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1- Introduction

In recent years, researchers have proposed the use of clean
and renewable energies as a suitable alternative to fossil
fuels. One of these energy sources is fuel cells that produce
electrical energy with high efficiency and without
environmental pollution. Fuel cells are classified into
different types, including alkaline, solid oxide, and proton
membrane fuel cells. Among the mentioned options,
proton membrane fuel cells (PEMFC) have been favored
by researchers due to their high power, fast start-up, and
low working temperature. One of the important
components of this type of fuel cell is the bipolar plates
(BPPs). Microchannel on the BPPs is responsible for the
better distribution of hydrogen and oxygen, the release of
the water produced by reactions, transfer of produced
electrons, cooling, and reducing the temperature of the fuel
cell assembly in order to increase efficiency. To reduce the
weight of the vehicle, BPPs should be as light as possible.
Moreover, BPPs work in an acidic environment.
Therefore, they must have high corrosion resistance. The
materials that have been used to fabricate BPPs are
graphite, composite, and metal. Metallic BPPs exhibit
unique characteristics, such as good mechanical, electrical,
and thermal properties. Researchers have used various
methods to manufacture metallic BPPs, such as rubber-pad
forming, hydroforming, and stamping. One of the
important points that can be mentioned in the fabrication
of the metallic BPPs is to achieve the maximum
microchannel depth with uniform thickness distribution.
The higher depth of the microchannel leads to better
distribution of oxygen and hydrogen and as a result,
increases the efficiency of the fuel cell. Moreover, a non-
uniform thickness distribution leads to stress concentration
and the tearing phenomenon occurs in the sheet. Titanium
is a lightweight material and its density is lower than steel.
In addition, titanium exhibits good corrosion resistance
compared to steel. Therefore, titanium rises as a suitable
candidate for BPPs in PEMFCs. On the other hand,

titanium has a lower formability than steel at room
temperature due to its HCP crystal structure. Therefore, the
forming parameters must be optimally controlled in the
stamping titanium sheet. In this paper, the manufacturing
of BPPs to be used in PEMFCs made of commercially pure
titanium with an initial thickness of 0.1 mm is investigated.
After evaluating the mechanical properties of the sheet
using a uniaxial tensile test, the stamping process is carried
out by experiment and finite element simulation. A
regression model for predicting die filling rate based on
forming parameters (e.g., die clearance, stamping speed,
and friction coefficient) is presented via the response
surface method (RSM). The obtained equation is
optimized using the artificial bee colony algorithm.
Finally, by using an artificial neural network, the die-
filling rate is estimated with acceptable accuracy.

2- Results

Table 5 shows the results of the die filling rate for designed
experiments. The output regression model according to
equation (1) was obtained with model goodness (R?) of
98.95%, which is desired. Furthermore, the average
absolute value of the error in estimating the filling rate for
this model was obtained as 82.16x103%. Next, the
obtained equation was used for optimization by the
artificial bee colony algorithm. A total number of 200 bees
were used with 100000 iterations; after 20 optimizations
the best coefficients were determined as indicated in
equation (2). Using this equation, the defined error is
reduced to 45.98x10-%. To predict the filling rate using
an artificial neural network algorithm, three parameters
(i.e. die clearance, stamping speed, and friction
coefficient) were considered input and filling rate as
network output. Then, an artificial neural network with
three inputs, six hidden layers, one design output, and the
numbers in Tables 4 and 5 were used as inputs and outputs
for its training as indicated in Figure 1. After six periods
of training this artificial neural network, an output with
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good accuracy was obtained and the absolute value of the
filling rate prediction error was reduced to 0.0097x1073,

Table 1. Results of the filling rate

Experiment no, Filling rate (%)
1 0.41
2 0.41
3 0.43
4 0.39
5 0.45
6 0.44
7 0.41
8 0.42
9 0.44

10 0.43
11 0.40
12 0.35
13 041
14 041
15 0.43
16 041
17 0.40
18 0.46
19 0.34
20 0.41

Filling (%) = 1.191 - 7.37C +0.0242V —2.811p
+20.36C% — 0.00545V2 + 1.09p?

@
—0.0667CV + 10.00Cu
+0.0667Vpu
Filling (%) = 1.191-7.37C +0.0242V —2.811p
+ 10.0644C? — 0.00487V?> @
+ 2.1800p* — 0.0077CV
+11.4489Cu + 0.02243Vu
Output

15¢ hidden layer

[nput layer

6™ hiddenlayer  Output layer

Fig. 1. Used neural network structure

The used methods to predict the filling rate are
comparable to each other in different ways. The first
comparison factor is the sum of the absolute value of the
errors in the prediction of the filling rate. The errors for
three regression methods, artificial bee, and artificial
neural network are compared in Table 3. Moreover, a
graphic comparison of the experimental filling rate and
those obtained from the mentioned methods is shown in
Figure 2. In this figure, the filling rate obtained from the
experiments is compared with the filling rate obtained by
regression method, artificial bee colony method, and
artificial neural network.

Table 3. Comparison of various predictive methods

Method Error (%)
RSM 82.16x10-3
ABCO 45.98x10-3
ANN 0.0097x10-3
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Fig. 2. Comparison of the die filling obtained by various
methods

3- Conclusion

In this paper, the modeling of the stamping process of the
titanium BPPs for PEM fuel cells was investigated. By
using a finite element simulation model validated with
experimental results, the process was modeled using the
RSM. Then, three different methods were used to predict
the microchannel filling rate. The first method is based on
regression and a quadratic equation was presented in terms
of die clearance, stamping speed, and friction coefficient
to predict the filling rate. Next, using the artificial bee
colony method, the coefficients of the equation created by
the regression method were improved. Next, by applying
an artificial neural network, the best agreement was
obtained to predict the filling rate of the die (without
providing a formula). The results showed that the sum of
the absolute value of the error using the artificial bee
colony method reduced from 82.16x107 to 45.98x1073 in
comparison with the regression method. Furthermore, by
using the proposed artificial neural network, a network
with three inputs and one output could predict the filling

rate with high accuracy and reduce the error to 0.0097x10
3
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Comparison of Regression, Artificial Bee Colony, and Neural Network for Predicting Die Filling in
Stamping of Bipolar Plates Fuel Cell

Vahid Modanloo Ahmad Mashayekhi Behnam Akhoundi

Abstract Increasing the depth of microchannels on metallic bipolar plates (BPPs) in PEM fuel cells leads to an
increase in the efficiency. In this research, the stamping process has been applied for manufacturing of the BPPs made
of commercially pure titanium with a direct parallel flow field. The effect of process parameters including die
clearance, forming speed, and sheet/die friction coefficient on the filling rate and thinning of the BPPs was
investigated. The required tests were designed via the response surface method (RSM), implemented by a validated
finite elements (FE) model, and the desired outputs were extracted. Then, a quadratic equation was presented for
predicting the filling rate based on the input parameters using the regression method. In the following, using the
artificial bee colony algorithm, the coefficients of the mentioned equation were enhanced and its error was decreased
almost by 53%. Finally, an artificial neural network (ANN) was used to predict the filling rate. The results
demonstrated that the proposed ANN model is very effective and approximates the filling rate of the microchannel with
high accuracy.

Key Words Titanium bipolar plates, Forming depth, Stamping process, Artificial bee colony algorithm, Artificial
neural network.
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