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ABSTRACT: Endplates are one of the most important components of polymer electrolyte membrane
(PEM) fuel cell that must apply uniform contact pressure distribution on the membrane electrode
assembly (MEA). For this reason, these plates must have good bending rigidity. In this research,
the bending behavior of composite sandwich plates has been investigated numerically To achieve a
composite structure with high bending stiffness for use in the endplates of PEM fuel cells. For this
purpose, the bending strength of composite sandwich panels with grid core was evaluated based on the
type of material and relevant standards through numerical simulation. Numerical simulation has been
performed in Abaqus software using the finite element method. The effect of different angles of fibers
in three different geometries of square, triangular, and diamond grid core for C/Sic and E-Glass Epoxy
materials on the bending behavior of composite sandwich panels were analyzed. The obtained results
indicate the better performance of C/Sic materials in the stress test, as well as the more suitable bending
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1- Introduction

A fuel cell is an electrochemical system that converts the
chemical energy of the fuel directly into electrical energy. Fuel
cells are classified according to the type of electrolyte used in
them, one of which is the polymer electrolyte membrane fuel
cell (PEMFC), which is known by this name because of the
type of polymer electrolyte [1].

One of the most important components of PEMFC is
the end plates, which have the task of putting the individual
cells of the fuel cell together, applying pressure to the system
to reduce the contact resistance between different plates,
providing the required force for sealing and increasing the
efficiency of the system with applying uniform contact
pressure over the active area of the PEMFC [2].

Yu et al. [3] presents the method to design and
manufacture the sandwich endplates whose face and core are
made of carbon fiber reinforced composite and honeycomb/
foam, respectively. Paik et al. [4] investigated the mechanical
properties of aluminum alloy sandwich panels with
honeycomb core. The results of their research indicate that
the start of plastic deformation is delayed and the ultimate
strength and bending strength are increased due to the change
in the shape of the core geometry and the increase in the
thickness of the cells of the honeycomb core. Yu et al. [5]
conducted a study on pre-curved composite end plates made
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of carbon fibers and glass as a replacement for metal plates
under pressure from tightening the screws of fuel cell end
plates, and the results show a more uniform contact pressure
distribution on the plates.

The aim of this research is to obtain a composite sandwich
panel with grid core with high bending rigidity to be used in
the end plates of the PEMFC. In this regard, the effects of the
parameters of grid core geometry, fiber angles and material
type was investigated by numerical simulation and using
finite element software. Evaluation of lattice core geometries,
including triangular geometry, rectangular geometry and
rhombic geometry, was done for C/Sic and E-Glass Epoxy
materials. Moreover, the effect of fiber angles (0-45-90), (0-
90-45) and (0-90-45) on the bending stiffness of the samples
was also observed.

2- Problem definition

In this study, sandwich specimens consist of three face
sheets with three different fiber angle (0-45-90, 0-90-45,
and 45-90-0) and core configurations were fabricated. Fig. 1
illustrated the geometrical characteristics of sandwich plate.

3- Numerical simulation
In order to predict the mechanical behavior and failure
modes of studied sandwich structures, a 3D FEM was
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(b)

Fig. 1. Geometry of the present study with dimension

(a) 3D view with boundary conditions (b) cross-section

of different core configurations and their geometrical
characteristics

developed using commercial finite element software

ABAQUS/Explicit, release 16.14.

4- Results and discussion

In this paper, firstly the effects of different core shape
and fiber angle for C/SiC composite was investigated (Figure
2(a) and Figure 2(b)). According to this figure, composite
plate with fiber angle 0-45-90 and triangular core has a better
bending behavior. Then, the energy-strain curves of C/SiC
composite with fiber angle 0-45-90 and triangular core for
different face sheet thickness under static three-point bending
test was reported (Figure 2(c)). As shown, similar to the C/
SiC composite, with fiber angle 0-45-90 and triangular core
and face sheet thickness 1.8mm has a more load-bearing
capacity.

Furthermore, the optimal results from the last section
were compared for C/SiC and E-Glass Epoxy. As shown in
the Figure 3 the C/SiC composite with fiber angle 0-45-90
and triangular core has a more load-bearing capacity.

5- Conclusion

In this study, the effects of, different types of core shapes,
different fiber angles, and different face sheet thicknesses
of sandwich plates with grid core under a static three-point
bending test were numerically investigated. According to the
result, the C/SiC composite plate with fiber angle 0-45-90,
triangular core and face thickness 1.8mm has a best bending
behavior and load-bearing capacity and it is suitable for fuel
cell end plates.
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Fig. 2. (a) The energy-strain curves of C/SiC composite

with different fiber angle under static three-point bend-

ing test. (b) Fatigue failure for optimal case, (c) The

energy-strain curves of C/SiC composite with triangu-

lar core and different face sheet thickness under static
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Fig. 3. Stress as a function of Displacement for C/SiC
and E-Glass Epoxy for triangular core and different
fiber angle under static three-point bending test.
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Fig. 1. Geometry of the present study with dimension a) 3D view with boundary conditions b) cross-section of
different core configurations and their geometrical characteristics ¢) The dimensions of the supports and their
placement. (all of dimension mm)
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Fig. 4. Comparison between the numerical results in the present study and experimental results of chen et al [22]
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Fig. 5. Stress distribution in end plates for C/Sic and different geometries at the moment of failure (all stresses MPa)
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Fig. 6. Variation of stress as a function of the displacement for C/Sic, three geometry and three different fiber angles

6 «10° Energy of all Shapes

T T T

Rectangle-00,45,90
Rectangle-00,90,45
Rectangle-45,90,00
Diamond-00,45,90
Diamond-00,90,45
Diamond-45,90,00
Triangular-00,45,90
Triangular-00,90,45
Triangular-45,90,00

BN
T

w
T

Energy [mJ]

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
Strain

0w =255 3190 (51 Ao Sag S b gblie bawgi ol i (551 JSu

Fig. 7. Variation of Energy as a function of the displacement for C/Sic, three geometry and three different fiber
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Fig. 8. Stress distribution in end plates for E-Glass Epoxy and different geometries at the moment of fail-
ure (all stresses MPa)
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fiber angles
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