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Proton exchange membrane fuel cells (PEMFC) are composed of end plates, flow fields, the
membrane electrode assembly (MEA) and sealing components. Before assembling a fuel cell stack,
obtaining the distribution of stress and deformation of PEMFC components by simulating the assembly
process can enhance cell performance and reduce the risk of gas leakage, as well as decrease
production costs. To provide a good reference datum for the actual assembly, a real fuel cell stack was
used in research. Finite element analysis of PEMFC assembling, based on software ANSYS, was
conducted to better learn the stress and deformation during assembly. The effect of varying the
clamping loads during assembly was investigated for different forces (300N, 400N, 500N and 600N)
and for different displacements (0.1 mm, 0.2 mm and 0.3 mm). For the single cell, a load of 400N and
0.2 mm displacement are appropriate. They provide good reference datum for real assembly process.
Further, the distribution of stress and deformation in the core component MEA of single cell and 10-
cell stack under different loads were obtained, providing good reference datum for the actual stack
assembly. Results from stack simulation indicate that the distribution of stress and deformation in
different cell is similar in trend, with slight differences.
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1. INTRODUCTION

A proton exchange membrane fuel cell has many prominent characteristics, especially short
startup time at normal ambient temperatures, which makes it a promising power source for future
transport vehicles such as electric cars. General speaking, appropriate compression is the key to cell
performance, the importance of choosing appropriate loads during PEMFC stack assembly. If either
clamping load or displacement is inadequate, gas leakage and higher contact electrical resistance will
occur. If the clamping load is too high, the GDL or CL will be over-compressed, affecting gas
transportation and decreasing cell performance. It may even cause stress in some stack components
sufficient to cause plastic deformation or cracking [1]. So both clamping load and displacement should
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be optimized [2].

To determine optimum clamping pressures under different operating voltages Xing [3] used a
global searching method, namely the simultaneous perturbation stochastic algorithm (SPSA) method
and a three-dimensional model to investigate the effect of assembly clamping pressure on the GDL
properties and thus on the performance of PEM fuel cells. Lee4 established the finite element analysis
(FEA) procedures for a PEM single cell. The pressure distribution in the single cell was calculated and
verified by experiment with a pressure film inserted between the bipolar plates and the MEA.
Considering this as a mechanical equivalent stiffness model with numerous elastic elements (springs)
in either series or parallel connection, Lin [5, 6] proposed a highly efficient assembly technique for
large proton exchange membrane fuel cell (PEMFC) stacks to obtain optimal clamping load. The
equivalent stiffness model results were verified by three-dimensional finite element analysis (FEA) for
a single PEMFC. Based on their new model, a concept for designing the structural components of a
large PEMFC stack was proposed. Mason [7] described the use of an in-situ analytical technique based
on simultaneous displacement and resistance measurement of gas diffusion layers (GDLSs) in polymer
electrolyte fuel cells (PEFCs), when they are exposed to varying compaction pressure. By analyzing
the change in thickness and ohmic resistance of GDLs under compression, important mechanical and
electrical parameters were obtained. To investigate the effect of gas diffusion layer (GDL)
compression on fuel cell performance, Yim [8] experimentally studied a 5-cell proton exchange
membrane fuel cell (PEMFC) stack with different GDL compressions (15% and 30%). Results showed
that PEMFC stacks with high GDL compression (30%) performed better than those with low GDL
compression (15%) for all current ranges. This means that the decrease in contact resistance with high
GDL compression has greater effect on stack performance than the increase in mass transport
resistance. Taymaz [9] developed a finite element analysis (FEA) model to predict the deformation
caused by assembly pressure in the single channel PEM fuel cells. The deformed geometrical model
was then converted to a three-dimensional CFD fuel cell model to compute fluid flow and
electrochemical reactions, so the effect of assembly pressure on fuel cell performance was predicted.
Zhou [10] used a micro-scale numerical model to predict the contact resistance between bipolar plates
(BPP) and GDL in PEM fuel cells. In another study, Zhou [11] developed a finite element based
structural and mass-transfer model. The mechanical deformation, mass transfer resistance, and
electrical contact resistance caused by assembly pressure were all calculated. Zhou [12, 13] developed
a new model to observe stack mechanical behavior under different assembly pressures, temperatures,
and humidity. Subsequently, by using the deformed geometrical model and updated material
properties, gas flow, diffusion, ion transport, and chemical reactions were all calculated. In this paper,
a FEA model has been developed to study stress and deformation for both single fuel cell and 10-cell
stack under different values of force load and displacement in the actual assembly process.

2. METHODOLOGY

In this study, models of a single fuel cell and a 10-cell stack were used. The 10-cell stack
prototype included all components of the fuel cell, as is shown in Fig.1. The geometrical model of a
single cell, including all components (MEA, gaskets, flow field plates and end plates) is built in
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Solidworks as shown in Fig.2. The obtained geometrical model was transferred to the software
ANSYS Workbench, and the finite element analysis of the fuel cell stack assembly process was
conducted. Like the actual assembly process, two methods based on two known loads were employed.
Different clamping forces (set by the tightening torque of clamping bolts) and displacements were
simulated in this paper.
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Figure 2. PEMFC assembly diagram

3. RESULTS AND DISCUSSION

A fuel cell consists of end plates, bipolar plates, gaskets and MEA. Consequently, for
computational convenience, the gas diffusion layer, catalyst layer and membrane are considered to be
one single component. The three-channel serpentine flow field plates (shown in Fig.2) are
manufactured directly from a mixture of carbon powder and bonder by stamp-forming. The flow field
channel was 1.0 mm wide by 1.0 mm deep. The polymer gasket was about 1.3 mm thick with the same
shape as the sealing channel, i.e. 0.3 mm thicker than the channel to provide sealing when compressed.
The dimensions and physical properties used in this paper are listed in Tab.1. These dimensions were
taken from the actual fuel cell. The elasticity modulus of the end plates was much higher than that of
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the other components. The gaskets have the smallest elastic modulus, thus they will be the first to be
compressed during assembly. Next, the MEA will experience some compression to ensure good
electric contact between the channel shoulders and the gas diffusion layers.

Table 1. Dimensions and material properties of PEMFC components

Components Materials Mzgﬁlrbi /S|5a POFIQZSt?g S Dimension/mm
End Plates Stainless steel 1.97e1l 0.3 121x96x15
Bipolar plate Carbon 2.2e9 0.394 101x76%22
MEA Flexible 2.1e7 0.1 101x76x0.3
Gasket PTFE 1.19¢6 0.48 97x22%0.6

Bolts Stainless steel 1.97e1l 0.3 5 mm diameter

3.1 Effect of load forces

For this simulation, the loading forces are known: 300N, 400N, 500N and 600N respectively.
The distributions of total deformation, VVon Mises stress and normal stress in the Y-direction of MEA
for the 300 N are shown in Fig.3. Fig 3c clearly shows the channel effect of the MEA stress, implying
good contact between the MEA and the flow field plates [14]; the deformation around the bolts is
higher than at other sites, the deformation at the centre part is relatively small. The symmetrical
structure has symmetrical stress contours. The large deformation at the centre is in compliance with
reference [15], i.e. the centre of the end plate bent because the load forces act at the four corners. So
assembly by four-corner pressuring requires stronger or thicker end plates. More bolts would provide
more uniform stress and deformation [16].
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Figure 3. The distributions of total deformation, Von Mises stresses and normal stresses in the Y-
direction of MEA for a load force of 300 N

This assembly by four-corner pressuring is suitable for single cells or small stacks [17]. In
general, for larger stacks, four more bolts, located at the middle of the four edges, is desirable. To
avoid serious stress concentrations and possible cell breakage, stacks of other shapes may require even
more bolts [18].

Fig.4 illustrates the distribution of normal stresses in the Y-direction of MEA under force loads
of 300N, 400 N, 500N and 600N. The same distribution trend can be seen in the figures. The channel
effect can be seen clearly, which implies good contact between MEA and the shoulders of the current
collector. The stresses rise as the load forces increase. The stresses under the channel shoulders have
direction opposite to that under the channel part. When the contact part is compressed, the channel part
will protrude into the channel.
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Figure 4. Effect of force loads on normal stresses in the Y-direction of MEA
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Fig.5 illustrates the distribution of deformation in the Y-direction of MEA under force loads of
300N, 400 N, 500N and 600N. It can be seen that the MEA under the shoulder of the current collector
have negative value deformation because this zone was compressed during assembly. However, the
MEA under the channel will have positive value deformation because the clamping force will make
this zone bulge and protrude into the channel. This result is similar to the simulation result for the
single channel [19]. The deformation at the centre part is smaller than in other places, because the
bending of centre part that causes the deformation around periphery is higher than that at the centre
part. This is consistent to figure and also makes necessary stronger end plates, or the large bending at
the centre will cause high electrical resistance between the MEA and the bipolar plate at the centre.
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Figure 5. Effect of force loads on directional deformation in the Y-direction of MEA

3.2 Effect of displacements

Basing assembly on a chosen displacement is preferable to basing it on a chosen load force,
because of the difficulty in maintaining the balance across the fuel cell face. Because the bolts are not
torque simultaneously, unbalanced load forces deform the structure. Assembly based on a chosen
displacement is achieved by forcing the flat plate toward the end plate. In order to obtain the suitable
displacement, simulation with known displacement was conducted to get the good reference datum.
For this single cell design, Fig.6 illustrates the distribution of deformation in the Y-direction under
displacements of 0.1 mm, 0.2 mm and 0.3mm. The channel effect is readily seen, implying good
contact between the MEA and the flow field plates. From Fig.6 it can be seen that the MEA under the
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shoulders of the current collector have negative value deformation because this zone is compressed
during assembly. However, the MEA under the channel has positive value deformation because the
clamping force made this zone bulge. This result is similar to the simulation result for the cell with
single channel [19]. Moreover, the directional deformation rises as displacement increases. For a
displacement of 0.1 mm, the maximum deformation of MEA is about 0.052mm or 17.3% of the
original dimension; for a displacement of 0.2 mm, the maximum deformation of MEA is about
0.105mm or 35% of the original dimension; for a displacement of 0.3 mm, the maximum deformation
of MEA is about 0.156mm or 52% of the original dimension. According to the experimental study by
Wang [20], a displacement about 0.2mm is the most suitable, and is recommended by this study.
Compared to Fig.5, the deformation of MEA is more uniform, because this kind of load pressurizes the
cell face uniformly.
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Figure 6. The distribution of directional deformation in the Y-direction under different displacements
of 0.1 mm, 0.2 mm and 0.3mm respectively

3.3 10-cell stack

The 10-cell stack assembly (shown in Fig.1) was also simulated based on the single cell
assembly study. The mesh of the assembly structure is shown in Fig.7. For this structure, a total of 1,
287, 563 elements were meshed. The computation was performed by a 64 bit workstation with 16
cores, 16 G RAM and Windows XP system, and 2.8 G CPU. The computation time for one case is
about 10 hours. The chosen displacement method needs more time than the chosen load method.
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Figure 7. The mesh of the 10-cell stack structure

Fig.8 shows the VVon Mises stress contours of the stack. It can be seen that stress in the bipolar
plate is very small, and that the highest stress is located around the bolts. The centre part also has high
stress because the cell of the stack is pressured by the end plate.
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Figure 8. The distribution of Von Mises stress for the 10-cell stack
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Figure 10. The distribution of Von Mises stresses for MEA1(top), 3, 5

Because strain in the MEA will determine cell performance [21], the strain of every cell
MEA is studied in this paper. Fig.9 illustrates strain contours for every MEA. In order to clarify the
pattern of stress distributions, stress contours of the MEAL (top), 3, 5 are displayed in Fig.10. Also
seen easily is the channel effect on all MEA, implying good contact between the MEA and flow field
plates. The stress distributions are very similar.
The simulation results were used to guide lab 10-cell stack assembly, optimized cell
performance was obtained. The detailed cell performance experimental study will be discussed in
another paper.

4. CONCLUSIONS

The FEM analysis method was employed to simulate the stack assembly of a single cell with
metallic bipolar plates. The physical properties and dimensions of the fuel cell components were
collected with realistic boundary condition assumptions, and actual loading conditions, to establish the
finite element model. A finite element analysis of PEMFC assembly based on software ANSYS, was
conducted to better understand the stress and deformation during assembling. The effect of clampng
loads on the assembly was studied and compared for different forces and different displacements. For
the single cell, a load of 400N and a displacement of 0.2 mm displacement are appropriate, providing a
practical datum for actual assembling processes. Finally, the distribution of stress and deformation in
the core component MEA of a single cell and a 10-cell stack under different loads were obtained,
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providing a good reference for the actual stack assembling. Results indicate that the distribution of
stress and deformation in different cells are similar.
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