NASA’s PEM Fuel Cell Power Plant Development Program
for Space Applications

Mark Hoberecht

NASA embarked on a PEM fuel cell power plant development program beginning in
2001. This five-year program was conducted by a three-center NASA team of Glenn
Research Center (lead), Johnson Space Center, and Kennedy Space Center. The program
initially was aimed at developing hardware for a Reusable Launch Vehicle (RLV)
application, but more recently had shifted to applications supporting the NASA
Exploration Program. The first phase of the development effort, to develop breadboard
hardware in the 1-5 kW power range, was conducted by two competing vendors. The
second phase of the effort, to develop Engineering Model hardware at the 10 kW power
level, was conducted by the winning vendor from the first phase of the effort. Both
breadboard units and the single engineering model power plant were delivered to NASA
for independent testing. This poster presentation will present a summary of both phases
of the development effort, along with a discussion of test results of the PEM fuel cell
engineering model under simulated mission conditions.



L AOB eseu'MMM 900¢ Jeulwss |[8) [an4

IH ‘ninjouoH
Jeuiwas (189 18h4 9002

OIyQ ‘puejaas|n
J9JUa)) YdleasSay uu9|9) VYSVYN
1JyoalaqoOoH MYJe|N

suoneol|ddy aoedg Joj welbold juswdojars(
JUE|d J1eMOd |90 I9Nd INdd S.VSVN

uonjeJisiuiwpy aoedg pue soineuoIaYy [BUOHEN



z  AoB eseu mmm 900¢ Jeulwss |[8) [an4

aouls Ajjennuasuodxs umoub sey
pue awli siy) buunp pajeniul sem Abojouyos) |eloJawwon) —
suoleol|dde aoeds .10J
Jjusawdojanap Jouiw Ajuo Jusmiuspun ABojouyoay ||99
|Ian) N Jd ‘uonesado anys Jo sieaA gz 1sdl) buung .
(suleyy) amnys —
(W3d) ojjody —
(W3d) luwen —
SUOISSIW YSYN pauuew snoJawnu Joj
921n0s Jamod |eolog|e Alewld ale/aiom S||90 [BNH

AIOISIH 118D 18h4 S.WSVN

uonessiuiwpy 8oedg pue soneUoIBY [euoleN




¢ AoB eseu mmm 900¢ Jeulwss |[8) [an4

Speo| uoljelsjgooe YbiH .
Ajinelb-o1ez .

JuswiuodIAud AjiAelB-nninw ul uoneledas pue
|[eAowal Jajem jonpoid a)epowiwiodde 1snw s||ao [any) NId eoedg —
Jle uey) Jayel
‘Juepixo se uabAxo aind yum ajesado jsnw s||89 |an) N4 9oeds —
suoljeoljipow Jofew om] yum ‘suoieoijdde
aoeds Joj ABojouyoal |99 |an} NTd Buldojaasp ul 10)08s
|eloJawwod wol) saoueape Abojouyoa) buibelans| sl YSYN
1ajuan aoedg Apauuay pue ‘Isjusn aodedg uosuyor ‘(pes)) 181us)
4oJeasay uus|o) Jo wes) YSYN J81uso-¢ Ag pajonpuod welbold —
weJlboud juswdojansp jueld Jamod |92 [an) NId
Jeak-G uo payleqwa pue ABojouyos) auijey|e Jano Abojouyosa)
190 19N} INTd Jo sabejueape paziubodal WYSYN ‘L00Z U]

welboid Juswdojaaaq (180 18n4 IN3d S.YSVYN

uonessiuiwpy 8oedg pue soneUoIBY [euoleN




v AOB eseu mmm 900¢ Jeulwss |[8) [an4

]SO0 JOMOT —

swo)sAs uois|ndoud uabAxo
-uaboupAy yim abeyuey/sjueloeal uowwod aleys o) ANy —

Sjuswalinbal
1oddns suoinelado uoissiw pue punolb paonpay —

Aljigeurejurew pue Ajljigelas panosdw| —
1yblam Jamo —
aJl| Jebuo] —
s|ans| Jamod Mead JaybiH —
SS8UISNQoJ pasealou| —
Aajes paoueyuy —
:opnjoul Abojouyoa)
auljey|e Jano Abojouyoa) |82 [an} NTd JO sebeluenpy .

sabejuenpy |19 19n4 N3d

uonessiuiwpy 8oedg pue soneUoIBY [euoleN




s AoB eseu mmm 900¢ Jeulwss |[8) [an4

aiemp.ey Jjays-syi-4O -
|oA8] Jamod M\ G- —
'ou| ‘swalsAg Abisug auhpsjo] .
"Ou| ‘waynoLo9|g .
slopuaA Bunedwoo om) 0} papieme SjoeUOD) —
Juswdojanap jueld Jamod pleoqgpealg sem Loys Jo aseyd 1Sl

103 pJeogpesig

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



o AoB eseu mmm 900¢ Jeulwss |[8) [an4

uosuedwo? jue|d Jemod pJeogpesalq

yoeouddy
(sdwnd) aAnoy (sio1oafe) anissed LONEINOIIBY JUBIOESY

(Jeuiwou:yead)

b-9< b9 Ajjigeden sjamod yeed
0.2 oLl (o)
Alisua( jualin) |BUILION
20€ 44 (zWO) eauy SAIOY (190
Z8 G s||90 jo JaquinN
0§ 0l (M) Joamod [BUIWION
auApo|o | waynoJjo9|3 JOpUB A

103 pJeogpesig

uonessiuiwpy 8oedg pue soneUoIBY [euoleN




L poBreseummm 900¢ Jeulwss |[8) [an4

YOBIS |80 |en4 suApaja ] oljeWwayYoS pieogpealg auhApas|e |

.
.

Joy3 pJeogpeaig

uonessiuiwpy 8oedg pue soneUoIBY [euoleN




¢ AOB eseu mmm 900¢ Jeulwss |[8) [an4

weJsbo.d jo uoinod
|9pO|N Bulieauibu 10} po)os|as auApala] ‘Sjinsal 1s8] Uo paseg -—
Bunse) eouelnpus paywi] —
Bunse)l umop-1nys pue dn-uelg —
SaAIND uoneziielod -
ss|ijoid peo| sdniny —
Bunysa) Juspuadapul o) YSYN 01 PaJaAIIBP JOPUBA
yoes wolj jue|d jemod pieogpealg ‘uoneoliqe) pue ubisep Joly

103 pJeogpesig

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



6 AOB eseu mmm 900¢ Jeulwss |[8) [an4

Bunsa) uoneiqip
Buisa) wnNnoeA [BwJIay| e
JUSWIUOIIAUD
Juens|al, ul bunsa) Joj sjgelins ‘alempley Alepl JaybiH —
|oA8] Jamod AAY OL-/ —
'ou| ‘swalsAg ABisug auApo|a| .
JOpUaA pJeogpealg a|buls yium pasiolexs uondo joenuon —
Juswdojanap
jue|d Jamod |apojN Bulesaulbug sem oo Jo aseyd puodag .

140} [9pOIN Bulisaulbu]

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



oL AOB eseu mMmm 900¢ Jeulwss |[8) [an4

sjuswalinbay Aay 1ue|d lamod [9polN Bulissuibu]g

20> (¢W) sWN|OA jue|d Jamod
ovl> (631) Wbiopn 1ueld Jomod
069> (edY) ainssalid bunesadp
08-09 (D ) ainjesadwa] BunesadQ
0000l (s4y) a4 buneladQ
20> (s) sawi] asuodsey abejjop
%0l F O€ (A) uonenbey abeyjon
0L-L (M) JomOd [eulWwoN
|eoo Juswalinbay

140} [9pOIN Bulisaulbu]

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



L AOB esBeU' MMM 900¢ Jeulwss |[8) [an4

Jue|d Jamod |apo|N Bulssuibug sukpala |

140} [9pOIN Bulisaulbu]

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



2 AoB eseummm 900¢ Jeulwss |[8) [an4

Buiobuo ||1s S1S8] .
Bunsa) eouelnpus pajwl] —
Bulsao) |eJuBWIUOIIAUT —
Bunsa) uonejyusuo adnNy —
S]S9) JUB|00D-J0-SSO —
s)s9] 9|1jod uoIssIN —
Bunss) umop-1nys pue dn-uelg —
SOAIND uoleziie|jod -—
sa|yo.d peoj aidipniy —
Buiysa) Juspuadapul o) YSYN 01 paJaAljep
jue|d Jamod |apojN Buuesulibug ‘uoneoliqe) pue ubisap JBlY
1yblam jue|d-jo-aouejeq
ul suononpal Jaypn) pajusAald SjuIeljSUOD 1S0D pue 8|NpPayds —
1ybiam jueld Jamod ul ssaaxa 9,Gz o) 1deoxs
‘sjeob wesboud ||e 1w Ajnj Jue|d Jemod |apolN Bulsaulbug .

140} [9pOIN Bulisaulbu]

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



et AOB eseu Mmm 900¢ Jeulwss |[8) [an4

Juswdojanap Jusuodwod AlejjiIoue aAISSB
Juswdojanap Moejs |92 |an} Aouaiolya-ybiyyblamiybiy .
Aemuapun aie sjuswaAosdwi Jaylung

S]1S8) |BJUSWIUOIIAUS
pue aouewliopad Juspuadspul pajoNpPUOd A[|NjSS829NS YSYN —

uonouny pue ‘Jy ‘wioy ul Jejiwis Ing ‘Ayepy ssempley-jybily 104 JoN -
jueld Jjamod
|opo|N Bulieaulbug A\ 01~/ dojeAap 0] pa)oa|as JOpPUaA 9|buIS
abuel Jamod A\
G-1 ul sjue|d Jamod pleogpealg padojaasp siopuaA bunadwon
Juswiuolinua AjiAelBb-1jjnw Ul uoljeiedsas pue |[eAOWaS J8)EM 1ONPoId —
JUBPIXO Se pash usbAxo aind —
:suoljeosljipow Aay omy yiim ‘suonesiidde aoeds
1oJ ABojouyoay] |19 |an} INTd |elolawwod paldepe sey YSYN
Jajuan aoedg Apauusy| pue ‘Isjuan) aoedg uosuyor ‘(pes)) Jeyua)
YoJeasay uua|o) Jo wea) YSYN J81uso-¢ Ag paionpuod welbold —

weuboud Juswdojonsp
jue|d Jjamod ||99 |en) NTd JedA-G Jo uona|dwod Bulieau SI YSYN o

Alewwng

uonessiuiwpy 8oedg pue soneUoIBY [euoleN



