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ELECTRICAL POWER SUBSYSTEM

A. POWER GENERATION
l. DC SYSTEM
(@) FUEL CELL POWER PLANTS (3)
(b) CRYOGENIC STORAGE SYSTEM

c) ENTRY & POST LANDING
BATTERIES (A, B, &C)

2. AC SYSTEM

SOLID STATE INVERTERS (3)
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ELECTRICAL POWER SUBSYSTEM

B. POWER DISTRIBUTION & CONTROLS

L

DC DISTRIBUTION
(@) BUS SYSTEM
(b) UNDERVOLTAGE SENSING

(c) FUEL CELL CONTROLS
(1) DC BUS CONNECTION
(2) OVERLOAD/REVERSE CURRENT
SENS ING
AC DISTRIBUTION
(@ BUS SYSTEM

(b)  INVERTER CONTROL CIRCUITS
(1) AC BUS CONNECTION
(2) OVERLOAD SENS ING
(3) OVER/UNDER VOLTAGE SENSING
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ELECTRICAL POWER SUBSYSTEM

C. SPECIAL CIRCUITS
1. BATIERY CHARGER (1)

2. PYROTECHNIC BATTERIES (2)

EP-043 | 4 |




ELECTRICAL POWER SYSTEM

FC CONTROL |
CIRCUITS

FUEL CELL
MODULES ()

OXYGEN PANEL 7
TANKS (2)
EPS RADIATORS
HYDROGEN
TANKS (2)
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EPS RADIATOR LOCATION
BLOCK I
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EPS RADIATOR CONTROL

BLOCK Il
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SM CRYOGENIC SYSTEM INTERFACE
(EXTERNAL)

GSE CRYO HTR POWER & -
CRYO FAN CHECK TERMINAL e

OV-EPS
GLYCOL FILL
No FILL

HR & HV-EPS
(FLYAWAY UMBILICAL)
(SECTOR 1)

SECTOR 1V
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CM EQUIPMENT BAYS & CONTROL PANEL IDENTIFICATION

RIGHT-HAND FORWARD

LEFT-HAND FORWARD EQUIPMENT BAY

MAIN DISPLAY EQUIPMENT BAY

CONSOLE

LOWER
EQUI PMENT

BAY (100 SERIES) MAIN DISPLAY

CONSOLE
1-10

LEFT-HAND

EQUIPMENT

BAY

(300 SERIES) RIGHT-HAND
EQUIPMENT
BAY
(200 SERIES)
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EPS COMPONENTS LOWER EQUIPMENT BAY

(BLOCK 1)

PYRO BATTERY B

PYRO BATTERY A
INVERTER NO. 2 BATTERY CHARGER /

INVERTER DC
CONTROL BOX

PYRO BATTERY

INVERTER NO. 3 VENT

INVERTER NO. 1

BATTERY A

TO BATTERY VENT VALVE
ON WASTE MANAGEMENT PANEL
(RHEB 252)

BATTERY VENT LINE

BATTERY B
BATTERY C




DC POWER DISTRIBUTION

SIMPLIFIED SCHEMATIC DIAGRAM
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AC POWER DISTRIBUTION

SIMPLIFIED SCHEMATIC DIAGRAM

AC BUS 1
MAIN p-==1 AC BUS 1 OVERLOAD
|
\ : @ : 400 ~ ?
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LM NEG
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o3
DC NEG BUS AC NEUT BUS PYRO NEG BUS SHIELD GND BUS
} ’ v I
CM LOAD INVERTERS mg IEEATTUTF.{NS CM WIRE
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HYDROGEN TANK NO. |
i A CRYOGENIC STORAGE SYSTEM Bl s
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DESCRIPTION
02 TANK |
HEATER ELEMENT & FAN MOTORS
TEMPERATURE SENSOR PROBE
DENSITY SENSOR PROBE
(DeLETED)
02 TANK | PRESSURE RELIEF VALVE
0, TANK | PRESSURE SWITCH
02 TANK | PRESSURE TRANSDUCER
02 TANK 2
HEATER ELEMENT AND FAN MOTORS
TEMPERATURE SENSOR PROBE
DENSITY SENSOR PROBE
(DeLETED)
02 TANK 2 PRESSURE RELIEF VALVE
02 TANK 2 PRESSURE SWITCH
02 TANK 2 PRESSURE TRANSDUCER
02 TANK 2 CHECK VALVE
02 FILTER, TANK |
02 FILTER, TANK 2
Ho TANK |
HEATER ELEMENT & FAN MOTORS
TEMPERATURE SENSOR PROBE
DENSITY SENSOR PROBE
(DELETED)
Hp TANK | PRESSURE RELIEF VALVE
Hy TANK | PRESSURE SWITCH
Ho TANK | PRESSURE TRANSDUCER
Hz TANK 2
HEATER ELEMENT & FAN MOTORS
TEMPERATURE SENSOR PROBE
DENSITY SENSOR PROBE
(DELETED)

TABLE 2-2

D1 SCONNECT

OR
V=i
OF -1
oP
0v-2
OF-2
OV-EPS
HR
HV-1
HF =1
HV=-2
HF -2
HP
HV-EPS

DESCRIPTIO

Hp TANK 2 PRESSURE RELIEF VALVE
Hp TANK 2 PRESSURE SWITCH

H2 TANK 2 PRESSURE TRANSDUCER
H2 TANK 2 CHECK VALVE

Hp FILTER, TANK |

H2 FILTER, TANK 2

FueL CeLL 02 CHECk VvALVE (2)
FueL CeLL #1 Op SHUT OFF VALVE
FueL CELL f#2 02 SHUT OFF VALVE
FUeL CELL #3 Op SHUT OFF VALVE
FUueL CELL #1 Hy SHUT OFF VALVE
FueL CELL #f2 H2 SHUT OFF VALVE
FUeL CELL #3 Hp SHUT OFF VALVE
FueL CeLL H2 CHECK VALVE

DI SCONNECT KEY
DESCRIPTION

OXYGEN RELIEF

OXYGEN VENT, TANK |
OxXYGEN FILL, TANK 1
OXYGEN PURGE

OXYGEN VENT, TANK 2
OXYGEN FILL, TANK 2
OxYGEN VENT, FueL CELLS
HYDROGEN RELIEF
HYDROGEN VENT, TANK |
HYDROGEN FiLL, TANK I
HYDROGEN VENT, TANK 2
HYDROGEN FiILL, TANK 2
HYDROGEN PURGE

HYDROGEN VENT, FUEL CELLS

14
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CRYOGENIC PRESSURIZATION

& QUANTITY MEASUREMENT DEVICES

CAPACITIVE
PROBE

OO

og| Q

FAN & MOTOR
ENCASED
INTERNALLY

1/

FAN & MOTOR
ENCASED
INTERNALLY

ek
i ¥
ep-m68 L ¥




OXYGEN STORAGE SYSTEM

(ELECTRICAL)
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SM MAIN BUS A

HYDROGEN STORAGE SYSTEM
(ELECTRICAL)

Hy FANS 1

r-------------‘

- :

AUTO
CRYOGENIC 3
FAN MOTORS 3—'in OFF
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CRYOGENIC STORAGE SYSTEM
TELEMETRY

(0) TEMPERATURE (SC0041T) 4 TEMPERATURE (SC0043T)
2/ e 2 /o el
SIG SIG
TANK 1 H conp | QUANTITY (SC0032Q) TANK 1 Conp| QUANTLTY (SC0030Q)
PRESSURE (SC0037P) PRESSURE (SC0039P)
| e RELIEF ‘ S A
RELIEF VALVE ®:‘CD PRESS. TXDUCER VALVE <O PRESS. TXDUCER
/ -
PRESS. sSW > i PRESS. SW c;:> FIC 1
REACTANT REACTANT
ECS 0, SOV SOV
suppy € ".
GSE PURGE b ::":I S FIC 3 FIC 3
ECS 0 ] B
2 g —— GSE PURGE =
SUPPLY
FIC 2 . £
PRESS. SW PRESS. SW
RELIEF B PRESS TXDUCER
VALVE < — PRESS. TXDUCER RELIEF VALVE
PRESSURE (SC0038P) PRESSURE (SC0040P)
SIG SIG
TANK 2 = Con| QUANTITY (SC0033Q)  TANK 2 H con | QUANTITY. (SC0031Q)
LT AT

TEMPERATURE (SC0042T) TEMPERATURE (SC0044T) >
EP-404B (ﬁ}
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CRYOGENIC STORAGE SYSTEM

TEMPERATURE/NORMAL MISSION PROFILE

-129 -
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| 159}
169}
19k -319F
i Loo1g9f - -39
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| = =
< -199 B << -339 =
& &
< 209 = 309}
b =
§ -229 hg -359}
[~
2 -39 -369|-
w w
o~ o
S T -39
-259  -389} (HYDROGEN)
260  -399
219 -409
: _289 B _419 b | | | 1 | l 1
| 0 50 100 150 200 250 300 350

MISSION TIME FROM LAUNCH
ep-0198% ¢
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BTY/LB WITHDRAWN

SPECIFIC HEAT INPUT

| 907

160

OXYGEN SPECIFIC HEAT INPUT
BASED UPON:

() TANK PRESSURF OF 900 PS/A
(@) I100RBFILL

(3) FLUID TEMPERATURE -284°F

1401
1204
Joo
80-
60+ MIN.HTR ¢
@ FAN CYCLE ¢ HEAT LEAK
I '
5 Y,
£ | Mlndq,/dm | 30 BTUY/ HR
|
: — 857 Ib/HR FLoW
! : ! (PER TANK)
|
20- ! : :
| ) !
] | !
| t |
o 4 + lt' :in t1° - + : - - .
© /10 20 30 40 50 60 70 80 90 /00 20

PERCENT OF INITIAL WEIGHT



SPECIFIC HEAT INPUT BTUJLB WITHDRAW

HYDROGEN SPECIFIC HEAT INPUT
BASED UPON:

(N TANK PRESSURE OF 250 PSIA
(2) 100 9% FILL

(B) FLUID TEMPERATURE - 4/6 °F
(@) 100% PARAHYDROGEN

igo-+
IN.
o PMIN HTR{FANCYCLE S
' HEAT LEAK
] .
: M'ﬂ,d'q,/dm 7BT‘J/HR
oo + i , ' 070 1b/HR FLow
. ! . (PER TANK)
80 4 | .
Y = 2 ¥ {
5 S | 3 . 38, o & | 1 % } 1
o 10 20 30 40 so 6o o ac 90 100

PERCENT OF INITIAL WEIGHT 21




EFFICIENCY (%)

05888333888

o

CELL EFFICIENCY

4

4

100 200 300 400 500
CURRENT DENSITY (AMPS/FT?)

. T,
g

EP-011B{ +
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FUEL CELL POWER PLANT

MODULE

SUPPORT

ASSEMBLY
ELECTRICAL
CONNECTIONS

PLUMBING
CONNECTIONS

PRESSURE ;-
JACKET ¥

WEIGHT
245 LBS

RATING
1.42 KW
29 +2 V

EFFICIENCY

1 KW ELECTRICITY
PER 0.77 LBS

OF REACTANT

23

.
)
N

»

Onviar
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FUEL CELL MODULE ACCESSORIES

N2 PRESS. TXDUCER BAY 1
N2 STORAGE TANK SEC BYPASS VALVE
Ha, O PRESS. REG
. CONDENSER
plcwidS )y BAY 1 Ha0 SEP/H2 PUMP
: U » / PH SENSOR (WATER PURITY)

GLYCOL
ACCUMULATOR

aay3 M2 Op PRESS. TRANSDUCERS
2-STEP N2 GAS REGULATOR

BAY 2
Hp, 02 PREHEATERS
GLYCOL REGEN
Ha, 02 PURGE VALVES
INLINE HEATER CONTROL GLYCOL

N2 PRESS.
REG

PUMP

N2 SAMPLING VALVE

NEG
POWER LEAD

PRESSURE TANK

POS
power  POWER LEAD

: GLYCOL FROM
/GLYCOL T0
- Hp VENT
. N FILL
H20 OUT
02 VENT

02 SUPPLY
H2 SUPPLY

SUPPORT CONE RADIATOR

%

e
i 2\

.

HEATERS

CONTROLS 24

e Tic,
»" - »

INSTRUMENTATION £
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FUEL CELL MODULE

H, REGEN 0
REG
G 7 4
=7y 0, PURGE
) \ AN.
10 cono—J1_ Ik /ﬂ ? sl MAN
1/ (. c=- Hy DUALS
i = i MAN.
i EA: It
| ==k
| \ = L
; < 't / RS 5 H2 H20
o = = = == id | ™
N &S — i————>1 |l PRIMARY BYPASS VALVE
0, INTAKE ! © | et o je—
Hy INTAKE ] e sy s
MAN. | ==
et
ly I |
f
© O ®
TORS ION
ROD

EP-012D ¢ #

3

25




wcn  PHASE DIAGRAM FOR KOH-H,-O

400
350
LIQUID
B SQBID
: (KOH)
: SOLID <
KOH. H720
250 : ( e ) MELT
L MELT
SOLID |
- + H
MELT |
150 : SOLID
: (KOH + KOH . H20)
KOH{HzO
100 f= [ e |
| SOLID :
KOH|2H20 ~ (KOH.HO + KOH .2H20) |
e e U6 BOAT MR LRA T R OO TR T T ) T e T WL IR VYT NN BN M

55 60 65 70 75 80 85 90
WT % KOH .
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FUEL C
SCHEMATIC DIAGRAM

HYDROGEN REGENERATOR

POTABLE L
% hywyn  HYDROGEN PUMP
WATER (s L ikt INLINE HEATER CIRCUIT
PH SENSOR CHECK VALVE HH,0 i e !
WATER SEPARATOR -l ¢ : " |
%% Hp + || /(ONE SHOWN - 31 IN SERIES)
TEMP SENSOR Ho STEAM !
g
CONDENSOR:!
i
NITROGEN
I N> SAMPLING
/e H EEE ; 02 (FOR TEST ONLY)
I'Hp + Hp0 1 =
1 “ BYPASS |
¥ VALVE 02 / |
: I TEMP SENSOR /
4 | 8l _ PURGE VALVE mmé
I H2 ORIFICE : XUEL CELL
1 | 2 : . MODULE
I COOLANT ‘ - oved
Ha OXYGEN . [
|
8 PUMP HYDROGEN  MlH ouirror [Th C2i4 REGULATOR
PRE-HEATER : OVERBOARD
I OXYGEN I
COOLANT | oy '
REGENERATOR [ BYPASS |l § - G
VALVE ! 0 Z STEP
4 i Ng GAS
GLYcoL REGULATOR
| S R
N2 " REGULATOR
: ; " ' ~TANK
N7 Xo
§ oo OXYGEN ks e
| HyDROGEN | FEED
GLYCOL FROM RADIATOR e 1/ asps) %0 PS| erTROGEN
GLYCOL TORADIATOR e OXYGEN VENT
REACTANT SOV h, FLOW SENSOR  Flow SENSOR REACTANT SOV

Pl
EP-605G {@
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SINGLE CELL CONSTRUCTION

SPACER
ELECTRODE AREA

DIAPHRAGM

REACTANT
ouT

CERAMIC
INSULATOR

REACTANT
IN

'L
aaaaa
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CELL CUTAWAY AND MOUNTING
CONFIGURATION

WELDS

NICKEL + NICKEL OXIDE

ELECTRODE
TEFLON SEAL 02 N )
[/ S =SS [/
’ - —_— N\ O e N : /4
, ‘é“ 77, A \\\\\\\\\\\,_ !",',
f == 3 x>y} SPACER
N , b 1
o e >/
? ST oY 2. T ‘
s e S
D S N N
N T e R T T Y N
\ mIIIIIIIIIIIIILLI//\H N S
N NICKEL BACKPLATE 2 2 N
DIAPHRAGM SECTION NICKEL ELECTRODE KOH
et
EP-039A (AA%)
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FUEL CELL ELECTROCHEMICAL FLOW SCHEMATIC

VOLTMETER: :
i LOAD SWITCH

AMMETER— i
Ml ol o
GAS """q Q) ® E_ GAS

o B T 200
2009
":OOO
ORES 200 COARSE PORES
e: 00
KOH & OOO
ELECTROLYTE [X0o
H2 + 00 02
GAS =09 ST e
CHAMBER —_|| =09 CHAMBER
+090
e O
EXHAUST L% 02 —p Oj VENT
Hy+HyO =~ —mn 080 .
|
FUEL N, GAS OXYGEN
ELECTRODE ELECTRODE
(ANODE) (CATHODE)

EP-003A {(#®)}
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HYDROGEN ELECTRODE REACTION

K+

]
e
ELECTROLYTE/GAS
INTERFACE
Hp = H2 > H > H-> H\APPROX OH— <

HYDROGEN GAS - H2O <« HO == H2O —— H20 -« D B ELECTROLYTE
S~—

oH™ S

HYDROGEN ELECTRODE

2Hg + AOH™ = 4H0 + 4e

......
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OXYGEN ELECTRODE REACTION

i | |

OH—
% 52
| ELECTROLYTE/GAS /
INTERFACE
\ APPROX b
OH e : :

e
ELECTROLYTE SR Oy "l OXYGEN
OH_/ I \ ~— - o
|
OH OH™ |
FINE *‘:‘7 COARSE PORE ey
o “PORE I
K+ |

2H7O + Og + 4e = 4OH™

EP-006 B (29%)
33




PURGE INTERVAL (HOURS)
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FUEL CELL 2
PURGE (RHEB 226)
A
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SYSTEMS TEST METER (LEB PANEL 101)
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EPS CM-RCS
Systems Radiator Oxidizer Battery Battery
Test No, O5. Hy Outlet Valve LM SPS Manifold Relay
MMeter Pressure Temperature Temperature Power Temperature Pressure Bus
Display (PSIA) (°F) (" F) (Amps) (" F) (PSIA) (VDC)
0.0 0 -50 -50 0 0 0.00 0
0.2 3 -36 -46 0.4 8 0. 72 158
0.4 6 -22 -42 0.8 16 1.44 3.6
0.6 9 -8 -38 L2 24 2.16 5.4
0.8 12 +6 -34 1.6 32 2,88 nne
1.0 15 +20 -30 2.0 40 3.60 9.0
1.2 18 +34 -26 2.4 48 4.32 10.8
1.4 21 +48 -22 2.8 56 5.04 12.6
I.6 24 +62 -18 B2 64 i d 14.4
1.8 27 +76 -14 346 72 6.48 1642
2.0 30 +90 -10 4.0 80 7.20 18.0
2.2 33 +104 -6 4.4 88 {192 1958
2.4 36 +118 -4 4.8 96 8.64 21,6
2,6 39 =132 0 S 104 9.36 23,4
2.8 42 +146 +4 5.6 112 10.08 25,2
3.0 45 +160 +10 6.0 120 10.80 27.0
3.2 48 +174 +14 6.4 128 11552 28.8
3.4 51 +188 +18 €.8 136 12,24 30.6
3.6 54 +202 +22 e 2 144 12.96 32.4
3.0 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 3.8
4.4 66 +258 +38 3.8 176 15.84 39.6
4.6 69 +242 +42 97 184 16.56 41.4
4.8 72 +286 +46 9.6 192 11,28 43.2
5.0 5 +300 +50 10.0 200 18.00 45,0

0
]
9))]
H
=
g
9]
o
>
H
>

1%




FUEL CELL SKIN CM BUS CURRENT PER TOTAL STEP LOAD (APPROX)
TEMPERATURE VOLTAGE FUEL CELL LOAD
. INCREASE DECREASE
(DEG F) (VDC) (AMPS) (WATTS) v iy
##
383 T0 390
(IN-LINE HEATER) 29.5 19,4 1722 1280 576
CYCLING)
390 TO 420 29.8 2.5 2172 1626 534
420 TO 435 29.4 3.5 2964 1569 924
135 T0 M5 28.4 46.0 3921 891 1728
SM-2A-1217
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ELECTROLYTE FILL
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PYRO BATTERY
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APOLLO BATTERY CHARGER

. EXTERIOR

EP-024-1 { # | 43




BATTERY CHARGER
FUNCTIONAL DIAGRAM

BATTERY CHARGER
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(A4

CURRENT VS VOLTAGE REGULATION CURVE

OUTPUT VOLTAGE
(VOLTS)
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% 2.0 2.5
OUTPUT CURRENT (AMPS)
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ep-009 A {®)
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EPS POWER DISTRIBUTION

DC POWER SYSTEM
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FUEL CELL CONTROL CIRCUIT

MAIN BUS A  FIC BUS DISCONNECT

| B R e AR s )
y 1 CAUTION &
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|
: b LI B FE POWER
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DC UNDER VOLTAGE SENSING
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ENTRY BATTERY /MAIN BUS TIE CONTROL

S BAT BUS A BAT BUS B S
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BATTERY CIRCUITS
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- APOLLO STATIC INVERTER
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INVERTER BLOCK DIAGRAM
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PHASING & HARMONIC NEUTRALIZATION
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WAVE DEVELOPMENT
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EPS POWER DISTRIBUTION

AC POWER SYSTEM
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INVERTER CONTROL CIRCUIT
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AC SENSING
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MAIN DISPLAY CONSOLE LOCATOR

£p-2004 (@)
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CAUTION & WARNING BLOCK DIAGRAM
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MIN DQ/DM
MN

MS

N2
NEG
NEUT
N.O.
NON-ESS

ACRONYMS

Ampere Hour(s)

Ammeter

Amperes

Auxiliary

Battery

British Thermal Units
Controlled Current Feedback Transformer
Circuit

Command Module
Communications

Compressor

Condensor

Cryogenic

Caution and Warning
Environmental Control Subsystem
Earth Landing Subsystem
Electrical Power Subsystem
Entry and Post Landing

Fuel Cell

Flip Flop

Flight Bus

Ground Support Equipment
Guidance and Navigation
Hydrogen

Helium

Hydrogen Fill-Tank 1
Hydrogen Fill-Tank 2
Hydrogen Purge (GSE Hp Fuel Cell Supply)
Hour

Hydrogen Relief

Heater

Hydrogen Vent - Tank 1
Hydrogen Vent - Tank 2
Hydrogen Vent - EPS (FC H2 Purge Vent)
Potassium Hydroxide
Kilowatt(s)

Lunar Module

Manifold

Minimum

Minimum Heat Energy Per Mass
Main

Motor Switch

Nitrogen

Negative

Neutral

Normally Open

Non Essential
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02 Oxygen

OF-1 Oxygen Fill - Tank 1

OF=2 Oxygen Fill - Tank 2

OH Hydroxyl Ion

0/L - R/C Overload - Reverse Current

OP Oxygen Purge (GSE O2 Fuel Cell Supply)
OR Oxygen Relief

o/V Overvoltage

ov-1 Oxygen Vent - Tank 1

ov-2 Oxygen Vent - Tank 2

OV-EPS Oxygen Vent — EPS (FC Oy Purge Vent)
p Hydrogen Ion Concentration

POS Positive

PPM Parts Per Million

PPS Pulses Per Second

PRI Primary

PS Pressure Switch

PSIA Pounds Per Square Inch Absolute
PSIG Pounds Per Square Inch Gauge

PWR Power

REGEN Regenerator

RCS Reaction Control Subsystem

SC Spacecraft

SEC Secondary

SECS Sequential Events Control Subsystem
SIG COND Signal Conditioner :

SM Service Module

SMJC A Service Module Jettison Controller A
SMJC B Service Module Jettison Controller B
Sov Shut Off Valve

SPEC Specification

SPS Service Propulsion Subsystem

SW Switch

T/D Time Delay

u/v Undervoltage

VGP Vehicle Ground Point

M Voltmeter

XDUCER Transducer

XSTR Transister

Cycle




AC POWER DISTRIBUTION

SIMPLIFIED SCHEMATIC DIAGRAM
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EPS COMPONENTS LOWER EQUIPMENT BAY

(BLOCK )

PYRO BATTERY B
PYRO BATTERY A

INVERTER NO. 2 BATTERY CHARGER

INVERTER DC
CONTROL BOX

POSITIVE TERMINAL

INVERTER NO. 3
PYRO .BATTERY VENT

INVERTER NO, 1

| " BATTERY A
NSNS BT N, . TO BATIERY VENT VALVE
) /(?' D : 5 Q25T ON WASTE MANAGEMENT PANEL

3 (RHEB 252)
BATTERY C \
CIRCUIT BREAKER

BATTERY B UNDER METAL COVER BATTERY VENT LINE
(TYP ON BAT A & C)
BUS BAR FROM + TERMINAL
ON BAT TO TERMINAL

NO. 1 ON CIRCUIT BREAKER
(TYP ON BAT A & C)
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