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The Stress Distribution Analysis of PEMFC GDL using FEM
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Abstract >> A proper stacking force and assembly are important to the performance of fuel cell. Improper assembly
pressure may lead to leakage of fuels and high interfacial contact resistance, excessive assembly pressure may
result in damage to the gas diffusion layer and other components. The pressure distribution of gas diffusion layer
is important to make interfacial contact resistance less for stack performance. To analyze the influence of design
parameter factors for pressure distribution, and to optimize stack design, DOE (Design of Experiment) was used
for polymer electrolyte membrane fuel cell stack pressure test. As commonly known, the higher clamping force
improves the fuel cell stack performance. However, non-uniformity of stress distribution is also increased. It shows
that optimization between clamping force and stress distribution is needed for well designed structure of fuel cell
stack. In this study, stack design optimization method is suggested by using FEM (Finite Element Methode) and
DOE for light-weighted fuel cell stack.

Key words : PEMFC(31 22} 3] 2 o1 & 21 X)), DOE(A & A& H), Clamping force(H] 2 2]), Gasket(7}27),
Gas diffusion layer(7| A|&H41<), End plate( =Zh)
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Fig. 1 Fuel cell stack layout
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Fig. 2 Specimen for GDL compression experiment
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Fig. 3 Compression equipment (CPRT-10 by LCDV corp.)
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Fig. 4 GDL stress-strain experimental result
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Fig. 5 GDL stress-strain experimental result (2nd test)
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Fig. 6 EPDM gasket stress-strain experimental result
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Fig. 7 Cross-sectional layout of fuel cell stack component

Table 1 Gasket strain-stress experimental result

Strain (mm/mm) Stress (MPa)
0 0
-0.043 -0.031
-0.088 -0.449
-0.138 -0.977
-0.172 -1.243
-0.194 -1.415
-0.232 -1.746
-0.257 -1.985
-0.275 -2.181
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Table 2 Compression force of PEM fuel cell stack

GDL 25% GDL 30%
GDL 33,235 N 39,882 N
Gasket 1,468 N 3,595 N
GDL+Gasket 34,703 N 43477 N
Table 3 Experimental control parameters
Control parameter Lv 1 Lv 2 =]

A | End plate thickness 8 10 mm

B Tie rod number 6 10 ea

C Compression force 34,703 43,477 N
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Table 5 Material properties for FEM simulation

Case ];:}Illlikflta:: Tie rod number Corr;giizsion
1 8mm 6ea 34,703N
2 8mm 10ea 34,703N
3 10mm 6ea 34,703N
4 10mm 10ea 34,703N
5 8mm 6ea 43,477N
6 8mm 10ea 43,477N
7 10mm 6ea 43,47IN
8 10mm 10ea 43,47IN
© AL iAo g TAIEgMESS E2A dSA7I
7] 18 AbgEl wholch. el o] Aol

Table 33} Zo] 2 Level?] A|
Table 49} Z¥o] gl ael A@A8S AL

seje] A2 Table 20141 AXE 7 HEHAIS
2 25% 30% EAI717] $18) Bast AL o)

2.4 DEXHEHARHMX|IAE S| AL
MRS A AR A| 2B 0] | Hgikgol| wa
e sgRay P73 2l 5 YajA ot
Q4 2 739] Ansys Workbench V13 0]85} ME}.
Aol AREE A A 300cm’e] Ao
2 dRu)E AEwy 7l Belgoz AR gl
o} AT S

Iges qHE T8
KNS StalA Fig. 83+ 2

2E19] 3D Modeling-2 CATIA V5& ©]-&3}o] A
AA el wet 87F4] Case] H|o|EE THzo] A

Fig. 8 Half size unit cell layout

> BRes 9 AoluAets =83

Young's modulus (MPa) | Poisson ratio

End Plate 196,000 0.25
Bipolar Plate 4,800 0.2
MEA 197 0.3

2.41 24

A Ao 0] 2% Half Size2] AE|S
23, 71AIgAE, 7, “ﬂj—?@f&ﬂl«l
O o]FolA itk oA AEHe| 7HE

m X 7R 71 A gAY EE9AE
sto] Axtstle). eyt Zeju 2 {%ﬁ A
AHPEARS 7HX 3L BAAE Table 594 2t

F&

ﬂl>_". FLU W

2.4.2 BARPAH

TEAANAAR AR A0 HAHALS Q)34
78 57]9] Hex-dominant Mesh & 0] 83} t} AAL
HARES 93] 59247709] Nodes®t 8736742] Elements
7F o]-8= e

A Case BR 7|EIZl BEFE 329 &
A = 2] ff8l 9% 571 9] Hex-dominant
MeshE o|-&sto] 7|H| &4 2ejo] Sge 7|
A g 2] 328671 2] Node FFS25E S0 1

F03 ke orck

ﬂ

243 3AzA

LA Q] A WL fixed ZHSOE 1T
A1E A AEL o] 8dto] 7 BEF =0
[e)

oxl
ol
2

off
ne

=L

ol
3{] r
il

H
2
_(?L
2
_SL

o} Q= AT A
wizbe] 7ol ey

=2

r>~l

4l

)

Ol
IR
Lm““

tlo
SL
ol:o r
_?L
B
52
rl
N
Ry
mlo
-lN
%Q
:;

l[‘

elH gl gl
Frictional 7% =2 H

2 3§k

RSPV
qzm7ko] "ol Aa} u1e]
C zolch Helgat 7| ASHE2E) nh



ey

o

|8t

Table 6 Stress distribution result of FEM simulation

Standard deviation (MPa) Avarage (MPa)
Case 1 0.400 0.575
Case 2 0.399 0.508
Case 3 0.278 0.639
Case 4 0.336 0.577
Case 5 0.502 0.717
Case 6 0.482 0.628
Case 7 0.350 0.806
Case 8 0.404 0.721
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Fig. 9 Stress distribution contour plot of FEM simulation
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Fig. 10 Main effects plot of standard deviation for GDL stress distribution
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Fig. 11 Main effects plot of average for GDL stress distribution
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