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Abstract — To fabricate a high performance polymer electrolyte fuel cell membrane electrode assembly (PEFC
MEA), the hot press method is commonly used. For conducting the hot press method, the hot press machine which
has very smooth contact surfaces of pressing blocks, accurate temperature and force loading control systems is
required. Generally, a commercial hot press machine uses a hydraulic transmission system for load generation.
However, it is considered to be relatively costly for such a small load of a small-scale PEFC application. In this
study, to reduce the cost, a small-scale hot press machine has been designed and developed using a jackscrew instead
of a hydraulic cylinder as the load transmitter. An investigation of stress, thermal stress, and deformation
distributions of the hot press machine was carried out prior to actual manufacturing using finite element analysis.
Finally, the developed small-scale hot press machine was experimentally checked so as to ensure that it can
accurately be operated at the desired conditions, i.e., 130°C, 6 MPa with the smooth contact surfaces of its pressing

blocks.
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1. INTRODUCTION

Due to the increase in carbon dioxide level in the earth’s
atmosphere, fuel cells become one of the most
interesting energy converters for future power
generation since they directly convert the chemical
energy into electrical energy, resulting in very high
energy conversion efficiency. Among various kinds of
fuel cells, polymer electrolyte fuel cell (PEFC) is one of
the strongest candidates for both automotive and
stationary applications because of its simplicity in
energy conversion with zero greenhouse gas emission,
low temperature operation, low noise and vibration. The
heart of a PEFC where electrochemical reactions occur
is the membrane electrode assembly (MEA). Typically,
a MEA consists of 3 layers, i.e., the electrolyte
membrane, the anode and cathode electrodes. The
electrodes which have catalyst particles embedded are
placed on both sides of the membrane to prevent short
circuit. All of them are pressed together by the hot press
method at a high temperature and pressure [1], [2] to
obtain the MEA. To achieve a high performance PEFC
MEA, the suitable hot pressing conditions suggested in
literatures [3], [5] are approximately 4 MPa (2 kN for a
5 cm’ MEA) for the load, 110-130°C for the
temperature, and 1 min for a load holding time.

The general load transmission system used in a hot
press machine for a PEFC MEA application is the
hydraulic system [6] since it can give a high stability
and precision as compared with the other transmission
systems such as the pneumatics. Nevertheless,
considering such a small load on the small-scale MEA
application, the hydraulic system is relatively expensive
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and overqualified since it can produce a very high force
[7], [8]- On the other hand, the pneumatic system, a low
cost system, can produce a small force which seems
suitable for the application. However, the major
drawbacks of the pneumatic are its low stability and
precision. These disadvantages are the reasons why the
pneumatic system is not attractive to the MEA
application.

To satisfy those requirements (good stability and
precision, but low cost), another power generation-
transmission system has been proposed. Among several
generation systems, motor may be the right choice due
to its low noise, good stability and precision, and
furthermore, it requires only a small space. The MEA
application, however, requires holding time of the force
for at least a minute, and thus the constant rotational
force is required to apply continuously without any
change of an angular displacement. Hence, a motor
alone cannot be used for the MEA fabrication.
Meanwhile, a jackscrew, which is commonly used in
lifting heavy weights, is very interesting equipment
since its major advantage is self-locking. Combining
these 2 equipments together, the contact area will remain
still, although the applied load is removed. Furthermore,
the advantages of using motor are that it can be
controlled easily via computer.

However, the machine cannot be developed easily
since its requirements concern a lot of things such as the
deformation and the temperature distribution of the
machine which affected greatly the machine durability
and precision. In the past, most of the engineering
design process was done by trial and error based on
developer’s experiences and thus those processes
consumed a lot of time and money. In order to reduce
the losses, the computer-aided engineering (CAE) has
been developed. One of the CAE tools which has been
considered as a famous and powerful tool is finite
element analysis (FEA) as it can provide an accurate
result based on differential equations which represent
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realistic phenomena (the nature of the problem). FEA
can also be adapted easily to complex geometries for
which the results could not be obtained by a simple
analytical method, as compared with other numerical
techniques. Therefore, it can give a better understanding
to engineers in the complex phenomena in which human
cannot perceive. Many developers have used the
numerical method so far to analyze their problems in
various design applications [9]-[13].

The objective of this study is to design and develop
a small-scale hot press machine that transmits the force
from the motor integrating with the jackscrew for
assembling single-cell 5 cm® MEAs at the maximum
force of 3 kN (approximately equivalent to 300 kgf or 6
MPa for a 5 cm” MEA) and the minimum temperature of
130°C. During the design process, the structural analysis
was done by using FEA in ANSYS software to
investigate the temperature and load distributions on the
machine, stress, thermal stress and safety factor of the
structure of the machine, and the high-risk areas of
plastic deformation. The simulation results would
suggest the operating temperature of the load cell, and
would confirm that the hot press machine will not
deform plastically during the operation. Furthermore,
the model was also used to investigate the contaction,
whether the contact surfaces were well contacted
together. Once the simulation results confirmed that the
initial designs could serve the requirements, the
manufacturing of the machine was carried out. This
developed procedure can be a useful guideline by which
the future developers may apply to ensure the quality of
the design and achieve a properly designed machine for
the PEFC MEA application.

2. THEORY

2.1 Design theory

To achieve the desired force, the required maximum
torque is needed to be input and can be expressed as
Equation (1).
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where, 7, is the torque input, F is the required

force (3kN), | is the pitch of the jackscrew (5 mm),
1, is the static efficiency of the jackscrew, i.e., 0.233

[14], and 1 is the gear ratio (5:1). The calculated torque
was used for selecting the motor.

Since compressive stiffness of the heating block is
very high, a very precise controller is needed to control
the force. Alternatively, to control the force, springs
were used to reduce the stiffness. The springs were
placed under the lower heating block so that the desired
force can be generated as a function of distance.

Typically, a load cell, which is a device that
converts deformation into electrical signals by a
Wheatstone bridge, is used to measure the magnitude of
the force. However, the hot press machine is involved
with heating. The load cell can be greatly affected by
thermal expansion, which consequently causes the
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deformation, and thus the uncertainty of the device.
Therefore, thermal management in the hot press
machine has to be considered carefully. As described in

Equation (2), the thermal conductivity K is an inherent

property of the material and [IT is restricted under the
desired and initial temperature. Therefore, to reduce the
effect of thermal expansion by heat conduction
mechanism, the contact area between the heating block
and the load cell needs to be reduced.

Qcond = kA(DT) (2)

where, Qcond is the conduction heat flow, K is the

thermal conductivity of the medium (i.e., the spring), A
is the cross-sectional area of the medium, and OT is
the temperature gradient.

To approximately estimate the capacity of the
heaters required to produce a desired temperature, the
heat capacity equation divided by a desired heating time
as described in Equation (3) was used.

_ MCAT

Q req - t (3)

where, Q.
M is the mass of the heating block, C is the specific

heat capacity of the material of the heating block, AT
is the difference temperature between the initial
temperature and the desired temperature, and t is the
desired heating time. Note that this equation does not
take the effect of heat loss and heat flow direction into
account. Therefore, the calculated heaters’ capacity was
just a broad approximation for an initial design.

As mentioned earlier that the operation of the load
cell may be affected by the temperature, the 3-D
simulation was conducted to determine temperature
profile that would occur on the load cell so that an
appropriate load cell can be selected accordingly.
Moreover, the simulation results can also suggest
whether the hot press machine will plastically deform
during the critical case of operation.

is the required capacity of the heaters,

2.2 Simulation theory

The governing equation, which represents the reality
under the assumptions, of temperature distribution by
heat conduction in solids can be expressed in the general
form by this following equation.

pc(aa—-[j +00 - ((R .0 )T ): € on @)

where, p is the density, T is the temperature, t

is the time, K is the conductivity vector, and €, is

the heat generation rate per unit volume. The first term
represents the rate of change of the temperature with
respect to time (transient term) which will be omitted if
the steady state condition is considered in the model.
The second term is the diffusion term of which the
physical meaning is the heat conduction. The final term
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represents the source term which includes all the terms
that cannot be included in the previous terms such as the
heat generation.

Since the highest accumulated heat occurs during
the steady-state operation at the desired temperature and
no heat generation takes place inside the computational
domains, the general governing equation of steady-state
temperature  distribution by a heat conduction
mechanism with no heat generation can be reduced into
the Laplace equation [14].

0 (K-0)r)=0 (5)

The heat loss due to the convection heat transfer
mechanism on the exposed surfaces is governed by:

QL =h (T -Tg) (6)

where, QL is the heat loss, h, is the convection
heat transfer coefficient (or film coefficient), T is the

surface temperature, and T is the bulk temperature of
the adjacent fluid, i.e., the air.

The heat transfer coefficients of the surfaces were
obtained from Equation (7), as follows:

h.L

Nu=—— (7
Ky

where, NU is the Nusselt number, L. is the

C
characteristic length, and kf is the thermal conductivity

of adjacent fluid.

Since there is no external supply to force the
adjacent fluid of the heating blocks to move and the
surface temperature is not high, natural convection is
considered as a type of this convection mechanism. Thus,
by assuming that the side surfaces behave like
isothermal vertical plates, Nusselt number can be
calculated by using the Churchill and Chu’s relation,
which was suggested by Cengel and Ghajar [15] due to
its accuracy, in Equation (8) [16].

Nu = {0.825 4 0-38TRaL" .
u=A{0. [1+(0_492/Pr)9/16]8/27 (8)
Where,
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where, Ra, is the Rayleigh number, Gr_ is the
Grashof number, Pr is the Prandtl number, ¢ is the

gravitational acceleration, £ is the coefficient of

volume expansion, and V is the kinematic viscosity of
the adjacent fluid. Considering Equation (9), the
Rayleigh number is the product of the Grashof number
and the Prandtl number; which represent the ratio of the
buoyancy force to the viscous force acting on the fluid,
and the ratio of the momentum and thermal diffusivity
of the fluid, respectively. Hence, the Rayleigh number
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itself is the ratio of buoyancy forces and the products of
thermal and momentum diffusivities.

The heat transfer rate of the horizontal surface
depends on which direction the surface is facing.
Assuming that the surface is isothermal, the following

Equations (10) and (11) describe the Nu for natural
convection of the upper surface and the lower surface of
a hot plate, respectively [15].

Nu = 0.54Ra’/* (10)

and

Nu = 0.27Ra}’* (11)

Since it has been widely known that a matter can
expand as it receives a thermal load, the normal strain
due to the increased temperature, in this work, is
governed by Equation (12) [17].

e =& =& =a(AT)

12)

where, &™ is the thermal normal strain in the X ,
y and Z direction, & is the coefficient of thermal

expansion, and AT is the difference between the
temperature at the point the and strain-free temperature.
Note that Equation (13) is valid under the assumption of
isotropic material properties.

Therefore, the total strain, which includes the effect
of elastic strain, is described in Equation (13) [18], as
follows:

{e)={e"j+ [E]' o}

where, {g} is the total strain vector, [E] is the

(13)

elastic stiffness matrix, and {0'} is the stress vector.

By applying the FEA with the governing equation,

stress-strain relation, and strain-displacement relation, a

governing equation of the entire body is obtained.

The basic assumptions of this model are listed
below:

e The simulation was conducted in steady-state
condition in which the contact surfaces were set at
the desired temperature (130°C), which was
considered as the critical case.

e  Constant convection heat transfer coefficient
irrespective of the change in the film temperature.

e  The convection heat transfer coefficient was
calculated by assuming the surface temperature to
be constant through the surface area and equal to
the mean temperature.

e  Due to the small cross sectional area and coated
color of the springs, the heat is hardly transferred
through. Thus, the conduction heat transfer
mechanism in the springs was negligible.

e Isotropic and homogeneous properties of all parts,
as displayed in Table 1, were assumed
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Table 1. Material properties.
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Properties Materials Aluminum Alloy Str;(;tel:ral ST 37 steel Polyethylene Unit
. 7700-7850 3
Density 2770 7850 (depending on temperature) 950 kg-m
i‘:(%f;'n‘;'leor: ‘Ef@gg‘;rg;"' 2.3x10° 1.2 x10° 1.7 x10° 0.00023 K
Young’s Modulus 7.1 x10% 2 x10* 2 x10* 1.1 x10° Pa
Poisson’s ratio 0.33 0.3 0.3 0.42
Tensile Yield Strength 2.8x10° 2.5 x10° 2.5 x10° 2.5 x10’ Pa
144-175 43.48
Thermal Conductivity (depending on 60.5 . 0.28 w-m'K?
temperature) (depending on temperature)

3. RESEARCH METHODOLOGY
3.1 Design of the hot press machine

The design criteria of the hot press machine were that
the machine must be able to produce a maximum force
of 3 kN and a temperature of at least 130°C, as well as to
hold at these conditions for 1 minute. For the
convenience’s sake during the design process, CATIA
software was used for generating the geometries, as
depicted in Figure 1 (a) and (b). The systems involving
in this machine consisted of 2 main systems which were
1. Force generation and transmission system and 2.Heat
generation system.

For the force generation and transmission system in
this work, the motor was designed to be a force
generator and transmitted those forces by using
jackscrew. By using Equation (1), the required torque
can be determined and is 2.05 N-m. As stated above, the
springs were designed to be placed under the lower
heating block so as to be able generate the force as a
function of the displacement, and to reduce the stiffness
of the heating block. Since the placing space for the
springs was limited, the stiffness and the size of the
springs had to be specifically selected. As the heating

/J ackscrew and Motor.
Heating blocks
Small blocks — &
Springs—
Load cell—/

block was designed to press downward, the load cell
was selected by the maximum desired force and was
placed under the springs. Another advantage of placing
the load cell beneath the springs and the heating blocks,
respectively, was that it helped reducing convection heat
transfer to the load cell.

For the heat generation system, as seen in Figure 2,
heat was generated by the heaters which were placed in
heater slots in both top and bottom heating blocks. Since
the MEA required very smooth contact surfaces
(roughness < 10 um) to avoid damaging the cell, the
slots and the holes (see Figure 2) were covered by the
ground contact surfaces.

To measure the temperatures, thermocouples were
placed at 1 mm beneath the contact surfaces in the
middle of the heating blocks since they cannot be placed
directly onto the contact surfaces. The thermocouples
used in this work were k-type thermocouples. As the
heating blocks were the areas with the highest
temperature of the machine, to reduce the conduction
heat flow to other parts, especially the load cell, small
blocks were placed between the heating blocks and the
moving plates to reduce the cross sectional area.

Motor base
_~
W

™\ Machine base 7

(a)
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(b)

Fig. 1. A schematic illustration of the designed hot press machine on (a) front and (b) right side views.
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Heater slots

Thermocouple hole

Fig. 2. A schematic showing the heater slots inside the heating block and the thermocouple hole.

3.2 Model development

The model geometries were imported from the CATIA
software to be discretized into small elements in the
ANSYS WORKBENCH since the developed model was
based on finite element techniques. Although the
hexahedral element is considered as the optimum among
various types of element due to its low amount of
required computational nodes and high accuracy, the
tetrahedral element is easier to fit in the complex
geometries. Therefore, a total of 185,062 tetrahedral
elements was used in the model.

The temperature of the heating blocks was
generated by the heaters. However, to simplify the
model, the temperature of the contact surfaces was set to
be a constant temperature at the desired temperature of
130°C. The convection heat transfer coefficients of the 4
side surfaces of both heating blocks, the upper surface of
the top heating block, and the lower surface of the
bottom heating block were calculated by using the
Equation (8), (10), and (11) and set at 8.076, 8.081, and
4.041 W-m™K™, respectively. The heating blocks were
modeled to be close together with a small gap of 1 mm
in order to make the model as realistic as the practical
operation. Due to the assumption that the fluid between
those 2 surfaces was not moving, the convection heat
transfer coefficient of the top surface of the bottom
heating block and the bottom surface of the top heating
block were not set. The air gap between both surfaces
would act like an insulation. By assuming that the heat
hardly transfers out of the other parts of the machine to
the surroundings, the convection heat transfer coefficient
of the other parts, which was considered as the critical
case, was set at 3 W-m?K™,

In the simulation process, the springs were taken
out and replaced by the desired forces due to the
reduction of the complexity of the model which is
shown in Figure 3 (Force A and B). Since the jackscrew
is self-locking, the lead screw, the jackscrew housing,

and the internal parts were modeled as one single part.
The holes used to fix the hot press machine with the
frame were designed to be a clearance fit and hence,
during an operation, they could be expanded on both x
and y directions but were fixed in the z direction. The
computational time was about 13 hours (wall clock
time), in Intel Xeon E5-2620 v2 2.1 GHz processor of
32 GB RAM and 4 GB graphic card memory.

3.3 Experimental setup

During actual hot pressing operation, the contact
surfaces will be pressed together and there will not be
enough space for setting up the direct measurement of
deformation as well as the flatness of the contact
surfaces. Therefore, to validate the model and its
parameters used in the simulation, the scope of
validation was focused on the bottom heating block of
which the deformation distribution over its contact
surface was directly measured under a desired condition
at 130°C using capacitive displacement measuring
probes of SYLVAC®. The probe has a maximum error
of £1 um. There were a total of 12 probes positioned at
different points over the contact surface, as illustrated in
Figure 4 (a) and (b). This experimental result of the
deformation was then compared with the simulation
result. Note that both experiment and simulation for
model validation were carried out at the time the heating
block was heated to the 130°C, which was
approximately 500 s [19]. At this point, the temperature
distribution on the contact surface was not uniformly
distributed. This was to avoid heat accumulation in the
probes, which would affect the accuracy of the
experimental results. Once the model and its parameters
were validated, the hot press machine was then
manufactured and the further investigation was
thereafter carried out in order to confirm that the
machine can work properly.
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A : Force =3,000 N

B : Force = 3,000 N

C : Gravitational
acceleration
=9.807 m-s”

D : Supports (Fixed
on Z-direction)

» -
(b

Fig. 3. A schematic of the force inputs represented spring reaction forces in (a) an isometric and (b) a reversed isometric
view.

(a) (b)

Fig. 4. (a) A schematic illustrating the positions of the displacement measuring probes, and (b) a picture of the probes set
up for deformation measurement.

Fig. 5. The experimental setup of the measurement of pressure distribution on a sample of 5 cm? PEFC MEA.
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For the stability and precision of the force loading,
the loaded force data were recorded every 10 seconds in
the total time of 1 min for 10 times. Although the
desired condition was to hold at 3 kN for a minute, the
experiment was conducted at different forces of 1.5, 2.0,
2.5, and 3.0 kN to ensure that the machine could be
operated efficiently in a wide range of forces.

The flatness of the contact surfaces at the operating
condition was important for the MEA fabrication since
the MEA could be damaged if the pressure was not
distributed uniformly. However, as there was no enough
space for setting up the capacitive displacement
measuring probes, an indirect approach was employed
using PRESCALE® of FUJIFILM which is a pressure
measurement film that indicates the pressure distribution
in the variation of the red color contour. In the
experiment, the PRESCALE® measurement A- and C-
films were attached together and placed between the
carbon papers which is one of the components of the gas
diffusion layer, as shown in Figure 5. In this way, the
PRESCALE® films acted as the Nafion membrane and
the real hot press situation can be experimentally
simulated. Thereafter, the pack of films and carbon
papers was put in the center of the contact surface and
pressed at the desired condition.

0.24
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0.12
0.08
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4, RESULTS AND DISCUSSION
4.1 Model Validation

The simulation result of the deformation distribution
over the contact surface of the bottom heating block was
validated with that obtained from experiment, as
presented in Figures 6 (a)-(c) and 7 (a)-(d). The
deformation in z-direction of the two contact surfaces in
x-direction are displayed in Figure 6 (a)-(c). The results
of the 3 studied lines showed that the bending of the
surface occurred near the middle of the surface. It was
caused by the temperature difference since the heater
rods cannot produce the uniform temperature profile.
Thus, the whole surfaces were slightly inclined toward
the front of the machine. From the results of the
deformation of the contact surface in the y-direction, as
shown in Figure 7 (a)-(d), it was found that the surface
was in symmetry and the maximum deformation took
place in the middle which supported the assumption of
non-uniform temperature distribution.

The comparison in both x- and y-directions
demonstrated a very good correspondence between the
simulation and experimental results in which the
maximum discrepancy between those results were 0.03
mm, approximately. This good agreement implied that
the developed model and its parameters used in the
simulation were reliable and valid.

(a)

0.00

0.24
0.20
0.16

0.08
0.04
0.00

Deformation (mm)

0.12 o] e

0.24
0.20
0.16

0.12 R R

0.08
0.04
0.00

(c)

> 30 45 60 75 90 105 120 135 150 165

Position (mm)

Fig. 6. Comparison of the deformation distribution in x-direction obtained from the simulation and the experiment where
the probes were at (a) 42.5 mm, (b) 82.5 and (c) 122.5 mm from the origin in x-direction.
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Fig. 7. Comparison of the deformation distribution in y-direction obtained from the simulation and the experiment where
the probes were at (a) 37.5 mm, (b) 67.5, (c) 97.5 mm and (d) 127.5 from the origin in y-direction.

4.2 Simulation results of the hot press machine

Figure 8 displays the simulation result of the steady-
state temperature distribution on the hot press machine.
Since the effect of buoyancy force in the adjacent fluid
was not taken into account, the temperature was found
to be a uniform distribution in both upward and
downward direction where the maximum temperature of
130°C took place around the heating block as per the
boundary condition. The heat from the heating block can
flow to the other parts via the small blocks used for
connecting the heating blocks and the moving plates.
Nevertheless, the small blocks efficiently served their
purpose in reducing the cross sectional area and thus the
conduction heat transfer to the other parts. As seen in
Figure 8, the minimum temperatures of 24°C to 35°C
were found around the base of the hot press machine at
which the load cell was connected, and the aluminum
base, which is connected to the motor and the jackscrew
located above the heating blocks. The simulation result
suggested that the load cell with an operating
temperature range of 20-60°C should be selected for
actual manufacturing.

The desired maximum load of 3 kN was set to
applied onto the heating block as a simulation boundary
condition (see Figure 3 (). It was carried out to
investigate the stress occurred in the hot press machine.
The stress distribution on the machine of which the
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effect of both force loading and thermal distribution
were taken into account is depicted in Figure 9. The
support and joint areas were the area at which the stress
was high as compared to that of the others. Nonetheless,
most parts of the hot press machine were under the
stress, ranging from approximately 0-12 MPa, except the
maximum stress that occurred at the bottom moving
plate, resulting in the minimum safety factor of 2,
approximately. This indicated that the designed hot
press machine would not deform plastically even it is
operated under the critical conditions.

Figure 10 reveals that most of the contact area was
well contacted with a maximum clearance within a
range of 0.018 mm. Since the thickness of the MEA was
approximately 0.460 mm or higher, the clearance was
less than 5 percent of the total thickness. The highest
clearance of 0.013-0.018 mm was found around the
corners of the contact surfaces. As the size of the MEA
used in this lab is only 5 cm? (25 mm x 25 mm), the
designed contact surfaces satisfied the requirement and
could also support the MEA which was bigger than 5
cm? up to 145 cm?.

Once the simulation results confirmed that the
design was suitable for the MEA application, the hot
press machine was constructed and operated. The hot
press machine was also experimentally checked that
whether it could work properly.
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Fig. 8. Temperature distribution on the hot press machine under the steady-state condition
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Fig. 9. Stress distribution on the hot press machine under the steady-state condition.
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Fig. 10. Clearance due to the deformation between 2 surfaces.

4.3 Development of small-scale hot press machine

Due to the safety factor, the motor with torque of 3 N-m
was used in this work even though the calculated torque
of the motor by Equation (1) was 2.05 N-m, as
calculated. As shown in Figure 1, the generated torque
was transmitted from the motor through the jackscrew
and converted by the deformation of two springs into the
force. Considering the available space at which the
spring can deform at a maximum distance of only 20
mm, the springs must be specifically selected. Hence,
the springs with the stiffness of 78.5 N-mm™ (or 8
kgf-mm™) were chosen. The selected load cell was
BOAST SQC-A1T which can measure the force loading
up to 1,000 kgf and has the operating temperature
between -30 to 70°C [20], which was suitable for this
application, as evidenced by the simulation results of
temperature distribution. PRIMUS CM-013 was selected
as the weighing indicator.

The simple straight heater rods were used to
minimize the manufacturing and maintenance costs. The
three rods of 300 W each were placed in parallel along a
heating block, therefore, there were in total six heater
rods with a total capacity of 1,800 W. The contact
surface temperature was measured using k-type
thermocouples which is an inexpensive temperature
measurement tool. Instead of placing the thermocouples
onto the contact surfaces, they were placed 1 mm
beneath the surfaces to avoid damaging the MEA. The
temperatures were displayed by PRIMUS REM-48.

The developed hot press machine can generate the
desired force of 300 kgf (approximately equivalent to 3
kN) and the temperature of 130°C, as displayed in
Figure 11. The stability and precision of the force
loading is shown in Figure 12. The fluctuation of the
force was only around 3 kgf at any loadings due to
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internal error of the load cell, as shown in Figure 12,
which is considerably small, as compared with +10 kgf
of the acceptable range for PEFC MEA fabrication. As a
result, the maximum error of only 3.3% approximately
occurred when it was operated at the small force loading
(1.5 kN).

The flatness of the contact surfaces during the hot
press operation was indirectly tested by investigating the
pressure distribution. The contour of the PRESCALE®
film after pressing is shown in Figure 13. It was clearly
seen that the pressure exerted on the electrode area was
uniformly distributed. Based on the PRESCALE®
manual [21], the color density obtained from the
pressing was approximately between 0.8-1.0 which
quantitatively showed that the pressure was around 6-7
MPa, which was in concurrence with the force loading
(6 MPa). From the experimental result, it was confirmed
that the area at the center of the contact surface can be
used for the MEA fabrication.

In summary, the design procedure using FEA
included 3 steps which were checking the temperature
distribution, the stress distribution, and the deformation
of the contact surfaces. The proper operating
temperature of the load cell can be suggested by the
temperature  distribution analysis and the stress
distribution can confirm that the machine will not
deform plastically under the given operating condition.
By analyzing the deformation data of the contact
surfaces, the usable surface area for MEA fabrication
can also be suggested. Owning to these steps of using
the FEA, monetary consumption can be reduced during
the design and manufacturing process. As an example,
the hot press machine in our lab was successfully
developed and can satisfy the desired conditions of
PEFC MEA application, which are at the temperature
and loading capacity of 130°C and 3 kN, respectively.
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Fig. 11. The hot press machine during the desired operation.
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Fig. 12. The force loading data collected every 5 seconds for 1 minute.

Fig. 13. The contour of the pressure measurement film after pressing.
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5. CONCLUSION

FEA was applied to design and develop a small-scale
hot press machine during designing section. It was
carried out to investigate the temperature distribution at
the load cell placing area so that a proper load cell can
be selected. The stress occurred due to the thermal and
force loads were also studied to ensure that the machine
would not deform plastically during a critical case
operation. As per PEFC MEA application requirement,
the designed machine can generate the desired force of 3
kN, the temperature of 130°C, and hold the load for 1
min. The experimental result of the pressure distribution
was in concurrence with the result of the 3-D simulation
of which the center area of the contact surface was well
contacted and suitable for MEA fabrication.
Furthermore, the procedure proposed in this study can
be used as a guideline for the design of a small-scale hot
press machine.
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NOMENCLATURE
A cross-sectional area, m?
c specific heat capacity, J-kg*K™
[E]  elastic stiffness matrix
€gen  heat generation rate per unit volume, W-m’
F required force, N
9 gravitational acceleration, m-s™
Gr.  Grashof number
h; convection heat transfer coefficient, W-m?2K*
k thermal conductivity, W-m™*K™*
K conductivity vector
K thermal conductivity of adjacent fluid, W-m’
1kt
L. characteristic length, m
mass, kg
Nu Nusselt number
Pr Prandtl number
Q conduction heat flow, W
Q,  heatloss, W
Ra,  Rayleigh number
t time, s
Tg bulk temperature of adjacent fluid, °C
T, surface temperature, °C

AT temperature difference, °C
Greek letters

a coefficient of thermal expansion, K™

B coefficient of volume expansion, m*-m3°C™
th .

& thermal normal strain
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[1]

[2]

[3]

[4]
[5]

[6]

[7]

(8]

[°]

[10]

total strain vector

static efficiency

density, kg-m*

stress vector, Pa

torque input, N-m

kinematic viscosity of adjacent fluid, m?.s™
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