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- SUBJECT : APO LLO FU EL CELL EXTENDED MISSION LIF E REQU I REMENTS 

REFERE~CES : CA> NR LETTER .M8MA4-3-2131, DATED ·22 APRIL 1968 
.. . - - / 

CB> P&WA LETTER 0D-2962, DATED 6 JU,'iE 1968 

OD-3006 

AS A RESULT OF RECENT CORR ESPO,\lDEi JCE CREFEREi-JCES A & 8) AND DIS-
, 

CUSSI ONS WITH NR PE~SONNEL ABOUT POSSI BLE REQUIRE MENT S FOR tXTENDiD 
. . 

FUEL CELL POWERPLANT OPERATING TI MES, IT SEE MS APPROPRIATE TO 

----SU~MAR IZE PRESENT QUALIFICATI ON STATUS AND POTENTI AL CAPABILITY 

FO~ NR 'S I NFORMATION A~D CJNS IDERATION. 

i 

I N AUGUST, 1965, THE BLOCK I APOLLO FUEL CELL PO WERP LANT QUAL I F ICATION 

TEST t,JAS CO ~lP LETED. THE POWERPLANT vJAS QUA LI F I ED FOR 12 STRTS AND / 

- -4~0 HOURS ~F T~TAL •• L_OAD •• TIME . I NC LUD! i\JG 366 HOUR~00M I N; L ~~4 DAYS) 

OF SI MULATED MISS I ON ENDURANCE ■ THE VI BRATION TES T SI MULATI NG LAUNCH 

COND I T!O i\JS WAS CONDUCTED AFTER 18 HOURS OF LOA D T!i"lE. 



. IN DEC EMBER, 1966, THE BLOCK II APOLLO FUEL CELL COMPONENT QUALIFI­

CATION TEST UNDE R THE NR BASIC BLOCK II PURCHASE OR6ER WAS CO M­

PLETED . THE BLOCK I I POWERPLANT WAS QUALIFIED FOR 8 STARTS C 6 

- R~ST/\RTS) AND 50! HOURS ?F TOTAL LOAD TIME INCLUDING 459 HOURS Cl 9 

DAYS> OF SI MULA TED MISSION ENDU~ANCE. THE VI BRAT ION TEST SI MULATING 

LAUNC H CONDITIONS WAS CO ND UCTED AFTER 26 1/2 HOURS OF LOAD TIME. THE 

TEST WAS CONTINUED vJITH A DIFFERENT LOAD PROFILE AND COOLANT RETURN 

REQUIREMENTS UNDER NASA CONTRACT NAS 9-4476• THE PRI MAR Y GOAL WAS A 

TOTAL COMBINED LOAD TI ME OF 720 HOURS AND THE SECONDARY GOAL WAS A 

TOTAL COMBINED LOAD _TIME OF 1000 HOURS• THE TEST WA S TERMINATED 

AFTER A TOTAL COMB INED LOAD TIME OF 941 HOURS AND THE PRIMARY GOAL 

e 

WAS ACHIEVED. 

-
IN SUMMARY THE BLOCK II APOLLO FUEL CELL PO WERP LANT IS QUALIFI ED 

EITHER 12 STARTS AND 400 HOURS ,TOTAL . LOAD TI ME OR 8 STA RTS AND 501 

HOURS TOTAL LOAD TIME. THIS MAY BE EXTENDED TO 720 HOURS TOTAL LOAD 

IF THE NASA SUPPO RTED EXTENSIO~ IS ACCEPTED. THIS QUALIF ICATI ON 

STTUS INCLUDES SUCCESSli"UL C;JMP LET I 0 ,-.i OF A SI MULA TED MISS I 01\J AFTER . 

THE LAUNCH SI MULATING VI BRAT IJ~ TEST WITH UP TO 26 l/2 HOURS OF 

LOAD TI ME ACCUMULATED PRIOR TO THE vi aRAT ION TEST • .- • 

APOLLO FUEL CELL LIPE IS A FUNCTION OF TI ME AND TE MPERATU RE . IN ORDE R 

TO ESTABLIS H A CONSISTENT BASIS FOR COMPAR I SJ~ WE CONSID ER HO T TIME 

AS THE TIME ABOVE 300F• THE BLOCK II QUALIFICATION TEST AND 4 88 HOURS 

OF HOT TI ME AFTER THE VI BRA TION TEST ~OT I NCLUD I NG THE NASA TEST 

EXTENSION . I NC LUDI NG THE NASA EXTENSIO~ 952 HOURS OF HOT TIME WERE 

ACCUMUL~TED AF TER THE VI BRAT I O~ TEST• 
\ 

WE HAVE RE VI E\•JE D THE GROUND TES T TP'lE EXPER IE NCED ON S/C 0 17 AND 

S/C 020 PRIOR TO LAU1JCH AND THt. Ai'.JTIC IPATED GROUND TEST TI ME ;-OR 

S/C 101 AND FUTURE MISSIONS IN COMP .~K !S0,\J WITH THE QUALI FIC ATI ON 

STATUS OF THE PJWERPLA~Ts. PAST EXPE~IE~CE (S/C 020) SH OWS ABO UT 
I 

76 HOU~S HJT Tr ;,jE: i~:G UI~i..:o FJR ~DDT A.✓ O 8 6 H)URS HJT T L ,JE 'r!~S!ULtC::D 



APP RO X I MA ;rEL.Y 72 HO URS OF VAC UU,"l CH.<\ ;vJ3E: ;"~ HO T T H lE SHO ULD BE 

- ADDE~ • • THUS, ASS Ui·1I.\JG i\J O SI G.'JI F I C.C\ ,\J T CDD T HOLDS , U\Ui'.JCH CJ U>JT - DO \•J~~ 

HOL DS , J;:~ KEC YCL ES , ' IT r\ PPEt\~ S TrlA T BLOC K I I POUEr~P L A,-J'f S \-JI LL ACC U~1lU ­

L ATE A MI ~ I MUM 10 F 234 HOU~$ HJT TI ME P~ I O~ T J L AU~CH CA~D VI 3RA TI 0N ). 

T HUS THE I NTENDED 10 DA Y ~ IS S I G~ T OTAL MI N IMUM HOT TI M~ WILL BE ON 

T HE ORDER JF 4 80 HOURS; WiLL WITHIN THE BLJC K II QUA L IF I CA TION 

TEST TOTAL. HO WE VER , L A UNCH V1 8RA T! ON WILL OCCUR AFTER CONSIDERABLY 

MORE HO T TI ME THA,\J IT DID Oi\J THE BLOCK II QUE-'\LI ~ I C4TI ~i\) . T~ sr._] f\NALY~, 

SIS OF TH E LI MIT[D DA TA A VA ILAB LE INDICATES THAT 240 HOURS 0~ HOT 

• TI ME CAN BE ACCUMULATED PR IOR TO L A LJ i\)CH VI 3?-A TI □ ,,J ·iHTHOUT 

J EOPARD I Z i ~G THE SUCCESS OF A 10 DAY Missi0N ~ , ~N ADD I TION , A~ 

' EAR TH ORB IT MlSSI Ohl MA Y BE _S AFETY P1DJUSTED IF' GRA DUAL SHORTT.J G 

A PP EAR S DUE TO TH E EFFECTS OF VIBKI-'\TI O;\) P1F TER Pr\OL ONGc.. D OPERA TIOi'J. 

,. - THE SI GN IFI CAN T DATA AVA ILAB L E IS TAB ULA TED 8E LJ W: 

TEST HOT TI Mt:.. Si-!ORTI N G AFTER HOT TI ME SHOR TI N G 

BEFORE VIBRATION AFTER VI BR.l~ TION 

' 
VI BRA TI ON, 

----- ·-----
,I 

BLK I / . 

QUAL TEST 

?650717 81• 9 CVI B# l) NO 473 • 5 NO 

P65071 7 555. 4 CVI B#2) YES 100 YES* . . .. .. .. 

- P 65 0 71 8 86 .4CVIB# l) NJ 408 NO .. . - . . -

P 65 0 71 8 494•4CVI 8# 2) YES 0 . . - . -



-

-

{ 

i3 LK I I 

QUAL TEST 

P650718 

?650718 

< EXTEi'.JDED > 

DEVEOPME NT 

TESTING 

X-40/1- 1 6 

X-405-11 

NASA 

PO \tJERPLANT 

P650725 

S /C-1 O 1 - ~ ~ -. 

ESTIMATE 

120 

120 

470 

·, 

575 

240 MIN. 

NO 

NO 

YES 

YES 

YES 

NO 

TEST 

488 .NO 

952 NO 

YES 

0 

NOT YET RUN 

240 NO 

* 70 HOURS AFTER VI BRA TIOi'-.J TEST NO. 2 STACK SHORTING WAS EQUIVALENT 

TO 2 AMPS AND 30 HOURS LATER THE POWERPLANT WAS SHUTDOWN DUE TO 

STACK SHORTING EQUIVALENT TO 5 AMPS 

FROM THE ABOVE, IT APPEAR~ THAT SUCCESSFUL COMPLETION OF A 400 HOUR • 

MISSION AFTER VI BRATI ON HAS BEEN DEMONSTRATED WITH NOT MORE THAN 120 

HOT HOURS BEFORE SI MULATED LAUNCH. CERIA/COBA LT TR EA TED ELECTRODES, 

- l-lO l·JEVER, HAV£ SHOWN SUBS TANT !ALLY INCREASED RES I STANCE TO SHORT ING 

RESULTING IN GREATLY EXTENDED POWERPLANT LIFE POTENTI AL• THIS 

ADVANTAGE IS ALSO EXP ECTED TO POSTP0;1JE Ai\JY PREMATURE SHORTI NG THAT 

MIGHT OCCUR WHEN LAUNCH VIBRATIO~ IS EXPERI E~ CED AFTER EXTEND ED 

\ 



OP E~i::\ 11 0 1'-iS OF' TH E POltJEHP LA1\JTS u t\J THE GK OU,\JO. IT IS ES TI MA TED, 

ON TH E PLAi\J NEO GROUND TES T PROGRAM OF REFERENCE (A), THAT ABOUT L100 

HOURS OF HO T TI ME CAN BE ACCU MULATED PRIOR TO LAUNCH ON A CERIA/ 

CO BA LT TREA TED POWERPLANT WITHOUT JEOPARDIZING TH E SUCCESS OF AN 

APOLLO MISSION. 

WE TH EREFORE SUG GEST NR GIVE CONSIDERATION TO THE FOLLOWI NG ALTERNA­

TIVES: 

1. PROVIDE FOR A TEST PROGRAM TO DETERMINE THE MAX I MUM HOT TIME WHICH 

CAN BE ACCUMULATED ON THE BLOCK II 8/M POWERPLANT PRIOR TO LAUNCH 

VIBRATION , WITH ASSURANCE OF SUCCESSFULLY CO MPLETI NG 336 HOURS 

(14 .DAYS) OF MISSION TI ME AFTER VI BRA TION. INCLUDED HJ° THIS PROGRAM 

SHOULD BE A CONSID ERAT ION OF VI BRA TION EFFECTS DUE TO I N-FLIGHT 

SPS ENGINE FI RI NG. 

- 2• MINIMIZE PO(•J~ RPLANT PRELAUNCH HOT TI ME ASSURING THAT IT DOES NOT 

EXCEED THE DE MJNSTRA TED 120 HOURS FOR LU NAR MIS S I ONS OR THE ESTI MA TED 

240 HOURS FO R EARTH ORBIT MISSIONS ■ 

3. QUALIFY TH E BLOCK II POi-JERPLANT WITH CE/CO I NC LUDI NG 

VIBRATION TESTI NG AFTER ACCUMULATION OF REALISTICALLY EXPECTED 

GRO UND TEST HOT TI ~E . 

P&t·JA , AS STATED IN REFEREi·.JCE (B), RECOMMENDS CE/C O QUALIFIC AT ION AS 

REQU I RU.JG THE LEAS T EFFORT ./\ND TI ME , RESULTING IN MI NI MUM CONSTRAINTS 

ON PRELAUNCH TEST TI ME, AND 'SUBS TA NTIALLY REDUCi NG THE RISK 

OF EXPENSIVE PJ ¼ER PLANT REPLACEMEN T JR OVERHA UL PRIOR TO LAUNCrl DUE TO 

ACCUMULATED G~J UND TEST TI ME . OUR UNDERSTAN DIN G OF 'APO LLO P~JGRAM 

SC HEDULES LEA DS US TO BELIEVE THIS CA~ B E ACCOMPLIS HED P~ I J~ TO THE 

S / C I O 5 -. ·:I S S I ON • SHOULD~~ DiSI~E TO DI SCUSS THIS MATTER FURTHER 
. -

J~ ~E VIEW EXISTI ~ G DEV~L0PM ENT AND QUALI F I CATION TEST DATA I ~ MJRE 

DETAIL , P L;!--". i-HLL ASS I ST I N .A : l Y ;f\Y POS S I3LE ■ 
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• PRODUCTION PROGRAM 

• FAILURE REPORTS 

• WATER/GLYCOL SYSTEM 

• PC3A-2 1000 HOUR CAPABILITY 

• POST - BLOCK II PROGRAM SUPPORT 
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PRODUCTION PROGRAM 
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- --- - ,_ - - - - -- - - - - - - - --
PRODUCTION EFFORT 

POWERPLANTS DELIVERED 

• BLOCK I ..... 37 

• BLOCK II ..... 20 

• OVERHAUL ACTIVITY ... 63 - INCLUDING N2 TANK, GLYCOL REPLACEMENTS 731-2-3 AND 723 

POWERPLANTS TO BE DELIVERED 

• 

• 

BLOCK I. · . 

BLOCK II . 

0 

31 PLUS 6 UPDATES 

HARDWARE 

• 

• 

VENDOR PARTS ON ORDER . 

VENDOR PARTS RECEIVED . 

95% 

71 % 

• P&WA FABRICATED PARTS MEETING POWERPLANT NEED DATES 

• ELECTRODES IN HOUSE THROUGH 780 AND FIRST SET OF UPDATE POWERPLANTS 

SHIPPING CONTAINERS 

• 

• 

• 

• 

TOTAL AVAILABLE ..... 6 SETS 

AT P&WA 8/7 ......... 11/3 SETS 

ONE SET REQUIRED AT P&WA 1 MONTH PRIOR TO POWERPLANT DELIVERY 

STAGNATION TURNAROUND TIME PER SET AT NR ..... 3 1/2 MONTHS 

1-4 
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- --- - - - - - - -- - - - - - - - -- -

OUTSTANDING FAILURE REPORTS 
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- ---
REPORT NO. 

R.0. 

5064 

5067 

5069 

- - - - - - - - - - - - - - - -- -OUTSTANDING FAILURE REPORTS 

PART NAME P/P NO. 
FAILURE 

DATE WHEN NOTICED SYMPTOMS 
STATUS OF 
ANALYSIS 

Nz PRESSURE 
TRANSDUCER 

743 (O&R) 4/17/68 BEGINNING OF 
GO AHEAD GLYCOL SYSTEM 

LOW READING 1) FAILURE 
OCCURRED AT 
P&WA 

INLINE HEATER 764 
CONTROL 

Nz FILL 
VALVE 

SECONDARY 
BYPASS VALVE 

764 

765 

DATE 

7/16/68 

7/30/68 

8/6/68 

FILL DURING 
ACCEPTANCE TEST 
AT P&WA. 

DURING COOLDOWN ENERGIZED 
PORTION OF SHUT- AT 345°F 
DOWN PROCEDURE NOT 380°F 
OF ACCEPTANCE 
TEST AT P&WA. 

POST TEST ELEC- LOW IN-
TRICAL INSULATION SULA TION 
CHECK OF ACCEP­
TANCE TEST AT 
P&WA 

RESIS­
TANCE 

PRE-PERFORMANCE HIGH TCE 
LOAD OPERATION 

2) FAILURE 
NOT TIME 
DEPENDENT 

1) BENCH 
CHECKS CON­
FIRMED 
FAILURE 
2)RETURNED 
TO VENDOR 
ON 7/24/68 

PRELIMINARY 
VENDORIN­
VESTIGA TION 
SHOWS COR­
ROSION ON 
BACK OF 
CONNECTOR 

-----------------------------------------------------
R . O . Hz PRESSURE 

TRANSDUCER 
753 7/23/68 DURING OCP-1201 

CHECKOUT IN 
S/ C 104 

LOW READING WAITING 
RET U RN 
OF P A RT 

2-2 



- --- - - - - - - -- - - - - - - - -- -

WATER/GLYCOL SYSTEM CONTAMINATION REVIEW 

3-1 



------- ----------- - --
P& WA COOLANT LOOP DESIGN 

• GLYCOL PUMP AND SECONDARY BYPASS VALVE ARE AFFECTED BY CONTAMINATION. 

• GLYCOL PUMP FILTER 

• 

• 

75 NOMINAL - 100 ABSOLUTE MICRON FILTER (1 MICRON/. 0004") 

6. 6 IN
2 

EFFECTIVE AREA 

• FILTER LOCATED UPSTREAM OF PUMP INLET AND DOWNSTREAM OF SECONDARY 
BYPASS VALVE. 

• LOOP LIMITING CLEARANCE IS IN SECONDARY VALVE. 

• PUMP MIN CLEARANCE - . 0003" 

• SECONDARY VALVE MIN CLEARANCE - . 0002" 

• GLYCOL 1 OOP - 2240 CC. PER POWERPLANT 

3 -2 
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ORIFI CE (5) 

PRESSURE 
TRANSDUCER (3) 

TEMPERATURE 
TRANSDUCER (2) 

WATER PURITY 
SENSOR (l) 

VENT 

N, 
FILL 
VALV E 

-

INTERFACE ---

N, 
SUPPLY 

INERT 

Pratt & Whitney Aircraft 

- - - - - - - - - - - --APOLLO FUEL CELL POWERPLANT MODEL PC3A-2 

H, 
ELECTRODE 

N, 
REGULATOR 

START SYSTEM 
VENT VALVE 

u 
DIVISION OF UNITED AIRCRAFT CORPORATION 

A 

FLOW SCHEMATIC 

N , ♦ 
SAMPLING 
VALVE 

'-,.._ ,--
~ 

IN-LINE 
HEATER 

+ I 

PRIMAR 
REGENE 

♦ 

0 , H, 
IN IN 

BLOCK 1I 

H, 

BY-PRODUCT W ATER 

o , t 
ELECTRODE 

I t I PRESSURE 

I JACKET 

t 

t 

t COOLANT 
PUMP 

d--
o, 

REACTANTS 

RADIATOR 

COOLANT 
SUPPLY 

"' 

COOLANT 

- - --

c::J KOH 

c::J H,O - H, 

r2'ZLJ H,+H, O - o, 

c::J N , - COOLANT 

M-39970 
R661209 
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- -.- -------

.0003 
-0009 

DIAMETRAL 

FILTER 
6.6 SQ. IN. EFF. 

AREA 
75 NOMjlOOABS. 

.0010-.0015 
TIP GEAR 
TO LINER 

INLET 

GEAR 
"CARTRIDGE" 
RETAINING 
NUTS 

CARBON 
END 
PLATES 

QUILL 
SHAFT 

-

.00l 4 TOTAL 

.0017 

- - - - - - - - -
BYPASS PLUG 

I I 
I I 
L _____ _J 

e 

CARBON MOTOR 
JOURNAL BEARINGS 

:8&~g TOTAL 

GEAR 
COOLANT 

PUMP 

MOTOR 
ROTOR 

.0006 

.0010 
"CANNED" DIAMETRAL 

MOTOR STATOR 

M-37407 
R6 706 02 

3-4 



- --- - - ----------COOLANT LOOP CONTAMINATION EXPERIENCE 
- - - -- -

PARTICLE SIZE AND DISTRIBUTION/100 ml. 

MICRONS MICRONS MICRONS 
50-100 100-175 > 175 REMARKS 

NR SPEC - ORIGINAL 100 10 0 
NR SPEC - PROPOSED zoo 75 25 

SAE HYDRAULIC CLASS II 56 (> 100) 5 COMP A RISON ONLY 
SAE HYDRAULIC CLASS III 110 (.> 100) 11 COMPARISON ONLY 
SAE HYDRAULIC CLASS IV 225 (> 100) Zl COMPARISON ONLY 
SAE HYDRAULIC CLASS VI 1000 (:> 100) 92 COMPARISON ONLY 

S/C 012 (MAX.) 
LOOP #1 TNTC 87 30 > ORIG. NR SPEC 
LOOP #Z 85 59 z > ORIG. NR SPEC 
LOOP #3 76 17 z > ORIG. NRSPEC 

S/ C 017 
# 1 34 24 6 BASICALLY > ORIG. NR SPEC 
#Z 141 23 10 .> ORIG. NR. SPEC 
#3 90 12 4 -;> ORIG. NR SPEC 

S/C 101 
# 1 6 z 5 :>ORIG. NR SPEC MAX RANGE ONLY 
#Z 4 4 0 <ORIG, NR SPEC 
#3 69 14 6 )ORIG. NR SPEC MAX RANGE ONLY 

S / C 103 
#1 42 4 4 >ORIG. NR SPEC MAX RANGE ONLY 
# Z 43 12 8 ~ORIG. NR SPEC MAX RANGE ONLY 
#3 zz 0 1 >ORIG. NR SPEC MAX RANGE ONLY 

P&WA 2500 HOUR CORROSION LOOP TEST 

BEFORE TEST 480 (';--100) 190 
AFTER TEST 4,212 c~- 1 oo) 1,475 

3 -7 



- --- - - - - - - - - - - - - - - --
P&WA COOLANT PUMP AND LOOP CONTAMINATION EXPERIENCE 

• SIX TESTS WITH FILTERS UPSTREAM AND DOWNSTREAM OF PUMP INDICATE BLOCK II 
CONFIGURATION IN NORMAL OPERATION GENERATES SAE HYDRAULIC CLASS II TYPE 
PARTICLES - APPROXIMATES NR ORIGINAL SPEC. 

• IN BLOCK I PUMP TESTS, 10 NOMINAL -25 ABS MICRON FILTERS RESULT IN COMPLETE 
PLUGGING WITHIN 50 HOURS. NORMAL OPERATION CREATES PARTICLES \\H ICH WILL 
PASS PRESENT B/M FILTER SIZE. 

• PUMP1 FLUSH AND DRY TESTING REVEALS FORCE FLUSH THROUGH A PUMP-NOT­
OPERATING SYSTEM WILL JAM PARTICLES INTO PUMP CRITICAL CLEARANCES, 
PROHIBITING START. 

• ONE BLOCK II TEST INDICATED A PUMP COULD RUN SUCCESSFULLY, STOP AND START, 
FOR 24 HOURS PUMPING A SEVERELY CONTAMINATED SOLUTION (9,696 PARTICLES 
> 100 MICRONS, 1. 6 MILLION PARTICLES <100 MICRONS). 

• THE 2500 HOUR CORROSION LOOP TEST INDICATED PARTICLES IN ONE-G SITUATION TEND 
TO REMAIN IN TRAPPED AREAS. 

-

• ONE BLOCK I GEAR PUMP RUNNING WITHOUT FILTERS RA.N, STOP AND START, 382 HOURS 
PUMPING SAE CLASS 7+ COOLANT. FLUID ANALYSIS INDICATED THE FOLLOWING PARTICLE 
SIZE AND DISTRIBUTION: 

26-50 MICRONS 50-100 MICRONS ) 100 MICRONS 

1325 750 325 

• SECONDARY BY-PASS VALVE CONTAMINATION EXPERIENCE IS LIMITED TO THE 2500 HOUR 
CORROSION LOOP TEST. 

3 - 8 
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- --- - - - - - - -- - - - - - - - - --
CONCLUSIONS 

• EFFECT OF LONGTIME ZERO-G OPERATION IS UNKNOWN. 

• 

• 

• 

A GREATER NUMBER OF PARTICLES MAY RElviAIN IN FLUID STREAM 

MAY CLOG FILTER QUICKER 

COMPONENTS WILL EXPERIENCE GREATER AMOUNTS OF CONTAMINATION. 

IN ONE-G OPERATION PUMP CONTAMINATION WILL BE A PROBLEM IF FORCE FLUSHED . 

SAMPLES OF A GIVEN LOOP YIELD PARTICLE SIZE AND DISTRIBUTION RESULTS WHICH 
VARY WIDELY MAKING DATA ANALYSIS VERY DIFFICULT - P&WA ANALYSIS ASSUMES 
RESULTS OF ENCLOSED TABLE ARE TYPICAL. 

GLYCOL PUMP EXPERIENCE INDICATES NO PROBLEM IN ONE-G ENVIRONMENT WITH 
CONTAMINATION AT NR PROPOSED SPECIFICATION LEVELS UNDER NORMAL OPERATING 
CONDITIONS. 

• LIMITED SECONDARY BY-PASS VALVE EXPERIENCE (2500 HOUR CORROSION LOOP TEST 
ONLY} INDICATES NO PROBLEM IN ONE-G ENVIRONMENT WITH CONTAMINATION 
AT NR PROPOSED SPECIFICATION LEVELS UNDER NORMAL OPERATING CONDITIONS. 

3 -9 



- --- - - - - - - -- - - - - - - - -- -

PC3A-2 1000 HOUR CAPABILITY TEST 
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- --- - - - - - - - - - - - - - - --
SUMMARY 

PROBLEM 

400 HOUR QUALIFIED LIFE OF BLOCK II PC3A-2 MUST BE EXTENDED TO: 

• ALLOW INCREASED PAD OPERATING TIME BECAUSE; 

• 

• 

(400 HOURS) MINUS (14 DAYS X 24 HOURS) = 64 HOURS MAXIMUM 
QUALIFIED PAD TIME 

AVOID RUNNING MISSION ON LAST FEW HOURS OF POWERPLANT 
OPERA TING LIFE. 

PREVENT COSTLY ON-SITE REPLACEMENT OF POWERPLANTS THAT 
HA VE EXCEEDED THEIR QUALIFIED LIFE. 

P& WA SOLUTION 

• QUALIFY BLOCK II PC3A-2 FOR 1000 HOUR OPERATING LIFE BY 
INCORPORATING: 

CELLS WITH EXTENDED OPERATING LIFE - CERIA/COBALT 

COMPONENTS CAPABLE OF 1000 HOURS OF OPERATION - CANNED 
STA TOR H 2 PUMP. 

4-2 
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- --- - - - - - - -- - - - - - - - -- -
QUALIFICATION VS MISSION REQUIREMENTS 

P& WA ASSUMED PC3A-2 BLOCK I 
APOLLO MISSION REQUIREMENTS QUALIFICATION TEST SEQUENCE 

CUM. ,:, CUM.,:, 

ACTIVITY HOT HOURS ACTIVITY HOT HOURS 

ALTITUDE CHAMBER TEST 60 RESTART TEST (4) 82 .0 

LAUNCH PAD SIMULATION AND ABORT 233 VIBRATION TEST (§) 
LAUNCH PAD SIMULATION AND ABORT 406 ACCELERA T!ON TEST 100 (N2) 

LAUNCH PAD SIMULATION 579 RESTART TEST (4) 160 

VIBRATION TEST ® MISSION SIMULA TOR 555 

MISSION SIMULATION 988 VIBRATION TEST (§) 
PC3A-2 BLOCK II NR PROPOSED P650743 

COMPONENT QUALIFICATION TEST DEMONSTRATION TEST 

ACTIVITY 

LAUNCH VIBRATION SIMULATION 
(RESTART TEST (6) AND VIBRATION 
TEST) 

MISSION SIMULATION 

NASA EXTENSION 

CUM. ,:, 

HOT HOURS 

<ffi) 

608 

1072 

ACTIVITY 

S/ C 2TV-l TEST 
STARTUP AND SHUTDOWN 

STARTUP AND SHUTDOWN 
STARTUP AND SHUTDOWN 
STARTUP AND SHUTDOWN 
LAUNCH PAD SIMULATION 
VIBRATION 
MISSION SIMULATION 
MISSION SIMULATION 

CUM. ,:, 

HOT HOURS 

240 
251 

262 
273 
284 
450 

(ill) 
710 
964 

MISSION MAY REQUIRE 1000 HOUR OPERATING LIFE WITH VIBRATION TEST AT APPROXIMATELY 
600 HOURS 

,;, HOT HOURS - TIME ABOVE 300°F 4-3 
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- --- - - - - - - - - - - - - - - --
SUMMARY OF NR PROPOSED DEMONSTRATION TEST 

• PERFORMANCE EXPECTED OF A BLOCK II POWERPLANT DURING THE MISSION PHASE 
(ASSUMING NO PREMATURE SHORTING) 

• 

• 

• 

• 

MIN VOLTAGE OF 27 VOLTS WILL BE EXCEEDED FOR ALL SCHEDULED LOADS 
IN THE NR MISSION PROFILE. 

MAX VOLTAGE OF 31 VOLTS WILL BE MARGINAL ON SOME EARLY POWER DOWN 
TRANSIENTS DURING EITHER PROFILE. 

FUEL CONSUMPTION WILL BE WITHIN SPECIFICATION LIMITS 

P & WA RECOMMENDS THE BLOCK II QUALIFICATION TEST LOAD PROFILE AS A 

BETTER TEST TO EVALUATE END-OF-LIFE PERFORMANCE. 

- -

DURING THE BLOCK II LOAD PROFILE MIN VOLTAGE WOULD BE APPROXIMATELY 26. 5V 

FUEL CONSUMPTION WILL BE UP TO 1% HIGH AT THE END OF THE BLOCK II 
LOAD PROFILE. 

• ENDURANCE - BLOCK II QUAL TEST AND NASA TEST COMBINED DEMONSTRATED AN 
ENDURANCE CAPABILITY OF 1072 HOURS 

• 

• 

A SIMILAR CAPABILITY WOULD BE EXPECTED IF VIBRATION TESTING WAS EARLY 

IN THE TEST SEQUENCE AS IT WAS FOR BLOCK II QUALIFICATION 

DE LAYED VIBRATION IS EXPECTED TO JEOPARDIZE ENDURANCE 

4-6 



- --- - - - - - - - -- - - - - - - - --
VIBRATION SHORTING EXPERIENCE 

HOT TIME 
BEFORE SHORTING AFTER HOT TIME 

TEST VIBRATION VIBRATION AFTER VIBRATION SHORTING 

BLK I 
QUAL TEST 

P650717 81. 9 (VIB #1) NO 473.5 NO 
P650717 555. 4 (VIB #2) YES 100 YES* 
P605718 86. 4 (VIB #1) NO 408 NO 
P650718 494 . 4 (VIB #2) YES 40 YES 

BLK ll 
QUAL TEST 

P650718 120 NO 488 NO 
P650718 120 NO 952 MINOR 
(EXTENDED) 

DEVELOPMENT 
TESTING 

X-404-16 442 YES 200 YES 
X-405-11 470 YES 0 

NASA POWERPLANT 

P650725 575 YES TEST IN PROCESS 

S/ C-101 
ESTIMATE 240 MIN. NO 240 NO 

,:, 70 HRS AFTER VIBRATION TEST NO. 2, STACK SHORTING WAS EQUIVALENT TO 2 A MPS 
30 HRS LATER POWERPLANT SHUTDOWN DUE TO STACK SHORTING EQUIVA LENT TO 5 AMPS 

4-7 
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P650725 VOLTAGE AS A FUNCTION OF TIME COMPARED TO BLOCK II QUALIFICATION TEST 
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--------- ------ - - - -- -
VIBRATION SHORTING 

• PREMATURE SHORTING AFTER VIBRATION ATTRIBUTED TO DENDRITE PILING IN 
ELECTRODE DIAPHRAGM AREA ( NE:XT PAGE) 

• SUSCEPTIBILITY TO SUCH SHORTING IS DUE TO: 

EASE IN BRIDGING ELECTRODES WITH PILED DENDRITES 

QUANTITY OF DENDRITES 

• EXPOSURE OF ELECTRODE SURFACE WHERE DENDRITIC PILE OFFERS LA RGE 
AREA FOR SHOR TING CURRENT PATHS 

• Q UANTITY OF DENDRITES IS FUNCTION OF OPERA TING TIME AND TEMP. 

• QUALIFICATION TEST VIBRATION AND DENDRITE EXPERIENCE (PAGE 4-15) 

• DELAYING LAUNCH AS IN THE P&WA ASSUMED MISSION REQUIREMENT S A DDS 
SUFFICIENT HOT TIME TO EXCEED VIBRATION SHORTING EXPERIENC E 

• P& WA A SSUMED MISSION REQUIREMENTS ADD HOT TIME PRIOR T O LA UNCH 
VIBRATION EQUAL TO THE COMPLET E BLOCK I QUAL. TEST 

4 - 13 
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-------------------
- DENDRITE PILIN~POWERPLANT P650718 -

CELL #9 CELL #10 
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--------- - - - - - - - - - -- -

INFLUENCE OF OPERATING TEMPERATURE ON PERFORMANCE AND ENDURANCE 

PERFORMANCE 

VARIATION OF VOLTAGE-POWER WITH TEMP. ALLOWS DEFINITION 
OF CONTROL SCHEDULES TO MEET SYSTEM REQUIREMENTS 

ENDURANCE 

LIFE IS INVERSELY PROPORTIONAL TO TEMPERATURE. 

OPERATING TEMPERATURE LEVELS SELECTED MUST BE COMPATIBLE 
WITH BOTH PERFORMANCE AND ENDURANCE REQUIREMENTS 

4 -1 6 
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------ ---------- - - -- -
TEMPERATURE INFLUENCE ON CELL PERFORMANCE 

• HIGHER TEMPERATURE IMP ROVES CELL EFFICIENCY ALLOWING FIXED POWER 
OPERATION AT HIGHER VOLTAGE AND LOWER REACTANT CONSUMPTION 

• STEADY-STATE AND TRANSIENT PERFORMANCE CHARACTERISTICS FOR THE 
BLOCK II POWERPLANT (NEXT PAGE) ILLUSTRATE TEMP. VARIABLE 

• TEMP. SCHEDULING OF THE REGENERATOR BYPASS CONTROL PROVIDES STEADY 
STA TE PERFORMANCE OVER REQUIRED POWER RANGE 

• CONSTANT TEMPERATURE TRANSIENT CAPABILITY MEETS LOAD PROFILE 
POWER-UP /POWER-DOWN REQUIREMENTS 

4 -17 
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- - - - - - - - - - - - - - - - - -e. - -TEMPERATURE INFLUENCE ON CELL ENDURANCE 

• CELL INTERNAL CORROSION PROCESSES ESTABLISH POWERPLANT ENDURANCE J..:. 

... c:---/f'OH ----. 

® 
'SOL. 

Ni NiO - ELECTRODE CORROSION AT 
OXYGEN ELECTRODE 

(Ni++) soln - NICKEL IONS DISSOLVE 
FROM OXYGEN ELECTRODES IN KOH 

DISOLVED IONS REDUCE TO NICKEL 
DENDRITES AT HYDROGEN ELECTRODE 

• CORROSION PROCESS VARIES DIRECTLY WITH · TEMPERATURE. 

• OXYGEN ELECTRODE CORROSION CHANGES PORE STRUCTURE AND CAUSES PERFORMANCE 
DECAY 

• CLOSING DOWN OF FINE PORE INCREASES IR LOSS 

• REDUCED SURFACE AREA IN COARSE PORE REDUCES REACTION SITES 

• NICKEL ION REDUCTION AT HYDROGEN ELECTRODE CREATES DENDRITES 

• 

• 

WITH TIME DENDRITES WILL BRIDGE THE ELECTRODE SPACING AND CAUSE INTERNAL 
SHORTING 
VIBRATION WITH DENDRITES PRESENT IN THE CELL CREATES " PILING" IN THE 
DIAPHRAGM REGION 

• CHARACTERISTIC OF TEMP. INFLUENCE ON CORROSION PROCESS 

• 

• 
• 

CHEMICAL THEORY INDICATES VALID RELATIONSHIP BETWEEN REACTION RATE AND 
TEMPERATURE IS -E/T 

REACTION RA TE = Ke 

OR ln(RR) = £(- 1/T) 

IMPLICATION IS STRAIGHT LINE RELATION BETWEEN LN OF CORROSION RESULTS AND 1 / T 

DETERMINATION OF RELATIONSHIP WAS A SIGNIFICANT OBJECTIVE OF DEVELOP MENT TEST . 

4-19 
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- --- - - - - - - - - - .. - - - - -

• 

-
ESTIMATED INTERNAL SHORTING CURVE 

SHOWS ENDURANCE CAPABILITY BEFORE APPEARANCE OF INTERNAL SHORTING 

• 

• 

INCREASING FUEL CONSUMPTION OVER NEXT 100 + HRS 

SPACECRAFT FLOW METER ACCURACY OF+ 6% PERMITS 3 AMP SHORTS BEFORE 
FUEL CONSUMPTION VARIATIONS NOTED 

P&WA TEST EXPERIENCE SHOWS APPROXIMATELY 15% ADDITIONAL OPERATING 
TIME IS NECESSARY AFTER EARLY INDICATIONS OF S.BORTING TO ATTAIN THE 3 
AMP SHORT 

• TIME TO REACH THIS REGION AT BLOCK II AVERAGE TEMPERA.TURES VARIES FROM 1. 9 

-

TO 2. 0 TIMES THE 400 HOUR QUALIFIED BLOCK II LIFE WITHOUT DELAYED VIBRATION. 

• TEST DATA COMPARED ON BASIS OF ACTUAL HOT TIME AND WEIGHTED AVERAGE TEMP 

• WEIGHTED TEMP DERIVED BY USING SLOPE OF TEMP-TIME PLOT TO WEIGH TEST 
HOURS AND OBTAIN AN EQUIVALENT TIME 

• NEXT PG DEFINES THE FACTOR USED FOR CALCULATING EQUIVALENT TIME 

WHERE: 

Ti= MAX 

EQUIVALENT TIME = ~ 

tT· = 
1 

F = 
T = avg 

F 
T avg 

T. = MIN 
1 

= EQUIV A LENT TIME/ HOT TIME 

TEST HOURS AT INDICATED TEMPERATURE 

EQUIVALENT TIME FACTOR 
WEIGHTED AVERAGE TEMPERATURE 

4-21 

-



I lO 
9 

8 

I 7 

I .. 

I ! 

I 2 

I 
I 9 

• 
I 7 

I 
6 

.. 

le 1 

' ". 

I 
u · 0 
~
-Oo 

u,. 

ii 1 

"•► 0JU 
.,J .... 

;I 
w, 

i 
I 
I -I 
I 1 

' . 
t 
' l 

, _ t ·· 
l 

t ; I 

J - --r 1 __:_:_ 

• i - I ; f [ 
!_, _ _ ,_ , .. 

'. L 
! I 

. I 
. . ! - ...i --. . 

, . Lt t · 
- •·- • . ' . ' • . .......-..- ... . 

, ­
' I 

. I '- ; t-
~ - ! -

I 

-r 



- -.- - - - - - - -- - - - - - - - --
VIBRATION SHORTING EXPERIENCE ON EQUIVALENT TIME BASIS 

• VIBRATION SHORTING EXPERIENCE COMPARED ON EQUIVALENT TIME BASE - 400° (NEXT PAGE) 

• EXTENDED GROUND HOLD TESTS, AS IN THE P& WA ASSUMED SIMULATION AND THE NR 
PROPOSED P650743 TEST SHOW RELATIVELY LOWER EQUIVALENT TIME THAN HOT TIME. 

• DUE TO EXTENDED IN-LINE HEATER OPERATION 

• EQUIVALENT TIME WOULD INCREASE IF ADDITIONAL LOAD RUNNING WAS INCLUDED . 

• BOTH TESTS ACCUMULATE SUFFICIENT TIME TO PRESENT A VIBRATION SHORTING PROBLEM. 

4-23 
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- --- - - - - - - -- - - - - - - - - -
CONCLUSIONS - P& WA ASSUMED 1000 - HOUR REQUIREMENTS 

• D E LA YING LAUNCH VIBRATION IS EXPECTED TO CAUSE DENDRITE PILING AND PREMATURE 

SHORTING 

• IMMEDIATE SHORT IF SHUTDOWN IS MADE 

• WITHOUT A SHUTDOWN SOME ADDITIONAL OPERATION NECESSARY TO INDUCE SHORTING 

-

FUEL CELL VIBRATION CHARA.CTERISTICS PREVENT DENDRITE PILES FROM COMPLETELY 

BRIDGING ELECTRODES DURING VIBRATION. 

DENDRITE PILES DO FORM, LEAVING ONLY A SMALL GAP BETWEEN ELECT RODES 

T O BE BRIDGED BEFORE A CONCENTRATED AREA OF SHORTING FORMS. 

TIME REQUIRED TO START SHORTING AND RATE OF INCREASE AFTER IT APPEARS IS 

UNKNOWN. 

EFFECT OF ZERO GRAVITY UNKNOWN. 

• PROGRAM CONSIDERED FOR 743 EXPECTED TO SHOW SIMILAR TEST RESULTS. 

e TWO TIMES LIFE FACTOR EXPECTED OF CERIA COATED CELLS AVOIDS THIS PRO B LEM. 

4 - 25 



- --- - - - - - - -- - - - - -
CHANGING FUEL CELLS AT PAD 

ACTIVITY 

CONDITION AND SHUTDOWN POWERPLANT 

REPLACE MSS AND RECONNECT GASES (OXYGEN
1
HYDROGEN,NITROGEN} 

DRAIN WATER/GLYCOL LOOP 

REMOVE FUEL CELL POWERPLANT 

PURGE, DRY RAD IA TORS 

INSTALL FUEL CELL POWERPLANT 

PRESSURE CHECK INTERFACE 

ELECTRICAL CHECK PUMPS & CONTROLS 

FILL EPS WATER/GLYCOL SYSTEM 

COUNTDOWN RECYCLE 

TOTAL 

- - --
ESTIMATED 

TIME (HOURS} 

35 

27 

4 

24 

72 

24 

16 

2 

24 

? 

248 + HOURS 

4 - 2 6 
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- --- - - - - - - - - - - - - - - --
P&WA 1000 HOUR POWERPLANT RECOMMENDATIONS 

CE RIA / COBALT CELLS 

• CERIA INSULATING LAYER SPRAYED ON ANODE RETARDS DENDRITE SHORTING 
AND IMPROVES TOLERANCE TO DELAYED VIBRATION. 

• 

• COBALT ACTIVATION IMPROVES CELL PERFORMANCE - COMPENSATES FOR CERIA. 

PUMP SEPARATOR 

• CANNED STA TOR PROVIDES POSITIVE MOISTURE BARRIER. 

• OVERBOARD RELIEF VALVE PREVENTS WATER BLOCKAGE. 

4-27 
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- --- - - - - - - - - - - - - - - --

PUMP SEPARATOR 

PRESENT BILL OF MATERIAL PUMP 

• ENCAPSULATED STATOR LOSES RESISTANCE FROM LONG EXPOSURE TO HOT,MOIST 

HYDROGEN ENVIRONMENT. 

PROPOSED PUMP SEPARATOR 

-

• CANNED STATOR PROVIDES POSITIVE MOISTURE BARRIER AND INCREASED RELIABILITY. 

• OVERBOARD WATER RELIEF VALVE - PROTECTS POWERPLANTS FROM S/C SYSTEM 

FAILURES. 
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- --- - - - - - - - - - - - - - - - -- -
CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

• 

• 

• 

• 

• 

• 

• 

BLOCK II POWERPLANT DEMONSTRATED CAPABILITY FOR ONE LAUNCH WINDOW . 

BLOCK II POWERPLANT ESTIMATED CAPABILITY FOR TWO LAUNCH WINDOWS . 

725 AT MSC PROVIDING FIRST FIRM DATA . 

CERIA / COBALT EXPERIENCE INDICATES THREE LAUNCH WINDOW CAPABILITY . 

ECONOMICS OF CHANGE TO CERIA/COBALT POWERPLANT . 

DEVELOPMENT HAS BEEN COMPLETED. 

BETTER THAN 50% CELL RECLAMATION EXPECT ED . 

R E PLACING THREE POWERPLANTS ON THE PAD IS COSTLY IN TIME AND 
DOLLARS. 

CERIA / COBALT CHANGE CAN BE MADE WITHOUT DISRUPTING NASA SCHEDULE 

THE CHANGE WILL NOT IMPACT THE NASA MISSION SCHEDULE, POWERPLANT/ 
SPACECRAFT INTERFACE, GSE OR OPERATIONAL CHECK-OUT PROCEDURES , 

RECOMMENDATIONS 

• 

• 

• 

QUALIFY THE PC3A-2 POWERPLANT FOR 1000 HOUR OPERATING LIFE BY 
INCORPORATING CERIA/COBALT CELLS, 

DETERMINE EXPERIMENTALLY, MAXIMUM BLOCK II HOT TIME P RIOR T O 
LAUNCH VIBRATION WHICH WILL STILL PERMIT SUCCESSFUL 14 DAY MISSION 
WITH ADEQUATE MARGIN . 

CO NSIDER EFFECTS ON LIFE, IF ANY, OF SPS ENGINE INDUCED VIBRATION DU RING 

M ISSION. 
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POST - BLOCK II 

APOLLO PROGRAM SUPPORT 

- - - - - - --

5 -1 



- --- - - - - - - - - - - - - --
• CURRENT APOLLO PROGRAM REQUIREMENTS 

• ALTERNATE PROGRAMS PREVIOUSLY DISCUSSED WITH NR 

• 

• 

• 

• 

• 

• 

WEIGHT REDUCTION (AP-341 DATED 21 MAY 1968) 

1000 HOUR, THREE LAUNCH WINDOW CAPABILITY- NR INITIATED 
(AP-351 DATED 6 JUNE 1968) 

OVERBOARD WATER RELIEF VALVE 

STAINLESS STEEL Hz PUMP SEPARATOR (AP-353 DATED 3 JULY 1968) 

DEFERRAL OF EXPENDITURES TO FISCAL YEAR 1970 NR INITIATED 
(AP-363 DATED 10 JULY 1968) 

SUSTAINING ENGINEERING PRESENTATION TO NR 

• SUMMARY OF PROPOSED PROGRAM CHART 

• MANPOWER PROJECTION CURVES 

• 

• 

• 

WEIGHT REDUCTION PROGRAM AP-341 

DEFERRAL OF EXPENDITURES PROGRAM 

SUSTAINING ENGINEERING PROGRAM 

- - --
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CURRENT APOLLO PROGRAM REQUIREMENTS 

BLOCK II BASIC PROGRAM - ENDS 30 JUNE 1969 

• DELIVERY 

• FABRICATE, TEST AND DELIVER 

51 NEW BLOCK II QUALIFIED POWERPLANTS - 20 DELIVERED 

9 POWERPLANTS UPDATED FROM BLOCK I TO BLOCK II - 3 DELIVERED 

PROVIDE ENGINEERING SUPPORT FOR DELIVERY PROGRAM 

SUPPORT 

• PROVIDE PROGRAM MANAGEMENT SUPPORT 

e PROVIDE PROJECT TECHNICAL SUPPORT OF FIELD OPERATIONS 
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CURRENT APOLLO PROGRAM REQUIREMENTS 

SPARES PROGRAM - ENDS WITH LAST BLOCK II DELIVERY 

• MANAGE SPARE PARTS PROGRAM PER NR SUPPLIED PROGRAMMING DATA 

OVERHAUL AND REPAIR PROGRAM - ENDS 28 AUGUST 1968 

• 

• 

TT&E POWERPLANTS AND COMPONENTS RETURNED FROM FIELD 

CONDUCT OVERHAUL AND REPAIR ACTIVITY 

REFURBISH SHIPPING CONTAINERS 

FIELD OPERATIONS PROGRAM 

• PROVIDE FIELD PERSONNEL AT MSC AND DOWNEY PLUS IN-HOUSE SUPPORT 

THRU 31 DECEMBER 1968 

- - --
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ALTERNATE PROGRAMS PREVIOUSLY DISCUSSED WITH NR 

• WEIGHT REDUCTION - (AP-341 - 21 MAY 1968) 

• 6 MONTH DEVELOPMENT AND FIELD SUPPORT PROGRAM ADDED TO CURRENT 
APOLLO PROGRAM - NOW 8 MONTHS 

REDUCTION IN SPACECRAFT SYSTEM WEIGHT UP TO 138. 3 POUNDS PLUS 
POTENTIAL FOR ADDITIONAL 93. 0 POUNDS 

INCREASE OPERATIONAL FLEXIBILITY (INCREASED POWERPLANT LIFE) 

EXTENDS BASIS FOR O&R CAPABILITY 

EXTENDS ENGINEERING SUPPORT OF APOLLO MISSIONS. 

-



- --- - - - - - - -- - - - - - - - -- -

ALTERNATE PROGRAMS PREVIOUSLY DISCUSSED WITH NR (CONTINUED) 

• 1000 HOUR, 3 LA UNCH WINDOW CAPABILITY-NR INITIATED (AP-351 - 6 JUNE 1968 
PLUS DISCUSSION WITH NR/NASA) 

• PROPOSED WITHIN THE CURRENT BLOCK II PROGRAM - COULD PROVIDE BASIS 
FOR PROGRAM EXTENSION 

NEEDED TO MEET CURRENT EXTENDED GROUND TEST PLUS MISSION REQUIREMENTS 

INCREASE OPERATIONAL FLEXIBILITY (INCREASED POWERPLANT LIFE} 

REDUCTION IN POWERPLANT WEIGHT 

INCREASES GROWTH CAPABILITY FOR FUTURE MISSIONS 
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ALTERNATE PROGRAMS DISCUSSED WITH NR (CONTINUED) 

• OVERBOARD WATER RELIEF VALVE 

• 

• 

• 

DISCUSSED WITH NR APRIL 1967 

INCLUDED WITH H2 PUMP PROGRAM - CANCELLED 

INCLUDED IN WEIGHT REDUCTION PROPOSAL - COULD PROVIDE BASIS 
FOR PROGRAM EXTENSION 

PROVIDES POSITIVE POW ERP LANT WATER REJECTION 

INCREASES SYSTEM RELIABILITY 
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ALTERNATE PROGRAMS DISCUSSED WITH NR (CONTINUED) 

• STAINLESS STEEL Hz PUMP SEPARATOR (NR/NASA INITIATED AP-353 - 3 JULY 1968) 

• PROPOSED WITHIN CURRENT BLOCK II PROGRAM- COULD PROVIDE BASIS 

FOR PROGRAM EXTENSION. 

PROVIDES POSITIVE CONTAINMENT OF ELECTROLYTE 

INCREASES SYSTEM RELIABILITY 
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ALTERNATE PROGRAMS DISCUSSED WITH NR (CONTINUED) 

• DEFERRAL OF EXPENDITURES TO FISCAL YEAR 1970 - (AP-363 NR INITIATED - 10 JULY 1968) 

• 5 MONTH SLIPPAGE OF CURRENT APOLLO PROGRAM DELIVERY SCHEDULE 

REDUCES FISCAL 1969 EXPENDITURES 

EXTENDS BASIS FOR O & R CAPABILITY FOR FIVE MONTHS 

EXTENDS ENGINEERING SUPPORT FOR APOLLO MISSIONS FOR FIVE MONTHS 

INCREASES TOTAL PROGRAM COSTS WITHOUT IMPROVING 
POWERPLANT CAPABILITY 
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ALTERNATE PROGRAMS DISCUSSED WITH NR (CONTINUED) 

• SUSTAINING ENGINEERING PRESENTATION TO NR INR INITIATED 29 OCTOBER, 1966) 

• PROVIDE TECHNICAL ABILITY TO RESOLVE PROBLEMS RESULTING FROM: 

INTERFACE MISMATCHES 

NEW PHYSICAL ENVIRONMENTS 

NEW AND MORE ACCURATELY DEFINED MISSION PROFILES 

PERFORMANCE OF OTHER EQUIPMENT AND THE OVERALL SPACECRAFT SYSTEM 

POSSIBLE EXTENDED MISSION GOALS 

UNANTICIPATED FAILURES OR FAILURE MODES 

• PROVIDE ABILITY TO SOLVE IN-FLIGHT PROBLEMS AND INVESTIGATE PRE-FLIGHT, 

FLIGHT, AND POST-FLIGHT ANOMALIES 

• 

• 

• 

PROVIDE PROGRAM TO CONSTRUCTIVELY UTILIZE AVAILABLE TECHNICAL RESOURCES 

DURING PERIODS OF REDUCED FIELD ACTIVITY 

PROVIDE OVERHAUL AND REPAIR PROGRAM TO SUPPORT ONE OVERHAUL PER MONTH 

MAINTAIN SPARE PARTS INVENTORY PER NR SUPPLIED PROGRAMMING DATA 
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ALTERNATE PROGRAMS DISCUSSED WITH NR (CONTINUED) 

• REVISIONS TO SUSTAINING ENGINEERING PRESENTATION REQUIRED TO BE CONSISTENT 

WITH CURRENT REQUIREMENTS. 

• PROVIDE O & R PROGRAM TO SUPPORT ONE OVERHAUL EVERY THREE MONTHS 

• PROVIDE ON-SITE FIELD REPRESENTATIVES AT MSC AND DOWNEY 

• UPDATE ENGINEERING SUPPORT BASED ON S/C 101, 008, 017 LAUNCH EXPERIENCE 

• UPDATE OVERALL MANPOWER SUPPORT BASED ON CURRENT INFORMATION . 
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SUMMARY OF PROPOSED PROGRAMS 

AP-341 
OPERATIONAL READINESS FISCAL 1969 SUSTAINING 

AND EXPENDITURE ENGINEERING 
COVERAGE PROVIDED POST FLIGHT ANALYSIS DEFFERAL PROGRAM 

D E LIVERY X 

DEVELOPMENT X X 

PRODUCTION SUPPORT X 

FIELD OPERATIONS X X 

SPARES X 

O&R X 

PROGRAM MANAGEMENT X X X 

PROJECT SUPPORT OF FIELD X X X 

PROGRAM EXTENSION (MONTHS) 6 (8) 5 
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