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In recent years the use of metallic bipolar plates for fuel cells has been considered. Several studies
have been conducted on the various methods of forming these plates. Most of this research has
been done on the serpentine flow fields. In some cases where the pressure drop is an important
factor the pin-type flow fields shows good performance. In this research, hydroforming of metallic
bipolar plates with circular pin-type pattern from stainless steel 304 with 0.11mm thickness is
investigated experimentally and numerically. For this purpose, the effect of geometrical
parameters such as the die wall angle, the die chamfer dimension, the depth-to-width ratio of the
die, and forming pressure on the profiles, filling percent, thickness distribution and thinning
percent of the formed parts are investigated. In this regard, two dies with wall angle of and 15
degree were prepared. Then experimental tests were done at different pressures. After
performing the required tests, the results show that the die wall angle leads to more uniform
thickness distribution and higher precision of the parts profile. Also, the suitable range of die
geometrical parameters was determined.

Keywords:
Metallic bipolar plates
Hydroforming
Wall angle
Forming pressure
Chamfer dimension

  

1 -   

 .    

60-80 50 35 – 45 
 ]1 .[  

1     .
     

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             1 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

216  1394157  

 .
    2007 

] 2    [
 

      

   .
   .
-

]  .3 [  

 
 .

]  .4     [
 . 

   .

 .

 .  ] 6 [
 .      

  
   .

] 7 [  

 .  
     

      .
    67/0 

 .

      
   ] 8   .[2   

   .
 ( ) 

   
  

] 7    [

       .
  
  

 .   

 .  

  
1 - ] 9[- - 

]10[- - ] 11[- ] 12- 14.[

  
2 

] 8[  

   
   
      

 .
   

  

2 -   
3      .

 . 3 3    
)S(2/1  ) W(8/0 

 ) h(15  )   (  25/025/0 
 ) Ch ( (  )  .4 

 . .
304    

11/0      .
        

 .5 -   1 
 .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             2 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

    

1394157  217  

  
3 )    

4   

  
5 –304  

  
6 

  

1 304
  
  
  
  
  
  
  

 =K( + )n  

  

6         
   .

140     40   
  

3 -   
 6.10        .

304   
) 1 .  ( - 1  -

   .     
2  -

3      .
7 -7 -

 .
1/0 4    

]15 .[   022/0     ) 
5     7 -   

 (C3D8R04/0  R3D4 
2/0  R3D4       - 

5     -
   ) – 5 – 10 – 15    

) 33/0 - 67/0 - 1) (1/0 - 2/0 – 3/0     (
  ) 40 - 60 – 80 – 100 – 120 – 160 – 200 – 250 – 300 

 (  .
8   

1- Dynamic, Explicit
2- 3D Solid Deformable
3- Shell Discrete Rigid
4- Kinematic contact method
5- Quad-dominated

0

200

400

600

800

1000

1200

0 0.1 0.2 0.3 0.4 0.5 0.6

 
 

)
(

E )  196  

  )  
 K

3/0  
255  
1505  

n65/0  
  06/0

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             3 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

218  1394157  

  
7  (  (   

  
8 )   

) 1 (  

= 100 ×
)1(

   
9  .

 ( ) -
    .  

-
     .
 .

2     
     ) 

10      )  (
10 (9   

)2(  
100 ×=

  
9 

  

4 -   
4-1-   
4 -1-1 -    

15 ) 4    
   40- 60- 80- 100 120   

10  .   
11   

   
12      

15    67/0   
 .      

60 103 
40 80 15 

   .    
  .

 .
       

     13/2   ) %60 
   (15   52/1   ) %

120  (  
     

B D  .    
12   80    

B B   
 .80  

D  . 
D 80    B D   

  
  

  
10 : 15 –  :

  
11 67/0 

15 - -   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

    

1394157  219  

    
) B D     (B 

D      .
80 B   D   

    .    13      
       .14 

    
103 15    100 

120  .   14  
15     

) 100        (C   
  

  

12 
15   

  
13 

40 80   

  
14 

103 15 100 120   

    .
  

 .D F   -
     .

D F      
15  .

15 120    
 .15 

100 120        
   ) B D (

-
 .

  

4-2 -   
4 -2 -1-   

15  

15  .
80 

15    

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

220  1394157  

B D ) 
12 13   (   
 15 

   
 .

103 ) 15(
15 120) 

 (   .16   
15 

      .16   103 
 

15 100 120 
   

 .17 
  

     
     

 . .
     

55  .
 ]7 .[  

  
15 

67/02/0 15   

  
16 

67/0 15   

  
17 

67/02/0   

    
  
        .

60   46   %  
  18 

   
 .

   .    
1 15   

150    .
15     

)46   ( 180 
  

67/0 15 10 
15 10   

      .33/0 
 

 .19    
      .

18 19     
10   ) 
67/0(  10 15 

 .
       

10 

10   

4 -2 -2-   
20        

    10    .
  18     

   
1 1/0 2/0  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

    

1394157  221  

150 3/0     
  ) 46 

 ( 
   

  

  

  

  
18 

2/0    

  
19 

  

  

  

  
20 

 10   

67/0   1/0 
    .

33/0    
1/02/0 3/0      

 .     
2/0  67/0   

 33/0  

4-3-   
4 -3 -1-   

21 
60 100  

15 40 80 
 .       

  .
     

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

 
%

)MPa(

1

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

 
%

)MPa(

0/67

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

 
%

)MPa(

0/33

0

100

200

300

0.33 0.67 1.00

 )
M

Pa
(

5 
10   15 

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

(%
)

 )MPa(

1

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

(%
)

)MPa(

0/67

20

25

30

35

40

45

50

0 50 100 150 200 250 300 350

 
 

(%
)

 )MPa(

0/33

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

222  1394157  

8/5 ) %40  (
15 7/3) %60  ( .

    
 .22  
15   

  

  

  

21  
67/0

2/0 15   

  

  
22 

67/02/0 103  ( )  100 
120 ) 15 

        
)100  (     

 15 
    103 

15 120 
 .

  
     .

       
     

) 9.(
 )   100 

 (      .
22      

15     
    .   

103   
   15 

       .
1201038 

 .    
15 

 
   
  

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(

 B )(
- 40 

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(
A B )(

- 80 

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(

 B )(
15 - 60 

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
 

)
(

A B )  (
15 - 100 

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(

A  )(

74/5 %
67/7% 66/3 %

0

20

40

60

80

100

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

    

1394157  223  

23 
103  

24 
67/02/0  15   

4 -3 -2-   

     
 .23   

 .     
      

 .15 
 .24   

23   
 

) 103  (
2    

1 )23     (    
25/11 %       .

15 -
   

       .
28/2  %) 25/11 (%

 .  
   

    
        .

  

4-4 -   
4 -4-1 - 

9    
 .

      
   .25      

     2/0 
  .     

  
) 60  .  (

    
) 300  .(  

  

  

  

  
25 

2/0    

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(

A B)(
15

1 - … 
2 - … 

40 

80 
120 

-0.8

-0.6

-0.4

-0.2

0
0 0.5 1 1.5 2 2.5

 
 

 
)

(

A  B )(

1 - … 
2 - … 

40 

80 

103 
0

20

40

60

80

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

1

50

60

70

80

90

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

0/67

80

85

90

95

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

0/33

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             9 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

224  1394157  

         
 .1

    
70  . 

67/0  .
10 76   99   

10 15 
 .  33/0

1   
  

1 33/0     
 .26    .

   1     
40 300       

) 
  

 .33/0    
)  .40  (

  
      

  
)40300       (

 .67/0 
 .

26     .40     160 
  

 .160   
   

        .
33/0   

 . 1   
  
    .

67/0 10 15       
 .27   

33/0 10 15   67/0 
  

 
     

    .
10     

10   

4 -4-2- 
28 

10  .28 

1 1/0 3/0   
80   

67/0     .
1/0     80    

 .1/0 2/0    
80 99   

2/0 3/0   
 .33/0     

     
 ) 99  (  

160  

4-5-   
    

  

  

  
26 

102/0  (133/0  (67/0  

27 33/0
67/0 1 51015 2/0   

40

50

60

70

80

90

100

0 5 10 15

 
 

 
(%

)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

    

1394157  225  

  

  

  
28 

10   

  
29   

2    
  

33/067/0133/067/01
1/0
2/0
3/0

  

0
5
10
15

  
30 

- -   

29    .
 A B 

  .2   
 .

1    
  .

    
10 15 ) 10  (

67/0   
33/0  .

 ) 2/0    )  (
) 2/0     (
  

    

 .   

67/010     2/0 
  .30   

300 
)  .30- (- 

)  .30 - (
) 

 (575/0 )0595/0  
9/45  (    .

31   ) 
67/0   10    2/0      (120 

 -
 .  

0

20

40

60

80

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

1

0

20

40

60

80

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

0/67

80

85

90

95

100

0 50 100 150 200 250 300

 
 

(%
)

)MPa(

0/33

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html


    

      

  

226  1394157  

  
31   

   
] 5.[  

5 -   

 
    .
      
   .

304 11/0         .
  
   .

   .
     .

     
  

-     
) -

      (
15 120   

) 103  (
- 

     
 .      

   
      
       .

10    
2/0      67/0   

 
-      

    15   
   

 ( ) 15  .

  

-    
  
  

    10     
2/0    67/0 

.
   

       5/0 
    267/0  .

    
    

67/0     
25/0    

   

(PEM)   

6 -   
[1] S. Mahabunphachai, " hybrid hydroforming and mechanical bonding

process for fuel cell bipolar plates", dissertation submitted in partial
fulfillment of the requirements for the degree of Doctor of Philosophy
(Mechanical Engineering) in The University of Michigan, 2008 

[2] M. Koc, S. Mahabunphachai; J. Power Sources 172, pp. 725–733, 2007. 
[3] N. Guo, M. C. Leu, M. Wu; “Bio-inspired design of bipolar plate flow fields

for polymer electrolyte membrane fuel cells”; Missouri University of
Science and Technology; 2011

[4] J. Lobato, P. Canizares, M-A. Rodrigo, F-J. Pinar, E. Mena, D. Ubeda;
"Three-dimensional model of 50 cm2 high temperature PEM fuel cell.
Study of the flow channel geometry influence"; Int. J. Hydrogen Energy
(2010) 35, 5510–5520.

[5] M. Belali-Owsia, M. Bakhshi-Jooybari, S. J. Hosseinipour, A. H. Gorji; "A
New Process of Forming Metallic Bipolar Plates for PEM Fuel Cell with
Pin-type Pattern"; Int Adv Manuf Technol DOI 10.1007/s00170-014-
6563-3, 2014.

[6] M. Belali-Owsia, S. J. Hosseinipour, M. Bakhshi-Jooybari, A. H. Gorji,
"Forming metallic micro-feature bipolar plates for fuel cell using
combined hydroforming and stamping processes"; Iranica Journal of
Energy Environment (2), pp. 87-94, 2013

[7] M. Belali-Owsia, S. J. Hosseinipour, M. Bakhshi-Jooybari, A. H. Gorji;
"Forming of metallic bipolar plate with pin-type pattern by using
hydroforming process in convex die"; Journal of Modares Mechanical
Engineering 1393-Day, vol 14 (10), pp 150-158.

[8] Borit Accessed Feb. 2015; http://www.ocas.be/borit
[9] MGM-Carbon Industrial Company Accessed Feb. 2015; http://

mgmcarbon. en.ec21.com/Products--3059727.html
[10] E. Middelman, W. Kout, B. Vogelaar, J. Lenssen, E. De Waal, “bipolar

plates for fuel cells”; J. Power Sources v. 118 (1–2) (2003) pp. 44–46.
[11] A. M¨uller, P. Kauranen, A. von Ganski, B. Hell, “Injection moulding of

graphite composite bipolar plates”; J. Power Sources, 154 (2006) 467–
471.

[12] J-C. Hung, T-C. Yang, K-C. Li; “Studies on the fabrication of metallic
bipolar plates-Using micro electrical discharge machining milling”; J.
Power Sources 196 (2011) 2070–2074

[13] E. DUR, “Investigations on the corrosion resistance of metallic bipolar
plates (BPP) in proton exchange membrane fuel cells-(PEMFC)
understanding the effects of material, coating and manufacturing";
Dissertation submitted in partial fulfillment of the requirements for the
degree of Doctor of Philosophy at Virginia Commonwealth University,
December 2011

[14] M. F. Peker, “investigations on the micro-scale surface interactions at the
tool and workpiece interface in micro- manufacturing of bipolar plates for
proton exchange membrane fuel cells"; dissertation submitted in
partial fulfillment of the requirements for the degree of Doctor of
Philosophy at Virginia Commonwealth University, May 2012.

[15] L. Peng, D. Liu, P. Hu, X. Lai, J. Ni; "Fabrication of metallic bipolar plates
for proton exchange membrane fuel cell by flexible forming process-
numerical simulations and experiments"; Journal of Fuel Cell Science and
Technology Vol.7/031009-1, JUNE 2010. 

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

7.
29

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.7.29.7
https://mme.modares.ac.ir/article-15-6210-en.html
http://www.tcpdf.org

