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Analysis of dimensional errors for metallic bipolar plates in single PEM fuel cell
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In recent years, development of polymer electrolyte membrane fuel cells (PEMFCs) has been
Received 07 June 2017 considered to generate electricity and heat. Among the main components of PEMFCs, bipolar plates

Accepted 19 July 2017

Available Online 01 September 2017 (BPPs) have significant influence on cost and performance of the system. Metallic BPPs, formed using

thin sheets, have been developed as an alternative to conventional graphite plates because of advantages
such as suitable cost, mechanical strength and power density. Flexibility of the sheets and spring back

Keywords: . A A . . ) . N

PEM fuel cell performance during forming process make dimensional errors inevitable and lead to inappropriate contact pressure
metallic bipolar plates distribution between BPPs and gas diffusion layer (GDL), resulting in decrease of fuel cell performance.
dimensional errors Excessive accuracy in BPP production results in an increase in the final cost and a decrease in the

finite element model

Monte Carlo simulation general usability of the technology. Therefore, to reduce unnecessary costs, managing design process

and improving efficiency, analysis of BPP dimensional errors is done using finite element method and
Monte Carlo simulation (MCS). First, contact model of the metallic BPP and GDL is developed and
heights of each channel and each rib of BPP are fully parameterized due to stochastic variations of
dimensional errors with normal distribution. Then, contact pressure distributions of GDL (Paye, Ps) for
different dimensional errors are obtained by MCSs. Increasing dimensional tolerance from +0.015 mm
to £0.075 mm, average contact pressure (Pae) has decreased by 11% and standard deviation of contact
pressure (Psq) has increased up to 90%. Namely desirable distribution of GDL pressure is reduced by
increasing the dimensional error and suitable dimensional tolerances for BPPs must be determined
according to engineering requirements.
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evaluation in contact with the sample metallic bipolar plate
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simulation; (b) experimental test
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Fig. 7 Experimental result for GDL contact pressure evaluation in
contact with the sample metallic bipolar plate (Fuji pressure sensitive
film)
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Table 3 sample results of the BPP/GDL contact simulation
(dimensional tolerance: + 0.075 mm)

MPa (mm) wlaﬁp axao sl JUS &La.n)| j
DERE S B R B
j: o e }9 o < ™ N —

0.024 1.179 0500 0.500 0.500 0.500 0.500 1
0.588 1.169 0500 0.500 0.500 0.500 0.423 2
1.344 0.673 0500 0.500 0500 0.500 0.577 3
0.587 1.169 0500 0.500 0.500 0.423 0.500 4
1.524 0.762 0500 0,500 0.500 0.577 0.500 5
0.585 1.169 0500 0.500 0.423 0500 0.500 6
1.587 0.792 0500 0.500 0577 0.500 0.500 7
0.587 1.169 0500 0423 0.500 0500 0.500 8
1.451 0.727 0500 0.577 0500 0.500 0.500 9

0.583 1176 0423 0500 0.500 0500 0.500 10
1.340 0.668 0577 0500 0500 0.500 0500 11
1.449 0.724 0522 0478 0478 0478 0478 12
1.541 0.770 0.478 0478 0478 0478 0522 13
1.525 0.762 0.478 0478 0478 0522 0478 14
0.943 1152 0522 0478 0478 0522 0522 15
1.588 0.793 0.478 0478 0522 0478 0478 16
0.941 1152 0522 0478 0522 0478 0522 17
0.940 1159 0522 0478 0522 0522 0478 18
0.946 1.153 0478 0478 0522 0522 0522 19
1.525 0.762 0.478 0522 0478 0478 0478 20
0.943 1152 0522 0522 0478 0478 0522 21
0.946 1152 0522 0522 0478 0522 0478 22
0.944 1160 0478 0522 0478 0522 0522 23
0.946 1.153 0522 0522 0522 0478 0478 24
0.940 1159 0478 0522 0522 0478 0522 25
0.940 1159 0478 0522 0522 0522 0478 26
0.024 1179 0522 0522 0522 0522 0522 27

9 o)lasis 17 053 1396 LT )y Silke wdise

Jos jsbas hdgs axin sbaalas 51 SO0 gl olol slas lade
o Ol b 05,8 co Jlasl anlllas 3,50 (golal il (sodgams )5 5
(3) aoles §"10 JS&" [0 a5 j5bylen 0gd pal s Uas 6515 LS 3
ool las ‘ij)'.; Aged (5,95 9 s §95 Geb gl oo oumlive
S oo ol Jlo g &g 51 (OR)
Sh € N(u,0) €]
olas 1y olal gl lre Blyzl Jlade 0 g s WSl lade g a5
Sade yoss g (U=0) ol slas sl jao lawg oo Cluisl b aes
30,5 50 (33 £30 g0y (golul il )l ki (o) U (Las Byl

ol Jloy ma3e b Bolas yuiie S golal gllas aSpl 4y 4z L
"oVl Ll altas S B B9k aY [Lid me 9y o) b ey
aslis g St sla by, alex 51 (MCS) of IS Cige (o3luarcs aib o
[23] ol sYlas! oo Sy bl (gl o0

b 2355 p bl Gl b e 3l ogos anlllas slaie @ ol el
anwgd oS ige Ghey eluln s39e (Giluand anld Sy G5 ek Y
Syt alais o g JU o elay)l solul slallas dal [0 .ol oo
slas Bolai polis oll gl 0ed oo @y @) adayly Bilae  Solas
2l sleand glaaals> slass g 50,5 o colatul SLHS SsSs 51 bvaslass
UM 10 um 5 pm Lo Bl ul b golel glas as ) S ail o0 1000
Sgazme I32] (g el )l Juw 5l eolawl b ouds Jleel slas (sl5l 4y owlos
08,5 oo duloro

e g mb-7
ek g oy 0 ,Shos s goled b Sl 5 o sslite &
) S llge 45 g (laByd dmio ladigel (025 (oyn olelp
25 pm 4 20 pm A5 um 10 pm S5 pm Lo Syl b golel gllas
mm £0.045 mm #£0.030 mm &£0.015 mm golsl slbo il Joles)
Jae 5l eolatul b g o ) SCise b9, (wlol, (£0.075 mm 4 +0.060
Shae Gl 5 (Pae) ek polie 5 (55lwdnds Sgamme 132! (gl )l
sbalus gy, oo Jlos! glas GlS 5 Gl a4 Paa) swles Lz

X

(=}

el

pegs

(o]

< 7 | 34.1%

; -

0.1%
< | |
=] I T
Te} 26 -lo n

68.2%
95.4%
99.7%

Fig. 10 normal distribution of error for dimensional tolerance analysis
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Fig. 11 average of BPP/GDL contact pressure for different values of
dimensional tolerances

golie Gl a4 58 dg Y 5 adss damis cwles [l o Sle 11 SO
solad s 5515

0 0.005 0.01 0.015 0.02 0.025
Standard Deviation of Error (mm)

Fig. 12 standard deviation of BPP/GDL contact pressure for different
values of dimensional tolerances
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Fig. 13 stress contour in bipolar plate and gas diffusion layer for some study cases (dimensional tolerance: £0.075 mm).
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