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Modeling and optimizing the frame structures of PEMFCs
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Abstract: The frames in PEMFCs are usually bound with membrane by the adhesive. The frames function as the

rigid protecting structure for membrane and play an important role in sealing. However, due to the complex

operation environment in fuel cells, the performance of the frame and adhesive could be degraded, which could

endanger the gas tightness of the whole fuel cells. Therefore, with the help of finite element software and cohesive
element model, series of new-type frames were designed and compared. Their effects on the frame-adhesive
samples were investigated. The results show that by making convex structure (triangle or trapezoid) on the low
elasticity modulus frames surface can effectively extend the separated displacement of the sample. On the
contrary, these new structures can degrade the adhesive performance in high elasticity modulus frames. Moreover,
the sizes and shapes of the optimized structures also have effects on the adhesive performance. Furthermore,
among the optimized structures, the convex triangle structure with the 1.5 mm base shows the best adhesive
performance.
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Fig.1 Schematic diagrams of MEA sealant structure and frame-adhesive test specimen
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Fig.2 The stress-displacement curve in mixed-mode
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Fig.3 Schematic diagrams of the specimen model
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Table 1 Properties of frame and cohesive element
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°/MPa 0.5
SEPIL ST 2/MPa 0.5
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G,/ (N-mm™) 0.05

2 TEERSHSW

21 HEZER

T A b 2 BRI Y N AR TR A o T 4 HR B A B A TR R IE Ah A TR R FE AR [R] G T B A RS R
SR BT . o, D0 AR AR S 7E ) B B R A a8 e b i B S 00 = M TR A R AR B A RS R A A, =
MR L=1.5 mm, /& H=0.15 mm( 50 HE 5 & 30% ), P = A JE Z [a] A iE D=1 mm.

B4 HHEmERBNMEERR

Fig. 4 Original model and optimized model of the specimen
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Fig. 5 The simulation results of the original model and the optimized model
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Fig. 6 The traction-separation curves of the original model and optimized model
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Fig.7 The traction-separation curves of the models with different frames and adhesive
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Fig.8 The traction-separation curves of the models with different energy release rates
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Table 2 The simulation results of models with different convex triangle sizes

I 5 L/mm D/mm F,./N S, ./mm
1-1 1.0 1.5 23.0 0.639
1-2 1.1 1.4 253 0.666
1-3 1.2 1.3 23.7 0.684
1-4 1.3 1.2 20.8 0.579
1-5 1.4 1.1 20.9 0.567
1-6 1.5 1.0 26.1 0.684
1-7 1.6 0.9 235 0.650
1-8 1.7 0.8 19.6 0.538
1-9 1.8 0.7 21.6 0.616
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Fig. 9 The simulation results of models with different convex triangle sizes
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Fig. 10 The optimized results of the specimens with different section shapes
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Table 3 The simulation results of models with different concave triangle sizes

I 5 L/mm D/mm F,./N S,./mm
2-1 1.0 1.5 25.0 0.462
2-2 1.1 1.4 22.4 0.452
2-3 1.2 1.3 21.3 0.392
2-4 1.3 1.2 25.2 0.449
2-5 1.4 1.1 21.1 0.437
2-6 1.5 1.0 23.0 0.472
2-7 1.6 0.9 20.8 0.395
2-8 1.7 0.8 20.7 0.403
2-9 1.8 0.7 18.0 0.358
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Table 4 The simulation results of models with different trapezoid sizes

ISIZIN i B/mm F,./N S, /mm
3-1 0.2 23.6 0.620
N ERIE 3-2 0.4 20.7 0.614
3-3 0.6 15.8 0.449
4-1 0.2 17.6 0.369
M B8 IE 4-2 0.4 18.2 0.355
4-3 0.6 21.1 0.439
3 HRIB
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