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Metallic bipolar plate is one of the main parts of fuel cell. Several methods have been used by 
researchers to manufacture bipolar plate such as stamping, hydroforming and electromagnet forming. 
The effect of process parameters on dimensional accuracy of metallic bipolar plates in rubber pad 
forming process has been investigated in this study. ABAQUS/Standard finite element software is used 
to simulate the process. The accuracy of the results of simulation process is evaluated by using 
experimental results. To perform experimental procedures, rigid die with parallel flow field is used to 
form SS316 bipolar plate, 0.1 mm thick. For this purpose the effect of punch load, rubber hardness, 
rubber thickness and clearance between die and container on the dimensional accuracy of the formed 
parts is investigated. In this regard, rubber layer with hardness of 55, 70, 85 and 90 Shore A and 
thickness of 1.5mm up to 5.5mm were used. The results show difference between lateral and central 
channel depth, the amount of disparity will decrease by increases in punch load, so the dimensional 
accuracy will increase. According to the result, increase in hardness and thickness of the rubber layer 
leads to improvement in the dimensional accuracy. Also, the clearance between die and container 
decreases the difference between lateral and central channel depth and eventually cause an increase in 
dimensional accuracy of formed part. 
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Table 1 Percentage of alloying elements of sheet 

  
  

  
  

  
  

  

 16.150    0.005   1.440  

  0.360    0.048    0.660  

  0.047    2.110    0.280  

  12.190   0.010    0.090  
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Fig. 1 Tensile test machine 

1 

 
Fig. 2 Tensile test sample 
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Fig. 3 Engineering stress-strain curve of austenitic stainless 
steel 316 
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Fig. 4 Real stress-strain curve of austenitic stainless steel 316 
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Fig. 5 A) Samples of rubber pressure test, B) Compressed 
sample  
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Fig. 6 Rubber real stress-strain curve 
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Fig. 7 Schematic of bipolar plate’s micro channel 
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Fig. 8 Four channel insert and dimension 
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Fig. 10 2D simulation model 
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Fig. 11 Cutting direction of sample  
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Fig. 12 Cross section of Cut samples with wire cut machine 

 12   

  
Fig. 13 Process of formed sample preparation  

       13  

  
Fig. 14 Position of rapture in sample 
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Fig. 15 Comparison of Simulation and experimental channel 
depth in forming of four micro channels 
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Fig. 16 Cross section of formed sample in different force 
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Fig. 17 Comparison of Simulation and experimental profile of 
sample 
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Fig. 18 Channel depth at different force in forming of four 
micro channels 
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Table 4 Dimensional accuracy of sample in different force 

  10    20  30   50   

1 7.663  2.208  1.449 0.696  
2  6.008  2.068  1.305  0.744  
3 6.758  1.188  1.233  0.593  
4  5.103  1.049  1.088  0.641  

Fig. 19 The  uniformity  of  rubber  Displacement,  A)  Force  50  
kN, B) Force 10 kN 

19  ( ) 50  ( ) 
10   

Fig. 20 Difference between lateral and central channel depth in 
experimental test 

20 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.1

6.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

22
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.16.4
https://mme.modares.ac.ir/article-15-3810-fa.html


    

      

13941512  469  

    21      
      

    .  
      .

0.55  4

d/D d D 
4 

73  .
3 557085 90 

Shore A 7071.45371.733 72.933 
) 4 (

3   
      

     .  
    5   

.          
   )

       
    . 
   90  .

 0.548 
 -

-2-4     
        

 .        

  
Fig. 21 Investigation of effect of hardness on dimensional 
accuracy 
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Table 5 Effect of hardness on Deviation from the average value 

  55  70 85  90  

1  2.456  1.388  0.619  0.552 

2  2.339  1.437  1.056  0.547  

3 2.359  1.224  0.956  0.548  

4  2.243 1.274  1.096  0.551  
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Fig. 22 Effect of rubber thickness on dimensional accuracy 
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Table  6 Effect of rubber thickness on Deviation from the 
average value  

  
  

1.5   
   

2.5    
   

3.5   
   

5.5   
   

1  7.498  3.214  1.426   0.664  

2  8.846  3.525  1.628  1.080  

3 8.683  3.391  1.545  0.869  

4  9.031  3.702  1.747 1.286  

  

Fig. 23 Rubber displacement pattern A) Thickness 1.5 mm, B) 
Thickness 5.5 mm 
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Fig. 24 Effect of clearance on difference between channel 
depths (dimensional accuracy) 
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Table 7 Effect of Clarence on Deviation from the average value 

    1    

1  4.088 3.783  

2  5.173  2.811  

3 4.801  2.908  

4  5.886  1.936  
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