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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. 1 The structure of a grooved metal bipolar plate [4] 
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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. 4 The frame of parallel worming grooves of a bipolar plate and its 
geometric dimensions (mm) 
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1  316   
Table 1 Chemical composition of the sheet according to the weight 
percentage of elements 

            
 15.150    0.005    1.440  

  0.360    0.058    0.660  

  0.090    0.280    0.010  
  0.002  0.040  0.071  

  0.023  0.030  0.010 
  0.047    12.190    2.110 

2 316  
Table 2 Mechanical properties of stainless steel 316 

  
(GPa) E  200  

 0.3 
(MPa) y 269 
(MPa)  K  1512 

n 0.53 

1- VMM-VMS 
2- Measurement 

 
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 
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Fig. 6 Nominal stress-strain curve of austenitic stainless steel 316 
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Fig. 7 True stress-strain curve of austenitic stainless steel 316 
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Fig. 8 Tension curve according to polyurethane rubber with hardness 
shore A 85 
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Fig. 9 A) Samples of rubber pressure test, B) Compression jaws 
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Fig. 10 Used dies in this study, A) The convex die, B) The concave die 
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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) 

    
) (W 1.1  1.1  

- )S(  1.2  1.2  
)h(  0.75  0.75  

)R(  0.2  0.2  
)r(  0.2  0.2  

)    10  10  

  
Fig. 12 Applied hydraulic stamping device for acting force on the die 
with capacity of 200 ton 
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Table 4 The process parameters for forming plates 

      

 )0c(  25 25  

 )   55-60-75-80  55-60-75-80  

 ) mm/s(  5  5  
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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. 14 The method of measuring the filling depth of bipolar plate 
channels  
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Fig. 15 View of the area of the formed sheet and the area of die cavity  
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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 lubricant and nylon lubricant  
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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  
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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. 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. 21 Measuring sheet thickness at three areas of the channel  

21    

  
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  
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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. 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 

   

    

            

  
%60  %81  %85  %49  %62  %67  

  
%77  %90  %94  %50  %65  %70  
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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. 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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