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Abstract : A gas diffusion layer(GDL), one of the major components, serves as a major passage for transferring hydrogen
and oxygen and releasing the water produced by electrochemical reactions of hydrogen and oxygen. A mass flow and
resulting heat emission through GDL greatly affect the fuel cell performance and lifetime. The inherent soft nature of GDL
may result in uneven deformation of GDL within the stack, which could affect the fuel cell performance. To understand the
deformed GDL shape interacting with the patterns of channels and ribs of bipolar plate, proper modeling of the compression
process of GDL is needed. In this study, orthotropic constitutive relations adequate to the deformation behavior of GDL were
coded in the user material subroutine(UMAT) of the ABAQUS. A validation of the proposed 3D model has been executed by

comparing with the 2D plane strain model.
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Fig. 1 Assembled PEMFC global 3D model

Fig. 2 2D FEA model illustrating width of channel(1 mm)
with enlarged fillet area of bipolar plate
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Fig. 3 2D FEA model with boundary conditions
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Fig. 4 Bipolar plate of 3D global model illustrating width of
channel(1 mm)

Fig. 5 3D global FEA model with boundary conditions

Fig. 6 3D sub FEA model with boundary conditions
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Table 1 Set-up of thickness direction and dimension in
thickness direction of model

Thickness direction Dimension in
2D model | 3D model | thickness direction
CHANNEL-RIB 0.6 mm
GDL Y-dir Z-dir 0.3 mm
MEA 0.05 mm
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Table 2 Piecewise polynomial fitting model of the thickness
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Fig. 7 The models used in the simulation: (a) 2D plane strain
model with an inset showing mesh density, (b) 3D
global, (c) 3D sub-model
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Fig. 8 Contour plot of stresses of the sub-model: (a) Von-
mises stress, (b) Cross direction stress, (¢) Thickness
direction stress
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Fig. 11 Contour plot of Von-mises stress for 3D sub-model
(1st: 0.5 (MPa), 2nd: 1 (MPa), 3rd: 1.5 (MPa), 4th: 2
(MPa), 5th: 2.5 (MPa))

0.5 MPacll A 2.5 MPaZ7}A] 45 &t%-©| 571l wet 7]

A 5] B53 A= Mgty 2] StE A

& = 9tk 22 Hy By 3k AH mdle] g

& vetellA 8 FFol WA ATHFig 9, Fig. 11). 1F

Holl 32191 S BdloA= 22 Aol A &5 JF
2 1

H

71 A G0l AR
£ YERIM Fig. 120] FAI7E 24
2 Ao, Fig. 139 BE A
G d e WstEds 7t Rl sy
Ad gholl A m=AISHITE Al
A A AT A AREgH

Bk,

i

o

ot

rlo

N

__)rl_l“

S

2

ofje

lo Lo

ol
N ox

oo
o P oofh
Zl‘

oo (o po 2 W h

l o
AN
>
o,

o
2 o

N
-~

¢

o M

e
° =2
oo i

&

}

W = o
>
>~

o

al

ot
>,\I
o
M
N
il

>
el

>
0]
Ny
&
o
(98]
fd
i)
I
o
td
_C:L
ol
o
o|N
N
i
3
k=)
:V%

rlo

9

rj{g

¥

fu

i

[t

)

rlo

u)

g o A

ne b
N
i)

2

N ko md of
B
W
>
lo db

ZFe e A TtHFig. 13
A% Aol v 335}
e A d RdRo
o

~—

(e N e 2
e

i)
ArA) o

3
o
A
=

Fig. 14°0+= 558 35 ekl 22 2.5 (MPa) &
el 33k 2d: 981,75 (N) B E g5l 24 s
O] &8 3 2ol & v wekaA; 22 Hol/H A g 1
(Legend)E 273t YERNATE (a)oll 41+= Von-mises -&
2o B3 (bl A= TH 33K Cross direction) &

[}

==
=S|
X, (o)X= o 4% WK Thickness direction) -5

Fig. 12 The schematic of GDL intrusion illustrating vertical
distance(distance between two red hollow circle)

— )
e — % 2d model

E oo7f 3d model 2
= sub model -
= = %= _oxperimental _X

& 006 _-

Qo -

[22] -
2 00 X .

= _- _-X

[ -

= 004 _ X - 3

o S ke

< o0 - -

= 2§ Z -

e8]

L 002

[&]

— oo0n

[m)]

0.5 1 15 2 25

compression pressure (MPa)

Fig. 13 GDL intrusion vs compression pressure™'”

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 12, 2022 971



Daewoong Kim + Chulho Yang

B2 el 221 REla An mEle] A9 g
Fillete] §5-2] z}olo)| 2l8le] thi 3Ake] zfo]:= Lhed
LW Tr*}' S BEe} Bl A5 wA A

©

Fig. 14 Contour plot of stresses to observe differences
among simulated 3 model cases with same level of
stress: (a) Von-mises stress, (b) Cross direction
stress, (c¢) Thickness direction stress

972 #UIAEAZHY =27 A30H A128, 2022

Fig. 15041+ 2219, 321 229, A8 DH‘OH o3l
A 2geFE Fotel W Sk WEEs wAs,
ojuff, 22}l o] & A= AAFAA MO FEFS
Haslal7] flste] lBo] mAje] B2 tf A Al A
Atole] F3b fIF|ol| A 9] ghg FH Btk 33k el 2
2bl B3} e F et fix|ol A o] S ks Fokal
o} 3xkel S 2 wdof H|gho] 2xk] Rl 3x19] A
B Rl FARE AeS YA g 4] 2
uf-ol] thaxo] 3 gk 2fol = WEbRtTh

Fig. 16914 32 B mdlo] sj@do] waky
ghe] Wy E ExE YehliSdh Fig 159 835
gk x|l M o] M E Gk A9 0ol] 238t 24k
HH e o] 71l 2jd o] whake] Ml EHo| 029 A

Ooﬂjﬂ‘.o&

3

=% 2d model
3d model
- _sub model

IS ) * ~
T T

\

L I

von mises (MPa)

A\
2

L L L
05 1 15 2 25

(@
_--X
© ox-- 1
a . - X
= X -
3 -
7] -
82.57 ‘¢’>< -
5 --
2 X
O 15
2]
D
o
o
O osf
L'0.5 1 15 25
compression pressure (MPa)
07
o — % 2d model
%os - sumose
o 05|
1%
(0]
S04t
[%2)
=
o 03
2]
%0.2
-
X
Qo1p . e o
T Wemmm =D m === X mmm =D
h N Mmoo = Mmoo = = 4

compression pressure (MPa)
©

Fig. 15 Compression pressure vs. stress of GDL in the sub
model: (a) Von-mises stress, (b) Cross direction
stress, (c) Thickness direction stress
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Fig. 16 Contour plot of elastic strain in through-plane direction
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