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Thesis Title Modeling of Proton Exchange Membrane Fuel Cell with DC/DC

Converter using MATLAB/Simulink

Name - Surname Mr. Prasith Prommin
Program Electrical Engineering
Thesis Advisor Assistant Professor Wanchai Subsingha, Ph.D.
Academic Year 2012
ABSTRACT

This thesis presents mathematical model using MATLAB/ Simulink in order to analyze
the performance of proton exchange membrane fuel cell (PEMFC) together with DC/DC buck
converter model. It will lead to a building of a prototype of PEMFC simulator, which will be useful
to study the behavior of the fuel cell.

It comprises in two major parts. The first part is a mathematical modeling of the fuel cell
by MATLAB/Simulink program and constructs a prototype of the operation control system. The
fuel cell in the project is a 1.2 kW, 26-43 output voltage NEXA@1200 from Ballard Company. The
simulation result was compared with an actual experiment in laboratory by using the same
parameters. The second part is to build a DC buck converter, MOSFET modules are used as
switches in the converter with the switching frequency of 10 kHz, together with the modeled in
MATLAB/Simulink program to a practical works using a proper interfacing board DS1104.

The experimental result is determined by comparing between the fuel cell model and
experiment DC Converter at output current 10 A. The output voltage level 38.9 V, 35.2 V, output
power level 389 W, 339 W, respectively. The proposed system can operate efficiency at 89.49%,

results from both experiment and model simulation is approximately.

Keywords: fuel cell, fuel cell model, interfacing board
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Hydrogen; 1 bars ; 25 °C

FC (math model) FC (Experiment test bench) ﬂ’nuﬂmmﬂﬁ'au
Voltage | Current | Power | Voltage | Current | Power | V (%) P (%)
39.47 5 197.35 39.4 5 197 0.17 0.17
38.1 10 381 35.32 10 353.2 7.87 7.87
37.02 15 555.3 32.4 15 486 14.25 14.25
359 20 718 324 20 648 10.80 10.80
34.75 25 868.75 31.5 25 787.5 10.31 10.31
33.57 30 1007.1 30.3 30 909 10.79 10.79
32.32 35 1131.2 29.3 35 1025.5 | 10.30 10.30
30.98 40 1239.2 28 40 1120 10.64 10.64
29.47 45 1326.15 25.9 45 1165.5 13.78 13.78
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Hydrogen; 2 bars ; 25 °C

FC (math model) FC (Experiment test bench) mmﬂmmﬂﬁ' U
Voltage | Current [ Power | Voltage | Current | Power | V (%) P (%)
40.9 5 204.5 40.6 5 203 0.73 0.73
38.69 10 386.9 36.8 10 368 5,13 513
37.56 15 563.4 35.1 15 526.5 7.0 7.0
36.43 20 728.6 33.7 20 674 8.10 8.10
35.29 25 882.25 32.5 25 812.5 8.58 8.58
34.1 30 1023 31.3 30 939 8.94 8.94
32.86 35 1150.1 29.9 35 1046.5 9.89 9.89
31.51 40 1260.4 28.8 40 1152 9.40 9.40
30.01 45 1350.45 26.6 45 1197 12.82 12.82
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Hydrogen 3 bars ; 25 °C

FC (math model) FC (Experiment test bench) mwmmﬂmﬁ@u
Voltage | Current | Power | Voltage | Current | Power | V (%) P (%)
41.11 5 205.55 40.9 5 204.5 0.51 0.51
38.9 10 389 373 10 373 4.28 4.28
37.77 15 566.55 35.5 15 532.5 6.39 6.39
36.64 20 732.8 343 20 686 6.82 6.82
35.5 25 887.5 33.1 25 827.5 7.25 7.25
34.31 30 1029.3 31.9 30 957 7.55 7.55
33.07 35 1157.45 30.8 35 1078 7.37 7.37
31.72 40 1268.8 30 40 1200 5.73 5.73
30.22 45 1359.9 28 45 1260 7.92 7.92
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Frequency

1: 18.65kHz
2: chan off
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DS1104 R&D Controller Board

® Single-board PCl hardware for use in PCs

m Set of intelligent 1/0 on-board

dSPACE
v/ 4
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s Single-Board Hardware

2008

Key Features

Description

Real-Time Interface

85

DS1104 R&D Controller Board

Cost-effective system for
controller development

m Single-board PCI hardware for use
in PCs

m Set of intelligent I/0 on-board

Application Areas

The real-time hardware based on PowerPC
technology and its set of /O interfaces make
the controller board an ideal solution for
developing controllers in various fields, such as
drives, robotics, aerospace and automotives.

® Incremental encoder interface
m Serial interface (UART)

Key Benefits

The DS1104 upgrades your PC to a powerful
development system for rapid control prototyping
(,R&D" stands for research & development).
Real-Time Interface provides Simulink® blocks
for graphical configuration of A/D, D/A, digital
I/0 lines, incremental encoder interface and
PWM generation, for example. The board can
be installed in virtually any PC with a free 5-V
PCl slot.

Using Real-Time Interface

With Real-Time Interface (RTI), you can easily
run your function models on the DS1104 R&D
Controller Board. You can configure all /O
graphically by dragging RTI blocks and reduce
the implementation time to a minimum.
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s Single-Board Hardware

2008
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Digital
incremental
encoder interface

Serial interface

Slave DSP

Host interface

Physical
characteristics

Channels

Position counters

Sensor supply voltage
Configuration

Baud rate

Type

Clock rate
Memory

/0 channels

Input voltage range

Output current

Physical size
Ambient temperature
Cooling

Power consumption
Power supply

Order Information

DS1104 R&D Controller Board

Relevant Software and Hardware

m DS1104 Real-Time Library -
u Experiment and Platform Manager for hardware -

Included

Required

Optional

management

u 2 independent channels

u Selectable single-ended (TTL) or differential (RS422) input (software programmable
for each channel)

u 24-bit resolution

» Max. 1.65 MHz input frequency, i.e., fourfold pulse count up to 6.6 MHz

m Counter reset or reload via software

n5VAO5A

m Single UART (universal asynchronous receiver and transmitter) with FIFO

[ Pu—dﬂver%:or accurate baud rate selection

m RS232/RS4, 85 compatibility

nUpto 11&2 d (R5232)

= Up to 1 MBd (RS422/R5485)

u Texas Instruments TMS320F240 DSP

m 16-bit fixed-point processor

u 20 MHz

u 64Kx16 external code memory

m 28Kx16 external data memory

m 4Kx16 dual-port memory for communication

u 32 KB flash memory

= 10 PWM outputs

m 4 capture inputs

u 1 serial peripheral interface

u TTL input/output level

u A/D converter inputs: 0 ... 5V

= Max. £13 mA

" = Requires one 33 MHz / 32-bit 5V PCl slot

m 185 x 107 mm (7.28 x 4.2 in)
80..55°C(32... 131°F)

= Active cooling by fan
m185W

w45V 5%, 25A
®+12V 15%,03A
u-12V45%,02A

u DS1104

® Real-Time Interface /) 1 71T wRi
u Microtec C Compiler~ ~ © =0 L B0 &0 7 wcpppe

u ControlDesk Standard — Operator Version
u ControlDesk Standard — Developer Version

u MLIB/MTRACE
u CLB

u (S0

n(CS D

u MLIB/MTRACE
u CLIB

Optional

u Connector Panel
u Combined Connector/LED Panel

u CP1104
u CLP1104
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DSP VO i
:
:

:
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H Interrupt Control !
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: ; Memory Controller | E

i | 8MBFlash Dual Port "
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Induction Motor Control

Drive Control

In this use case, an induction motor controller is
developed with the DS1104. The slave DSP system
was designed for applications in drive control,
and the PowerPC's calculation power supports
convenient simulation and a smooth development
process. In combination with Simulink®,
the board makes it easy to verify and optimize
control algorithms and parameters.

Determining Values

One of the board's incremental encoder interfaces
picks up the encoder signal of the motor, while
two A/D converters are required to analyze the
motor currents. The controller board calculates
the control algorithm on the basis of the mea-
sured values and determines the corresponding
pulse width modulation (PWM). The three-phase
PWM signals are generated on the board's DSP
subsystem and determine the converter's output
voltage and frequency.

4
Ce—
DST104R8D
Controller Board e
\ .
Encoder Signal
[
6 PWM ;
Signals -
Ua
= &
AC lgequency Up !
onverter Ue
o—

Block Diagram

Use Case
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dSPACE GmbH
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Tel.: +49 5251 1638-0
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dSPACE Ltd.
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10F Gotenyama Trust Tower
4-7-35 Kitashinagawa
Shinagawa-ku

Tokyo 140-0001

Tel: +813 5798 5460

Fax: +81 3 5798 5464
info@dspace.jp

France

dSPACE Sarl

Parc Burospace

Batiment 20

Route de la Plaine de Gisy
91573 Biévres Cedex

Tel.: +33 1 6935 5060
Fax: +33 16935 5061
info@dspace.fr

USA and Canada

dSPACE Inc.

50131 Pontiac Trail

Wixom - MI - USA 48393-2020
Tel.: +1 248 295 4700

Fax: +1 248 295 2950
info@dspaceinc.com

www.dspace.com

@ Copyright 2008 by dSPACE GmbH. All rights reserved. Written permission is required for reproduction of all or parts of this publication. The source must be stated in any such reproduction.

dSPACE is continually improving its products and reserves the right to alter the specifications of the products contained within this publication at any time without notice.

Brand names or product names are trademarks or registered trademarks of their respective companies or organizations.

01/2008

88



e

MANHIN VU

[V 4 4 a a
agaﬂmaﬂymwmwam%mm %A Proton exchange membrane fuel cell (PEMFC)

WUIA 1200W, 46A B0 Nexa " 31 NEXA@1200



Specifications

Performance : Rated net output 1200 watts*
Current 46 Amps?®
DC voltage 26 Volts®
Operating lifetime 1500 hours
F.Il.e.l = Composi‘tior: \ ;9;9/_ d_ry ggs_s;x;us hydrogt—an. - ~ =
Supply pressure 10 to 250 PSIG
Consumption < 18.5 SLPM?
Operating Ambient temperature  3°Gt030°C 37°Fte 86
Environment :
Relative humidity 0% to 95%
Location Indoors and outdoors*
Physical - Length x width x height 56 x 25 x33 om (22x 10x 13in)
Weight 13 kg (29 Ibs)
c‘E.n.iﬁl.‘alil)l'l = \ > N bS}i, uL N = 1( //
E.m.i;s ions : Liquid watt; 7~ 6:3; ;ﬁe;ﬁb ﬂf.;l; caz.)_mux}njlum- peTho;.lr_’ 4
MNoise

572 dBA @ 1 meter

Integration : Fuel interface 45" flared tube fitting for 14" 0D tubing — metallic

Electrical interface #8 AWG electrical wire

Control interface Full duplex RS 485

* Beginning of life, sea level, rated temperaturs rangs.

* At rated net output.

* Noncondensing.

* Unit rmust be protected from inclement weather, sand and dust.

Specifications and descriptions in this document were in effect at the time of publication. Ballard Power Systems Inc. reserves
the right to change specifications or to discontinue products at any time {03./02).

Ballard, BALLARD and Power to Change the World are registered trademarks and Nexa is a trademark of Ballard Power Systems Inc.
& 2002 Ballard Power Systems Inc.  SPC500003%-0C  PRINTED IN CANADA
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power
generation
BALLARD*
power to change the world ®
NEXA™

Ballard Power Systems introduces the Nexa™
power module, the world's first volumeproduced
proton exchange membrane (PEM) fuel cell
module designed for integration into a wide
variety of stationary and portable power
generation applications. Using Ballard's PEM
technology, the Nexa™ power module converts
hydrogen fuel and oxygen in & noncombustive
electrochemical reaction to generate up to

1200 watts of unregulated DC electrical power.

Emitting heat and water as by-products of power
generation, the Nexa™ power module allows
original equipment manufacturer products to
be used in indoor environments and other
locations not possible with conventional internal
combustion engines. The Nexa™ power module's
quiet operation and compact size make it ideal
for integration into uninterruptible power supply
systems, emergency power generators, and
recreational and portable products. &nd unlike
battery technology with limited runtimes, the
MNexa™ power module is capable of providing full
extended run backup or intermittent electrical

power for as long as fuel is supplied to the unit.

Brought to you by Ballard —the world leader
in PEM fuel cell technology, the Nexa™ power
module is backed by over 15 years of experience
in the development of premium fuel cell
products for transportation, stationary and

portable applications.

t) 604 454 0300

| Ballard Power Systems Inc.
f) 604 412 4700 |

|

i

9000 Glenlyon Parkway
Burnaby, British Columbia
Canada V5] 519

www.ballard.com
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f.1 Modeling of PEM Fuel Cell with DC/DC Buck Converter by MATLAB/Simulink.
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Modeling of PEM Fuel Cell with DC/DC Buck Converter by MATLAB/Simulink
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unAnge

unanuihianemaNamLuudtsaimadiamans dauTusunsy  MATLAB/SImulink e
SiensiauITouemaneaTadidamas siiamuusuanaoulusaen (PEMFC) Tannuuuusaed
28929950 aaduuuL s IanIzd LTI I nszusasaai M sfnE duuwanalumsshaeies
$nasoadiFanderiia PEMFC Suinmaunudsesitiuys:Tomidensdnmndua s damdedoly
maél.%mwﬁamﬁﬂm"u NEXA@1200 283131 Ballard 2m1afitainds 1200 Ya¢ ussduvrnanii 26 — 43
Tasn? 'rmmmaﬂauwaﬁt%atwﬁeluﬁawﬁﬁ'ﬁmmu'huamﬁ'mmﬂfhaaanﬁaoua:'lnﬁlﬁmﬁuuaﬁ'lﬁ'
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Abstract

This paper presents mathematical model using MATLAB / Simulink in order to analyze the
performance of proton exchange membrane fuel cell (PEMFC) together with DC/DC buck converter
model. It will lead to a building of a prototype of PEMFC simulator, which will be useful to study the
behavior of the fuel cell. The fuel cell in the project is a 1.2 kW, 26-43 output voltage NEXA@1200 from
Ballard Company. The simulation result was compared with an actual experiment in laboratory by using
the same parameters, such as pressure of hydrogen and oxygen flow rate. In addition, the simulation
results show that output voltage from the DC/DC buck converter model is approximately closed to the
actual PEMFC in an experimental lab.
Keywords: Fuel cell, Mathematical Model, Fuel cell Model
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Abstract— This paper presents mathematical model using MATLAB / Simulink in order to analyze the performance of proton
exchange membrane fuel cell (PEMFC) together with DC/DC buck converter model. It will lead to a building of a prototype
of PEMFC simulator, which will be useful to study the behavior of the fuel cell. The fuel cell in the project is a 1.2 kW, 26-43
output voltage NEXA@ 1200 from Ballard Company. The simulation result was compared with an actual experiment in
laboratory by using the same parameters, such as pressure of hydrogen and oxygen flow rate. In addition, the simulation
results show that output voltage from the DC/DC buck converter model is approximately closed to the actual PEMFC in an

experimental lab.

Keywords— Proton Exchange Membrane Fuel cell (PEMFC), Mathematical Model, DC Converter.

1. INTRODUCTION

Nowadays a renewable energy and clean energy are
considered as a resource for the future. In the field of
generating  the eclectrical supply the reduction of the
pollution have to be considered firstly. Solar energy, wind
energy are renewable energy source as mentioned above
etc. Fuel cell is one of the clean energy, which transforms
chemical energy into electrical energy. This
electrochemical process have a combustion  without
causing environmental pollution. Proton Exchange
Membrane (PEM) fuel cell is one kind of fuel cells that
can work in a comparatively high efficiency and low
temperature condition. PEM fuel cells has an advantage in
small size, light weight and high power density. Butits
high prices and a limit of lifetime is obstacle to further
research. Nevertheless, PEM fuel cell simulator in the
project can fulfil the oppertunity of the furthur research.
PEM fuel cell that used in this project is based on
NEXA@1200 from Ballard GmbH., which is the 1.2kW,
Output voltage 26-43V. The PEMFC Simulator in this
project has two parts: a PEMFC mathematical model and
a model of a DC-DC converter using MATLAB/Simulink
program. The results shows that the increasing of current
by effects of temperature and hydrogen pressure will
results in the change of the PEMFC out put voltage. After
the studying the PEMFC, it will leads a build of a PEMFC
real time simulator in the near future.

2. PEM FUEL CELL

PEMEFC is a fuel cell which can produce an electricity
from the chemical energy. Electrochemical reaction was
clean energy,which has no fumes of the combustion and
no harmful pollution. The main energy source of PEMFC
is hydrogen which will be reacts with oxygen from the air.
This reaction was called Electrochemical reaction. PEM
fuel cells can actually operate continuously as long as the
necessary flows are maintained.  The result of this
reaction leads into a production of electrical energy, of a
low DC voltage and it also produce heat and water.
Electrical energy from the PEM fuel cell can be used with
a variety of electrical load.
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A. The principle of the PEMFC

PEM fuel cell consists of a negatively charged electrode
(anode), a positively charged electrode (cathode), and an
electrolyte membrane. Hydrogen is oxidized on the anode
and oxygen is reduced on the cathode. Protons are
transported from the anode to the cathode through the
electrolyte membrane, and the electrons are carried to the
cathode over the external circuit.The electrons are
attracted to conductive materials and travel to the load
when needed. On the cathode, oxygen reacts with protons

and electrons, forming water and producing heat. Both the
anode and cathode contain a catalyst to speed up the
electrochemical processes, as shown in Figure 1[1].
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Fig.1. Principle of the fuel cell PEMFC.

A typical PEM fuel cell stack has the following reactions:
Anode:

H, —» 2H +2¢ ()]
Cathode:

1

— 0, +2H'+2¢ —» H,0 2)
2
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Overall:

1
H,+ — O, - H,0 + electric energy + waste heat  (3)
2

The open circuit voltage of the single cell is in the range
of 0.8-1.2V. For higher requirements of power, several
cells should be connected in series forming a stack. PEM
fuel cells are considered to be an efficient energy source
for supplying stationary — state power, but they are not
suitable for fast load changes.

B.Polarization Characteristics of a PEMFC

The ideal standard potential of a PEM fuel cell which
is obtained for standard state conditions (25 °C and 1 atm)
is 1.229V with liquid water product. Figure 2 shows the V
- | characteristic curve of a single cell operating at room
temperature (25°C) and normal air pressure(latm) [1].

Ideal Voltage of 1.2V

Open circuit loss due to fuel crossover

S
‘_ﬂ; Rapid drop due to activation losses
T 075+
2
& Linear drop due to
p— ohmic losses
8 o050
Mass transport losses at
025 high current densities

| [ I |
0 0.25 0.50 0.75 1.00 1.25

Current Density (Alem?)
Fig.2. The polarization curve for a PEMFC.

As we can see in Figure2., the polarization curve
consists of three different regions: the active region, the
ohmic region and the concentration region . The output of
the actual cell voltage is given by the equation (4)-(8):

Veel= Vopen ~Vact= Vohmic — Veon )

where, Vopen is a thermodynamic potential, Vyc; due to an
activation losses, V,umic due to Ohmic losses, Vo, due to
a is concentration losse. The thermodynamic potential can
be written as.

v v [NTEP e
open o nkF szx p02 (&)

where, R is a gas constant, F is Faraday’s constant, T isa
reference temperature (°K), Py, is an effective partial
pressure of hydrogen, P, is an effective partial pressure
of oxygen.
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The activation voltage drop of PEMFC is caused by the
sluggish kinetics of the voltage reactions taking place on
the active surface of electrodes and it can be computed as
Eq. (6)

2 ) ©

act " aF "\ lo

where, Idc is the current density and /o is the exchange
current density. The constant @ is called the charge
transfer coefficient that proportion at to as a electrical
energy which is in changing by the rate of an
electrochemical reaction.

The ohmic voltage loss is due to the resistances of the
polymer electrolyte membrane effect by the ions and the
imperfect electrodes. This loss is approximately linear in
this region. It can be shown as Eq. (7).

| £

ohmic

=L.R, )

The concentration polarization relates to the change
in the concentration of the reactants at the surface of the
electrodes as the fuel is used. The concentration of the
fuel and oxidant is reduced at various points in the fuel-
cell gas channels and is less than the concentration at the
inlet value of the stack. This loss becomes significant at
higher currents when the fuel and oxidant are used at
higher rates and the concentration in the gas channel is a
minimum. In general, the mass transportation losses are
given by the equation (8).

Veonc = R—T:In[l-ﬁ-) ®
aF

limit

where, Zdc is the current density and /j;, is the current
density when Pressure falls linearly down to zero.

C. The modeling of PEMFC
The PEM fuel cell model is designed based on the state
equations and output voltage equation as mentione above.

Figure. 3 shows the simulink model that developed for the
fuel cell stack based on the above five equations (4)-(8)

[11,[2].
=0

Fig.3. PEM fuel cells modeling.



109

Ubon ratchathani, Thailand, D ber 5-8. 2012

10th Eco-Energy and Materials Science and Engi)

g
ing 1p

In this paper, Matlab/ Simulink is utilised in oder to
describe the state equations. Its nominal power of the
PEMEC is about 1.2kW, and the maximum output current
is 46A. The output characteristic of the fuel cell is shown
in Figure.4.

Voltage

20! X n + : -

0 10 20 40 50 60

30
Current
Fig. 4. PEM fuel cell characteristic simulated in Simulink

It can be seen that at low current condition, the ohmic
loss becomes less significant and the output voltage is
increasing which is mainly due to an activity of slowness
of chemical reactions. So this region is also called as
“active polarization”. At very high cunent density the
voltage fall down significantly because of the reduction of
gas exchange efficiency. This is mainly due to an over
flooding of the water in the catalyst. This region is also
called as ‘‘concentration polarization”’, Between the
active region and concentrations region, there is a linear
slope which is mainly due to internal resistance offered by
various components of the fuel cell, which is generally
called as ‘‘ohmic region’” [1].

D. Experiment comparison

The experimental test has been performed with a 1.2kW
Ballard NEXA 47 cells stack and other auxiliary
subsystems including hydrogen system, oxidant air
system, cooling system, electronic control system and
safety system with sensors and microprocessors intcgrated
on board. The dry hydrogen (>99.99%) is supplied by
prepared high pressurized hydrogen cylinder, while the
oxidant air is supplied by air pump and humidified in a
humidity exchanger before entering the FC stack in order
to maintain water saturation of the membrane.A cooling
fan at the base of the unit is utilized to blow air through
vertical cooling channels.

Fig. 5. Experimental test bench

The goal is a better understanding of the electrical
behavior of the PEMFC, as a result of the electrochemical
processes, via the cell’s voltage characteristic during
transient response. While changing the load, the
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performance of significant parameters affected such as
Temperature, Pressure, Purge status etc are registered and
evaluated.
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Fig.6. Measured Output Characteristics of the Nexa 1.2 kW

Figure 6 shows that the measured output characteristics
of the Nexa 1.2kW PEM fuel cell model. The fuel cell
output voltage can be operated safely in the linear range
of voltages from 26V to 43V and the stack currents also
varied from 5A. to 46A. For a constant hydrogen input
fuel supply. The operation temperature is about 303°K,
pressure of hydrogen of 3 bars. As it has been mentioned
before, lower of current and the increasing of output
voltage while load decreasing otherwise, higher current
and lower voltage when load is increased. It is observed
that the simulated characteristic curve is almost same as
experimental result.

3. DC/DC BUCK CONVERTER DESIGN

According to the previous aspects,it seems to build a
PEMFC simulator. Thus,in this first proecdure ,it has to
simulate a PEMFC model together with the proper DC
Converter using matlab/simulink. In order to achieve the
desired Ballard 1.2 kW NEXA fuel cell stack emulation
performance, the converter characteristics should be:

» Converter output power: 1,200 W

* Output voltage range: from 26 Vto 43 V
» Output current range: from 1 A to 46 A

= Buck converter supply voltage: 60 V DC
* Frequency switch: 10 kHz

A DC/DC buck converter diagram is presented below
to control the power of the fuel cell emulator.

AAA

iy zguu: o ~

Fig. 7 DC/DC buck converter diagram
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A.Converter Inductance

The converter inductance value is calculated from the
converter minimum current, in order to ensure that the
converter is always working in Continuous-Conduction
Mode (CCM). CCM is required for a linear operation of
the converter, and the minimum current is guaranteed by
the auxiliary power required to run a fuel cell.

In order to calculate the values for the output filter
(inductance and capacitance) for the buck converter, the
Switching frequency (f;) , the converter supply voltage Vs
(V), voltage output Vo(V), and resistance connect at 10
ohms are required. Knowing these values, the minimum
value of inductance can be obtained [3].

p=Y2- 2% _,4m ©)
Vs 60
Lmin =[(1- Dmax)R]/2fs =0.28x10°H (10)

Thus, L =1 mH is chosen for the converter

B. Converter Capacitance

From figure 7, the capacitance is used in order to
filter the converter output voltage ripple. Generally the
DC/DC converter output voltage ripple should be less
than 1 % of the output voltage.

The converter capacitance value should be chosen to
meet the converter dynamic response needs. With the
fixed inductance value L (H) and the maximum value of
converter capacitance can be obtained.

Vripple =272 an
PP Lo
c=(l—"ZDL=253x10-6F (12)
8L.S Ve

Thus, C = 1000 uF is chosen for the converter.
4. MODELING AND RESULTS

A. System Combination

Fig.8. Modeling of PEMFC together with DC/DC buck
converter by Matlab/ Simulink
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In this paper, the Matlab/Simulink is used to setup the
PEMEFC system steady-state model together with DC/DC
buck converter environment as shown in Figure 8.

Parameters that used in the simulation are: Number of
cells is 47, Anode partial pressure is 3.0 bars, Cathode
partial pressure is 1.5 bars, Temperature is 25 °C and
Limit current is 54 A.

Simulink® is a software package for modeling and
simulating which can be used in the evaluation of the
system performance, and optimization of the system
design. The Simulink modeling the simulation diagram of
the PEMFC steady-state model together with DC/DC
buck converter based on Egs. (4) - (12).

B. Experiment comparisonS

In order to verify the validity of the Modeling of PEMFC
together with the modeling of DC/DC buck converter, the
simulation results of such models have to be conducted.
Figure 9 shows the measurement results of the Steady-
state voltage of both Simulations.
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Fig. 9 Experimental results from both Steady-state voltage of
PEMFC mathematical model and DC Converter model

Figure. 9 shows the designed DC/DC buck converter
output voltage compared to the model PEMFC voltages.
From the experimental results, it can be concluded that the
buck converter output voltage follows the model predicted
value with a very good accuracy. In addition, the voltage
of the fuel cell emulator shows a good dynamic agreement
compared to the real stack voltage curve. Thus, the real
stack can be well emulated.

5. CONCLUSION

The results shows that the increasing of current by
effects of temperature and hydrogen pressure will results
in the change of the PEMFC out put voltage. A model
based PEMFC emulator with a DC/DC buck converter
design is presented in this paper. An appropriate control
strategy for the converter is also discussed. The
simulation experimental results are validated with a
commercial Ballard NEXA 1.2 kW fuel cell. Finally
aiming at the formation of stable output voltage a simple
PEMEC - DC/DC buck converter system was simulated in
Matlab/simulink. The Simulation results were compared
with those came from the mesurment, showing the
effectiveness of the proposed method and the necessity of
a dc/dc buck converter in such type of systems. The
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emulation results are presented and discussed.The
converter output has a very good accuracy compared to
the model predicted value. The converter ripple is less
than 1 % at different voltage levels. It can also predict and
evaluate the performance of the fuel cell well and truly.
The furthermore improvement of the model would be
helpful for the performance analysis, design optimization
and real time control. After the studying the PEMFC, it
will leads a build of a PEMFC real time simulator.Such an
PEMFC emulator is of great interest for Hardware
applications to be used for real time hardware validation
of fuel cell systems.
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