MIMI“ _ 
:3 pm» «as e, E . _ 
1' I . W . 

. 2 _ ' ”Ms/d» : 30 BTU/I'M 
[ 2'. 4°‘1 ' . | \ m I M 0" .d ,  

i h’. , ._ __.. ___. _. .657Ib/IIR Hour 6’ 
’ 35 I l ; (PER mun W X 

I 
30-H- I : ' 
. l I ' 

I I t 
I I I 

“‘ ° 4 ¢ 15—h“; ‘ ‘l" ‘r : 4 : % + 
:3 ° 1° 20 30 4o 50 so 70 80 90 mo 
> PERCENT OF mum. WEIGHT 
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309-1- 

nib-H“ 

(ID-43’ 

. 1043 

‘ . V _  . ‘_ ‘ 

Minnow" swarm HEAT INPUT 
BASED wow: 

(I) TANK Pesssugs or: 252: Psm 
- (2) Ian ’5 nu. 

(3) FLUID TEMPERATURE - 4-16 'F 
G) 100% PARA HYDROGEN 

T o  fiéw‘cm ‘ M M P X W ‘  
E Q A  ‘ J I M :  Q] 

C). fiafl  b W / ‘ J ‘ ?  / F C / "  

? ‘94 A w// 9 W C“Mr/Fm" 

{,mumnumcvas fl 
' . V. ‘ HEAT LEAK I o I , "“44"” g . many/m 
g ., , ' ' -- -- — ‘1070 (b/HR now 
= : ' l (PER TANK) 
v 6» l 

' L  j j; n 3 ' 1 1 ”  4 l l 1 

43 {a 50 4'9 5° ‘1" *9 6° 32 ”MINT 0' I N I T I A L  W‘IC‘UT 

+3, 336; 
W1” K 



CELL EFFICIENCY ' 

100- 
7 9 0  7/0 
E 8 0  «’W “‘70 >_-ro / 
0 s o  
2 5 0  

i 9 ‘ 0  
i Q 3 0  tea  
I u ‘ g  ! . , .. 

o 100‘ 200 300 400 500 
CURRENT DENSITY (AMPS/FT!) 

Qw‘mr " 3 \ 
Quid)" / $93M Hmoud 3‘4“» 

3 c8 ‘lo‘Qt’ 116W HS V ”a, .539 M4 51.7,4 ma EP-OllBi’fWJ} 
'4—7 lzg 1”" 

O
Z 

W W I  

“'1" ‘7_"fi 'FW- '7 :"V”_L ' “VT 



”rm- 1 

; ‘ 

ACCESSORY ,2 ‘. "5" ‘ 
secnou\\ :19 

M i .  . a!  ,1 

ha R ‘1 ' 

SHOCK 3 "41v " ' 44 IN. 
MOUNT (3%“ _ 0—.- o a 

MODULE '- 0 g ‘ 
SUPPORT ” - : 
ASSEMBLY— f : 

ELECTRICAL : 
connecnous\ :. 

I 

PLUMBING ,' 
I conwecnons/ 

PRESSURE 
JACKET/ 

ll 

WEIGHT 
245 LBS 
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FUEL CELL MODULE ACCESSORIES 
N2 PRESS. TXDUCER . BAY 1 
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\ ‘  . BAY 1 H20 SEPIHZ PUMP 
fi /  PH SENSOR (WATER PURITY) 
: i: W 3 H2, 02 PRESS. TRANSDUCERS 
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TEMP<°F> PHASE DIAGRAM FOR KOH-H20 
400 

350 

LIQUID 
30° ' spun 

_ KOH : SOLID ( + ) 
250 | + MELT 

I MELT 
SOLID , 

. , + I MELT 'l 
150 ' : SOLID 

: (KOH + KOH . H20) 
KO!” H20 

100 _ _ _ _ _  
I SOLID I KOHPHzO (KOH . H20 + KOH . 2:420) . 

55 60 65 7o 75 so 85 90 WI 96 KOH 
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CERAMIC 
INSULATOR 

REACTANT 
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SINGLE CELL CONSTRUCTION 

, SPACER 
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CELL CUTAWAY- AND MOUNTING 
CONFIGURATION 

NICKEL + NICKEL OXIDE “"195 
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NICKEL BACKPLATE 
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—-——j e e 3 eff-— 2:5 
O O 0 

0%0 ., 
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HYDROGEN ELECTRODE REACTION 
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' V I l u 

K+ s. 

e ELECTRODE I 

\ GAS INTERFACE 

H2 -v- H2 -> H -> H \  APPROX / (pH-4 

HYDROGEN GAS / H20 4- H20 «4- OH' 4- OH" <- OH‘ ELECTROLYTE 
/ x ' 

OH- 

- + 
LCOARSE PORE . ,' f FINE PORE—-——| K I 

| . 

I 
I 

HYDROGEN ELECTRODE 

2H2 + 4OH" -> 4H20 + 4c 
ofl'e'a, 

EP-OOSA i. + .2 
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|-—— FINE PORE | COARSE PORE — - |  
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' I I . I 
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2H20 + 02 + 43 —-> 40H- 
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FUEL CELL SKIN CM BUS . 
TEMPERATURE VOLTAGE 
(DEG F) woe) 

383 T0 390 
(IN-LINE HEATER) 29.5 
CYCLING) 

390 T0 420 ‘ 29. 8 

420 T0 435 29.4 

435 TO 445 2a 4 

CURRENT PER 
FUEL CELL 
(AMPS) 

19.4 ’ 

26.5 

33. 5 

46.0 

TOTAL 
LOAD 
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3921 

STEP LOAD (APPROX) 

INCREASE 
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1626 
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DECREASE 
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534 
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1728 
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