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Today, the use of metallic bipolar plates in the fuel cell industry has attracted the attention of
many researchers due to its much lower cost than thick graphite plates produced by machining.
The best method for the production of metallic bipolar plates is the forming process. Among
the different forming methods, the stamping process has a higher production rate, simpler
process, and lower production cost. One of the major problems in the formation of the metallic
bipolar plates is the springback of the sheet after forming, which causes distortion and non-
uniformity in the formed channels. In this study, the effects of geometrical parameters such
as draft angle, corner radius, depth of the channel, and process parameter such as lubricant
on filling a profile as well as springback of a formed sheet made of stainless steel 304 with a
thickness of 0.1mm were investigated. For this purpose, the simulation was performed using
ABAQUS finite element software and the results were verified by experimental analysis. Then
the outputs were evaluated by changing the input parameters in the simulation. The results
showed that the draft angle and channel width had the most influence on the springback value
of the formed plates. The results related to the process parameter such as the lubricant effect
showed that the springback value is almost independent of the lubricant parameter. However,
in quite equal conditions, the stress distribution in the corners and channel walls is much more
uniform when using the lubricant.

Keywords PEM Fuel Cell; Metallic Bipolar Plate; Stamp Forming; Springback, ABAQUS Simula-
tion

CITATION LINKS

[1] Investigation of contact pressure distribution over the active area of PEM fuel cell stack
[2] Grey-box modeling and model predictive control for cascade-type PEMFC. Energy [3]
Improving PEM fuel cell performance and effective water removal by using a novel gas flow
field [4| PEM fuel cells: Theory and practice [5| A novel cooling flow field design for polymer
electrolyte membrane fuel cell stack [6] Dynamic modeling and validation studies of dead-
end cascade H2/02 PEM fuel cell stack with integrated humidifier and separator [7| Quasi-
three-dimensional dynamic modeling of a proton exchange membrane fuel cell with
consideration of two-phase water transport through a gas diffusion layer [8| Review and
analysis of PEM fuel cell design and manufacturing [9| A review of composite and metallic
bipolar plates in proton exchange membrane fuel cell: Materials, fabrication, and material
selection [10] Study of different aluminum alloy substrates coated with Ni-Co-P as metallic
bipolar plates for PEM fuel cell applications [ 11| Improvement of formability for fabricating
thin continuously corrugated structures in sheet metal forming process [12] Investigation
of stamping process of metallic bipolar plates in PEM fuel cell-numerical simulation and
experiments [13] Effect of manufacturing processes on formability and surface topography
of proton exchange membrane fuel cell metallic bipolar plates [14| Experimental study of
the die patterns in rubber pad forming process for producing of metallic bipolar plates [15]
Investigation of lubricant effect on depth filling of metallic bipolar plates with concave and
convex patterns in rubber pad forming process [16| Manufacturing metallic bipolar plate
fuel cells through rubber pad forming process [17]| Stamping and springback of PEMFC
metal bipolar plate [18] Evaluation of forming quality and spring-back of fuel cell metallic
bipolar plate during stamping via simulations [19] Effect of manufacturing conditions on
the corrosion resistance behavior of metallic bipolar plates in proton exchange membrane
fuel cells [20] Metal forming: Mechanics and metallurgy

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.sciencedirect.com/science/article/abs/pii/S0360319915310363
https://www.sciencedirect.com/science/article/abs/pii/S0360544217305583
https://www.sciencedirect.com/science/article/abs/pii/S0360319915309630
https://b2n.ir/052448
https://www.sciencedirect.com/science/article/abs/pii/S0360319915313264
https://www.sciencedirect.com/science/article/abs/pii/S0306261916307371
https://ideas.repec.org/a/eee/energy/v90y2015ip2p1388-1400.html
https://www.sciencedirect.com/science/article/abs/pii/S0378775302005426
https://www.sciencedirect.com/science/article/abs/pii/S0378775314005825
https://www.sciencedirect.com/science/article/abs/pii/S0360319912009202
https://link.springer.com/article/10.1007/s12206-012-0616-z
https://www.sciencedirect.com/science/article/abs/pii/S0360319914003152
https://www.sciencedirect.com/science/article/abs/pii/S0378775310004088
https://mme.modares.ac.ir/article-15-2561-en.html
https://mme.modares.ac.ir/article-15-10538-en.html
https://link.springer.com/article/10.1007/s00170-016-9297-6
https://www.scientific.net/AMR.215.1
https://www.researchgate.net/publication/281959148
https://www.sciencedirect.com/science/article/abs/pii/S0378775310014060
https://books.google.com/books/about/Metal_Forming.html?id=x0GWAd7hNy0C

(65550 (SModama g yihdgias| 3jy8 YAA

03145l g 39l wog s 9 Y93l (Vgb yae 9 Syie ik
B0 o conliz el o witwe [l [ ool 0 9

<« cunl oad JuSis Galizxe glizl | GBow i desazme SO
B Fo 391> 53) ()9 5 pz> Bl I (abadgsy wiziio gl e
Vb caanl E(%FO U Yo dga 53) digia puican g (%Ae
Ghls 395 caanw 93 o 4y uhBgy Wi Blewl Hlyssy
seil8 ks gy (Ul sleglye ko)) (oS,
orizan 5 cundUlS ahw g5y 2 W Gy g eximsiasly
Mew! Of 5 ey copnle

Czse dgie JShe 5 Gibew dn oly Sz ST 4 L
4 hdgy wlrdo adgs (byy 9 iz G U el oud
Ole dwsie iz Ol Blagd ol Gage sl g9dg0
Jl ledigal (oihSgs wilmbo wil slagby, dzwgi g (iyld
b biye Gl glacSinlel 9 esyb ,3 sale slaojs>
wlaio 1y glaghgy dez jl cwl Glixe Gisgw
5 Sgatiaol (LSS cojorals wlxbio 5y padle (ubssd
wlaio (5008 (B sy wlnio Siwdgyne
Blewl g5 -5 9 sl 1S cajspels

Gl (olss sy 318 ahades wlmbo usl gladlo y
g5 o> wilo el g gl duie e Gihe g Saxsdl
wlxie colo sogby) Mewl 033 il 395 4y |y (g5l
RIS g B pedle dilws 95 4y SIS jebay (318 (uhdgs
5 123 (900l @ 42 b (6 B uile () - igde pawds
ccaol 41855518 Jssil 3,50 Yo digie 5 0)jy celid puizen
9 s Jddds oadbodls S (g8 dadgy wilxiw «(ilds o
Slgd dinie g oligS sl 3dgT ploj (e 9 wilxbio @ (s
al 01 azlge (6305 Judiwl b sl sladlo ) ol

3929 Ghlie slagbyy (318 uhdgy wlrio 35 ¢l
o9y Sy ¥ b Sa il gege Syl
REWRIES CHRVS TR RS CRVSLESRWS

el ISl pae § urit (Suzuy Jusa MhSes 5 (o2
Sl s alope Sy 3 (3B (kg winie
b (b some Saa b Giihe wlilas Jold) glalzponiz
Sy Gee oS oly gl pliize ol H5 gold Aidgel uny
wisly Liolisl %Y clalopegs as S 5l endidys wlaie
RO

Siopasuol (g, b (393 wilxio @3S 12K g 50
4 oJSd w3 (Gilwad SaSay Ll aisgal dellhe |)
Sedil sl iz aiSly digal cwlhd 2193 (uy
I3 G 390 |y o)lens augly g aigS elad @il cepw ol
Adgad dunlie = 2olii b g Lsls

el 523088 slaanlys 51 By San g (sLolibilalo
gy wlxbio mhw (55 9 SxhdSd ) Saadgsie g
LT3 (60l a8 4 oly (i IS gl A0S a5 518

WA LT N yladd (Yo o83

slesiohly S uxi dellbe 5 (gilwdud
2 B i 3 iy wixio wiis

& « T a Y Y 4 .

GRIJSE sl p8 wdSy Jidgn
=

MSCc jihsgaasl 33,8
Ol (wyde gyl oKl SHlKe Luwdige 038l (gl g eilw og)f
ol
PhD "5y (53403020
ool SUSig a8 sl Sle isio ol (Jlad (5,98 5 pole syl

oSz

digpe Jubsty iBgw S cio )3 (g3 Gelass wimie I eslaiul o)l
S oble pby) b & GdlS i wlnio 4 cad o Homl sl
Gl B9y rsige -l 483 )15 i 51 (5l 4255 D90 Aigdi5e A4dg
Elgil glio )3 cal JSE 1l 5l exlisol (5318 rhaByy winio 3Jg3
SIS NERWI JOPSWSRE PV M S . - J T ENE2S)
GRIUSd odae Mo I o el 13955 (65Tl 1ds8 dje g Ty
cge &5 cunl UKD I amy Gy (628 Sy (s (ahdsy winio
230 Glangy ool > 390 i8S S (slaJUlS s G315y pac 5 glrsc!
JU Gas @isS glads (JUIS oylsas aly g slal pazman Gusie lajially
B9 6p0 Sy 9 Sadyy Jedon 3 S5y, szen (s1al yiebly 23 5
A g yragheo/) el b Vo (55855 398 iz Sl xS
bl (53l (pugSUT s9am0 lall 1381055 SaSey Il )3 pghain e 4y
2 b dalsl sl Guy G glagialel SaS4 @l cove 5
S 185 L5 bl e loizers (silednd 53 (53909 slastelly
Jaie oy 30 gyiiy JUB (sligy 9 oylas asls 4 b glis erelewssa
xDd siebly b bl ) gl gl eadas S wlxio 5y iy
515 oyl 3 Jatamo Tuajis (538 iy ylaio oS 315 s JlSSlg) 5305 92
lodssS )3 L5 a3 o1l 5 odliasl el 3 ol Mol Lyl 53 Lol e
el FeSleiSy sl JUIS olsas o

Sy o« Sigpataol (2SS (538 2kl 93 wlbo syasly (5w Uiy Leeglganls
9320 plall (3lwands ¢

WAAYAY redlyys gl
WAYSFNY iy gl

barzegari@mut.ac.ir :Jgiuwe oxiuggs

doddo

ygody & cul (Rleady xSl 5yl Jae So B Ju
B 30 paiite olyz 4 ) cSgw (Rled (3 el
09N G iy 0 B S g IS slaaals elei ylaie
980 pll dlye S LIS g Syxie sz 4gS e wdlss
9 Ui (iBaw sladn @ln Jsame sleosias sl
50 el oS b slE el 5l ealaiw] caidl S ¢S]

N IO BPRELOY
S cwl G sbady gyl G gl GiBew i
sl ades b o3l Jud 5l 638 4 yamie slasSh
OIS ol iz g Sl Gao 1> 3 L oS glulal

ode Sl usige (dmgly sale doliale



YA 9w Uiy 6318 ubaBsd wilaio pwtie (slayielly i Gyt dallho g (gilwand
Sy (318 By wlmio (IS odac WS I S
pie 9 zlroel age &S cawl S 5l asy G 69
Wl g glrgel ol 39die S ISs laJUls )3 (x519s)
dn degazme 4 Cowl Czge 0adedSd axio sl )
U 30 S wadw |y degaxo lodily g oddh S gw
Sy danytolly s OBl b o el ol Glaghy ool San
20 iz 23 (lalS JBlas 4 ) 0d GRS axbio (538
g glad (JULS oylgas angly g slol gzmen wsia layiehly
Jidon 2 ) Jlsy pozen a0l yiehly 13U o JUIS Gee
10y3 5 (5548 Sy Jadg (S Ay 1oy cois g JUIS Sy
asllhe Yy leie (e 01BBIUS §)9 (653 wulSy
ooy dxio S I JUS wiz Gun 4 & lidze ple
S JolS by dmdo Sy GR35 el ol wlaislay
oSl 0313 48 Ganpn 9o |y sl iaio diged Sy I 48y
Ol 4alsl )3 &5 39di50 Guyp Gilwdand 9 0T Gl 93

W _\.tzalgb 41(.'>|))g:

oe8ialefl Johe

eo3fSs il elliolgl whuad 2 @ ok o
6N b s a3 (bley wixio slailSy e
Sl Sl G3JSE il SeSa gilae b
092 g @y iz wlmbo gal GRIJSD gz Y Gl
o9z Ll odd o3y syl (o Sl (olgd gTewesd
Jads) 485 518 Gy 390 45 age slazeyd (xSoill
o2l 5 (s 68 Sy plise paiam g 03 5 JUIS Sy
DGR (s

GR3JSD AT,

VS s ol 4185 L8 dnlllae 3yge o (cldskd 4yl adi
ashd el adio JSi 5 45 4isS plad wcwel 0ad o3l Lt
65 b (slse @mle e (65801 L ehiBgy axio Jai 350
el g Guodia slayiohly V Joaz 53 amde lid |y 0aigdyl,SS
ool 00 53 A1 3,90 (oakaBig dmie ojlail g

1.550

syile g diw degame dwsin g Swiledds () S

Modares Mechanical Engineering

G 53l iy Siaedgyiue 1l b duglio 55 Sippatial
Siroydgyud gy dy oddodls JSi dxio Sy 5 (galel ey «F
el el gy b ondosls S digas I yige

38 by wlmiio R3S Guyn 4 MHphSan o ol
655l 93 plaizme ol Lwilaislyy SwwoY asSia auld s
Gy ah8ey wlnio (5SS o9 )3 smie 9 Laze
olxio ) Sy @ee oo &8 wsh lid LT .asgal
Sy 3tz 51 ol ymite B 5| Gy oame B 5| 18,5 IS
ssie 5980 5l (sadyi i (salal ey (plusy Sy Gee
el oamma LB b oxdosls S el 5l i

slaUls Saiy oo » Sl Sl S0y Gawgly 3 Ll
G D90 S S 1l )5 |y (318 uhadgs wixie
Bac yd yldoy Gilidl jokedy a5 oy léd ol sl I8
Gadgi wlzmio sl JULS ) yiedleis cuwlis g139% 9 (;M)J
.[15]))5 o3&l )&'9) )I U|9JU_A

oalitl b (515 oaad 93 bt o S 1161, Sam g (oaol!
B 4 dzgs b 03 HL8 Guyn ge seie g oaxe (B g
JUE 3ae glyls ymio B wgi oadadyi wilxieo woislewsd
0l (U (sligy 4 JUB Gas cowd a8l b Giha 402l
Ao

63 (hadgs wlnio (58 Sy uy 4 WS 5 o2
o §I JUIS Sy liie ol sy Sipatul 1l,s 5
350 ANSYS/LS-DYNA sgume olal Jfisleys 53 Iy (sabadss
9 diw B a5 Siley sy lis I8zl sl I8 byl
9 o1 3T &9 53 eiloBl (T 9o 14z K1 5l Guyile
oledl pliize el prizes 3sdie @9 0 @8 s 4 2w
lebl Wlgiai oahadss wlxio 5 JUS o L o axtdls
wilellae @ 5L g ams awlyl dadgs wilxiw a3 S 5 Sy
236 Grpn 0 L1 LSem 5 oo .l diaj ol 53 (6 kot
5 JUIS (sligy +JUIS ac wasS gla ppman M5 (slayiobl
sy wilmio (5,5 S 092 ) oyl5as dugly (rizen g oi
Iy y95de slayiahl jokie ooy ailaslsy Sl 10l) 53
31y Gl gl . 3ged oSy S0u50 b Glalefl 2 li3le,8 5
wlxdo S1S0 e » b 250 goytie 4igS glad &
D 68 Sy siehly puizes liine ool Iy kg
dxbio JSb i oaaline (sl Dynaform sgase gloll f8le,s
(Lol 45 315 L aulss 435905 (s s (23S 5l oy
oo b i § (658 <uiSy e (630l 53l LB
D13 63k I

O s Siueaiwl Ga3JSo 1l 45 wase olid wlelle
M st ey gazer Lo b GRIJSE slagby, sl
[l (g3lailely 5 cuai 3 (Sl 5 by Ldss dinje

Volume 20, Issue 11, November 2020



S SMetama g b (g1an] B35 YEY

B9 63 Sy ole g Subn diden G35 xSl
Sl <83 b Sadgyaae o ol b 1 el ol S
a8 ealail el gy (g0l s 4 5ez0 &S YL
feliiun wS)d) Gife cud)b b Sy oy I yshie Gues
5 degaze o5 Gup 5l oaled ¥ UKl o o3l (ol

oo o2l leeaie L amsge liad | cowl oad Jlow T (595 2
b B acgazme 4 Gllacl (laals Hlaie (5Se5lal 4 plgise
s Glale s> ol Gun o e Sl
ol b Gp2S ygody aallhe yge (hdgy dxbe (55 S

D950 (635 0313 ot

o oM o
.‘ e —TCT 3

O (595 2 03 lgm B degamo 9 Sgyium up I bl (Y S

dedon wile laytahly bjl sekiedy (o dSd I pug
Ol 03Balgi wlniio ol @Y (618 ity lade 5 Sy
o Gy ol SaS4 ladigad shite (pued 4. aigd 03
38> oanline johiedy dadigad by I s A9t
ladigad Gl g €8l 5L QgSung Sae 15 53 ghite Lidgn
wile ladigad jehiio rad 4 2dl dudy jI 5)le 5 Slo
ediged ghaw (595 2 B Uilsy 9 ol Joe U g0
o8y 3 ladigas Judg s «(silwodlel a8 5l a2y .35 ol
8l 5l iz sde odmlie (5)98 P9Sug e
Pl 9 039wl yiganolS @luw (595 3 S (5503l
e 6 S5lal syl Jate QsSugySae 4 yigauelS
5 ilwoslal Uolye VW S 55 Ll odd ol (6,18 wadS)

ol 00 0313 plidd (el il

WA LT N yladd (Yo o83

sadodlaiwl §y9 9 CJB degama wiin sl (Y Jgaz

Uieces) Jato Gosin iy
50 (h) JULS goc
Vo’ (0) JUIS oylgs a3
o/Y (R) 033> yu gl
o/ (1) JUIS yuo glad
o EAY (W) JUlS sligy
\/Y (S) oxis (gligg
o/\ (1) @y cwalzs

829 LSlSe (olys

Fagher/) el by VoF il 0385 g3V &3
3 G ol Sl (olsd s jghikeds cuml o0 o3litul
OESS -ORT (xie ) )lagal - ad eslisl ygxecSS S o)l
2230 ol |y §yg ol Gixde

1800
1600
1400

= 1200
1000
800
600
400
200

Stress (MP.

0 0.2 0.4 0.6 0.8 1 1.2
Strain

Vol @§y9 LS - e (1 lagas

Sl

G5 sl o B 5y 5l Shatnl (e3JSd 18 5
3929 11l Jaize Gy 55 Sl Jisl & g0 osliiul
oIy G oBholyr 5 wdiw wege Sl VS,
U Yol ondostatwl Hlgy 3gd0 ahiss dxian gl JUlS
3 Gy Siby jl glle b sl adlh a3 sl cwlbs
b sl andly b GadS cuglio Lagy .3gid B (gl JUlS
oshl del> @lid JTlgy 11U 0985 ol (RS e
DSl ol eslatul cde el ond eslatuwl lugmuoh
0390 Yo Hlsy S nglie ppaizmam g o 05 )l ol
094 b oz JULS 490 4 @9 b ohar dad0 zge &S
A &y ol Jals )y SHL ol

vinlefl planil Jolso

&l cngo ol 4 Siapail o3JKE 108 3Slec 052
1B 0ad el oingd Jolxe by JolS jebdy (B 4aS 95 latyl )
9 i om @ 0AVLE L aed (sle JLessS 5 aans
Apdde puyile (595 2 blaialy dlio SaSey diw (il
Jitie (uy o8uws) gy Ul degame 4 (s5liige 4cgaza
Sap Sl 4 dzgi b gde el a3 JSE Jas g osd

ode Sl usige (dmgly sale doliale



YAV i gu iy 318 abaBsd wilaio pwtie (slayielly S Gyt dallhs g (gilwand
b B S gazme glall Jae iweouo johiiedy 3,5 50 b3
Silwdand gl b Gy gl g oad aible gl layiohly
Gl erdRwese Jlo G 35d0 R0 9 duglie
e Y Joaz 39ds0 ilwdnd iz syl b LB jle
B e whaass g sl FUSS Hs aedee glis |y lepsie
el odd 03l i Zosgay

i
(=]
L
g

1
1
1

1) iy &l
co
L

o
[=)]
0.5 ol Ken o3game

0.5 0.4 0.35 0.3 0.25 0.2 0.15
(e slen) gyledl o jldt

ol slayl gl oS e ol (¥ fagas

Ulale)l digad ;o slonyuiie ylie (¥ Jyaz

4gl;

gled - Bac . alsyl )
JSilg,  assS ‘3'5:; Juts :::i; Juts °“l“‘;
Groglea) (0 Gaska) ™ oo o2

) of/V Yo o/70 \/Y o/ VY Y
Slgy

/Y i /70 \VAs o/ AVY £

Slgy

1515
/Y 0 /70 \VAs o/VY 1

Slgy

) of/V Yo /0 \/Y o/ VY A
Slgy

) o/Y Yo °/10 \/Y o/ VY o
Slgy

Modares Mechanical Engineering

Oxizen g alite Gdy bhd cod sabeshSs 538 slagyy (¥ JS
&9 Ul lolivl)

d9aza (sli2l (5ilwdends

Sl GubBey wlmio asJSi 1l (lwdnd jshiie
23S jshiedy (sampw 1o 5l g pugS LT 39ae lell 38103
A (gl ol onds osliiul e wilxio laUlSs Sue
el il g §)9 iw Jols Kool o30S 201,38 5
85 43S g eyl § i (20 @linlefl 3 oS (ol Sl
ailord Jie ludsd il eagods (6ot , 13 iylad LSS
S el Gy 390 B9 S5 USb 0923 2 (slapygal
ol oads odlaswl (gldiwgy g6 3l g iy IS (gimdw Jlo

9 N0 el b Gy gl I gileand ol s
B g @y dwrie adShd (sl i Gleles/oFO
sl puei ohied e (Sem by N 4S54
) %o/ 0 e o3game g 0aBaiS SN Gy slaplel
Gioie A a8 iy Gl Ses a jgkiied) (LS lade
ol Gololy cwl oad o3ly plad ¥ lagad 13 e uhKen
829 (3945 (sl (molio 43S yia(Liee/NO slaul b sl el
adyias SAR g R3D4 slapladl a5l 53 4y o3Y L aistus
A0 i8S Jai 55 LB g )9 e (g10aSud (sl

(JUB Gas (JUB bl gozen glayiahly 550 Gupy «San
S stebly (595 2 Sl 136 5 oy dgly wigS glads
30 &S il 51 ol 183 S 835 (638 Sy g JUIS gee
Sl col ol 25 wygedy 0adySS slayahly ol
Judsas 1l LBy (sl glivie (slaialejl el 5 sazie
2 954 layiahly degioleil plxl g il 13 Yo Hluwn 4o

il 3550 siebly 3o 530 5 008 (53l Sgame el Sl

Volume 20, Issue 11, November 2020



6555 (SMedama g yuhdgias] 358 VEYY

554 oY el ond Sl Gilly g5 ) 5 caals SISkl
izl Jie oo (bl Skl oy mlie o el
22595 (6315510 3l o3l b 5 (25 sl lej] alis b 3gaxa
L Gilwdnd Juo larailz 95 Gl duqlio g §ig cwlss
daloe (W 13903) Sgyham up oS Iz y50tue lsgad
Gzl Jae »» SBhol copo laie s b gyol I ssdse
G V30 B9 s &iisi 9 Ry g e dgaxe
g st Saol oo jlade colys ;3 U dgdse 03l )8
skl o el (gl of¥ laio SISkl caypd « bl ol 5
ol (sl 5ISSlg, 51 sl b el gl o/ Slaie g LSy,

sl 045 dpasln 2 ghans oy

S5304 35 (SlSe ol (¥ Jgaz

Jlao Fally
Yoo (GPa) (SludsS s
YY\ (MPa) palusd (4255
oV (MPa) olSoxil cuoyé
2/0) g S lg3
o/o¥\0 £
120 1
100 -
— 80 1
z
=
g 60 -
g
40 4
......... Exp.
20 | Simulation
0
0 0.2 0.4 0.6

Displacement (mm)

68 ehdgd amio (Gilwand 9 (a5 lraly 90 e (VP lagal
$S304

@Y oxdg il ubdgsy wilzio y3 b camlin Hehiea
Al 4 azgi b oagd pamde gy b 4> U cwl
S oIS §y9 1Y wewl s odliiwl (=D LSLQWLA)T
coles )3 g oad wile g (i lanl 53 wewl o3ls &, o ;3 )b
20 o ghie zhe (B 5 Gesliw 1w
ol )3 @§y9 colsd ol 43S JLE upp 390 DSy e
s (53) 2 S (6355l li3ley SeSay Yo By b (S)l
ol cwl oxd L5)tf§°j'-‘3' el cual uggmg)g.m L Jais
2 B9 b sl sbwe ewdsSelul cwlis i
Hlade Sl S 53 Gy cwlks oS (guebd el (giluand

ol osbodls S wil=io Uf)l_‘ oxdlid yie Loe/FO

WA LT N yladd (Yo o83

710
\\f;“:\\ |
G [ &
s
g :
N
V.0D
C;.IO

1.200
g 2
QIO* \W\IQ.;..
H
[

T I

A
15
\\i\f}\\
7
5
=3

=t

(e sail) O sl
6 o s g sl (& S8

Vo sl 0385 3V9d Gy Swile 5 S Lels
cwlasin ol alsl 3 39050 G4m0 18l 4V Jgaz Gilhe
oo Bao el ol Jlael §y9 4 oXad g Gldiwgy g0
sl e)BJ 14wl w)fJSm B9 P8 umf); olo LS):S")"-‘H
degama (5,188l L bLSyl 5 ‘clf D J> ‘clf 93 50 Ao
JB s CJP ol dcgoaxo )’I L_g)lb)g)b. ©9° elf 9 JiB
0 4295 b 350 pladl pame lralz 9 el ey ululy
wdlo 3bj JSb sl 9 3950 plxil B > )3 45 A0T3 g5
ol ol sekiiedy ab osliiul (Suelins pupe Jo 4fS
iz (535 a5 A @8> olsan a3 IS (gl anlio
NS5 gl S GBI (5l ggame oy Sq I SIS s
e ol oAl Cay sl élaw 445]@» &9J)' degaxe (5l
o b iumlan )y b Seilo golad g95 5l jui polad bl

ode Sl usige (dmgly sale doliale



Depth of filling (mm)

YAV L oib g iy (5318 (alags il (i lajiably i oy dallhe g (giludnd
1 wilonds Iz 800S0 I il (42550 4pgh) 13 o el
3922 slaboYo B jobdy x93 zlrsel 5 Subesdd gl
5 033 (sl (538 Sy | G a5 v sl el aidly
Jaie qayiSle a5 A (5, Sejlal %AY/eA g AF/AD Cuiyiey JULS

ol 00 dolse BV/O 3945 43 (658 ey

07 ¢ p—=

—————— : /
i 4
06 1 \ (D /
-E- ‘ j | — Die Profile
g 05 l ‘I | : wree Workgpiece Profile
¥ I | | 1 | == | Workplece Proflle after springback
Z o4 il | 3 ot
% | | v !
03 ! | I I
49 | I
I
a | | |
02 I
| | /
0.1 I \ /
/i N ——
0
0 0.5 1 15 2 25 3 35 4 45 5

Distance from radius rib to radius channel (mm)
sls 5 01RIJS (1893 dxbo (318 Sy 9 Sy o (£ Hlagald
4530 JUS oylg0s

08
0.7
0.6
0.5

0.4

Die Profile
Workpiece Profile

03

0.2

Workpiece Profile after springback

s Max Springback=15%

o

0 0.5 : | 1.5 2 25 3 35 4 4.5 5

Distance from radius rib to radius channel (mm)
9l )3 oAb IS aladys dxdio (5,6 Sy § Sy Jadese (0 )lagad
azy3Ve JUIS 0ylgan

2
@

e
3

o
S

Die Profile

Workpiece Profile

2
o

Workpiece Profile after springback

Depth of filling (mm)
s o
s %

2
9

o

)

0 0.5 1 15 2 2.5 3 35 4 45 5
Distance from radius rib to radius channel (mm)

9l )3 oAb S aladsd dxiio (5,6 Sy 9 (S M Jadgse (1)l35ad
42y3)0 JUIS oylgs

Gl 5 (Ge3dsd) IS0 o 53 Gy Sabn Jedsx
5l aS ygb plan ol oad osly (lid £ lagad ;3 ((gy weiSy)
9 leas gl Sialidl cdeay §yg Suiy sl (e Hlaged
9 Vo bl 4 cawd (B dasgazma JB1s 4G9 plyr cdgem
9 0153 (sl Sy Hlaie 5 (6y9bd .l il dgugy 45530
3o gl b LB d) cannd 45 0wy BAY/E g A/AS 4y JUlS

Modares Mechanical Engineering

(S Mbyy Joyd (s g oA S (kB dmio (Saiy Judgy (0 JKb

G g gl

Sswdand 5l Jols aulis (sziuwesus

ek Glad .l (55l Jio iwesuo (i ol 5l Gas
asine Moyl b Gl degamo 1 lgic 41diS gla iy 4o &5
“9 l39ad 288 ol o (595 2 ©3Y slagialefl § b atsla
31 k8> amiio (35 I 4 (2 @l jI Jol> lrals
-9 413983 b odel sy yiolieo/V cuolius b SS304 uim
¥ olgad .k duglie sgame glodl (gilwand jl Jol> leal>

9 0393 4135955 (YL dy 5l dgaxe ladl Jre &S sadse olis
sogie . laioe Canogs Sl sl b ]y @y Gluds )l
Sy 10y e 20 i 5l Jels (laaile 9, lagad
NV SO 3 KU e RO E NS R R TS S ROR SR EON )

Ao gLt |y sad oSt §)9 Suin Judgn O JSb

(%AY Sy slaie oyioiliee/ W bl d g /10 b ply D) (6,58 ey

Sy 5 Sy Jadesy 595 22 JUB o)lsas aygly 58l auy
6

Jlade g g5 51 JUS oylgns angly 53U Gy 4 G ol 5o
JS g 5laie  siehly ool 83U paiges 5 Sady Jaden
Jsaz @ilhe sk oy S9dse Blsy (8 wutSy Judgn
s cuiyiay S 8 olail Y g ¥ & (sladigad (o duglie ¥
g5 6 b byl 53 Jols a0l st 425000 5 Ve O (gLl
ol 03l 031y (lid £ g B F (slaylagad 53 oylgas

(42550 o)lgn> axgli b @r9 RIJSE) ¥ ylagal j3 &5 job las
SheS vy Hlaie 383 (6 uSojlail jgkieds wowel oai edly (lid
G938 SaSa 13 o oslasiwl Uf_w)J sl colws jbme
A (556310l (Yl 83 laga ) colius elio 105
Caodds %0/38 g AV/VW ity JULS g o> (slp Sy Hlude
Ol B9 68 Sy Judgyn olagad ol dalsl )y Ll oual
B abliz b wcwl 1oy jlagad 3l aS job olan .cwl odds oly
G pae 9 zlagel Hlod @9 Jaden oSSy 5l uayile g 4w
RO w)ijSm B9 4 odylg ol I lid a5 ond

Ao ldd dzyle gylgas dgly sl |y @9 RIJSD O Hlagal
Grg 9 odbeJSD Gy B Jubgn hea ol
el 00 0315 (L (16538 watSy) (6513l 5l dsy oad s S
JUIS oylgns apgly wdlo 4y o el pasiine jl 45 b plan
9 0d (gl o5 anals 4zed B dgun Sudy lade @m0
ol el oad 4183 o3lail %AY/FE § A8/WY Culiyiay JUIS
4 ol puayile g i B 45 039 (510 ) 0)land o &S

Volume 20, Issue 11, November 2020



65550 (SMedame g yihsaas] 3ljy8 VEYF

o
=

Die Profile
Workpiece Profile
Workpiece Profile after springback

Depth of filling (mm)

(do /de;)] !
h j :
0

3
0 1 2 i I } 5

Distance from radius rib to radius channel (mm)

23 013 JSi ibsd dxbio (556 Sy g Sy Jidan (A Hlageld

sioloe/AWY JUIS (sligy
— Die Profile
CER Workpiece Profile
0.7 == == | Workpiece Profile after springback
E0.55
8 i
[ I
£ 04 |
= I
s i
0.25 |
5
=N
o
= od
0 1 2 3 4 5

Distance from radius rib to radius channel (mm)

1 W=0.832 mm

()
—_— Die Profile
seen Workpiece Profile
0.7 == = | Workpiece Profile after springback
'E'CI,SS
E
St
204
[T~
faa
©0.25
k=)
[y
2 0.1
0 1 2 3 4 5

Distance from radius rib to radius channel (mm)

()
2 ouaI S ihdsd dobio (58 Sy 9 Sy Jidon (3 ylagal
Siakoe/FYY (O e loo/AVY (l (JUIS (gligy

WA LT N yladd (Yo o83

51505 sl GEI b o STl axils Gaaliél %e/00 aaySle
5 phalS cdedy Lol 4l (ialsl LSUl LS Loy lade
Sy 2y gylans gl b B @ ol )9 SES ol
O JUlS g oxis (sl (Sadyy e o axals i3l &9 (59
S8 Sy e Egame ) el bl JuET BAF/A) g AV/V)
sanlice pprizan el 048 dule payiSle edls 43 %Y/0 &)
L (5538 Sy ol | gl  awdls zlzsel Sl G o 1

ol oAU §)g
910 O JUIS o503 dugly dw 53 Gy (5548 Sy Jadg ) dunlio
9 sldgad ol b dzgi b ol odds aiBlayy Y lagad 53 azya\0
5 zlosel ian g Saiy woys juslie | srelewddy gl
Ocuolio 4z o)lgnd dygly oS A et 0153 9 JUIS 5
9 UlS &5 |z cwl Gihlsy dxao a3SE (gl 4l
Sy pde 4y e JUIS 6yleas cand ladie 53 GLalidl uinen
MBI Grg sl cwle I pae prizen 9 JoS

9050
08
___________
07 Sy e
Z

06 l/
7 [

05
&
r H
£ 04 e 5degree |
B #r B
s 3 |
‘E. 0.1 x 10 degree
a iF ™. A 5 degree

02 e A= — —  10degree

ki *15 degree — 15 degree
0.1 b -
0
0 0.5 1 15 2 2.5 3 35 4 45 5

Distance from radius rib to radius channel (mm)
031933 dugl duw 53 a3 S (bl dxdio (5418 w..f)_\ duglio (Y jlagal
430 510 B JUIS

65 Sy 5 Sadyy Jadesy s95 32 JUIS slal 53 auys
2o ylade 4 0ylga aagl yiehly oyblsaSicali b (isy el 53
clopssl slas @lae alize glaojlal ;3 JUIS sll il 4
53 JUIS slayl gl o5 (g lEe ol oads 4l O g F W LY
yioshioo/AVY g o/ AVY o/SWY o/ FAY el oad 4id)S
oolalyy palio ol o5 ol 3 @ @Yl ond il
degazo 5> Uild e 3Sas jl Jols wloyzd g baggjluwduds

ol oxal Cwddy GiBgw Ju

@90 (24 G396 ety luo b b )3 01z jhe (6595
b 6 iz e (IS (6558 aiSyy S Jlasl b oS cul
VRS o5 i o sl E ) 5SS o 525 Jlaia )
oMl @3> 21 Gib 4y IS dxbio bl caw bl o
e B9 31 09 4 el |y amiio ol (39880 g0 53 5
1200305 o aulus idS co 4 ghio yuliw el ol )
] oads 031y i Zgdgas Ve g A A (laylagad 13 age (il

doy

:_i= [1_%]—1 Q)

ode Sl usige (dmgly sale doliale



YAVD ot ge iy (38 abaBgd wilziio putin (slayielly i Gyt dallhas g (gilwand

0 Jlaged 53 a 4d)S Hai 5y aigS lad (sln siogluee/)
wcual 413, S8 unn Hge ytehee/Y ladie (sl 4sS glad
A3 uuw.f)a Ol gl Hlase Gials b a5 dgdise odalivn
Cond 4 59 639 <ty Hlaie oS e ube Gl S
393> 53 (¥ Hlagad) il yiaslee/V Hlade 4 glad a5 il
8 xSy e 5l yage dlluse cunl 4iBly Gl Loy
Glagad ol 5wl @y v Hleel Liad Hlade cglad 30 5
ol oudy dunlio )iJASJ bo/V g o/ cdlo g3 5y glad Hlade
G glad & LUl s el glagis 4 ead osls olds
ol ly955 (63090 &5 I ebice Ll

2ol 8l g asl GielS e lwee/) @ glad lade alsl )
S b plen Lol ool 4185 )8 unp 390 Grg 5B
Gl 513903 o (gilednd Gidu 4 sl b puioes o 5 S
sl patdo a3 glid @9 @ Glasl IS cuwmy |y @s
G &5 ol didly GEalBI g1 4 @y9 @ Glasl glapias &
S9de (523D 3l 3l e @9 GSHb

Depth of filling (mm)
o
&

0.25
Die Profile
0.15 Workpiece Profile
Workpiece Profile after springback
0.05
0 0.5 1 15 2 25 3 35 4 45

Distance from radius rib to radius channel (mm)

013K By dxbio (58 Sy 9 Suiy Jidgn (N lagad
Sagleee/Y adsS elaid

v

J

9 abgS glad 35 b 9 siepkee) glad 3 @G 4 sl s (1S
oylga>

65 Sy 5 Sadyy Jadery 59y 3 JUS Gac 53U Guoyy
20 Sy 9 9 Suiy 092 JUIS Gae 1l Gidy ol 5
9 o/F0 o/ ylie yehiie oy el 43S LS L3 39e o
Wlsgad ol ond 18,3 J13 5 (B Gec (gl yiosLioe/AD
Failioe/ LB Gas sl |y §rg (648 Sy 9 Sy e
5lae ol 53 Saiy Hlaie 45 39850 camlice Lam3e olid
Gy 1 ol oS canl odd (6,5 lal %YW lade 4y JUIS
o1 oanlio pizen sl JUIS Gae ol 3 @9 JolS Lo
Bas 45 (559bay 0391 a2 U sl 5 B9 (556 Sy e &S

Modares Mechanical Engineering

07
E 045
£
N ] {
£ | I
£ |
s
£ |
& f
a 02 \ H Die Profile

, - Workpiece Profile
\Fommg = = | Workpiece Profile after springback
g \
Springback -

o 05 1 15 2 25 = T3 35 4 45 5
Distance from radius rib to radius channel (mm)

2 oaBadSd iy dxbo (58 Sy 9 Suiby Jdan (Ve lageld
Saeas EAY JUIS (slig

oIS &9 (558 Sy g Sy 1opd ke A yl3g00
Ol |y sl yiag oo/ AVY laia dy JUIS (sligy 45 ils s |,
cdedy &5 dm3e lid gl el ) Saiy Judgy am3e
sl plr JUIS 055 4 Gl 4 G U (sligy 39
ol oddd (5),5.?0)"_\3' %BAN/ AN Sl ada @ Uf.\.w)J Olo &5 (5 9ba
o2l sl @y s uuw.f)a 3L HlaEe Iy coanl & gldls
zlosel sl el 59 (548 @Sy o (95w pized 9 o
sl aside jIgal cpl 5l aS jgb lan 3gdse SIS i g
XV (5),5.?0)"_\3' %A 394> 33§y (549 uuw.f)a BIK-PRPUNILII
L olgie b el ol 3 Gr 618 Sy 35 ke cde .l
55 ol JUIS 3b5 (sligy ey &g o5 S ulS

il GialS e lies/AVY Jluie U JBIS (sligy «olsl
wall -8 lagad )3 G)9 (6538 ety g (Subn Jdern &5 (susba
Loy el Gakide gl I S jgb plan Ladb esly lds
e S e wwdly GLE el b ilue welas (Sady
29 (649 Sy laie Lol .ol osel Cowddy %AY/OF Sy
%Y 3995 1 o olie &S atdls Semei BB GielS edls ool 5y
3 @9 GEI pde g zlrgel jlade ol jegdle Ll odal Cawddy
g IS b sl 4sls LS el 4 s (xS nie S92
Uil T Jis 4 g yteheae/SYY laie 5 (0 -4)ls903) JUIS
8 Sy Jlaie 45 s9dioe oV (g SES plixe 5
Bl G35 55 (990 )l d9u0 9 4Ly JialS %V/B 44 )9
ol osis Juols osdb o S (8,9

W8S )8 (yr 330 b sioishaos/ FAY JUIS (sligy Vo jlagad 53
ez LRl b @3 SuS liae 4z ST o3l i gl .l
Sy o) 6las pmeS cdea Ll wbpe gl JUS
O g 4l Gl SWl (68 Sy lude gy pxbobyz
o JUIS slal 550 1 orelcanndy gl sl oiswy %Y laio
saGlee/SVY Jlude a5 dly plas Gy ©xSUSE s
S Shews Jluie g (Swin Jadgn bl I e payicalie
el (638 cdSy

S Sy o (Sadsyy Jadoyy s9y 21 4dsS glad 3l uuyy
Sy g Saby dadsn 59y 2 4dsS lad il Gisa ol 5
g o/V /¥ libe dw yohie (pd .cwl odd wyy Ey9 (59

Volume 20, Issue 11, November 2020



555 SMedama g yuhdgias| 38 VEYS

@595 ol MolS baylyd )3 g osliiul ISy, 5l 45 oK
ozar PSSy jluwe JUIS o)lgs g lodigS 3 ias
i 0 3905 33 & sl gaj 3l sselcwosdy slo g i Sojlail
5 oalasiwl ‘oli}.aa 3 calid yigy &398 5l plds cewl odd osls
erl} 9&."9) [SEEY edls )| o.\ATCMu)Q &H98 a5 |)> ":‘“”')&:"9)
L,ali.».m Lol .l &9 4.w9§ él&.w 9 o)|9,g) 3 UKW Lj.\wtj)b )|
&85 9 035 Iy oMhaw i) Bg gie odlaiwl STy, 5l a5

394050 0dlie colks I (g il

0.7
‘With Lubricant
- ‘Without Lubricant
E 045
£
%
|
=
s
£}
8
a o2
Without Lubricant
With Lubricant

0 0.5 1 15 2 2.5 3 35 4 45 5
Distance from radius rib to radius channel (mm)

Soslasiwl b edle g3 55 (il gajei g (59 AN Judo sy dunlio (V¢ Hlagad
OT )| odlaiwl LK) )L{ﬂ”

0.1

e
o
-]

o
o
@

Without Lubricant
il With Lubricant

0.07

Thickness distribution (mm)

0 05 1 15 2 25 3 35 4 45
Distance from radius rib to radius channel (mm)

09N 9 )L{ﬂ” )| oslaiwl b edl> 93 s &598 awlis (Y0 )|3943
I 5 esliil

R LERT
de 595 2 sl 5 sdlal slayiehly 10U Guyn Baa
9a (s3la) (slaytably .l Gy (6,8 cutSy plise 5 Suiy
glads 5 JUIS oylgas apgls (JULS Gae (JUIS (sligy 30 5l el 1l
o923y Sy, pomen culd yuehly wises g 4igS
el 43S L5 Ll yee Gxg 68 Sy g RS US
2 658 Sy e ytably Grn @ 563l slagiagh
ool 555153 oS (gldlluna . ailiB 1,y Cibgu g abiBes colie
45 039y ahaByy i I JUI SO g5 Al Gy laGieghy
G ol 8 o 3 el 00 unn o 53 (6538 ity ylaie
S e bl (638 Syl Gled 5 @85 Jhse Wlgied
S 135955 (6305 (Saz Sl abdss winio & Ab aduie
S o 23S 092 55 Uiyl lase slaUlS (Saz o)

WA LT N yladd (Yo o83

Depth of filling (mm)

BAN/YA 3905 13 (658 Sy 3l L 0DBIUSD § )9 (S My

!l 0d w)f o3l

0.55

0.45

035 ‘

025 |

0.15

Die Profile
Workpiece Profile
0.05 = = | Workpiece Profile after springback
o 05 1 15 2 25 3 35 4 45 5

Distance from radius rib to radius channel (mm)

2 oabadfSd (hByy dxdio (68 Sy 5 Sady dedon (1Y lagel
sagshee/0 JUIS' Gac

B J3gad 53 oS yiagluee/5O JUIS Gac (gl odaliawsdy ol 5l
il JUS gac 55 Lialil oS cal (asuie ol ok o3l oL
Gos &5 il Lol 3)lad g9 (638 Sy pliae » sxS ez
loddsS sl coomd 13 §)9 (S 1idS e cnbise Lilsl JUIS
wio 3 S wew S wbe Gl G olas
o el G ol gjgi W lagel 39ds0 oddesls Sl
L S oly ol gl cal o395 duglio SuaSs b JUI Gac
olie ol qi3ly ialisl SLBCHU laie (JULS Gac 5 il
JUES @Gae (sly ldga 53 oddodlyylid cwolxs gijei 49uls
cwlis Hlaie Kyl Golgd 10 &5 aasse olid iesLoe/AD
%Y (SLES;L Hlude a5 ol odawwy yioshoe/oFY 415 4y

sl JUIS 61533 53 G 51 ol 11 sl 0 (g S5l

Thickness distribution (mm)

0 0.5 1 15 2 2.5 3 3.5 4 45 5
Distance from radius rib to radius channel (mm)

stasLoo/A0 g 0/T0 /0 JUIS Gac dw 3 cols g1jg5 duglio (W lagad

(S0 Sy o (Sadiyy Jadosd $95 22 NSl a3 uuyy
8o 2,89y Gazan 18 o siebly 230 4 (i ol )
Vlgad ) ol sdd wilsy Gy 0 Sy g SN
s 9 ISy 5l ealisl o 93 ) Gy (638 Sy Juds
g 5 45 sob plan ad duolio Koas b LSy, 1 osliwl
sl S, a3 o iy (558 Sy e sl iy
gisi Iy copanl ISy, 5l eslital b bla) 5 o glaiSs Lol

ode Sl usige (dmgly sale doliale



YAV g iy (318 abaBgd wilziio putin (slayielly i Gyt dallhas g (gilwand

olsie b hs (gta>/ 38 BT (Susd sy ofoy I @dlie (oyles
e Sl b (5318 (ahgs wliio 1lgi ainlell 5 (s3as asllhe

zhsl yial Sl s olaidly 55 «Siatinl Gos S 18 )
.l 04l

Ghol Siamghy (Jsl oiung) mhs (saal sl3s ol tiugi pqu
Siamgin/wlidighyy (o9 odiungl) $Sin sMeraze H%Ye)
(BYo) Cummy 00553/ 5aS

oxd ol yral Sl imio olidls I ledinie Golad ille gilie

ol

&lie

1- Alizadeh E, Barzegari MM, Momenifar M, Ghadimi M,
Saadat SHM. Investigation of contact pressure
distribution over the active area of PEM fuel cell stack.
International Journal of  Hydrogen Energy.
2016;41(4):3062-3071.

2- Barzegari MM, Alizadeh E, Pahnabi AH. Grey-box
modeling and model predictive control for cascade-type
PEMFC. Energy. 2017;127:611-622.

3- Rahimi-Esbo M, Ranjbar AA, Ramiar A, Alizadeh E,
Aghaee M. Improving PEM fuel cell performance and
effective water removal by using a novel gas flow field.
International Journal of  Hydrogen Energy.
2016;41(4):3023-3037.

4- Barbir F. PEM fuel cells: Theory and practice.
Cambridge: Academic Press; 2012.

5- Alizadeh E, Rahgoshay SM, Rahimi-Esbo M,
Khorshidian M, Saadat SHM. A novel cooling flow field
design for polymer electrolyte membrane fuel cell stack.
International Journal of  Hydrogen Energy.
2016;41(20):8525-8532.

6- Barzegari MM, Dardel M, Alizadeh E, Ramiar M.
Dynamic modeling and validation studies of dead-end
cascade Hz/02 PEM fuel cell stack with integrated
humidifier and separator. Applied Energy. 2016;177:298-
308.

7- Kang S. Quasi-three-dimensional dynamic modeling of
a proton exchange membrane fuel cell with consideration
of two-phase water transport through a gas diffusion
layer. Energy. 2015;90:1388-1400.

8- Mehta V, Cooper JS. Review and analysis of PEM fuel cell
design and manufacturing. Journal of Power Sources.
2003;114(1):32-53.

9- Taherian R. A review of composite and metallic bipolar
plates in proton exchange membrane fuel cell: Materials,
fabrication, and material selection. Journal of Power
Sources. 2014;265:370-390.

10- Fetohi AE, Abdel Hameed RM, El-Khatib KM, Souaya
ER. Study of different aluminum alloy substrates coated
with Ni-Co-P as metallic bipolar plates for PEM fuel cell
applications. International Journal of Hydrogen Energy.
2012;37(14):10807-10817.

11- Choi SW, Park SH, Jeong HS, Cho JR, Park S, Ha MY.
Improvement of formability for fabricating thin
continuously corrugated structures in sheet metal
forming process. Journal of Mechanical Science and
Technology. 2012;26(8):2397-2403.

12- Hu Q, Zhang D, Fu H, Huang KK. Investigation of
stamping process of metallic bipolar plates in PEM fuel
cell-numerical simulation and experiments. International
Journal of Hydrogen Energy. 2014;39(25):13770-13776.

Modares Mechanical Engineering

Pume oSy wnl me sl o5 (6,503 455wl 13,50
Ol olise a3 5l 1l & sl (hadgs wlnio (glayially
9 &l Joid g HiBgw diy asseme 3l a9
9sbas el sl g inlel b b By plgies oulnl
loyiohly jI aaSys 315 418 Guoyy 290 |y (bSgs axbio (3 JS
axio ySlas g Giyls plase o803 31 45 @83 )8 (uwyy 390 )y
ol 3l Y90 SiEgw iy dsgamo 53 (rhaBgd

S oinlel plail 5 B wile sladigze )3 (als jshied
o2 glagiill ohar @ dgazme pladl (gilwands 1ld
D950 lgie o3 2 odelcwddy polit oS oadb eslatiuwl
At K0Sy b dmy 3\ g Vo O Hlade dw 5> JULS 6ylgns dsgls -)
U olssd agly olise 55 Gialsl b a5 sl olis sl i
e Gl Sady Gec ke (s ol 3 csw wdeay
Sl 5> Gl & asge plad JUB gl Gy 2l Y
Sy 103 ol 13 Gali3l g g ol 53 dsem cae JUI
o sho (5,985 Gub (5538 Sy b B 5 Ll 3980 )
ol (68 catSn b s bl jl (Sl 45 ) by ilke
% 3945 53« yiohieo/AWY JUIS (sl (sl 608 wuiSy luie
s o/AVY Jaie B JUIS slgy lade , ialS b Ll .l
GialS %V/0 g ¥V ocadyid 658 wiSy jlade iesLoe/SYY
B BB js zlagel pas g 55 ) dgun g &S aidly
Sy ylaie a5 oud sdalin yiohies/ FAY (sligy (sl 3950
Sl @yy oBholyz b @Y sbdd pageS wleay (539
el oy %Y laie 4y g @iSly il

oamline (5,8 Sy ladie p aisS glad il b bl ;s ¥
OSul 658 Sy e clad ke (talS L 4 sedie
lad 13 )3 (638 Sy e I age s . ubiso Glalid)
S G 5 Glasl glopias cwl G 4 el (ias )l
ol yln955 (5B leiSa gaist jl eubie lalidl Gig gled
Sy g Grg SMi 0925 1 JUS Gee 13U I Jol> glis -F
Sy plise p xSz il JUS Gae &5 oy plis (5,
e (bise Glalisl JUB Gae &S Giloj Lol y)las §)9 (518
L ORali3l B9 oylsad 5 oS glad caond )5 &9 SudS
Sgidise 0d03 S dxio 43 b Loge S 1S e

Sy ladie 45 sly plad HS3lg, il pez TS selly -0
Ll 53 o (51415 Lol sl SS9, iably 51 Jituno Lo (s 38
&U95 9 oW Lol guigl Wyl caanl JKlg, I eslarwl
Lol s sgde oslitul HSlg, & Galfin cul cwlis
Felgsy Jlmn JUIS olgas 5 ndingS )3 (5 =395l WalS

ol
ol&ails oS 5l asle ‘Q)XJ AT Ulf.\.w.uy (198 g S
Sglad [Sd Jlad (559l ‘c9l.c o_\su,u_a:g)J 9 sl S i

el yal Sbo isiwo oSidls 4 lsie Goim alS 13N ol

Volume 20, Issue 11, November 2020



555 SMedamo g yihdsaas] 358 VEYA

rubber pad forming process. The International Journal of
Advanced Manufacturing Technology. 2017;89:3257-
3269.

17- Chen T, Gu YF, Li CP, Qiao YQ. Stamping and
springback of PEMFC metal bipolar plate. Advanced
Materials Research. 2011;215:1-4.

18- Huang K], Hwang SJ, Lai WH. Evaluation of forming
quality and spring-back of fuel cell metallic bipolar plate
during stamping via simulations. Journal of Aeronautics,
Astronautics and Aviation. 2015;47(2):131-141.

19- Dur E, Cora ON, Koc M. Effect of manufacturing
conditions on the corrosion resistance behavior of
metallic bipolar plates in proton exchange membrane fuel
cells. Journal of Power Sources. 2011;196(3):1235-1241.
20- Hosford WF, Caddell RM. Metal forming: Mechanics
and metallurgy. Cambridge: Cambridge University Press;
2011.

WA LT N yladd (Yo o83

13- Mahabunphachai S, Cora ON, Koc M. Effect of
manufacturing processes on formability and surface
topography of proton exchange membrane fuel cell
metallic bipolar plates. Journal of Power Sources.
2010;195(16):5269-5277.

14- Elyasi M, Ahmadi Khatir F, Hosseinzadeh M.
Experimental study of the die patterns in rubber pad
forming process for producing of metallic bipolar plates.
Modares Mechanical Engineering. 2015;15(9):179-186.
[Persian]

15- Elyasi M, Ahmadi F, Hosseinzadeh M. Investigation of
lubricant effect on depth filling of metallic bipolar plates
with concave and convex patterns in rubber pad forming
process. Modares Mechanical Engineering.
2016;15(12):450-460. [Persian]

16- Elyasi M, Ahmadi Khatir F, Hosseinzadeh M.
Manufacturing metallic bipolar plate fuel cells through

ode Sl usige (dmgly sale doliale



	1724-MEK-Or-Barzegari(41115)-IND
	1724-MEK-Or-Barzegari(41115)-TXT

