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Metallic bipolar plates can be mentioned as one of the main
components of the fuel cell. Various methods such as
hydroforming process, electromagnetism, stamping, and rubber
forming are used to produce these plates. In this study, the effect
of rubber layer on the production of the metallic bipolar plate by
the rubber forming method was investigated. The forming die
with a convex pattern and parallel helical grooves was used to
fabricate bipolar plates made of SS316 with a thickness of 0.1 mm.
First, the effect of forming force on channel depth in both
transverse and longitudinal directions was studied. Experimental
results indicated that there is a direct relationship between the
depth of the channel and the applied force, and the maximum
depth of the channel occurs in the transverse direction. In
addition, the effect of hardness of rubber on the channel depth of
bipolar plates was investigated. The results showed that the
maximum depth of the channel decreases with increasing
hardness of the rubber. On the other hand, with a large decrease
in the hardness of the rubber layer, it would be difficult to provide
the pressure for applying the plastic deformation on the sheet
metal. Then, the depth of the middle and side channels in the
longitudinal direction was measured in order to evaluate the
dimensional accuracy of the channels. The experimental results
showed that the depth of the channels is uniform in this direction,
which indicates the acceptable dimensional accuracy for the
fabricated samples.
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EXTENDED ABSTRACT

Introduction

In recent years, the desire to utilize renewable and clean sources has increased due to
the non-renewability of fossil fuels and the amount of pollutants caused by their use.
Polymer fuel cell has attracted attention due to its efficiency, low working temperature, and
high current density. Bipolar plates can be considered as one of the most important
components of polymer fuel cells. The materials used for these plates are usually composite,
graphite and metal. With regard to metal bipolar plates, this type of bipolar plates has
attracted attention in recent years. Different methods, including flexible-die forming
process, have been used to produce metal bipolar plates. The process parameters, including
the rubber layer, play a significant role in the quality of the production plates, which should
be carefully examined. Since reducing the hardness of the rubber layer in order to achieving
greater channel depth has a different function and will cause the channel depth to decrease
and since the rubber layer is part of the process that plays a significant role in determining
process costs, the behaviour of the rubber layer under different conditions should be
studied and evaluated in order to determine the best option for the forming process.
Therefore, the present research was conducted in order to examine the above mentioned
parameters in a quantitative manner.

Methodology

In this study, 316 stainless steel sheets with a thickness of 0.1 mm and a spiral groove
pattern were used to form bipolar plates with a width and length of approximately 55 mm.
To determine the mechanical properties of the sheet, samples according to the standard
ASTM (E8M-04) were prepared by wire cut machine. The samples were stretched to the
breaking point rupture (Figure 1). According to the tensile test results, the mechanical
properties of 316 stainless steel sheet are given in Table 1. It should be noted that the
anisotropy of the samples was ignored.
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Figure 1. Tensile test samples after the test.

Table 1. Mechanical properties of 316 stainless steel sheet.

Mechanical properties Unit Amount
Elastic Modulus GPa 200
Poisson's Ratio - 0.3

Yield Stress MPa 269
k MPa 1512
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Mechanical properties Unit Amount
n - 0.53
Pre-strain - 0.04

In order to form bipolar plates, two patterns of concave and convex shaping can be used.
In this study, the channels of bipolar plates were created in a convex form on the die by the
machining process. In addition, the angle of the wall was 10 degrees and the radii of the
upper and lower corners were 0.2 mm to prevent rapture in the sheet. In addition, the depth
of the machined microchannel on the die was equal to 0.75 mm.

Results and discussion

Figure 2 shows the effect of the amount of force in the depth of the channel of bipolar
plates made of 316 stainless steel sheets in the longitudinal and transverse direction with
the application of force in the range of 500 to 1000 KN. According to the obtained values,
the depth of the channel increases with the increase in the amount of applied force.
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Figure 2. The effect of applied force on depth of channel.

Since the longitudinal direction is the main path of the microchannel, Figure 3 shows the
effect of different hardness of rubber on the depth of the channel in the longitudinal
direction. In order to investigate the effect of the desired variables, rubber layers with
hardness of 40, 60, 85 and 90 on the Shore A scale and thickness of 20 mm were used. The
results of examining the effect of the depth of the channel in the longitudinal direction for
the rubber layer with different hardness under different forces generally indicated an
increase in the depth of the channel with a decrease in the hardness of the rubber layer.
However, according to the observations, rubbers with low hardness came out of the space
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between the holding chamber of the rubber layer and the punch and a large deformation in
this area caused the destruction of the rubber layer. This phenomenon resulted in the
rubber layer not to provide the necessary pressure for forming.
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Figure 3. The effect of rubber hardness on the depth of the channel in the longitudinal direction.

Conclusion

In this study, the forming capability of polymer fuel cell bipolar plates with a thickness
of 0.1 mm made of 316 stainless steel sheets was investigated by the flexible-die forming
process in addition to the effect of process variables such as the force and hardness of the
rubber layer on the channel depth of the bipolar plates.

According to the results, the filling rate of the channels in the transverse direction was
greater than the longitudinal direction. The maximum depth of the channel in the
transverse direction was obtained in the hardness of 90 Shore A rubber at the rate of 0.592
mm. In the next steps, the effect of the hardness of the rubber layer on the channel depth of
the bipolar plates was evaluated, which according to the results of the low hardness rubber
layers, performed better than the high hardness rubber layers in forces of 400 and 500 KN.
However, in forces above 500 KN, rubbers with low hardness could not provide the
required forming pressure because of high forces. Accordingly, the rubber layer with higher
hardness performed better than softer rubbers in high applied forces. The highest values
were obtained at a force of 1200 KN and 0.568 mm in the longitudinal direction.
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