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Abstract

Proton exchange membrane fuel cell (PEMFC),as a battery energy,compared with other
types of batteries, they have obvious advantages in working environment.As energy,it has
obvious advantages over traditional energy, such as low pollution and so on.lt's been
gradually taken seriously in the field of energy recently.But as a potential alternative to fossil
fuels,it is very important to work safely and steadily. Therefore, it is very important to study
the reliability of PEMFC.In this paper, the reliability of a certain 60KW fuel cell is studied.

In this paper, the reliability of PEMFC is analyzed based on fault tree and mathematical
model.Different kinds of new energy batteries are introduced, and the working principle and
classification of fuel cells are introduced.The reliability of membrane, electrode and bipolar
plate in fuel cell is discussed respectively.The assembly and sealing reliability, operation
reliability and control system reliability of fuel cell are introduced.

The fault tree model of stack failure is established,and qualitative and quantitative
analysis of the model,the probability importance and key importance of the minimum cut set
and the minimum cut set are obtained.The microphysical model, diffusion model, hydraulic
model and joint model are established for proton exchange membrane modeling.The mass
and component conservation equations, energy conservation equations, proton transport
equations and water activity equations are established for the proton exchange membrane.The
proton exchange membrane was simulated by matlab.The gas diffusion layer, catalyst layer
and flow field plate are also modeled.

Finally, the pretightening force of bolt is modeled, and the optimal preload is calculated
by matlab simulation, and the result is verified.

Key Words:Proton Exchange Membrane Fuel Cell; Fault Tree; Proton Exchange
Membrane; Modeling And Analysis; Optimum Preloading Force
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#33 BBAUBRDEENEEEEESXREEF (X100
Table 3.3 Probability importance and critical importance of minimum cut set of reactor failure (x

10%)

RANE WMREEE/ KXREEE B/E BEREEL/ REEEY/

%/q I’ /17 %/q, I’ I”
ol 969. 889 87. 38 an 968. 917 29. 34
qz 967. 463 14. 53 a2 968. 040 2.91
Qs 967. 463 14. 53 an 968. 040 2.91
Qs 967. 076 2. 90 qu 967. 948 0. 001
as 975. 760 266. 12 dis 967. 949 0. 003
Us 975. 760 266. 12 Qs 967. 949 0. 005
Qs 967. 076 2.90 Qur 967. 953 1.57
Qs 974. 778 236. 31 Qus 967. 959 0.34
Qo 966. 979 0. 001 Qs 967. 948 0. 001
Qio 968. 917 58. 67 Q2 967. 983 1.05

3.4.3 B MMPBEMERITHER DR

M 3.4.1 THREERBB MR ST RBNLER, TUBBLITLER: EXF
TEERES, Rel Bt kB RRELRNK. FHERNEIEs: BRKE, B
BIER 6: SFIEK, BDEIR 8: BAKEMBENMRBREE. AXFRBREIEFEE
KM TE A RMUBEMER TR, ROEIER 1 WELHF SR — A RERE, EEL
FRiZfTHPNZREREREKE. ATREMH B TENE, KRERRFNRERS
H B T A By 25t
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B/NEIE S MR NEIR 6 NERRUTHERRKN, TUAEREWIEN, NEHES
WK, SEFHEK AR SRR AR, XA AR PRE FHERR SRR HIREHEER
ERBR/NEIE8: BKE. TUBHREMES S ZRAKKAERRFHR, XX
FRERAT AN ESREBEITEEMCBIRRME T ER T F ARITHEERSIE
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B . — N F RSO T B RE S 7E 5 2 T FHER TR i f M B, LB e
MEEBEE.

BREENSH LML B EE VBN I. BREZAFIRES. a5 K.
£ EMEERER LR ERISH.

® 41 BHPRBESHGAITR

Table 4.1 Statistical tables of mathematical parameters

S RHFES K. BE. ERYE. . ERRE

FARFESE Eh. BF. BEROE. BE. BERKEE

KEHFIES EA BE. BESKERIE. SEKERGTE. BE. BERAE
EEMEFHES BE. BTRETEIE, MMERIR, TR, BE. BE

4.1.2 BRRE b B AR B AR E

W RAEH AR B Y AT R R — PRI, BB EE MR, BRI
FEEEHMBRATE. T XEREHER, SAEXNRBREIMESRENEE. 3%
FFHERISCER, TTLAREIFZ EEMA & RSB XA B R AR S
BE &K B R R R HIRE b B R BOAEAE
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Table 4.2 Comparison of characteristics of various mathematical models
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AT EFRIRHEAFIET R, BExt BT HUREA, SHEL T2 BN Bl
R fth 3R AR R TV, B E RS T T CAE R AR A A M BER AT

4.4 1 AR BRI

RARL R b AR A A0 22 S R FEHEAL A E b SE AT « BLAR M RLER 35 B ER VR & 44
R HEMFITREERE, S8 TR T4, —HRESHATITEM, 7
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AT E A BB EREA ftR N R = B REE, W LAMES SRR A, o
PAEAE 7K AR O HE . EHEALFIE AR FEHILAY, XA LR B R A ELTE
HIERIELER, 2R MIRAIE L R#T. —BBERT, XMELEREL LA
REHEELE.

AT EEETIEREERN TERER, HERIMERMNEERELER, Pt
FIERE) TIRKEIER . #HIR/DE Pt BN EE B W RIERIESE £, TR INE
PUEMWER. ATHEEGROEERFE, TUREEA Pt B LA REBR IR
FIBRTE, SXBERT LADT ERITHE S BT SR B P ) Pt BT RIR AR AN

__Jyokp'ap 6
Jr0)p, "D ap PrD:

(4.43)

A

R p —HE T

D, T EBTHERARKTEERE.
TR —BIF O T ERGERME, X7 LA AR E D b R 5] ) K, &
AT LV AR Tt 2R, RSB X TR PR B REE
Wil Ky#RERELERN— N EESHRUP/CRRNEELR. £/
Y B A B R RSB B R R T - (B 2 OB T 40%R, vt R RE R B T %
B, HEECTEFHRANRE - MEZNHARE. 7K RMERNERLE, N
ZRATRERIFIERI K — £,

4.4.2 gUFNERENERFE

BUFE—BREZHMARE, BIERBHEPIK, SBHRESE, EEHERE
1, STHFITEER SEEHR N E TR ERAFRNESIEARE BRI R NS &
B, FEEMAFER—REREBRE-RRRINFFE. EEARNSAEPERT, F
Al ReiE B AIPHAR CO 8, —EWBRMERR L, SEORK BB RBRET .

MEEVESSEAFIERNBMRRE. B, BR=FZEPXR, EFRHE
HRAZMN IERER . EXNMREXNPATUEL, BREMUSBEMNEX, ANES
HBEAAx. HAHEL THE TR FRESHETEDT:

Vi,=-Vi= a.: Lhi-2 (4.44)
At vy —BRETERANSE TR,
a,, ~EBRAKENEL T, BitTMRMEZRNEmEmR
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B, — 1 M2 ZRIEREL h 546 T BRI
ERAHBLETREERT, HEMNFAZE, LT EPHERES:

>'Vi =0 (4.45)
k

MBREEEE 758 S BK I R R B BIME— 2 R B, AT EA8 20 T B R

! ; POz a.F 1
VNOz’g - —Eal,zloom(Pref Jexp[——ﬁﬂom,]_zJ =—-EVZI (4.46)
0,

R foore — RBLRIZTR BAE
1)02 =0, 9953“573,
P, 0B %S E
0. —BROEERE,
N ez — BRI BB A .

EAFHEBRIZ AN ES N B ES R P EER, ERE R BLER P ELTK
EE. SEMTEEERNSEE I RRMEREER . ARMRBRE Bt TES
PR BN R EI S E . R URRMNEA R Pt L THRER, XENX (443)
B4 MR ERTE. FHET E HENELTEREN NN EESH, EXHE
FISERR Iz MR 2R G ER AR TCAR I R ROE R A EGAE, e FT AR AS M BR 8 S DL A% R RN

4.5 FIHWIRIR

LR R AR (EMAD #RASESER, WUAT LA A SR 58 B — M R B R ] FL
HIThEE. HE—KRBERT, LIESREFRA B[ B AR — TR TERM R, X
FELS WEERBEER, 3 EBA—MAKBEHES, X 77 EmES R4t
RIFNEE w B R A i . EMRE R R, R MR BRI — D XURAR, SRR H 7
MR RFRIFR . RBRHIERBAHRBEI G ARMAE S, PRESR, FEE
W 5 FLHE T AR B R JRUR 2 R SR BB K AT RO A

A R AR R R S AR R MUSHIR ST, Bk SR it MBI ZE R 3L
i, ARG B — N EE AT R . BRHIR A HE 2 XU R ER #,
M R TAE R . Rk, FZRIOEBRBRER L.
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4.5.1 RIFREIH R

AT RBREIEMMEERZ M, EREEEHFERANEEARBNAEN. R, #
BAOFERIMERE. N &K% EBMERBAES, SAMEES, FIHETRK
ZEUEN. HREERMEE - BaRAMREUEERARE, YRHIREBE TR
MR PR, e REMERRP, REMERSEWHIME AMKTTEMSE, BRix—
W B IMEREE BB RRIR LA RERNRE, TR R BRI . RENH
HEEZROTHE: HENHERE; BREEMIRO: BRKEAKER.

—MFRMA TRERIROME—F SBRALERT SR, EL2HEMRER. ZFH
MRS, TSR ESEF=. TR AR EIN, SR TR T
HEGHER. EEZRIMBHOIAEZERGE G, CELXRIRTSREMMMNER
M, FIRTEEX AR BRI L R, EHREREERMTRT, NiZREMIIK
BEBITF.

fERR T RRE R, RFEAERRHBRN— I REENSH. SXRKEE
Rt RERRTHSET BE, BEZEMEME =4 BE . XM aES5maER#E
BHER, ANEESET HERTRMERE R . DL H ol w R0 5 o e i fich 2 BEL 1Y
FiEAR, WTF:

g=-4XG 1 D g (4.47)
x[ 2-D)p
AHF R — B,
A, — BT
K —JUT#E %

G —RERBHIR AL

x —BEARTE KA B FE,

D —REXRBHHIFEZL.

L—A#KE.

Ko x BEARAMESERRREN, RREEHNRERND:

1=1[L+¢] (448)
K K
4.5.2 HRiAB0 Gt

EHRHRE R, RURARHKBLDSEMESIREANREENBir. HBTHY
RS RIRIESE EE S NOF. e . LERIE. FITRMTX R HE4EE
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IR0 4.5, —SEHAKBEBRBH A —ERAERZR, KEAKEREET KN
I RUE R S R o

WIRIE R ELHE . R SRR FEERERIR R SRR ARETK,
SR FRES BEHE, FERGISEN AR SRALRK. 2 BRERBTATEL
BREES KRR, WU TRAIERENKBEE. RN LR RTTUER
HIHERR BIRFE BRI K, A iERUKRIHEE IR .

TR FE AR BRI T ESEARE, ERELEEANEAN, T
B I HEBR A A K e BRI AR, X R N KR IRE 71 R R B
SEHAES.

T XARIHR AR ELER, RNSEEFEXNHRSIRSEBRELAATITH, X
MR ETEMEN, SERESENERERNMNSEERELE, BFEEEZHE
ERRED . XML SARRRBET B W LERH RHEERBARAIK, #% T Bk
BRI .
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(a) WESTRUIR W (b) ZEESHIIR

(a) Serpentine flow field design (b) Multiple serpentine flow field design
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B 4.5 FIRIXHRTFHR

Fig.4.5 Different types of flow field design

4.5.3 REREBEERK

REMBRBEREREEEN. EANREER. B, ZARNER. HARE
FREAE, SEREMEENER. LR SEARKRERIERN, WRREKER
REAXN, BESEREREN TEREMEE —BE, mRRERTRBELL, BBk
KBS T BN KER, /N K BRBITEARFD K /IS BRI 3 BR 4 R AR TG B R RN« #RkH L i
FUERRAF, BRI RTHERAR, WA e R KB SRR B b 2 8] A i R~ 2 18]
MEER K, BATE RO TERPOAREBIR TR . BidMEREOR T
W LMERE R E R, BRI, FRKEAREBIFR, BERERMARERETRE
LR EIXT MEA RIST 4%, RIS INMEREZ BRI PER, T LL— EREE _ LM InRaR K
SHY, HEXHESERKMRE, Bona%)hihfnr Hit.

4.6 FRFIRIREIER! MATLAB (R

R 4.6 BT THBEHRERIEL

Table 4.6 Proton exchange membrane model constants

i BR8] 60s LHBEE R 2000kg/m'

N EREN 96485. 33 RS FRE 1. 1kg/mol
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HAESEEH 8.31 7K BE R T B 18e-3
ShE 101325. 01 ARERRE le-3
KEEERRE 18. 02 E=Rat ) 3 98. 8e~7
=Rt i 4 8.6e-6 AREH 972kg/m"3
FERE 8. 6e—6 7K (RS 8.9le-4
RF Ut 4.5e-5 TR 0. 00005¢cm
N RBEER 1.8e-18 K& 0
AR BARR KU 9.5 L p 0.02

FIF A ZATR B FRRIAR 4.6 FTRHEHEIE, #1777 matlab fHE. TR
F|E 4.9 FIE 4.12 B R FRCHRBEET W ERAKRE. BE. 2%, EARZILE.

B Figure 1 e )
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Fig.4.6 Variation of water concentration in the direction of film thickness
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Fig. 4.7 Temperature variation in the direction of film thickness
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Fig.4.8 Potential variation in the direction of film thickness
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Fig.4.9 Pressure variation in the direction of film thickness

W 4.6 B, EIERERSEEE TG IERKETFIEERT K, BrLlKE
WERT&, SEAKIKE TR SE R BARKAE, ARERKIKE —REZ2R AT
4.

£E 4.7 %, EREFMKERICERNBES, UREFFRAR. B EmTHE
IEEAMAEIEE, — MBI T/ 333K-353K Z 8 Tk, (hRE&RWHEZERITMR.

£ 4.8 F, BAEX LERAHE, WTUE R FBRER R ERERRFHER,
Xt B AR FH A K
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EENGE
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M. —75H, WRENEAFER, BRMPFREREARRE, FARE5|E
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VEERMR, RSARs), EEQXERREHR. B TREBmKNFRS SR, &
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HAEEFRAT.

5.1 2T

SR ) Bt R AT TR BT R 58 R B SR MRA TR - ZE SR HL M TR 7 T BV
A, MEENRLHBEZEN—ANSE, TERBLHEFF 2. HEHERLS
BEAE ¥, BS5IERFERKARRBRE X, RN TS8R, R0 MK R
BREMERAE *. LERBRYBREHTRES, ERENIEHIBERIE, LY&KF
SRR, EBHERR R L% AR .

LT, FENIERSR IR EEKERD, BRRER. SERREH
ST RS, BEAGAE —MUEERRRS, XSRERBBANEEE—E
BRIV B e 6 R X R A

5.2 MR SEY HE Z BHIREFIR D

MElam & ERMEARER, HERENREAERAR, SBEAIRFER
EMEABAMEE. HEZT, B5FE. BLURBEMSET BERSIERN— MEA
Bk, =& K EHEZEL RO L F A BT . RN BRI SR
BHECEIPEHER, FrUlENZ R E M th EBR. HRIRR 5T 88Uz 2 [
RARME, ZMEANEHEE. WEMEZRNERNFIZMT.

O XURBFIEME, [ETBEARME

@ BEEAMEM, SAETBEAILERTR, BEEIRIK

® FRNFERAREZZIEE.

ERESET BEMRSIRZ ARMEMRERAEREDN, EREEERS, AR
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Fig.5.1 Common dimensions of bolts and stacks
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N

_ (5.11)
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A N—HEFERRERDE.
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EFRERMUERBREN, BENEERESFEM, X RENKE bR,

{HR R AR £
2 ERTiR, WS RIERERA:
kmt = klmlt+ kslack (5 13)
5.4 ¥rRHI%E
AR R M HE P BRI -
1 1-n
= + (5.14)
C] kbolr ksla(‘k

X n—BIEDBPTREYE, —KEKO0.5.

56



FHE EEREHTEN

Bl B NS HE R4 HHIE:
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TN RBRIE 58
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A F—GDL BEFERIFHIA.
YR R a g /NG WSE

Desea + Disea
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Rt Do —RREESHENER:
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. — T SRR AR L 7 IR R A
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K& B A ZE TR 283

RS REY, —RIER TR O. 15,
5.5 HEREC AT SN MATLAB iR

x5 RERYESH

Table 5.1 Physical parameters of bolts

RRHE 4 sREeFLIEIRR 5. 232mm
B RIRE 200000N/nm BENRH 0.5
SRR AR ERA L 0.31 BECKTE BB R K 0.15
R SEX Y- 210000Mpa i) 45°

283 4. 826mm EAEES 0.5
BEURMER 3. 451mm BROUEEIR M 0.15
o] 1. 058mm DL S 2896Mpa

L EaSILY; 5mm Ry 4. 139mm

BECLER 8mm B 10mm

BRAERE 3mm JEGJEE P 42 5. 232mm

SR 35mm R SME 7.925mm

BRI FLER S 2 B8y 25. 4mm
K

52 BEHENMES Y

Table 5.2 Physical parameters of sealing ring

ERAk: R R )y 2Mpa
EE 1mm
BRKEE 100N/mm’

HALL 0. 48
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Table 5.3 Physical parameters of flow field plates

ER A G RN 206000Mpa
EE 0. 5mm

BIREE 200000N/mm’
HIA L 0. 31

& 5.4 BARNYESH

Table 5.4 Physical parameters of carbon cloth

QRO SE ey 2Mpa
ILY; 4 0. 4mm
B RERE 300N/mn’
=L/ 0.4

x55 BRHESHK

Table 5.5 Physical parameters of films

TR S LT LiD- o 2Mpa
LY, 0. 05mm
BREE 236N/mm’
THFALL 0. 487

RE\FAFEFELOPAETINR 5.1 2RSS G HNBEENREERNDESH,
W AR i AT R TR IR . A MATLAB W LIB B I TR HE R .
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2 5.6 MATLAB i H& R
Table 5.6 MATLAB simulation results

BIE S 310. 82N

REME ) 0. 2567N. m

Bl 5.2 25 T AFBUE T R b R AL Rt i 2R . EEIPAEE I A TE
JIEARREA 0. 20N. m FIBAL T, St M &E AR BRSHER. BEBERE KA
WTIAN, $51% LR AR KTIEIN. ST AL 0. 25N, m B, X AMBEITRE I AR EET
B, BEBBEZEN TULATHREETRS. BERESINSER K, R
fh £ Bl AN T B

v)

f&ﬁ'ﬁfﬁ (A/em”2)
e 5.2 FRBED FRBIHESL

Fig.5.2 Polarization characteristic curve under different pretightening forces

XTEE B 5.2 WALt R B AR 5.6 i EME AR ESE R, JRIEHE
F| 310.82N B}, ZMAKEEHLIRE RAETUR /18 0.2567N.m. A PARGIF1ZiH B 45 R HHERH
H, ZENBREUEEMIEFEEE,
KB/

A EENE 7T BHERREEMEE AT M N E, HEE MM SHEN BT
HIEm. NMAT HTHETNERRFFEANMBRTE, HE3SWME W RE K&
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