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A method was developed for predicting electrolyte
membrane life under mechanical degradation, by
quantifying the mechanical stress generated on the fuel
cell polymer electrolyte membrane and quantitatively
understanding the impact on mechanical degradation.
In an environment with repeated drying and wetting,
mechanical degradation of the electrolyte membrane
progresses at the cracks inside the catalyst layers
that are bonded to the electrolyte membrane. This
study focused on changes in the electrolyte membrane
and catalyst layer properties in the temperature and
humidity environment in which fuel cells operate as a
factor that increases stress. The electrolyte membrane
and catalyst layer properties were measured at the
temperatures and humidity under which fuel cells
operate, and the measured property values were
reflected to a stress analysis model that uses the finite
element method in an effort to increase the stress
prediction accuracy. The cumulative fatigue damage
law was applied to the relationship between the
generated stress and stress frequency and the material
limit line to quantify the impact of mechanical
degradation on life as the life consumption rate,
and it was confirmed that the life consumption rate
is correlated with the thickness of the electrolyte
membrane after durability tests. This enabled
prediction of electrolyte membrane life according
to mechanical stress. Durability tests that accelerate
mechanical degradation were performed using a full-
scale-size membrane electrode assembly, and the
accuracy of the developed life prediction technology
was verified. A high correlation was obtained, which
confirmed that the developed life prediction technology
can be applied to an on-board-size membrane electrode
assembly.
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AT, BB ORSE L, PEM % RO il hg (catalyst
layer: CL) & % 24L& (gas diffusion layer: GDL) % 5
L 728 Mm% A& (membrane electrode assembly: MEA),

B XOH Z2RMBEDOFIE DT E Nz /3L — 2 5 Rk
Eha.

H ) § & O RN E @Zﬁ/ﬁu%@@Lrﬂb Nt
b, MR RD 5N b, FRIZEH LD 72812 PEM
<52 L TH @héﬁ%ﬁié%fhétb#M
FNZEt pm OO PEM 2 W5, &7z, X6k 50
WA 72 R A TNV S, — T CTHELL 72z PEM
D AETEVEDMER BB & 7 > T\ 5, BREIEMO R E
BB TR, AEOK, A A v 5 8ISk B e THER
DALFEHCE T sz M 2 SR, ik, w4 IR &
U7z UIBIIIZ K 5 & & & & N5 0 B LK 7
PET S, 2O TEMEEIZ PEM 2320812 X 2 U &
IS & 2 A A8 0 R BB (R ERE) 123\ T PEM
DEWMHCHPHETS 2 Z e e h g 2% KT
X PEM OBMBILIZOWTEHR L7z, RREoF8E
I RBEEMIIL U TERKDELZT 5729, PEM
DOERBEIIFEAMIZIS L CEET 5. PEMIZ&AKRIC
6 U TR B K OSFSEAE L U, FE A2 EOIREE
TIEZ < DA RET 5 Z L TPEM ITEEAKIRRE L
OS5, — ) CRBAEMMER, & L IEFHEIE
1k Lf:zl)(ﬁﬁfliﬂiaﬂ(%ﬁﬁ&: D PEM 3I#E 9 5. Fig.

CXHCT T L 2BMmKRD A 7 4 ZAMWi{§ &R,
Flg. BIZHEHR Y T v ZEOWA X — Y Z/RY. CLIZIE
BUERFZE um 20 5 Kb pm OUNE Y 4 XD PEM ifi
FCEMLEM 2 7 v 7 BT 5. Fig. 4 ICMEBREE
TOEM 2 7 v 730D PEM OZEOWH A X — ¥ 287
F7z, Fig. 5 ICHBRBE COEMR 2 5 » 2 O PEM OEF
DOWiaiA XA =TV &/NT. Bio 7 v Z7E8TIXZ O &S &4z
mﬁ%?fé%&éPEM@%m%m#L 5 LG
nTng 2 B0

Separator GDL  CL PEM CL GDL Separator
_ J

N
MEA

Fig. 1 Schematic image of fuel cell
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Fig. 2 Image of electrode surface using X-ray
computed tomography
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Fig. 3 Cross-sectional image of electrode crack
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Fig. 4 Cross-sectional image of electrode crack at
wet condition
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Fig. 5 Cross-sectional image of electrode crack at
dry condition
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Table 1 Measurement conditions of Young’s modulus
PEM and CL (CCM)
Temperature (°C) RH (%)

-35 Dry

23 50

SS curve 70 Dry

(Young’s modulus) 95

90 Dry

95

Relative humidity: RH

Table 2 Measurement conditions of dimensional
change rate

Direction PEM | com
(in _X;;(ne) 23°C RH50%, 70°C RH95% , 70°C dry, -35°C
Dimensional P
change rate z 23°C Wet to dry
(thickness) 70°C Wet to dry

(CCM) DY ¥ Z'# Ecey, T LT CL DIEFETER Vo, 70 5 5L
HL 7=,

[ECCM -(1- VCL)EPEM]
Eq = v
cL
3.1.2. PEM O~ EZE{LRDBIE
PEM&REIZL > TEHEKELPEH L, FENZENLT S
728, fEEENF v V3T Table 2 [ &, W
A TIEZECRAFHL 72, & 72 il Ao~ k2L
KOPEIMH U724~ TR 10 mm X 50 mm D
FE Lz F v v 7RSS 20 mm & U, JHEY Y T
DTIZZENT 2 3 ZHUD (1), & BREET O o~k
AL A FRAL 7=, JEAIT IO EZAL RO RE I
LY 7LERIES mm X 3 mm DIESEE U, Kb
TOIEALIF DN FAA R 2 WE L 7z
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L2 BETH D, FEM %= i 3G xhx B
bhb.

/5L —4%, GDL, 75 v o Hidi%® & CL, PEM %
TOBBIEOWRIE 2 EF b L, PO AIRGE
TORHIAN B Z k-7 FEM®Y 7 Mo T 7I2id
NASTRAN #fHv, PEM OMEHHEE & O BFICHBLT
2 72902, MMM O 58 F13 AR RS 0 D B PR &
LCTHD P> 72, F72, MEA BLERHICINEE KOS
EBIMLB XN TW1W572% GDL & CL KLU CL & PEM
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WERAFTED TN RENWZ ENEE SN /2720, [HRER
F ¥ VST RH95% 12 [E17E U S IS THPRIBR AL 4 L
U7z, MPEISHW 72 B4 & Table 3 12K

Stress-Number (S-N) $#XHSFIZfEH L 729~ T LZIK
1310 mm X 50 mm OEFIFZE Lz, F+ v 7 BEEEHT 20
mm, 0 E U IX 20 mm/min IZ8E L 7z,

3.4. PEM O#HLAEICx§ 2 Han il

3.4.1. RIEEFIBEN AV EGEERNEHAZE

SARE G & IR O IS\ T, BT 350
21T B & XIS £ T oI A Tl B AT H
%. S-N#H B L, BJEE % Fig. 715789, MEHERRA
FROMRE LIS T PO 20 0 R LI % N, &8
L, #R UG P, OREEDIE A n, L BT 5. WIS
% AD, L EHRTEER(2)DEIITIRTIENTES.

AD,=n,/ N, (2)

oI, SF I Ba B0 RSO M LD 2
RAU 729207 48154 D % R0 G o ARt & £ X (3)
DESIZHHTE 5,

D= AD,=>" (n,/N) (3)

AR U 72 o7 HRIG R & A 0 3 TR L 72l & e i B 3R
(Life consumption rate: Ler) EEF L, & (4) 1T,
R AR & KIR M & OBfR A Ler TRT Z EIZKDH
MANOE LRSS I LB REL &5 5.

Step 1: Clamping force

Step 2: Swell and shrink

Electrode crack

Fig. 6 FEM analysis model for dry-wet cycle

Table 3 Measurement conditions of S-N diagram

Temperature (°C) RH (%)

70
S-N diagram 80 95
90

Table 4 Conditions of RH cycle test

Test condition

Temperature (°C) 90
RH (%) 30, 70, 120

Gas: N, (Both anode and cathode)
Pressure supply: Normal pressure

Gas supply Flow rate: 2 L/min
(Both anode and cathode)
Ler [%] =) (n;/N;) x 100 (4)

PEM 3RE SRS L 0Ptk K OB RS2 3
% 728, BB U 7 MRR AR & RIS i A S Ler %
BT 208 H 5. 3.2. HiT/RLZ, FEM 202k
TIN5 6 3R 7= 3R IR IS LT, 3.3, filZ/n L 7z
PEM OMBHRA R & O BIfRA & BARE 77 115 HI & v T
Ler 8 L 7-.
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KIET 2720, W 4 2 Uit AGRER & F2hE L 7=, 4730+
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WM A 2 LT AGRER TR I MR 2 5 o 2 80D PEM OJE
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Fig. 7 Cumulative fatigue damage law
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Fig. 8 Profile of accelerated stress test for
mechanical degradation of PEM
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Fig. 9 Results of Young’s modulus at various
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Fig. 12  Stress distribution in PEM simulation at
PEM swelling

Fig. 13 Enlarged view of red frame in Fig. 12
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Fig. 16 Calculation results of Lcr in RH cycle test
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Fig. 17 Analysis results of membrane thickness in
RH cycle test
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Fig. 18 Relationship between Lcr and rate of
decrease in membrane thickness
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Fig. 19  Analysis results of membrane thickness in
accelerated stress test using on-board-size
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