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Rubber pad forming is a practical and low-cost method of producing metal bi-polar plates with
complicated multi- array contours since it only needs a rigid die and flexible rubber. In this study, 316
stainless steel sheets with thickness of 0.1 mm were used. To form the plates, a polyurethane rubber was
used with the hardness shore of A 85 with thickness of 25 mm. In order to increase the depth of the
channel flow and form filling plates with a high depth-to-width ratio, firstly, the effects of lubricants on
shaping metal plates were ignored. Subsequently, by implementing lubricants, their effects on achieving
a higher filling depth and a more uniform thickness distribution were investigated. The results showed
that in rubber pad forming process, lubricants could be used to further enhance the depth of filling and
have a uniform thickness distribution in the channels of generated plates. Moreover, among available
lubricants, polypropylene nylon will be the best alternative for the production of bipolar plates due to its
high tensile strength and low thickness.
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Fig. 2 Different types of bipolar plates: A) machined graphite plates, B)
molded carbon-composite polymer, C) molded carbon/carbon plate, D)
micro EDM stainless steel, E) formed stainless steel, F) photo-etched
430 stainless steel plate, G) 304 stainless steel sheet produced by
stamping, covered with gold [13]
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Fig. 3 The stages of producing a bipolar plate in rubber pad forming
process, A) The placement of sheet between the mold and rubber pad,
B) the application of hydraulic pressing force to the set, C) removing
the formed sheet
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Fig. 1 The structure of a grooved metal bipolar plate [4]
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Fig. 5 Tensile test of sheet steel plate austenitic 316, A) Before and
after tensile test, B) size of the sample, C) tensile testing machine

Sl (@ e iS5l o g Jud loaiges (W1 B16 il 59 LS Cand O JSib
pliiw [EiS Cand olfws (g (i o dlges  cudid

00 -

600

500

400

300

Nominal stress (MPa)

{} i’ H 1] 1
0 0.2 04 0.6

Nominal strain
Fig. 6 Nominal stress-strain curve of austenitic stainless steel 316
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Fig. 4 The frame of parallel worming grooves of a bipolar plate and its
geometric dimensions (mm)

(rocshoe) swiin Slal 5 53l5e oy le 5 bty 658N i 4 S

yolie (G55 w03 o 316t o8 §y5 (olond S 5 1 Jguz
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Table 2 Mechanical properties of stainless steel 316
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Fig. 11 Components of die in separate and assembled view
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Table 3 Dimension of concave and convex dies (mm)
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Fig. 12 Applied hydraulic stamping device for acting force on the die
with capacity of 200 ton
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Fig. 10 Used dies in this study, A) The convex die, B) The concave die
JeT- N ngi.” L8 (o coame ngi” L JB ()l conss oolall sl JBE10 JS.Afu

12 o lei 15 ©,)9> 1394 sl e Suille | wadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.51.9
https://mme.modares.ac.ir/article-15-10538-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1394.15.12.51.9]

e 9 (Swlbdl Suxo

GSEY SIS ST )8 ) jaiie 9 3K HBI S ST L (5308 ibdg S wilxiuo JUIS o S5 a2 )9,y Hil

alaly ) sl oo oolaul (6) alal,y 5l Sy duoyd swyp lp
F5 colue 4 ol 0ol JSo 5,9 Lawgi ouls gyl Cle gl p
olis 15 o )0 g 4 (6) alal, aibise Sle 4l o LB o ,a>
el 00 00ld
0 00ls UK 3y Lansgi 00y gyl Corlna

Sy duoyd = x 100 6
AT oy S ol (6)

@B Juos -4

&8 9 by Dlxao JU (Saly ol » By, Slgisn ool o
B sy O30 e g ize GoNUl 50 )0 sals sols )8 dxkad Cwlis
SOk @ Oy 5l S L Ol (23S0 v ey Sle g Sl w8 S
80,5 () 2

S olime 260l Sl owyp-1-4
e S b ol iy ambe s s s iagsy ool ohol G
B GlogSl Sl gy p Grizen 9 (SIESHU Glie (nteS 5 (SHby
3N 90 2 sl jsbaie (o ol oo 0l ools IS8 Lo Dlakad (9,
A eoly S (2o S a (g YL o Dlrs ke 5 ol

o 3y Job Gip 0 |y oame el (Sady Jdgn 16 S
Slrsn sk oskb B 0ls, 5 SARLD o8, 505, S 0y, e I
o 0 a5 pebles S oo alie (LB S s> peuSLe o
) S 1 ke it st (ot ookl 1 ool 53,5 e ctalic
et o jsbas 39 Sl 4 azgi b aS ol ol el onl el il e Tl
a5 0gi oo Sasl og YL wojls 13 L gl b asbs g LJB

S A5 Gl pli 098 00rdS (39 9 ool plnil (B 4 859 0L~
al) Glle (Soly doys (i 99,5 o0 05l 5 a8l b8l 55 40
ol o] Cewss %60 >l ;0 6

| KorgY-ses: Y- 1000V63 Mcron el
| Phoass select Cokos Pabsne opton hom rectshon eru
! o charege coben ol mmstumeerty

[_Dee Totucel | [Undoat [T

Fig. 14 The method of measuring the filling depth of bipolar plate
channels
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Table 4 The process parameters for forming plates
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Fig. 13 Preparation stages of formed samples in order to survey the
thickness distribution and filling profile of samples, A) sheet cutting in
both longitudinal (1) and cross-sectional (2) directions, B) the mounting
of longitudinal and cross-sectional samples to observe the profile under
microscope, C) measuring VMM-VMS device for observing mounted
profile with X2 magnifying, D) microscope to observe mounted profile
with X4 magnifying, and also to measure samples, E) image of not-
polished sample with X2 magnifying, F) image of polished X2
magnifying, G) image of channel die with X4 magnifying
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Fig. 17 Comparing the convex sample filling profile in cross-sectional
direction and maximum filling depth in three cases, i.e. without
lubricant, oil lubricant and nylon lubricant

Gos 50 g 2o by o camme Wged Sodn hdgp awlie 17 Jsi
Oskb LBl 5 8, L0l S0l s Sl a0 e SLe (St

Fig. 18 Profile image of the convex sample in cross-sectional direction
with nylon lubricant
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Fig. 19 Comparing the concave sample filling profile in longitudinal
direction and maximum filling depth in three cases, i.e. without
lubricant, oil lubricant and nylon lubricant
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Fig. 16 Comparing the convex sample filling profile in longitudinal
direction and maximum filling depth in three cases, i.e. without
lubricant, oil Tubricant and nylon lubricant
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Fig. 21 Measuring sheet thickness at three areas of the channel
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Fig. 22 Comparing the convex sample thickness distribution in
longitudinal direction in three cases, i.e. without lubricant, oil lubricant
and nylon lubricant
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Fig. 23 Comparing the convex sample thickness distribution in cross-
sectional direction in three cases, i.e. without lubricant, oil lubricant
and nylon lubricant

O Sl a5 s e by jo Cases diged Culses el awlia 23 i

skl )15015) 3 U9, )15015) ‘)LYQ‘B)

12 o les (15 093 1394 sasl o e Silsls  wadye

Distance from radius to radius of Channel (mm)
0 0.5 1 1.5 2

0 4 1 1 1 1
—~ | T\ eeeeeeees Concave- without lubrication
g 0.1 = =Concave - 0il lubrication /
Z 0.2 1 ", — ——.Concave - nylon lubrication
[T 3 -
= 0.3 1 h Die profile //
= 0.4 - S, S 4
= 05 4 LR e g ,’/
= 0.6 N ae e
S " i  —
O 0.7 -

0.8 -

Fig. 20 Comparing the concave sample filling profile in cross-sectional
direction and maximum filling depth in three cases, i.e. without
lubricant, oil lubricant and nylon lubricant
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Fig. 25 Comparing the concave sample thickness distribution in cross-
sectional direction in three cases, i.e. without lubricant, oil lubricant
and nylon lubricant
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Table 5 Geometrical dimensions of produced plates
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Fig. 26 Sample of a metal bipolar plate fabricated by rubber pad
forming with nylon lubricant and convex die: (a) front view of the
bipolar plate and (b) back view of the bipolar plate
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Fig. 24 Comparing the concave sample thickness distribution in
longitudinal direction in three cases, i.e. without lubricant, oil lubricant
and nylon lubricant
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Fig. 27 Sample of a metal bipolar plate fabricated by rubber pad
forming with nylon lubricant and concave die: (a) front view of the
bipolar plate and (b) back view of the bipolar plate
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