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R 
02 TANK I 
HEATER ELEMENT & FAN morons 
TEMPERATURE season PROBE 
Deusurv senses PROBE 
(DELETED) 
02 TANK I PRESSURE RELIEF VALVE 

TANK I PRESSURE sunrcu 
02 TANK I PRESSURE TRANSDUCER 
02 TANK 2 
HEATER ELEMENT AND FAN morons 
TEMPERATURE season PROBE 
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RELIEF VALVE 

GSE PURGE 9 

TELEMETRY 
TEMPERATURE (scooam H 2 
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PREESURE (SCOO37P) - 
RELIEF PRESS. TXDUCER VALVE 
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FIG 2 
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CRYOGENIC STORAGE SYSTEM 

TANK 2 F 
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CRYOGENIC STORAGE SYSTEM 
TEMPERATURE/NORMAL MISSION PROFILE 
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OXYGEN SPECIHC HEAT INPUT 
IGN- BASED UPON: 

(0 mm PRESSUU or can P314 
(2) 100% FILL 

ML (3) mum TEMPERATURE -2e4'F 

W I -  

” d b  

codk 

‘°" MIMHTR 
pm» <c q . 

' I HEAT—LEAK. 

' i : (PER 1mm 
U . | 

l I l 
I I I 

$ $ by. 

9 IO 20 30 40 so so 70 80 qo mo 20 
PERCENT or mu: m. WEIGHT 



410v 

sun-v 

310+ 

309-1- 

can: 

now- 

140-4» 

S
P

E
C

I
F

I
C

 
H

E
A

T
I

N
P

U
T

 
B

T
U

/
L

B
 

v
r

m
o

n
n

w
 

”-1?- 

o
r

i
H

 

HYDROGEN SPECIFIC HEAT INPUT 
BASED UPON: 

a) TANK P25554135 OF 253 Psm 
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CELL ‘ EFFICIENCY 

___.L 
100 200 300 400 500 

CURRENT DENSITY ( PS/FT') 
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FUEL CELL POWER PLANT 
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ACCESSORY ,/ E '. ‘ \ 
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FUEL CELL MODULE ACCESSORIES 
N2 PRESS. TXDUCER BAY I 

N2 STORAGE TANK / sac BYPASS VALVE 
\ H2, 02 PRESS. REG 

.. CONDENSER GLYCOL -" \ ,  H20 SEPIHz PUMP 
ACCUMUWOR\ ° 3/3“” PH SENSOR (WATER PURITY) 
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# —  
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H2. 02 PREHEATERS 3" 2 f . / _ 2 STEP N2 GAS REGULATOR 
GLYCOL REGEN N2 FILL . . /N2 PRESS. 
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PUMP“ , . ‘ _ ~N2 SAMPLING VALVE 
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FUEL CELL MODULE 
H2 REGEN T0 
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Tamer) PHASE DIAGRAM FOR KOH-H20 

400 

350 

LIQUID 
30° spun 

' (KOH) : SOLID + 
KOH. H 250 : ( + 20) MELT 

I MELT 
SOLID , 

200 (KOH - H20) I . + I 
MELT I 

I so : soup 
: (KOH + KOH . H20) 

map-I20 ' 
100 _ _ _ _ _  

l souo I 
KOH‘2H2O (KOH . H20 + KOH . 2H20) I 

55 60 65 7o 75 so 85 90 WI 95 KOH (if: 59-007 (m) 
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HYDROGEN PUM 

HZIHZO 

I: 
B ASS 
VALVE 

TEMP SENSOR 
PURGE VALVE - 

H2 

HYDROGEN 
PRE—HEA 

0L 

HYDROGEN 
VENT 

P HYDROGEN REGENERA'fGI’z 
MUM HEATER CIRCUIT 

-LOAD+ 
WW. 

N2 

YDROGEN 
2 REGULATOR 

H2 

HYDROGEN 

245 PSI 

OXYGEN 

FLOW SENSOR 

FUEL CELL 
(ONE SHMN - 31 IN SERIES) 

«‘mxcthm: guru 'mvrrmrr. 

NITROGEN 
SAMPLING 

(FOR TEST ONLY) 02 
r 

‘ 
‘

F
 

. 
I 

, 

. 

r
I

I
'

C
J

'
W

I
J

-
f

'
l

f
‘

.
‘

 

02W ,1; I 

ORIFICE "1 MEL cm 
MODULE 

02 REGULATOR. ‘ 
OVERBOARD 

OXYGEN I 
PRE- ' 
HEATER 

N GAS 
R GULATOR 

NITROGEN 
’ REGULATOR 

T 
i ITROGEN OXYGEN . VENI 

90° 95' NITROGEN 

FLOW SENSOR mam 50" f". 

mosai© 
27 



9 4 . 4 . .  : 3 8 .  
3 3 . 3 %  

nu 



SINGLE CELL CONSTRUCTION 

S PACER 
ELECTRODE AREA 

W 

OWEG‘QW 
DIAPHRAGM 

‘ ”P 
] REACOJANT 

l - D  '1 - 

CERAMIC 
INSULATOR 

REACTANT I - I ' : ; I § (  b ; _ _ § ' - I  

sos 

& V 1 
A V A  

cm i H 
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CELL CUTAWAY AND MOUNTING 
CONFIGURATION 

WELDS 

NICKEL + NICKEL OXIDE 
ELECTRODE 

TEFLON SEAL 02 N2 

7 “ ‘  1 “  s “ “ “ \  \ \ “ V  g 

I s’. l l l l l l  2 71111111111111: I“ l l l l l l l \ \  
/ “\ s ~ 1/ '0. n. \ ' \  
I "  " \ \ \ \ \ \ \ \ \ \ \ , _  I ’ ! ’  

l l “ “  ‘§.‘._. - _ [<5] SPACER 

\ § § 
7' 

'l 
f 5 

‘V  \‘ 0.‘ \ 

I 1 ; .  “ “ \ \ \ \ “ ‘  " " " ‘ \\“\\\\\\\: All! 

§s 0'] IIIIIIIIIIIIO” \ (lllllllllllllllli ,\\‘ 

" '  " 0  . } \ ‘ \ \ ‘ \ \ \ V  \ \ \ \ \ \ \ \ \ \ \ " ’  ("I u " ‘  t 
\ 
§ O . ’ I l l l l l l l l l l l l I l l l l l l l l l l l l l l l l l l /  N 

‘ - NICKEL BACKPLATE H2 2 s‘ 

DIAPHRAGM SECTION NICKEL ELECTRODE KOH 

EP-(B9A (2’9"?) 
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FUEL CELL ELECTROCHEMICAL FLOW SCHEMATIC 
VOLTMETER 

LOAD swncH 

FINE Foxes-\_ _/- COARSE PORES 

KOH . 
ELECTROLYTE 

H2 02 
GAS ,'/_GAS 
CHAMBER \- CHAMBER 

EXHAUST “1+ 02 VENT 
Hz+ H20 4"- ' 

1|  FUEL N2 GAS OXYGEN 
ELECTRODE ELECTRODE 
(ANODE) ' , (CATHODE) 

EP-003A ((5) 
3i 



TxV-n‘ffi-“wr'h-Iv‘j—Trt' n r r r - ‘ T — r — m  - 

HYDROGEN ELECTRODE REACTION 

K+ 

e 

k I ELECTROLYTE/GAS 
INTERFACE 

H2-h-H2 + H  -> H-> H\AP"R°X j our: 

HYDROGEN GAS / H20 4- H20 «- H20 4— H204- OH" <— ELECTROLYTE 
I 

HYDROGEN ELECTRODE 

2H2 + 4OH" -> 4H20 + 4e 

EP-OOSB 5;} 
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OXYGEN ELECTRODE REACTION 
K+ : l ' 

OH" I e ' 

._.. I 
l ELECTROLYTE/GAS / 

INTERFACE ‘ 

W ‘— —— OH'\ / 

ELECTROLYTE ——-» H20 —> 02 02 
OH— / _ , ' \ \ 

OH' OH" | 
‘— <-—- l 

I 
F—sgfi—H‘ COARSE FORE 

K4- 

3, 
n i 

2H20+ 02+4e-D40H- 

OXYGEN 
GAS 

EP-0063 ($3 
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10,000I 10?? ’ 100 10 

0 ' 1 !  « a z u t s o  7 4f [ 1 2 3 4 5  6 4 L ” 2 : 3 4 9  D . BL—J 

99.0 99.9 99.99 99.999 
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l 7 50 
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FUEL CELL 
INDIQTORS 

All witches and indicatbn are locond on MDC- 3 
unlou othemiu indionfod. 

FLEL CELL INDICATORS switch must be plocod to 
ulcc'od MI on" for radon“. FUEL CELL 3 Mn 

F/C I ,  2, 8- 3 meawtemen' No.5 drum in aqua-1- 
liol Olden . 

ST-indicuns munch! input to SYSYEM VEST 
mete: on pond '01 in LEI 

Fat FM 8. SYSTEMS TEST pow"! nice to 
EPS TELEMURY 

Drnofl's SIGNAL CONDUIONER 
(If none Mn, condition-Ir is integral 
9'" °' W) SM-7A-ll788 
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SYSTEMS TEST METER (LEB PANEL 101 ) 
fil/PWEEEEE 1 

2 
1 ca— N2 PRESS FC 3 

02 PRESS FC 1 l 
I 
' A ‘ . B 02 PRESS F6 

02 PRESS FC 
. ob———- H2 PRESS PC 
I °——— H2 PRESS FC 
I . AB H2 PRESS FC 3 

, / o—é———RAD OUTLETTEMPFCI 
SYSTEMS '~ , 3‘ «75—— RAD OUTLET TEMP FC 2 

. ¢——— RAD OUTLET TEMP FC 3 
A 

fi 

2 
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2 l 
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m
 

m 
-1
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BAT MANIF PRESS 
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4 ° _ '  c—Q— CM T0 LM POWER I 
/ I 

" °0FF I I’XPNDR , “8 SP5 ox”) TEMP 
/ 9—. .— 

’ ' ? .D_C___. CM RCS oxw VALVE TEMP -P ENG svs 8. 
L—— CM RCS oxm VALVE TEMP +Y ENG svs B 

A CM RCS oxu) VALVE TEMP ccw ENG svs A 
j 7—— CM RCS oxm VALVE TEMP -P ENG svs A 

5 «:5— CM RCS oxm VALVE TEMP -v ENG svs A 
m———- CM RCS oxm VALVE TEMP cw ENG svs 8 

AB XMTR POWER 
fi/ .__. AGC SELF TEST 

SIGNAL XPNDR °—-—— FREQ LOCK 
D 

\ 
\ 

\
 \
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BPS CM-RCS 
Systems Radiator Oxidizer Battery Battery 

Test  N3. 02. H2 Outlet Valve LM SPS Manifold Relay 
Meter P res su re  Temperature Temperature Power Temperature Pressure Bus 

Display (PSIA) (°F) ( ’F)  (Amps) (°F) (PSIA) (VDC) 

0 . 0  0 -50  -50  O 0 0 . 0 0  0 
0 . 2  3 - 3 6  -46 0 . 4  8 0 . 7 2  1 . 8  
0 . 4  6 - 2 2  -42 0 . 8  1 6  1 . 4 4  3 . 6  
0 . 6  9 - 8  -38  1 . 2  24 2 . 1 6  5 . 4  
0 . 8  1 2  +6  -34  1 . 6  32 ' > 2.88. 7 . 2  
1 . 0  1 5  +20 ~30  2 . 0  40 3.60 9 . 0  

1 . 2  1 8  x +34 -26 2 . 4  48 4 .32  1 0 . 8  
1 . 4  21  +48 -22 2 . 8  56 5 . 0 4  1 2 . 6  
1 . 6  24 +62 - 1 8  3 . 2  64 5.76 .. 1 4 . 4  
1 .  8 27 +76 - 1 4  3 . 6  7 2  6.48 1 6 . 2  
2 . 0  30 +90 - 1 0  4 . 0  80 7.20 1 8 . 0  

2. z 33 ' +104 -6 4 .4  88 7.92 19. 8 
2 . 4  36 +118 -4 4 , 8  96 8.64 2 1 . 6  
2 . 6  39 +132 0 5 . 2  ‘ 104 9 .36  23 .4  
2 . 8  42 +146 +4 5 . 6  1 1 2  1 0 . 0 8  2 5 . 2  
3 . 0  45 +160 +10 6 . 0  120 1 0 . 8 0  2 7 . 0  

3 . 2  48 + 1 7 4  +14 6 . 4  128 11.52 28.8 
3 . 4  5 1  +188 +18 6 . 8  136  1 2 . 2 4  30.6 
3 . 6  54 +202 +22 7 . 2  144 1 2 . 9 6  32.4, 
3 . 8  57 +216 +26 7 . 6  152  13.68 ‘ 34 .2  
4 . 0  60 +230 +30 8 . 0  160 14. 40 36.0  

4 . 2  63 +244 +34 8 . 4  168 15.12 3 7 . 8  
4 . 4  66 +258 +38 8 . 8  176  1 5 . 8 4  39 .6  
4 . 6  69 +272 +42 9.  2 184 16.56 41 .4  
4 . 8  7 2  _ +286 +46 9 . 6  192  1 7 . 2 8  4 3 . 2  
5 . 0  7 5  +300 +50 1 0 . 0  200 18 .00  45.0  

V
L

V
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STEP LOAD (APPROX) 
FUEL CELL SKIN CM BUS CURRENT PER TOTAL 
TEMPERATURE VGJAGE FUEL CELL LOAD - INCREASE DECREASE 

383 TO 390 ‘. 
(IN-LINE HEATER) 29. 5 ‘, l9. 4 1722 1280 ' 576 

CYCLING) 
_ 

390 T0 420 29. 8 26. 5 2172 1626 534 

420 T0 435 29. 4 33. 5 2964 1569 924 

435 T0 445 28. 4 46. 0 3921 891 1728 

SM-ZA- 1217 ' 
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BATTERY CHARGER 
FUNCTIONAL DIAGRAM BATTERY CHARGER k e f i OFF 

sw xsm - l  ssqguc L [  SWITCH J °.——>A 
40 we m fifSl‘gvflfljLCHOKE / B , 

, 7 i + 'x 0 MN DC 
E . A&B 
I 0 -  

2 I L 2 l I— : ML 
l__J i,“ * 

CURRENT AMP scnmm TRIGGER VOLTAGE AMP COMPARATOR CKT VSNL1}A%E @ 

1: E 

sw mom: BArrERY c 

i F 
25-30 voc M 

+ :- a h  1 

ac : f if iv TRANSFORMER 3%?n AUXILIARY 
; RECTIFIER POWER POWER 

9'3 4th 4 CKT SUPPLY SUPPLY 
115v : 
‘°°"’ ‘ I I T “A 4L - - 

K01 

2"...W'"k.* 3" 

EP-aooc ‘- * ..» 
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CURRENT VS VOLTAGE REGULATION CURVE 
OUTPUT VOLTAGE 

(VOLTS) 
40.0 

35.0 - 

15.0 - 

l0.0 - 

5 . 0  — 

1 1 1 J 

0 0.5 1.0 I .5 2.0 2.5 3.0 

OUTPUT CURRENT (AMPS) . fl 
EP-oooA(@) 
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