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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
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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, Psa) 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.

TP PRV Tt P P Y WESIIPYRYCON F JUPOSS | R, TR R VLY oo -1
ifl ol Ko glse 4 Gigpuee Sl eslital B8 adl b Glacssn Gpas palS Cux 8 @5l piynax plie I eslin
yaie ;o &y 55l s Suz oY glacslen) gdneg weils gzge ate Gl Glsie 4 Gigyes Ceal Cosal Bl L b

g vl pi Bjlas glp eslinal BB slasifl 4 030 g (ed slacs g (30l lp el sloan I alex Sz o
Please cite this article using: walod o3liil 3 @)k 5 e cpal @ gl (sl

P. Pashaie, M. Shakeri, S. Nourouzi, Analysis of dimensional errors for metallic bipolar plates in single PEM fuel cell, Modares Mechanical Engineering, VVol. 17, No. 9, pp. 55-64,
2017 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.24.0
https://mme.modares.ac.ir/article-15-5235-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-30 ]

[ DOR: 20.1001.1.10275940.1396.17.9.24.0 ]

ol 9 L,ul.luiala‘f H,.;

ooty GRg St Johw S5 )3 531 alaBys ilxiio g3lul slalba Julxs

¥ Slmio oS o,Sen 5 I 5] wols 3wy 800
SLIB ;5 Ko g yuen wnld SS @ 6L (S e i 5B
@ owaid g sailp sloyiall g [6] wols 13 adlllas 590 1) Cazme
Oypets | Jaom 6N b 3 (hdgs Dlxie a3 S0 ol
OlSer 5 bl onizen (7] wsses oy Giluans 5 o
[ sl oabiBos Sl algs o (St (20 Ss anlp B slagSl
T 358 5 oen 5 5 18] w8 adllas 25 ©)500,
anlp a4 (e Slxio o)L sl US55 )0 AABLLL
5 ol cdea andl (9] Sisges (cuyp 1y 8 oo b om0 S
Sy BIUSD by, 4 ol gl 38 (laded Dlmao (5,28 S
B GhlSes 5 bl aile pilolinl ol slallas oS50
SeY (S8 anl o 38 (hdgs Dlxio sla JUIS g Se soladl
ol b s (iagh onl @l b @il L10] wisls 13 axlllas 500 1,
G rhadgs amino sl U golal cBs i Crge (2o JSS anl )
20,5 oo

oo S L Sl eolinal b yenk (Egw S 2B BB b))
3585 a¥ (59, (oled JLiS S eiSy 5 cenlie mjel el JSie g ooz
G @ Oty sl Slald y ceslie (S S by 5 CGDLY) I8
©9y SleSy jled (bl az S1ocwl 69,0 Sl SEee e s
0l (oles jLad 05 (oo (oSl (ble) Gl 4 e 5 Sok Y
aegeme glrgel 5 51 35k 4 ax 5l A ud 00,88 4 o Wl e
Gl Jlasl 5 (as bz Rl ) Sglie Galil a5 000 Slad 35 28Ul
5058 dsas Y JLid mu g5 o)y el pln l12,11] el aly> o 50,
Ol L oo sobite 4 Syocl (S5 Uiy (rkidss Slovivo L ules
Tong5 5 JobSS 2 Slae g0 el (liSen 5 g Blie 55500
1131 ws8 adlas oy Sygpots |y seuls (Bgw Ju 2010
T N - PRSP YTR S LY OV RS SPRNEE NS
5 Lices [14] Woges s p so0e il s 3l oolinad b T, (o yeudy
Syl Sl sgame Izl iluand 5 (028 win & 25 Ol
Sk (o dn SIS Ll il 5 Ak
[15] wazsls

S bl @5 4 e il (haded Slxio ol lalks
oS oo (FEgm oy 2L S8l amiis jo 5 5 S5 4 (5 (ol
ab golal lalas oy (B9 Jo 2L o9 sokaie 4 i SH
Gloanlb @ g b R0 o ol (el (el o> b g wisd S
ol glhas 5505 dgame (g yendy (S g Jo Olekad ade Jglaie
@l sanpe Rl e SaeS (b polis U ohdgs Slxie
gl 5 sl ol GhyeS CellB a5 5 asgeme Slige 5 Sl
g <Slo wulp colae 5 (poie ke 4 nlply b dalyS (ceges
sl ;b aalllas (s porly (g iy 4230 5 LS Ol Jola Sy
el 5l 890 dcgeme (ol gl (pules 18, (ladgs axmio sola

A3 D jyge e g gedge (nl 4 S axg jee 4z S
Sk B Jy 0 Skee izl cole slalbs 3b gy Ggalen
Sy Jae o olKen 5 jemaY el ond pll (sogame wlidns
ol il s Wioges &l oaBss amio by gla e 5 osle galimdlo

5 Gas Diffusion Layer
6 stack

9 oolasis 17 053 1396 LT )y Silke wdise

olee leord (25515 51 a5 aliles (s peely (s sl iy 035!
lily 5o oS e g Ol 5 Ol i SSUL(5nST 5 (555000
SRl WIS 15 4z 9590 ez elas 50T (g Slal S
Ombled specly (B Slady » (e slaailels loslinal oLl
e 3kosse )l 5 Gp plejee 3y laailele aiile) (seges mlan )
Lis LS 5o Joame ool sauje Gials aels (1] Sl Gjlas
il g degazme ceslin 8

Sl o JSi5 SPLS slizt 5l pmbl —les ey (g S
SLCMEA) slid 09 3501 gaegomme 9 ((BPP) dadge wlxio (1 JS2)
a3l g JB e 5 adlh oo alle Lol lizl ale
calin 0,8hos )0 (5550 L g (2] A oo plaisl 395 4 1) dcgaze
WGl g g

SoSly sl Jul dlex l cage iy (hidgs Sl
55 0 3 Gyl il 5 STy 5l ol Ol 5 ol colae
5 S iz 5l orBys lonio Ygans 4z 5105505 onge 1, 25Ty
oo 0jgel Ll (Gl 22 JS5) Wigds o aislu 6,5 ppilo o5e 4y
Gaie pazen 2blie Jodo 4 (02 JS5) oads 2o IS (38 ladgo
Ol I 5 cilin 5,1 ol VL (Sl plSriad (gl s
(FE3)5) pywye (obBys Slmio sl ol (Sl Slyiea L
bt Lo )3 (638 (oladgs Dlxio (5005 atdlailazily 418
R L o

@3S 5l s dades Slrans cle als) jo (gounie Slalas
3 Foe syl ollSes 5 jLese ool 4t pdy &0 iU slaid)g
L siloe gmle Jbd b (B gm (530 (rhiBgs Dlrio Sie Bg)000

End Plate Copper MEA

Plate Bipolar Plates -

Fig. 1 various components of the low-temperature PEM fuel cell.
Ol (6 peuly (B iy onims LSS 65LsS sl 1SSl
‘ ‘],..\-J-Hl /2

(& (a) () ()
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Fig. 3 methodology for analysis of the BPP ribs dimensional tolerance
effect on the GDL contact pressure distribution
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Fig. 4 (a) sample of the formed metallic bipolar plate; (b) optic
scanning of the BPP sample and evaluating the dimensional errors.
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Fig. 8 Result of finite element simulation for GDL contact pressure
evaluation in contact with the sample metallic bipolar plate
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simulation; (b) experimental test

amio b ool (Fls alaiie ;0 515 395 Y phaws (55 oled LE8 w55 9SS
w7 ialej] (0) 905 132 (g 5lwants () canlllas o )50 (5318 dadgo

@l b ls Seiany g ohalss ami o bl (5iluaned @l avglie 2 Jguar

(Ages) (obBgo amin Sle ahaiie 1o aEilej]
Table 2 Comparison of BPP/GDL contact simulation results with
experimental results in middle section of bipolar plate (sample)

(MPa) jLié Law Blmsl  (MPa) Jlad Sl cedadgs domio Sl ahaie

0.6765 0.8921
0.5754 0.8068

Sgazee Izl (g 5lwancds

@25 ales]

59

69 oSl 5l oslatnl b oo o Ko Slahad caslllas 090 (sladiges
Sl CAD Jos  adly Lyl (gjlotds g (4 JS5) Wlosds o)
aalsl jo slaza,S 18 eolitl 8,90 Lites (5,95 oSl | Jol> diges
Oboa b g askad a3ly Lalyd o 515 3945 0¥ gl 55, )lad polie 95
J8) sl osnl cwsay (0,58 Ojgods w0dd (gleand Jaw sl gl
.6

S 5 (PSF) Jlad a4y (el pld 1 coulod Jlid ppolie cod ol
Syge Hlad ohd Cowlas godgamme el ool oolitul Told  >gd
4 odd oyly HLid Jlade 4y aiey g w3l 0 25 MPa  J10.5 MPa olaul
sbul o g5y i S5, Db Glad 4 wla> old 5l abi e
158 3si5 ¥ mhaw (59) ;Lid s Cumdg 3)50 50 Dglad aS 00,5 o0
@l w095 (o5 skt 4 Sl ROl (&S O jg0n
i ouwlael g anglie Gl slnl g wles Wld 5l easl cews
ool b oolaiwl o)50 jLid wld gl S 0 wgus 2| (g5lwans
S Lagi ond @) K5, md i olie el s Tk 5l 5 5|
Gl oo 4y gl S 08 51 ooliil by sl o0 aniig plid b
5 9 &8 D jgoas | old Sl alail o o jLid polie Gl e )LES LS
s ) Jolo 25 ol il g, T S pes ) 5 dralons
oot gaze izl siload 5l ol gl "8 UK 5 o2 Ghales]
W20 oo Glid 1) 58 3585 Y b diges anlad CAD Jos

ad g wgame Izl 5 alBile)] @l (o8 amlie sk 4
hles azmio b uled Gl ghale ;o 55 3ok ¥ ghaw (55, (ol
4 2Bl e 5 sgame izl (g5luand 5l Jol> canlllas 550 (5518
Cawloads eols oylis "9 S g a9 S o s 5

L 395 ¥ eled gl Gl ghite (8,5 15 0 b iz
lap Lid (Paa) jlxe Sl 5 (Pae) (oSSlee polie ((ladgs axio
Sl 0als dslie g anlne (0,50 Glabesl g sgaowe 132 (gilhas s
dwdin gilwosle @ azg b oandl 005 oo cvwlin 2 Jax o a5
ooled dgazme izl (iluvaned ;o s 00 Slabid (oly> g lige Cundg
9 olde 50 s pSojluil gl 59 el 5 5B Seh Y g (ladgs axie

CPRESS

Fig. 7 Experimental result for GDL contact pressure evaluation in
contact with the sample metallic bipolar plate (Fuji pressure sensitive
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