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Abstract

In this paper, we investigated the effect of dimensional tolerance on the force of key component
seal ring and GDL (Gas Diffusion Layer) in PEMFC (proton exchange membrane fuel cell) when
manufactured. A spring-damping model was developed to simulate the compression process of a
large stack. Compared with FEM (Finite Element Method) model, this model greatly improved the

NEF|I M R, T/ME, i KBRS BRI A ). S )7 5, 2023, 12(2): 1031-1040.
DOI: 10.12677/mos.2023.122097


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.122097
https://doi.org/10.12677/mos.2023.122097
https://www.hanspub.org/

calculation efficiency. The traditional FEM model usually takes more than 20 minutes to compute a
single cell, but the calculation time increases nonlinearly as the number of layers increases. It
takes only 8 minutes to calculate 100 layers of stack using this model. The calculation results can
show the force of the seal ring and GDL in each cell, according to these results, it can provide a ref-
erence for the design of the clamping force of the stack. The results showed that the force and
standard deviation of force of seal ring and GDL increased nonlinearly with the increase of com-
pression ratio. The difference of force between the tolerance component and the standard compo-
nent is up to 28%.
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Figure 1. Schematic diagram of the 3D structure of the stack
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Figure 2. Spring-damping model of PEMFC
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Figure 3. FEM model of sealing ring and GDL
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Figure 4. Force-displacement curves of components
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Figure 5. Diagram of sealing ring under gas pressure
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Figure 6. Definition of compression ratio
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Figure 7. Average values of component forces in four cases
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Figure 8. Standard deviation of component forces under differ-
ent compression ratios
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Figure 9. Force scatter diagram of sealing ring and GDL under different compression ratios

B 9. AEIEAEEL R ERM GDL MF HiaE

MK EAR LA 30%0, 5B B i RS2 1B 22.37 kN, LUARTE(E 20.84 kKN £ T 7.4%, /%
JIME N 18.49 kN, LUAR#EME D T 12.7%. GDL Wi K32 714 10.57 kN, EUFR#E(E 8.26 kKN £ [ 28%, i
NSZTMEH 6.71 kN, LUARHE(EAR T 23%. S5REM, EH A ZEMEFR 2 71 5hrdE RT3 32 J1(bs
HEAE)A7A7E B B A 2200

Ko il ta T HER RS 54 JEHIh . X JE MBI 52 J14b T LB I L, 5 A 52 ) A
W KAE, T GDL (52 J1 NS B [ d M . S B0 R 0 & 2E 1 JE R AT CAR I 10 f@fe. B 10
FoR HER T, AR RSB R BN LSS . 4R BLE 10 T 2 IS RS R AR 0 T HE () 45
Ko BUNEX— 2, % HEM GDL ()& EAHZEE K, SE AW ERG, HHESZRE 2 MR,
7 WU B R AR LR, RS2 R . A, R IR =2 IO, s AR ALt T RE R 2 R .
T B EIX PSR, AT DLk S [ — 2 ) 2% BRI GDL A Z AR ZEE R, 1l 0.425 mm 1% &
BIH4HC 0.27 mm ) GDL, B 0.375 mm 25 3 B #5EC 0.33 mm ) GDL.

SR BT AR, B0z S0 ARHEE R JE R R — AN AR . 75 TR
2, B—EREASONBENIAEC . A W R R — A E e, O R IE ST B HE R e A S b —
AT W 11 FoR, B REZEH BT RE S RN a, A TTRES RN b, MEERE
BRI A N, THE S RSB R — NG X ], G B4 B R (R N 2B i e, 84 R A
JE4AREE A 30% 1015 OL N B AR 6 IR LB LR e 1 6 G rilE, X 6 HEUREMAAR | . &1L 6
Vit 5, Seal ring 1115 F7 (10 7 X8 5 FE £E 20.42 kKN~20.98 kN; GDL [ 5 /7 (> $4{8 Y5 Il 7E 8.32 kKN~8.65 kN,
PIRR B 1R I A EZE AR H BRI, 4EFFTE 0.1 kKN A4 . WERIREBIEZ IR KME SR/ MEM . %

DOI: 10.12677/mos.2023.122097 1037 e RSE TR


https://doi.org/10.12677/mos.2023.122097

MnvE 4

B IH: 2 3.88~5.59 kN, GDL [ 2K 3.86~5.56 kN. LA 152 3E R 5 2L e MEI R T L 24 23
RUMH RS,

1 seal GDL seal
PEM 0
’ seal GDL seal
3 GDL
seal seal
PE_M ame
4 seal GDL seal

Figure 10. Schematic diagram of stack-1
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