Transactions of KSAE, Vol. 27, No. 8, pp.603-609 (August, 2019) Copyright © 2019 KSAE/165-03

//\ pISSN 1225-6382 / eISSN 2234-0149
.) DOI http://dx.doi.org/10.7467/KSAE.2019.27.8.603
Check for
updates

,0

2ret 5 B35 6L HEHS R u|Zsl4

OtSTiEtm CHEHR 7|AH|FEH - otSiEtn 7| HAISAI-S S

=

A Study on the GDL Deformation and Fatigue Analysis Under
Temperature and Humidity Variations

Taehyun Lee" + Chulho Yang*z)

"Department of Mechanical Engineering, Graduate School at Andong National University, Gyeongbuk 36729, Korea
?Department of Automotive & Mechanical Engineering, Andong National University, Gyeongbuk 36729, Korea
(Received 25 February 2019 / Revised 9 April 2019 / Accepted 8 May 2019)

Abstract : Gas diffusion layer(GDL) is a carbon fiber composite with a porous structure. The main roles of GDL include the
transfer of reactants, which support the membrane electrode assembly(MEA) where an electrochemical reaction occurs. The
porosity of GDL causes non-uniform deformation when subjected to compressive loading during the assembly process, and
excessive compressive loading can affect not only the release of reactants and products, but also the deterioration of the structure. In
addition, an MEA swelling phenomenon caused by heat and moisture contributes to the non-uniform compression and deterioration
in the PEM fuel cell. In this study, the deformation behavior of GDL was studied under the operating conditions of the fuel cell. The
effects of GDL thickness and inclusion of MEA in the model were investigated by using a nonlinear orthotropic constitutive model
that was coded in the User Material Subroutine(UMAT) of ABAQUS. The properties and relations to represent the hygrothermal
behavior of MEA were included in the model by coding them into the User Expansion Subroutine(UEXPAN) of ABAQUS. An
idealized 2D plane strain model with symmetric boundary condition was adopted while considering the repeated shape of the fuel
cell. In addition to studying GDL deformation behaviors, fatigue analysis was performed to find the effects of thickness and
inclusion of MEA on the fatigue life of GDL by comparing the fatigue reserve factor in FE-SAFE.

Key words : Fatigue analysis(3] 23]]4]), Finite element analysis(-F3+2.2:2347), Gas diffusion layer(”7] | 413, Membrane
electrode assembly(Fd = 3 &-Al), PEMFC(ALi- A} 3 & A5 7% A)), User material subroutine(AH-8-A} A 5.4 B F8l)
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Fig. 1 GDL, bipolar plate and membrane assembly model
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Fig. 2 FEA model of GDL, bipolar plate and membrane with B.C
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Table 1 Status of pressure, temperature and relative humidity at

each step
Pressure Temperature RH
STEP 1 25°C 40 %
STEP 2 2.0 MPa 85°C 90 %
STEP 3 25°C 40 %
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Table 2 Piecewise polynomial fitting of the through-plane nonlinear
behavior (Toray TGP-H-060)"

Region Polynomial fitting [MPa] Domain
Small strain |0 00¢? 45,870+ 142 | —0.135<e <0
hardening
Constant 14.175 —047<e <—0.135
modulus
L trai
AIBE ST | 35 9362 —8.70¢ +2.84 e <—0.47
hardening
Tensile Symmetrlt?al e>0
(even function)
Table 3 Mechanical properties of the model*”
GDL (Toray TGP-H-060) Bipolar plate
Parameter Value Parameter Value
Curve fitting
E FE
Y (see table 2) 10 (GPa)
E, 0.3 (GPa) v 0.25
E, 0.9 (GPa) Membrane (Nafion 112)
v,, 0.25 E Fig. 4,5
Ve 0.25 v 0.253
G, 9.2 (MPa)

3319 GDL
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Fig. 3 Swelling strain as a function of humidity and temperature
for Nafion 112”

Table 4 Coefficient of thermal expansion and swelling coefficient

of each part”
Part Coefﬁ:;;l;;:ifot:ermal Swelling coefficient
ar
(@105 echy | VR
Biploar plate 5 Neglected
GDL
(Toray TGP-H-060) 08 Neglected
Membrane .
(Nafion 112) 123 Fig. 3

—+—RH=30%
~—RH=50%
200 || —*—RH=70%

—=—RH=90%

Young's modulus [MPa]

Temperature [C]

Fig. 4 Young’s modulus vs. temperature at various relative humi-
dities for Nafion 112%
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Fig. 5 Young’s modulus vs. relative humidity at various tempe-
ratures for Nafion 112”
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Fig. 6 Proportional limit stress vs. temperature at various relative
humidities for Nafion 112'”
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Table 5 Results of the maximum principal stress of each step

GDL Thickness | Membrane Step 2 [MPa] Step 3 [MPa]
Yes 39.43 38.76
0.26 mm
No 35.60 35.59
Yes 18.97 20.63
0.1 mm
No 17.75 17.68

S, Max. Principal

(Avg: 75%)
+4.000e+01
+3.667e+01
+3.333e+01
+3.000e+01 "
+2.667e+01
+2.333e+01
+2.000e+01
+1.667e+01
+1.333e+01
+1.000e+01
+6.667e+00
+3.333e+00
+0.000e+00

S, Max. Principal
(Avg: 75%)

+4.000e+01
+3.667e+01
+3.333e+01
+3.000e+01
+2.667e+01
+2.333e+01
+2.000e+01
+1.667e+01
+1.333e+01

+1.000e+01
+6.667e+00
+3.333e+00
+0.000e+00

Fig. 7 Contour plots of the GDL max principal stress distribution
with membrane (top: 0.26 mm, bottom: 0.1 mm)

Fig. 8 Contour plots of the GDL max principal stress without
membrane (top: 0.26 mm, bottom: 0.1 mm)

S, Max. Principal
(Avg: 75%)

+4.000e+01
+3.667e+01
+3.333e+01
+3.000e+01
+2.667e+01
+2,333e+01
+2.000e+01
+1.667e+01
+1.333e+01

+1.000e+01
+6.667e+00
+3.333e+00
+0.000e+00

S, Max. Principal
(Avg: 75%)

+4.000e+01
+3.667e+01
+3.333e+01
+3.000e+01
+2.667e+01
+2.333e+01
+2.000e+01
+1.667e+01
+1.333e+01

+1.000e+01
+6.667e+00
+3.333e+00
+0.000e+00

Table 6 Results of the intrusion of each model

GDL Thickness Membrane Intrusion [pum]
Yes 45.5
0.26 mm
No 438
Yes 23.6
0.1 mm
No 21.2
Soh vl kAR A vhe] 42 L Ao ol WY e
71 A gAko] Mol FFe FolA A A F = el
4 uhg TS v o 2 e BEY 5 QA

(Table 6).
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U, u2

+1.000e-03
-4.083e-03
-9.167e-03
-1.425e-02
-1.933e-02
-2.442e-02
-2.950e-02
-3.458e-02
-3.967e-02
-4.475e-02
-4.983e-02
-5.492e-02
-6.000e-02
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-2.950e-02
-3.458e-02
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-4.475e-02
-4.983e-02
-5.492e-02
-6.000e-02

| NNNEEEEES |

Fig. 9 Contour plots of the GDL intrusion and displacement with
membrane (top: 0.26 mm, bottom: 0.1 mm)
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Fig. 10 Contour plots of the GDL intrusion and displacement
without membrane (top: 0.26 mm, bottom: 0.1 mm)
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Table 7 Fatigue properties of GDL'*"

UTS [MPa] S value [MPa] | N value [Cycle]

S-N curve 8

220 170.0 3‘OX109

117.0 4.5x10

Sa
Endurance Limit
B
A

0 S

Fig. 11 FRF value calculated from the goodman diagram
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Table 8 Summary of mean stress, alternating stress and FRF at each

model
Thickness | Mean stress | Alternating FRF
[mm] [MPa] stress [MPa]

Model with 0.26 39.10 0.34 5.55

membrane 0.1 19.80 0.83 8.32

Model w/o 0.26 35.60 0.005 6.18

membrane 0.1 17.71 0.035 9.58
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