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1 Abstract

Proton exchange membrane fuel cell (PEMFC) are composed of stacked cells compressed
between two clamping plates. The performance and durability of the PEMFC components within the
stack depend on the nominal pressure set by these plates. Too low pressure may result in poor
electrical contact between the cells and potential leakage; conversely, too high pressure can lead to
over-compression of the membrane electrode assembly, which could impair the transport
properties. The nominal pressure can be set through experimental means or by using simple
mechanical models at a land/channel scale inferior to 1mm. However, these methods do not take
into account the stress heterogeneities that exist within the hundreds of cells within the few
decimetres size stack, or do they consider the stress variation during exploitation or during the
clamping process. To be able to perform a full 3D calculation of the whole stack calculate the stress
distribution it is necessary to decrease the number of finite elements. Indeed, this calculation would
be too costly in terms of both time and resources. In this study, a homogenised mechanical model of
the stack is presented. It allows the calculation of the stress distribution within the whole stack and
simultaneously at each point of each cell into the stack.

2 Keywords
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3 Introduction

Proton Exchange Membrane Fuel Cells (PEMFC) for diverse applications, such as heavy-duty
transport, passenger cars or stationary plants, generally consist of a stack of a few hundred cells
compressed by a clamping system. The components of these cells have complex mechanical properties
that can have an impact on their functionality. The local pressures affect the local performances at the
rib-channel scale inside each cell. Hence the clamping affects the whole PEMFC stack performance [1—
3]. A study of the mechanical behaviour at the stack scale is therefore necessary to estimate these
stress heterogeneities and determine how they can affect the global performance.

The cells are considered as the sum of two zones: the peripheral area and the active area. The
peripheral area is made of a hyperelastic material whose compression ensures the sealing of the
device. The active area is composed of numerous components pressed together: BiPolar Plates (BPP),
Gas Diffusion Layers (GDL), MicroPorous Layers (MPL), Proton Exchange Membrane (PEM) and Catalyst
Layers (CL). The membrane electrode assembly (MEA) comprises two GDLs positioned laterally
adjacent to PEM. A detailed understanding of their mechanical properties and of their interfaces is
required to anticipate the effects of the hygrothermal loading on the components and to improve the
overall clamping process, leading to improved performances and durability of the device.


mailto:sebastien.kawka@cea.fr
mailto:fabien.mons-quendo@cea.fr
mailto:sebastien.kawka@cea.fr
mailto:jean-françois.blachot@cea.fr
mailto:jean-philippe.poirot@cea.fr
mailto:christophe.carral@univ-smb.fr
mailto:patrice.mele@univ-smb.fr

The GDL is the most affected component, as the clamping pressure leads to permanent changes in its
physical properties [4-9]. Zhang et al. show correlation between the contact pressure at the BPP/GDL
interfaces and the electrical contact resistance [10]. Mechanical stress also affects the transport
properties of the PEMFC [11-13] and the thermal conductivity [14-16].

Several 2D models at a land/channel scale have been developed. Kleemann et al. showed a strong
dependency between the compression and the through-plane electrical resistance [11]. Garcia-
Salaberri et al. [17] highlighted a strong reduction of porosity under the land during the clamping
process. Studies have investigated the effect of the hygrothermal loading on the local stress
redistribution in the different components of the cell [18-21] but most of them have only explored the
effect of the compression on the performance [22,23]. None of these models simulate the stress
heterogeneity that occurs during the clamping process.

To understand the stress repartition inside a stack, an upscaling of the 2D numerical models is
necessary. It exists only few 3D models based on the finite element simulation. Moreover, the
mechanical properties of the PEMFC components or their geometry are often simplified. Indeed, a
complete mechanical calculation is too time consuming, because the characteristic lengths involved
are very wide-ranging, from the cell thickness of a few hundred microns to the final object of the order
of a few tens of centimetres. Most of these studies assume homogeneous linear elastic and isotropic
properties for the components of the fuel cell in order to reduce the degrees of freedom required to
solve a 3D model, which greatly decreases the calculation time of these numerical simulations.

Carral and Mele [24] proposed a model of a stack of 2 to 16 cell with an active area of 85 cm? by cell
to study the effect of the clamping process on the MEA and the influence of the cell’s number inside a
stack. They showed that a minimum number of cells is required to limit the stress heterogeneity in the
MEA. Firat et al. proposed a model of a 5-cells stack with an active area of 50 cm? by cell, detailing all
the components. It can be noted that they used an orthotropic law with a strain dependent Young’s
modulus for the GDL [25]. Bates et al. proposed a numerical study of a 16-cells stack with an active
area of 100 cm? by cell showing over compression at the seal area [26]. Chien et al. investigated the
effect of the bolt preload on the performance of the GDL using a 3D model for a 25 cm? active area.
They show an optimal value for clamping pressure, at which point performance is maximised. [27].
Ouaidat et al. proposed a land/channel 3D model to investigate the electrical resistance via a design
of experiment. A set of parameters is identified as a means of optimising the performance of the
PEFMC.[28].

One way to overcome the too numerous degrees of freedom defining the active area is to use a
homogenisation method. This method is widely referred in literature, notably for composite materials
[29-33]. An important decrease in computational cost maintaining a good accuracy on the stress
distribution is reached by replacing the initial heterogeneous media by a homogeneous equivalent
medium [34-36]. Only a few articles deal with the application of this method in the mechanical
modelling of fuel cells. Charon et al. proposed a mechanical simulation of the stack clamping process
through a 3D model using a homogenised model of stamped metal bipolar plates [37]. They obtained
a good agreement between the Representative Elementary Volume (REV) with 750,000 degrees of
freedom and the equivalent model with 1000 degrees of freedom. Kuts et al. proposed a
homogenisation of the linear elastic properties in porous non-woven fibrous materials and show that
the porosity and the fibber’s intersection ratio are the main factors influencing the mechanical
properties of their porous media [38]. These two studies show the interest in using a homogenisation
method to simulate complex mechanical behaviour.



This study presents the development of a homogenisation method for the whole active area. The
experimental validation of the model is achieved through the implementation of a compression test
of the MEA's project, which is conducted between the real land/channel pattern. The model obtained
by using this method is then used to simulate the clamping process of a stack with 100 cells of 280 cm?.
Finally, the strain heterogeneities induced by the clamping process, as determined by the
homogenised model, are utilised to return to the land/channel scale.

4  Material and methods

41 Definition of the Representative Elementary Volume

The principle of a homogenisation method is to determine the mechanical properties of a volume
containing a complex structure representative of the whole assembly. Due to the periodic pattern of
the active area (Figure 1), it is possible to define a REV corresponding to one period of the geometry,
with a longitudinal dimension corresponding to the transverse dimension.

It is made of several components: one BPP composed of two stamped metal sheets disposed at the
top and bottom of the reference geometry, two GDLs including MPLs, and a membrane equipped with
CLs on both sides, forming a Catalyst Coated Membrane (CCM). The geometry of the REV is shown in
Figure 1. The geometry of the flow fields corresponds to the ZSW HyFaB generic stack’s design [39].

A Representative Elementary Volume (REV) of the rib/channel design is defined, on which a series of
loads is numerically performed with a detailed 3D model to obtain some macroscopic mechanical
properties. These mechanical properties are then implemented in a homogenized model (Figure 1).

ZP ZA

Figure 1: Principle of a homogenisation method applied on the active area of a PEMFC: in a cross section of the stack (a), the
periodic pattern of the active zone is analysed (b) to define the Representative Elementary Volume (c), whose macroscopic
mechanical properties are implemented in the Homogenized model (d)

4.2 Materials properties

The mechanical structure of the REV is given by the Bipolar Plates (BPP) made of stamped 316L
stainless steel. In between lies the MEA (see flat layers Figure 1). The mechanical parameters of the
CCM are taken from the work of Kusoglu et al. [19], neglecting the mechanical behaviour of the catalyst
layers. The GDL is the Freudenberg reference H15CX483. Its mechanical behaviour is fitted to
experimental data thanks to the model of Carral and Mele [40], which divides the mechanical
behaviour of the GDL compression into 3 parts.

- The first part corresponds to the initial behaviour after manufacturing (Eq 1)
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With ag,, depending of the manufacturing process, p; the initial relative density of the GDL measured
ato. = 0.1 MPa, o), the maximum value of stress experienced by the GDL during compression cycles,
A4, nq, n, fitted constants. n; depends on gy, following an exponential law defined in Eq 8, with ns
the asymptotic value of nz when g, tends to the infinite. B and C are fitted constants.
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The values of the parameters fitted to the experimental results of the compression of the GDL take
from the MEA are presented in Table 1. The experimental setup, consisting of 5 GDL samples separated
by metal plates, is similar to the one used by Le Carre et al. [41].

n; = Bexp ( ka4

Ref. op[MPa] P1 A{[MPal] nq Ny B C N3g
[MPa]
precharged 0.8 0.30 3290071 14.6 12.6  -43432  -2932 43462
H15CX483

Table 1: Fitted parameters to model the compression behaviour of the GDL H15CX483

The remaining mechanical parameters are derived from the work of Ouerghemmi et al. [42] and are
shown in Table 2. It has been observed that the initial thickness of the GDL taken from the MEA does
not correspond to the value indicated in the datasheet. This phenomenon is attributable to the
assembly process of the two GDL with the CCM by hot pressing. It is evident that the GDL undergoes
an initial compression during this process, which results in irreversible strain and a permanent
modification of the mechanical behaviour.

The mechanical parameters of the REV components are detailed in Table 2.

. . Young Modulus Poisson’s
Component Material Thickness [um] [MPa] coefficient
Stainless steel
BPP 316] 100 200E3 0.3
Freudenberg 191 raw[43] E, =3000 _
Vyz Vyz =0
GDL H15CX483 164 after E, =3000
Vyy = 0.2
after assembly assembly E,(g;,)
Membrane Nafion 26 197 [19] 0.25

Table 2: Physical properties of the REV's components

To simplify the calculation, the following assumptions are added:



e The mechanical behaviour of the catalyst layers is not considered.

e The BPP and the membrane are assumed isotropic linear materials.

e The GDL's mechanical behaviour is represented by an orthotropic nonlinear elasto-plastic law
with strain hardening, similarly to our previous work [45]. The principle is to consider the
mechanical behaviour of the discharge as the elastic part of the elasto-plastic law with a low
yield limit. The hardening function is then defined to reproduce the behaviour of the charge.
This model allows to take into account the irreversible strain of the GDL after compressive
stress. The thickness of the GDL of the MEA, i.e. after assembly, has been determined at 0.1
MPa of compression to be 164 + 2 uym . Due to the porous nature of the GDL, its Poisson’s
coefficient is neglected for a compression in its through plane/z direction [11].The contact
between the initial land of the BPP and the GDL is modelled using a sharing of topology, as a
perfect contact. The contact between the curved part of the BPP and the GDL during the
clamping is set as a contact without friction.

e The contact between the various components of the membrane electrode assembly is also
modelled using a shared topology.

4.3 Stack clamping process
The clamping of the stack is divided in two parts

e The stack is compressed by applying a displacement to the upper end plate to obtain an
average value of 1MPa of compressive stress on the active area, named thereafter P;;,,.

e The straps are fastened

e The imposed displacement is released.

The step modelled in this study corresponds to the clamping process that takes place at ambient
temperature and relative humidity (25°C and 30% HR). The GDL’s physical properties show irreversible
changes after compression. This phenomenon has been widely described in the literature [4,5,11], but,
it is not taken into account during stack clamping because of the complexity of the involved
mechanisms. Due to the stress relaxation that occurs during the second stage, a model that takes into
account the irreversible strain of the REV after compression is developed. It corresponds to an elasto-
plastic behaviour to model the change in the mechanical behaviour of the REV of the active area
induced by the compressive stress. It can model the evolution of the clamping pressure over the life
cycles of PEMFCs giving information to improve performance and durability.

4.3.1 Homogenized model of the active area
The stress/strain relationship in anisotropic elasticity is given by a Hook’s law o = C&, with C the elastic
tensor, o the Cauchy stress tensor and ¢ the strain tensor. A Hook’s law can be written as Eq 5 [44].

Oxx C11 Ci2 Ci3 Gy Cis Cig [Exx
Oyy (21 Cop Co3 Coy G5 G| | Eyy
_ (31 C32 C33 C34 C35 C3| | €22 Eq5

Ca1 Cap Cy3 Caq Cus Che |

Cs1 Csz (53 Csy Css5 Csg

Co1 Co2 Co3 Cos Co5 Cop

Taking into account the three orthogonal symmetries present in the REV, the elastic tensor € can be
simplified to correspond to an orthotropic material (Eq 6).
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To determine the nine coefficients of the elastic tensor, the elementary volume is subjected to six
loading cases, shown in Figure 2. For the sake of clarity, only the force or the displacement imposed
on one side of the representative element are shown; these are represented by blue arrows for
displacement and red arrows for force. Cases 4, 5 and 6 are controlled in displacement to simulate a
pure shear stress test on the REV. It should be noted that the normal displacement of the opposite
side of which the force or displacement is applied is blocked. A release of the boundary conditions is
done for each case, providing the mechanical behaviour of the representative element after
compression.

Figure 2: The six loading cases applied on the active area REV. Blue arrows for displacement and red arrows for the force,
the opposite face being a roller condition. Contours in red correspond to the initial state of the REV. The deformation has
been amplified by 10 for the cases 2, 3, 4, 5 and 6 for the purpose of visualisation.

The average stress and strain of the elementary volume are computed on the areas bounding the REV
for each loading case. Figure 3 shows the calculated evolution of the compressive stress function of
the REV during charge and discharge for the loading case 1. The irreversible strain of the GDL under
cycliccompressive stresses generates a modification of the mechanical behaviour during the discharge.
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Figure 3: Computed evolution of the compressive stress function of the thickness of the MEA between the lands for
the REV.

For a perfect orthotropic material, the elastic tensor is symmetric. However, even if the assumption of
plane symmetries is done to simplify the elastic tensor, it remains non-symmetrical due to the
homogenisation method [46]. During the clamping process and the life cycles of PEMFC, the
components are mainly constrained in compression: the elastic coefficients determined by the loading
case 1 are preferred (C;3 and C,3) instead of the symmetric coefficients determined by loading cases
2 and 3 (€34 and C33). To choose between C;, and C,4, it is assumed that the stack is longer in the x-
direction. In this case, the bending of the end plate happening during the clamping process induces
more compression in the x-axis, then for this case, C;, is more representative than C,;. Afterwards,
the contribution of these terms is negligible: during the clamping process, the influence of the in-plane
strain on the stress is negligible compared to the contribution of the out-of-plane strain on the stress.

The coefficients of the elastic tensor (Eq 7 to Eq 12) are then calculated from Eq. 1.

; . — — — Oxx . —_ %y, _C Eq7
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Ezz Ezz Ezz
. o a. o.
Loading case 2: gy, = &,, = 0 & Cyq = == ;Cpy = =22 ; (3 =2 Eq 8
Exx Exx Exx
. a. o a.
Loadingcase 3: &,y = &,, =0 Cip, = sﬂ iCyp = sy_y i Cap = sﬂ Eq9
J’yd Yy Yy
. F, T Eq
Loading case 4: 7,, = =< ; =22.C. =2
& X2 = g Yoz T 66 = 10



. F d Tyz Eq
Loading case 5: T, = —=< ; =2 (Coc =22

g vz 1xh :yyz L’ 55 Vyz 11

. F, d Tyx Eq
Loading case 6: T, = —=% ; =2 .0, =2

g yx = Yyx =7 i baa Yyx 1

The elastic coefficient C33 is calculated using a secant modulus and divided in two parts: one for the
charge C33charge and one for the discharge C33discharge with a polynomial fit and an exponential fit,

respectively. The elastic stress is obtained by Eq 13.
o=Cz¢ Eq
13
It is necessary to define C33discharge, C13 and (3 considering the elastic strain ¢, to separate the

plastic behaviour from the elastic behaviour. As a reminder, the engineering strain is defined by ¢,, =
€229 T €22,,,;- The variations of these coefficients are plotted in Figure 4 as a function ofe, .
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charge’

Coefficients Cy3, Cy3, depend of &,,,, and ngcharge depends of ¢,,: this is due to the non-

C33discharge
linear GDL’s behaviour in compression. This definition of the elastic coefficients allows to describe the
non-linear mechanical behaviour of the REV using Hooke’s law. A similar method is achieved by
Kleemann et al. to model the nonlinear behaviour in compression of the GDL [11].

The discharge part is set to correspond to the elastic part of the law for a homogenized model with a
very low yield limit 0,5 . The best fit is obtained at 0,5 equal to 0.12MPa, with a corresponding value
of strain Eys,- A strain hardening function is then created to reproduce the charge behaviour after the
criteria is exceeded (Eq 14).

on(&z7) = C33charge (&22) — C33discharge (Eyso) Eq14

The value of the remaining elastic coefficients is given in Table 3.



Elastic Value [MPa]

coefficient
Ci1 5.00e4
Cyp 5.30e3
Ci 2.60e3
Cas 5.11e3
Css 5.03e-1
Cos 4.77

Table 3: Elastic coefficients for the elastic model of the active area

4.3.2 Experimental validation of the model for the active area.

An experimental validation has been done to validate the loading case 1 of the REV. Two samples of
MEA have been compressed between three representative cuts of bipolar plates (25x45 mm) (Figure
5.a). This stack is compressed to 1 MPa, and the stress is released. The experiment is performed using
a 3R Syntax 100kN machine.

The evolution of the MEA's strain &, as a function of the pressure imposed on the metallic plates Py,
is shown on the Figure 5.b. The tests demonstrated satisfactory repeatability. A comparison between
the REV simulation and the experimental measurements demonstrates the model’s consistency
(Figure 5.b) and validates its use at the stack level.

a) | _ b)

04 // //
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= 4

i oe / —— Test 1

o 07 —— Test 2 a
/ —— Simulation : REV

-0,20 -0,15 -0,10 -0,05 0,00

Figure 5: a) Experimental setup b) co}nparison between numerical and experimental results of the evolution of ¢,, as a
function of the MEA’s thickness

4.4 Heterogeneity of the stress induced by the clamping process

4.4.1 Geometry

The homogenized model of the active area presented in the precedent section was implemented in a
numerical model of the HyFab generic stack designed by ZSW [39] with 100 cells (Figure 6.a and Figure
6.b)



a)

Sealing area Active area

-n -
o =
(3 2

Distribution area

b)
P ZA

Figure 6: a) Visualization of a cell with the sealing area (red), the active area (green) and the distribution area (grey) c)
Schematic of the ZP/ZA pattern. The thickness of the sealing zone corresponds to hz, and the thickness of the active area
corresponds to hza.

4.4.2 Modelling and boundary conditions
The following assumptions are made:

o The region indicated in Figure 6.a as the 'distribution area' is not associated with an increase
in compressive rigidity of the cell. Usual experimentation with Fuji paper demonstrated that
this latter remains uncompressed during the clamping process. To avoid an effect on the
calculated stress distribution, the modulus of elasticity in compression (Css) of this part is
defined to be one order of magnitude lower than the active area. The other data of the elastic
tensor are assumed equivalent to the active area, which facilitates the transmission of the
transversal effect of the compression.

e The contact between the cells and the end plates are modelled as a perfect contact i.e.
bonded.

e To improve the stress repartition and assure a better homogeneity of the clamping pressure
during life loading, two springs are used between the top end plate and the first cell. To
simplify the calculation, the springs are modelled with an equivalent stiffness.

e Due to alack of data about the mechanical behaviour of the sealing area, an equivalent elastic
orthotropic material is assumed. Components of the elasticity tensor necessary for the
modelling are given in Table 4. To investigate the influence of the compression behaviour of
this area, a parametric study is done on the (33 coefficient.



Elastic Value [MPa]

coefficient

Ci1 4.20E+4
Cyy 6.10E+3
C33 le2, 5e2 or 1e3
Cis 2.32E+2
Cy3 7.15E+2
Cio 1.91E+3
Cas 4.65E+2
Css 12.8

Cse 5.74

Table 4: Elastic coefficients for the elastic model of the sealing area

The materials properties for the other parts are given in Table 5.

Component Material Young Modulus Poisson’s
[MPa] coefficient
End plates Aluminum 70000 0.33
Active area Homogenized
Sealing area models i i
Strap HX380LAD 200 000 0.29
Insulation plates POM 2600 35
Current Collector AlMg3 68 000 3
Spring - 7.72 0

Table 5: Materials properties for the components of the stack

The thicknesses in the sealing area h;p (Figure 6.c) is designed in function of the height and rigidity of
the seal to control the distribution of stress generating the tightness the compression of the active
area (hz,). To highlight this dimensioning, a study of the thickness variation of the seal on the
compressive stress distribution has been conducted. Three cases are simulated:

1. ZP’sthickness equal to the ZA’s thickness: hzp/hza=1
2. ZP’s thickness equal to 0.98 of the ZA’s thickness: hzp/hza =0.98
3. ZP’s thickness equal to 0.96 of the ZA’s thickness: hzp/hza =0.96

The clamping process contains three steps that are reproduced numerically. At first the stack without
clamping is compressed to obtain about 1MPa in the active area. Then the straps are set up with no
force. Finally, the press is released and the elastic part of the cell’s deformation tensioned the straps.

5 Results and discussion

Firstly, the objective of simulating the clamping process of a stack within a limited timeframe is
achieved: for a CAD with about 170000 elements, it takes 40 minutes to run on a workstation
equipped with an Intel Xeon Silver 4114 CPU and 64 Go of RAM.

A parametric study indicates that the elastic coefficient of the seal €55 influences the stress distribution
on the sealing area (Figure 7). On the one hand, a more flexible seal results in a more homogeneous
stress on the sealing surface, but reduces the peak value of the compressive stress. On the other hand,
a stiffer material, i.e C33 = 1000 MPa, results in a low compression or even in a traction behaviour
within specific regions of the sealant. This is not compatible with the stack's tightness. A value of 500
MPa for C33 seems to be a good compromise between tightness capacity and stress homogeneities.
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Figure 7: Visualisation of the o,, stress on the sealing zone, depending of the coefficient’s value of C33. Zoom on the lateral

side of the middle cell of the stack. hzp/hz4=0.96

The difference between the nominal clamping pressure reached during the first step of the clamping
and the pressure in the active area after the tensioning strap is induced by two parameters: the
h,p/h;q ratio and the elastic coefficient Cs; of the sealing area. Depending on the clamping process,
the final compression varies due to the stress relaxation when the press is released and the strap are
tensioned. The model enables the quantitative setting of the initial compression, ensuring that the
final internal pressure is equal to the nominal value. A stiffer seal leads to a decrease in the stress in
the active area, from 4% up to 17% with the given configurations. As the active area is softer, it is
advantageous to design the sealing area to be thinner and the best scenario is obtained with a ratio

hze/hza = 0.96 in this case.
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Figure 8: Stress a,, at the center of the middle cell as a function of the chosen seal configuration, represented by Css, and
the initial ratio hzp/hza.

The homogenized model gives access to the stress distribution in the cell area and in the casing, as
shown in Figure 9. The figure indicates notably that the stress in the two terminal plates remains
below 50MPa, which is below the yield stress for aluminium.



MPa MPa

0 — 50
-02 {45
-04 40
-0.6 1 35
-0.8 30
-1 25
-1.2 20
-1.4 15
-1.6 10
-1.8 5

Z

Ylox

-2 0

Figure 9: Stress field in the stack at the cell level: o, (left color bar) and von Mises stress in the casing (right color bar). A
half stack and top casing with a full bottom casing and straps is shown. hzp/hz4=0.96, C33=5e8[Pal].

The compression stress at the cell scale obtained at the top and middle cell is plotted in Figure 10. In
both cases, the active area compression is close to the expected 1MPa, the distribution area
compression remains negligible and the seal experiences higher values as expected.

The compression along the seal path is analysed as a value above 2MPa is expected for a reliable
sealing. Figure 10 reveals that, in this configuration, the sealing pressure is lower at the extreme parts
of the cell in the middle of the stack which constitutes weak points in the seal where the risk of leakage
is high.



Figure 10: Stress 05 at the cell scale for the top cell (top) and the middle cell (bottom), hzp/hz4=0.96, C33=5e8[Pa].

The GDL, being much softer than the bipolar plates, undergoes most part of the deformation and a
zoom on this component GDL (Figure 11) highlights the compression heterogeneities at the top or at
middle of the stack. The deformation lies around 20% except on the sides where it reaches 30% for the
top cell and decrease to 15% for the middle cell. These heterogeneities will affect locally the transport
and resistance properties and the associated performance and durability of cells. Hence the model can
help conceiving a clamping system that reduce these heterogeneities.
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Figure 11: Deformation of GDL in the top (a) and middle cell (b), hzp/hz4=0.96, C33=5e8 [Pa].
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A notable benefit of the method is its ability to return to REV scale to study the stress heterogeneities.
The simulation of the clamping of stacks reveals a significant disparity in the compression ratio of GDL
close to the sides (g,, = 15 %) or at the centre of the active area (g,, = 30%) for cells in proximity
of the upper clamping plate (Figure 11). For these, Figure 12 shows the difference in the compressive
strain distribution between a REV close to the side and one of the central part of the cell. The stress
heterogeneities change the value of the intrusion of the GDL within the channel, the contact pressure
and the mass transport properties of the porous medium. These data improve multiphysics simulation
and enhance comprehension of the impact of stress heterogeneities on performance and especially
on durability. It is visible that the lack of symmetry between the anodic and the cathodic bipolar plate
induces a bending of the membrane.

The drift in compression occurring during the hygrothermal cycles, could also be taken into account to
simulate the performances and seal properties of the stack over time.
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Figure 12: Compressive strain of the MEA of the REV for a) 15% of deformation and b) 30% of deformation of the GDL under
land

6 Conclusion

The study of fuel cell stack mechanics is eased by the development of a homogenized model that allows
representing the full stack taking into account detailed active area and sealing track. This model was
applied to an opensource design of stacks from ZSW. It provides, for each cell, an insight into the
compression in both zones, after the clamping process. These results show the influence of the
clamping process and of the seal modulus on the compression stress heterogeneities along the stack
and all over the active area of each cell. The method presented in this study enables the optimization
of a clamping process to minimize these heterogeneities associated to a robust sealing configuration.
As a perspective, further developments should be carried out to simulate for example the local current
density linked to the stress heterogeneities potentially promoting local aging. The degradation
phenomena of PEM cells are complex, but the original data generated by the model could enable to
go further in understanding the effect of the stack mechanics.
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