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ABSTRACT: Polymer electrolyte membrane fuel cells, as an energy generator, convert the chemical
energy of the fuel directly into electrical energy. An important component of polymer fuel cells is bipolar
plates, which are responsible for the distribution of fuel and oxidants and facilitate the management
of water inside the cell and the transmission of electric current. In this study, the fracture method of
graphite-based composite bipolar plates of polymer fuel cells under bending loads was investigated
experimentally and numerically. Simple and perforated composite bipolar plates were tested and
simulated with the approach of determining flexural stability under static load. In numerical analysis,
mechanical simulation using the finite element method and Abaqus software were used. Then, after
making the laboratory samples, the experimental test of three-point bending was performed on them to
validate the simulation results. Finally, the results of numerical and experimental analyses of the flexural
behavior of composite bipolar plates were compared with each other. A comparison of the results of
numerical and experimental analyses showed that the results of these two methods had an acceptable
agreement with each other. In addition, the presence of a high percentage of graphite as well as high
fragility weakens the body, and beams of this material increase the specimen of the sample, which occurs
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only due to the molecular bond of graphite, which causes the graphite to slip.

1- Introduction

A fuel cell is an electrochemical generator that directly
converts the chemical energy of fuel into energy. One of
the important components of the electric energy production
process in fuel cells is bipolar plates, which are responsible
for collecting the output current from the anode and cathode
of a fuel cell [1].

Afshari and Jazayeri [2], using numerical and two-phase
simulations of polymer fuel cells, investigated different
working conditions such as humidity percentage, flow
rate, temperature, and pressure of inlet gases on fuel cell
performance. Kakati et al. [3] conducted experiments to
investigate the properties of graphite composite bipolar plates
made by compression molding technology. They tried to find
a way to achieve a lighter and more cost-effective bipolar
plate and carried out their research based on this purpose. The
results of their research showed that the cost of the polymer
fuel cell is mainly dependent on the two components of
the bipolar plate and the gas diffusion layer. Chen et al. [4]
conducted research on the preparation of bipolar plates based
on graphite/resin for polymer membrane fuel cells. Based
on the results of numerical analysis, taking into account
the strengthening of electrical, bending, and hydrophilic
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properties, three types of bipolar plates were obtained
according to the properties of graphite and resin. They
prepared plates with natural graphite and developed graphite
as filler and epoxy resin and phenolic resin as substrate. In
their research, it was found that composite plates containing
epoxy resin have higher electrical conductivity.

2- Methodology

The main problem and goal of this research is to
numerically and experimentally investigate the fracture
behavior of composite bipolar plates of polymer fuel cells
under the conditions and effects of tensile and bending loads
by numerical and experimental methods. At first, numerical
model design and finite element modeling were discussed,
then the experimental model was tested, and finally, the results
of numerical and experimental analyses were compared.

To predict the mechanical behavior and failure modes of
studied sandwich structures, a 3D FEM was developed using
commercial finite element software ABAQUS/Explicit,
release 16.14.

In this experiment, samples with a rectangular cross-
section were used as beams. The samples are placed on two
supports with a specified distance. Then, with the help of a
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Fig. 1. Bending test simulation

Fig. 2. Bending test apparatus

mandrel from above and in the middle of these two supports,
the force was applied to the middle of the beam at a speed of
0.5 mm/min and the deflection of the beam was measured.
The flexural strength and flexural modulus can be determined
by simultaneously measuring the beam’s elasticity and the
force acting on it.

3- Results and discussion

Numerical investigations for the rectangular hole in the
center of the beam have been carried out according to the
test design. The results of numerical studies indicate that
as the length of the hole increases, the piece becomes more
weakened and the bending strength of the object decreases.
Figure 3 shows the maximum force diagram for a beam with
a width of 2 mm and lengths of 4, 12, and 20 mm resulting
from the numerical analysis.

In this part of the research, the beam with dimensions of
100x3x10 mm was experimentally tested only by creating
a hole in the middle of the beam with dimensions of 2x4
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Fig.3. The diagram of the maximum force obtained
from the numerical analysis of the hole with a width of

2 mm and different lengths.
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Fig. 4. Numerical and experimental comparison dia-
gram of perforated beam

mm. The boundary conditions are the same as the previous
examples and the speed of the upper jaw is 0.5 mm/min and
the distance of the supports is 29 mm according to the D790
standard. Figure 4 shows the comparison of two numerical
and experimental graphs of the perforated beam.

4- Conclusion

In this research, the analysis of composite bipolar plates
was investigated and for the best possible bending analysis of
these plates, they were investigated in the form of composite
beams. In the case of holes, it was investigated with the
approach of bending stability and determination of fracture
strength. The presence of a high percentage of graphite as
well as high brittleness causes the body to weaken, and
therefore in the numerical and experimental analyses of
beams of this type, it leads to an increase in the elasticity
of the sample, which occurs only because of the molecular
bonding of graphite, which causes graphite to slide.
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Fig. 7. The diagram of the maximum force obtained from the numerical analysis of the hole
with a width of 2 mm and different lengths.
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Fig. 8. Stress and strain contours of the perforated beam with a width of 2 and length, respectively, (a) 4, (b) 12 and (c)
20 mm.
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Table 3. Bending properties of 2 mm wide perforated beam.
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Fig. 9. The diagram of the maximum force obtained from the numerical analysis of the hole
with a width of 4 mm and different lengths
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Table 4. Features of perforated beam.
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Fig. 10. The diagram of the maximum force obtained from the numerical analysis of the hole
with a width of 6 mm and different lengths
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Table 5. Bending characteristics of a 6 mm wide perforated beam.
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Fig. 11. Numerical and experimental comparison diagram of perforated beam
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Table 6. Comparison of numerical and experimental results of
perforated beam.

)2 W) s oS! [T PRV Aol Jud Awdod
(MPa) (GPa) (mm)
FY/YPY VYAV -V coae 9V P aghewl
o3 1A Fokee ¥ Jsb
fOINY- VY VA e
SrSais —F s WY (o, )3 58 (9308 a0 3 Jg 09 e i 50 IV

N3 swop 290 (RjorelS (oaBgd Clxio Jlos (igh cpl )

P gl o @ Slrio ol e 42 o phed b sl g 285
Gb 0, bojas (sl cdls jo ads aid oy ujee0lS (sl s LJB
33 by ) 85 JB sy 3)90 CanSld plSotial (s g (e
sl o g ool Jlal 5y5e i dgaote o)l e g awdin Sl ]

Jote oy 35 @l Pl 35 g aliwl o)l clyy (ied )8 o olSoxil

Yoo

9 o3 (sl yloges e OB g o sl o Juo VYD 35 4
ek Wb o i ) es l.».u...u do ) oSl Mo )d FIVA o5
Jote 3L b watene dlasly CunSis 9508 Gl 058" plgie olgie

e Gl 5 53 Jg )l (ohed plSodial § (ied
9 e oo dindn 33 (904 g (29 dwlie £ Jo»

Cawl 005 03)9] )ML;LA\C J9]o97 B 4’):‘."6‘)‘ L;uw.> P&’x..w‘



Ve oA B AAD doxio VY Jlo A o)lod DO 093 «yusS ool CSilSlo pusiigeo 4y it

Rimdusit, Effects of Graphene and Graphite on Properties
of Highly Filled Polybenzoxazine Bipolar Plate for
Proton Exchange Membrane Fuel Cell: A Comparative
Study, Carbon-related Materials in Recognition of Nobel
Lectures by Prof. Akira Suzuki in ICCE, (2017) 211-
259.

[6] D. Khaerudini, G. Prakoso, D. Insiyanda, H. Widodo, F.
Destyorini, N. Indayaningsih, Effect of graphite addition
into mill scale waste as a potential bipolar plates material
of proton exchange membrane fuel cells, in: Journal of
Physics: Conference Series, IOP Publishing, 2018, pp.
012050.

[7] E.Abdollahi, F.Ghasemi, R.Abdollahmirzaei.,
Experimental analysis of the mechanical behavior of
composite bipolar plates in a polymer fuel cell, Journal of
Tabriz University Mechanical Engineering, 47(3) (2017)

149-158. (in Persian).

[8] S.-J. Kang, D.O. Kim, J.-H. Lee, P.-C. Lee, M.-H. Lee,
Y. Lee, J.Y. Lee, H.R. Choi, J.-H. Lee, Y.-S. Oh, Solvent-
assisted graphite loading for highly conductive phenolic
resin bipolar plates for proton exchange membrane fuel
cells, Journal of Power Sources, 195(12) (2010) 3794-
3801.

[9] M. Soleimani Alavijeh, H. Kefayati, A. Nozad Golikand,
S. Shariati, Synthesis and characterization of epoxy/
graphite/nano-copper nanocomposite for the fabrication
of bipolar plate for PEMFCs, Journal of Nanostructure in
Chemistry, 9 (2019) 11-18.

[10] N.A.M. Radzuan, A.B. Sulong, M.R. Somalu, A.T.
Abdullah, T. Husaini, R.E. Rosli, E.H. Majlan, M.I. Rosli,
Fibre orientation effect on polypropylene/milled carbon
fiber composites in the presence of carbon nanotubes
or graphene as a secondary filler: Application on PEM
fuel cell bipolar plate, International journal of hydrogen

energy, 44(58) (2019) 30618-30626.
[11] P. Liang, D. Qiu, L. Peng, P. Yi, X. Lai, J. Ni, Contact

resistance prediction of proton exchange membrane fuel
cell considering fabrication characteristics of metallic

bipolar plates, Energy conversion and management, 169
(2018) 334-344.

@S ORoR Al e )3 e g bbbl (oded plotlul ¢ ied
ol Goyb 5l 0y50 lacges] bl jd g osbasle aidyge naiges
3 03,5 gl slge oles clayges] plml g 3 lukisl (cladiges
S0 b pied 5L,y gty (0)20 g (o33 sdalCundts gl oLl
AF/Y g Y joolie . &l paisie &jgody dols il 5 dunlio
@S g e Al gl y5 hed Sl )l 3 e
Geb )l M) wo s FNA yo5 5 (g30e Judoo &S dad o L
Jooo Slod Cuand ) oy had opgesl 3 eudplsl la oo
3 el 2590 Sloyed (oolod 05 (o0 )15 LS o Ly 51> (5 %8
355 slews &S 03le g5 ey (Jg S (o0 CunSS ) £9yb () e
Oszxen 9 Vb CudlS 0o)d S an3 00 & CanS S puody Bl oo
3ie sladlos )3 g)cplil g 0ad e LhmdS Corge Y (S
ol &5 aly (o 3 1) ges j IE i cnl ) ey (229
Do s el S 1m3n &y aS JiSlye iz e 4 g el
dopd e & dlge ol a8 b edly LS b wyp jd Db o Cudl S
3L polie 3925 e 4 g 3L5 Hln (2Ble) 5 (SHSS S VL

&bo
[1] F. Barbir, S. Yazici, Status and development of PEM
fuel cell technology, International Journal of Energy

Research, 32(5) (2008) 369-378.

[2] E.Afshari, A.Khayam, Numerical investigation of
polymer fuel cell performance with honeycomb flow
field, Numerical methods in Engineering, 33(2) (2015)
69-86. (in Persian).

[3] S. Dhakate, R. Mathur, B. Kakati, T. Dhami, Properties
of graphite-composite bipolar plate prepared by
compression molding technique for PEM fuel cell,

International Journal of Hydrogen Energy, 32(17) (2007)
4537-4543.

[4] H. Chen, X.-H. Xia, L. Yang, Y.-d. He, H.-b. Liu,
Preparation and characterization of graphite/resin
composite bipolar plates for polymer -electrolyte
membrane fuel cells, Science and Engineering of

Composite Materials, 23(1) (2016) 21-28.
[5] M. Okhawilai, A. Pengdam, R. Plengudomkit, S.

Vool



Vo rA 5 AR doio AFY o A o)l DB 0,93 S yual SlSo owodigen & yilS

of fracture mechanics and finite elements, Cement and [12] M.B. Burkholder, N.S. Siefert, S. Litster, Nonlinear
concrete research, 6(6) (1976) 773-781. analysis of voltage dynamics in a polymer electrolyte
[14] R. Yeetsorn, W.P. Ouajai, K. Onyu, Studies on surface fuel cell due to two-phase channel flow, Journal of Power

modification of polypropylene composite bipolar plates Sources, 267 (2014) 243-254.

using an electroless deposition technique, RSC advances, [13] A. Hillerborg, M. Modéer, P.-E. Petersson, Analysis of
10(41) (2020) 24330-24342. crack formation and crack growth in concrete by means

w3 gyl o ol 4 digR
L. Emami, M. M. Barzegari, M. R. Zamani, Numerical and Empirical Investigation on Bending
Behavior of Composite Bipolar Plates for Polymer Electrolyte Membrane Fuel Cells, Amirka-
bir J. Mech Eng., 55(8) (2023) 995-1008.

DOI: 10.22060/mej.2023.21720.7495

YooV






	Blank Page - EN.pdf
	Blank Page - FA.pdf

