
TABLE 4.2 
GROUND TEST INSTRUMENTATION 

MEASUREMENT 
NAME I RANGE RANGE 

FC 1 Bus A 

FC 2 Bus A 

FC 3 Bus A 

SC2125X ** FC 1 Bus B 

SC2126X ** FC 2 Bus B 

SC2127X ** FC 3 Bus B 

scoo92x 

scoo93x 

scoo94x 

scoo95x 

Pressure low 
O2 tanks 1 & 2 

Motor Switch 
Close O2 tanks l&2 

Pressure low 
H2 tanks 1 & 2 

Motor Switch 
Close H2 Tanks l&2 

SCO36OV 

SCO361V 

Fan Notor Oper 
Tank 1 O2 

Fan blotor Oper 
Tank 2 O2 

Normal - Low 

Open - Close 

Normal - Low 

Open - Close 

Normal - Low 

Open - Close 

Normal - Low 

Open - Close 

BIT 
VALUE 

Event 

Event 

Event 

Event 

* See note, page A-160 ** Data also displayed to crew 



TABLE 4.2 
GROUND TEST INSTRUMENTATION (Continued) 

MEASUREMENT 
NUWGER * 

SCO362U 

SCO363U 

MEASUREMENT 
NAME 

Fan Motor Oper 
Tank 1 H2 

Fan Motor Oper 
Tank 2 H2 

RANGE VALUE 

SC2075X 

SC2076X 

SC2116V 

SC2117U 

sc2iiau 

SC213OX 

SC2131X 

SC2132X 

FC H2 Inline Htr ON 

FC H2 Inline Htr OFF 

FC 1 DC Volts Out 

FC 2 DC Volts Out 

FC 3 DC Volts Out 

FC 1 H2 Purge Valve 
Oper 

FC 2 H2 Purge Valve 
Oper 

FC 3 H2 Purge Valve 
Oper 

ON Event 

OFF Event 

25-40 volts 0.059 

25-40 volts 0.059 

25-40 volts 0.059 

Close - Open Event 

Close - Open Event 

Close - Open Event 

* See note, page A-160 



MEASUREMENT 
NUMBER * 

SC2133X 

sc2134x 

SC2135X 

SC2326X ** 

SC2327X ** 

sc232ax ** 

GC5000V 

GC500lV 

GC5002V 

TABLE 4.2 
GROUND TEST INSTRUMENTATION (Continued) 

- 
MEASUREMENT 

NAME I RANGE 

FC 1 O2 Purge Valve 

FC 2 O2 Purge Valve 

FC 3 02 Purge Valve 

FC 1 0 /H Shutoff 
Valve ape{ Hold 

FC 3 0 /H Shutoff 
Valve apeG Hold 

FC 1 Htr Voltage 
Zone 1 

FC 1 Htr Voltage 
Zone 2 

FC 1 Htr Voltage 
Zone 3 

Close - Open 

Close - Open 

Close - Open 

Off - Hold Event 

Off - Hold Event 

Off - Hold Event 

O-120 vrms 

BIT 
VALUE 

Event 

Event 

Event 

0.472 

* See note, page A-160 ** Data also displayed to crew 



I~IEASUREMENT 
NUMBER * 

GC5003U 

GC5004V 

GC5005U 

GC5006V 

GC5007U 

GC5008V 

GC5009C 

GC5010C 

GC50llC 

TABLE 4.2 
GROUND TEST INSTRUMENTATION (Continued) 

MEASUREMENT 
NAME 

FC 2 Htr Voltage 
Zone 1 

FC 2 Htr Voltage 
Zone 2 

FC 2 Htr Voltage 
Zone 3 

FC 3 Htr Voltage 
Zone 1 

FC 3 Htr Voltage 
Zone 2 

FC 3 Htr Voltage 
Zone 3 

FC 1 Htr Current 
Zone 1 

FC 1 Htr Current 
Zone 2 

FC 1 Htr Current 
Zone 3 

RANGE 

O-120 vrms 

O-120 vrms 

O-5 arms 

O-50 arms 

O-5 arms 

BIT 
VALUE 

0.472 

0.472 

0.0197 

0.197 

0.0197 

* See note, page A-160 



MEASUREMENT 
NUMBER * 

GC5012C 

GC5013C 

GC5014C 

GC5015C 

GC5016C 

GC5017C 

GC5019E 

GC5020E 

GC502lE 

TABLE 4.2 
GROUND TEST INSTRU~IENTATION (Continued) 

MEASUREMENT 
NAME 

FC 2 Htr Current 
Zone 1 

FC 2 Htr Current 
Zone 2 

FC 2 Htr Current 
Zone 3 

FC 3 Htr Current 
Zone 1 

FC 3 Htr Current 
Zone 2 

FC 3 Htr Current 
Zone 3 

FC 1 Htr Power 

FC 2 Htr Power 

FC 3 Htr Power 

RANGE 

O-5 arms 

O-50 arms 

O-5 arms 

O-5 arms 

O-50 arms 

O-5 arms 

O-5000 watts 

BIT 
VALUE 

0.0197 

0.197 

0.0197 

0.0197 

0.197 

0.0197 

19.7 

* See note, page A-160 



TABLE 4.1 NOTE 

The measurement identification used in Table 4.1 consists of seven 
characters: two letters followed by four numbers and one letter as 
shown below. 

FUNCTIOiJAL SYSTEM CODE DISCRETE NUMBER 

MODULE CODE 

Ji 

CLASSIFICATION 

F"'"""'"'"' 
SC 9099P 

blodule Code - 

The first letter designates the measurement location by module: 

C Command Module 

G GSE Auxiliary and Checkout Equipment 

S Service Module 

Function Subsystem Code 

The second letter denotes the subsystem within which the measurement 
originates: 

C Electrical Power 

Discrete Number 

Characters three through six are discrete numbers listed sequentially 
within each system. 

Measurement Classification 

The seventh character, a letter, denotes measurement classification 
or type: 

C Current R Rate 

E Power T Temperature 

P Pressure U Voltage 

Q Quantity X Discrete Event 
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5.0 FUEL CELL/CRYOGENIC SUBSYSTEM MALFUKTION PROCEDURES 

The procedures describe the proper order and nature of emergency 
steps the crew must perform to determine the source of a fuel cell 
or cryogenic storage system problem/malfunction. A Caution and Warning 
alarm and light or abnormal instrumentation indication is evaluated by 
a malfunction procedure logic diagram. The logic diagrams enable the 
crew to determine the source of the problem and corrective actions, if 
required. Fuel cell shutdown and bus short isolation (not related to 
Caution and Warning) procedures are also presented as part of the 
malfunction procedures. 

The procedures are primarily used as a guide for the flight crew to 
locate a problem and are presented for the flight monitor as a guide to 
the crew actions. 

The source of the data was CSM 108 (Apollo 12) Flight Malfunction 
Procedures. 
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YMPTOM 1 
PROCEDURE 

340 pia 

220 1111 I 
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I PROCEDURE -EMARKS 
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SYMPTOM PROCEDURE REMARKS 
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PROCEDURE I REMARKS 

~-165 
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PROCEDURE REMARKS 

~-167 



PROCEDURE REMARKS 



SYMPTOM PROCEDURE 
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I 
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REMARKS 
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7.0 FUEL CELL/CRYOGENIC SUBSYSTEM HARDWARE DESCRIPTION 

The fuel cell/cryogenic hardware description includes the subsystem 
isometric drawings, fluid schematics, component descriptions and 
filtration provisions. 

Isometric drawings locate operational hardware: tubing runs, sizes 
and part numbers: and system interfaces. A schematic drawing of the 
Environmental Control System describes the water and oxygen system 
interfaces. 

Fuel cell and cryogenic storage system schematics aid understanding 
of the system plumbing. These schematics are also used to reference 
to specific hardware component descriptions. 

Filtration data describe the component protected, its minimum 
clearances and the filters rating,size, location and type. 

Hardware descriptions are intended for rapid reference to the specific 
physical hardware affected as a result of a malfunction. Fuel cell/ 
cryogenic subsystem interactions with interfacing components and sub- 
systems are clarified by this background information. 

The sources of the data included North American Rockwell Uperational 
Checkout Procedures (OCP's), Pratt and Whitney Aircraft Fuel Cell 
Electrical Power Supply-PC3A-2 Support Manual, dated February 1, 1969, 
Pratt and Whitney Apollo Fuel Cell Component Descriptions, and Beech 
Aircraft Corporation Project Apollo Cryogenic Gas Storage Subsystem 
Flight Support Manual, dated September 6, 1968. The descriptions are 
applicable through CSM-115 including identified hardware changes for 
CSM 112-115 . The configurations shown were current and correct as 
of December 1969. 
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7.1 SYSTEM HARDWARE ISOMETRIC 
DRAWINGS AND SCHENATIC 
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FUEL CELL/CRYOGENIC SUBSYSTEM LOCATION IN 

/ SERVICE MODULE 
\ 

/ \ 

C/M-S/M?MBILICAL 

FUEL CELL SHELF 
\ 

O2 SUBSYSTEM 

SHELF MODULE \ 

H2 TANKS- 

H2 SUBSYSTEM 

SHELF MODULE \ 

\ 

\ 

VIEW 

I 
BEAM NO. 3 

LOOKING INBOARD 
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SECTOR IV 



FUEL CELL SHELF INTERFACE 

FUEL PUMP 

/N2 REG 

F/C SHELF 
LEVEL 4 

I BEAM BEAM 
NO. 3 NO. 4 

ME 27%0075-0004 
EPS 02 VENT 

ME 273-0041-0001 

-7Y / GLY FILL (LOOP NO. 1) 
ME 273-0036-0002 

N; FILL ME 273-0036-0001 

INTERFACES 
Fl - H2 IN 
F2 - O2 IN 

F3 - O2 VENT 
F4 - H,O OUT 
F5 - N; FILL 

F6 - H2 VENT 

F7 - WATER GLYCOL OUT 
F8 - WATER GLYCOL IN 
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02 ' 

OXYGEN SUBSYSTEM SHELF MODULE 

Ll!!iiJ 

c-\. 

-. 

I I 

BEAM NO. 3 BEAM NO. 4 

y-O2 VALVE MODULE 

-OS-S (ECS 2) 

Y 
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HYDROGEN SUBSYSTEM SHELF MODULE 

HS-3 

HS-2 

HS-1 

H2 

- H, TANK NO. 1 

BEAM NO. 3 BEAM NO. 

(F/C 3) 

(F/C 2) 
I 

!I 
(F/C 1) 4, 

RELIEF 

FUEL CELL VALVE 

Ii2 VALVE MODULE / 

MODULE 



EPS WATER GLYCOL RADIATOR TEMPERATURE SENSOR LOCATION 

FR( 
TO RAumj 

SIGNAL CONDITIONERS 
sc2092T- 
SC2091 T- -v 

BEAM 4 

\ 
F/C 2 KAU. INLET 

SC2092T 
F/C 3 KAU. INLET 

SC20 an 
F/C 1 IRAU. 
OUT1 iET 

VIEW LOOKING INBOi 
(FUEL CELL SHE1 c *DE’ 



WATER GLYCOL SERVICE MODULE LINES 
(F/C3) (TZ) 

V37-458020-143 (3/S)' 

(Tl) (F/C3) 
V37-458056-25 

(Tl) (F/Cl) 
V37-458056-21 

(Tl) (F/C2) 
V37-458056-23 

iUOIATOR RREA 

RADIATOR AREA 

FUEL CELL 12 /A 

FUEL CELL 13 '4 
.a,-+: 
"37-G 

I 

C No. 3 

EFFECTIVE IIN S/C 098 THRU 106 
EFFECTIVE 01( 5/C 107 MO WRS 

LINE SIZE III INCHS(OUlSIM DIMTER) 
NOTE: WL TliICKJ@%.S - .OZO IMCIES MTERIM 30-L CRES 

l WL THICKMSS - .035 MIXES (MTERIN N ALLOY) 
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CRYOGENIC HYDROGEN SERVICE MODULE LINES 
ME 273-O( 
BEAr' T 

F/C Shelf Area 
v37-454030-39 ( l/4 Jm 
v37-454049-19 (l/4)(21 

[21v37-454049-23 (l/4) 
q v37-454030-45 (l/4) 
&Jv37-454031-29 (l/4) 

[zlv37-454049-55 (l/4) 

m ~37-454031-43 (l/4) 

Ql V37-454049-63 (l/4) 

m ~37-454030-47 (i/4) 

QV37-454049-25 (l/4) 

02 Shelf Area 

V37-454208-107 (l/4 
v37-454208-113 (318 

m EFFECTIVE ON S/C 098 THRU 106 

q EFFECTIVE ON SjC 107 AND SUBS 
( ) LINE SIZE IN INCHES (OUTSIDE DIAMETER) 

NOTE: WALL THICKNESS = .020 INCHES 



-- Beam 3 -- -- 

LECS 02 LINES 
(CM-SM Umbilical) 

1 F/C Shelf Area- 

(?)V37-454049-49 
(l)V37-454031-21 
(l)V37-454031-39 
(2)v37-454049-61 
(21v37-454049-51 
(l)V37-454031-23 
(l)V37-454031-33 
(2)V37-454049-57 

02 Shelf Area- 

H2 Shelf Area- 

JRYGGENIC OXYGEN SERVICE XODULE LIIiES 

V37-454207-115 (l/4) 

Beam 2 
c OS5 

/c-3-v37-454207-H3 (l/4) 

v37-454031-25(1/4)(l) 
TJv17-454049-53(1/4)(2) 

II I F/C 3 I 

II 11 
k 

V37-454207-111 (l/4) 
-v37-454207-109 (l/4) 

--V37-454207-107 (l/4) 

(1) EFFECTIVE ON S/C 098 THRU 106 

I 
2 EFFECTIVE ON S/C 107 AND SUBS 

) LINE SIZE IN INCHES (OUTSIDE DIAMETER) 
NOTE: WALLTHICKNESS = .020 INCHES 

454207-105 (l/4) 
-v37-454207-103(1/4) 
-OS-5 (ECS-2) ' ' 
%OS-4 (ECS-1) 
%S-3 (F/C-3) 
qos-2 (F/C-Z) 

OS-1 (F/C-l) 



FUEL CELL NITROGEN SERVICE MODULE LIiJES 

B 

F/C Shelf Area -- 

El v37-454&9-33(1/4)7- 
a v37-454030-57(1/4) 

m v37-454030-59(1/4) 

Ql v37-'!54049-35(1/4 i 

I 
N2 Supply 

-P \ 

q v37-454030-51(m) 

al v37-454030-49(1/4)- 

a V37-454@+2'7(1/4)- 

-- 
(F5) 

I, 
EFFECTIVE ON S/C 098 THRU 106 
EFFECTIVE ON S/C 107 AND SUBS 

( ) LINE SIZE IN INCHES (OUTSIDE 
DIAMETER) 
NOTE: WALL THICKNESS = .020 INCHES 
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ME282-0046-0002 

V37-454240-104 ME282-0047-0040 

V37-454240-103 

V37-454240-102 

ME284-0119-0001 

7-454240-101 
ME284-0115-0001 

1 O2 TANK 3 

V37-454225-11 

V37-454240-101 

HYDROGEN/OXYGEN TANK SHELF MODULE - SECTOR r (SIDE VIEW - BEAM 6 SIDE) 

EFFECTIVE ON CStq 112-115 
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HYDROGEN RELIEF (HR) 

V37-454240-12.5 

r 

/ ’ 

/- 

SECTOR VI 

._ 

4 TO ECS'- 

V37-454203-119- 

V37-454240- 

V37-454240-l 

HYDROGEN/OXYGEN 

SERVICE MODULE LINES 

EFFECTIVE ON CSM 112-115 

k 
FROM O2 TANK 2 

V37-454240-20 

V37-454240-21 

HYDROGEN TANK 3 
SUPPLY TO VALVE 
SHELF MODULE 

15 



FROM H2 TANK 3 - 
SECTOR I 

FORCSM 112-115 

V37-454240-24 

HYDROGEN TANK 3 SUPPLY 

INTERFACE WITH TANKS 1 & 2 - HYDROGEN 

SHELF VALVE MODULE - SECTOR IV 

EFFECTIVE ON CSM 112-115 
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