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Abstrak

Sel bahan bakar adalah sumber energi alternatif baru yang memiliki prospek yang baik untuk
pembangkitan energi listrik terdistribusi dan aplikasi kendaraan listrik. Namun, sel bahan bakar
mempunyai respon yang lambat disebabkan respon elektrodinamik dan termodinakmik internal. Untuk
mengoptimasi kinerja dari sistem sel bahan bakar, diperlukan sebuah konverter DC ke DC untul sel bahan
bakar dengan pengendali yang sesuai yang dapat meregulasi aliran daya dan secara otomatik mengatur
tegangan keluaran konverter. Paper ini mengusulkan sebuah teknik kendali baru untuk konverter daya DC
ke DC sel bahan bakar. Dilakukan desain dari metoda kontrol yang diusulkan. Sebuah pendekatan baru
untuk sintesa pengendali konverter berbasis teori pengendali evolusi dinamik di paparkan. Pada paper ini
didiskusikan contoh sintesa pengendali konverter DC ke DC tipe boost. Kinerja dari pengendali evolusi
dinamik yang diusulkan disimulasikan menggunakan Matlab-Simulink untuk kondisi perubahan beban.
Hasil simulasi menunjukkan bahwa teknik yang diusulkan adalah berkemampuan untuk mengendalikan
konverter DC ke DC sel bahan bakar.

Kata kunci: boost, konverter DC ke DC, pengendali evolusi dinamik, sel bahan bakar

Abstract

Fuel cells are new alternative energy resource that has a great promise for distributed generation
and electric vehicle application. However, fuel cells have a slow response due to their slow internal
electromechanical and thermodynamic response. To optimize the fuel cell system performance, a fuel cell
DC-DC converter with an appropriate controller which can regulate the power flow and automatically adjust
the converter output voltage is needed. This paper proposes a new control technique for fuel cell DC-DC
power converter. Design of the proposed control method for fuel cell DC-DC power converter is provided.
A new approach for converter controllers synthesis based on dynamic evolution control theory is
presented. In this paper, synthesis example of boost DC-DC converter is discussed. Performance of the
proposed dynamic evolution control under step load variation condition is simulated under Matlab-Simulink
environment. Simulation results show that the proposed techniques are capable for controlling fuel cell DC-
DC converter.

Keywords: boost, DC-DC Converter, dynamic evolution control, fuel cell

1. Introduction

Due to economic problems and depletion of world fossil fuel supplies, renewable energy
development for power generation received many attentions. Fuel cells are one of the
alternative energy resources that have recently attracted a great deal of attention. Fuel cell is a
device that converts the chemical energy of a fuel directly to electrical energy. Fuel cell has
higher energy storage capability and is a clean energy source [1-4]. Fuel Cell can serve as an
emergency energy source during long-term power outages. Fuel cells can be used as a portable
power system. The fuel cells are use in every aspect because of their clean and efficient way of
supplying electric power. The fuel cells are used in the standalone purposes at homes,
hospitals, industries and now are use in numerous vehicles. Compared with any other energy
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production technology, the fuel cells have a wider range of applications. Their potential
application ranges from systems of a few watts to megawatts.

Among the various types of fuel cell, Proton exchange membrane (PEM) fuel cell is the
most popular. PEM fuel cells show great promise for use in distributed generation electric
vehicle applications. Compared with other distributed generation technologies, such as wind
and photovoltaic (PV) generation, PEM fuel cells have the advantage that they can be placed
anywhere within the distribution system, without geographic limitations, to achieve the best
performance. In electric vehicles application, the increased desire for vehicles with less
emission has made PEM fuel cells attractive for vehicular applications since they are essentially
no pollutants emission and have high-power density and quick start [5-8].

PEM fuel cells are good energy sources to provide reliable power at steady state, but
they have a slow response. This is mainly due to their slow internal electrochemical and
thermodynamic responses [9-11]. In order to optimize the fuel cell system performance, a fuel
cell DC-DC converters is needed to develop for various applications. Another important issue is
the need for appropriate control of fuel cell DC-DC converter which can regulate the power flow
and automatically adjust output voltage of the converters to avoid rapid load voltage variations,
which may lead to a reduction of the power quality of the system.

Based on the above issues, this paper proposes an approach for fuel cell DC-DC
converter controller using dynamic evolution control. The controllers synthesis based on
dynamic evolution control theory is presented. The dynamic evolution control exploits the non-
linearity and time-varying properties of the system to make it a superior controller. A
comprehensive simulation analysis was conducted to verify the performance of the controller.
The steady-state and transient response of the system is investigated.

2. Dynamic Evolution Controller Design for Fuel Cell DC-DC Converter
2.1 Fuel Cell DC-DC Converter System Model

A valid model for fuel cell and DC-DC Converter is introduced in [12]. Circuit of this
model is illustrated in Figure 1. The circuits consist of a fuel cell generator, the boost DC-DC
converter and load. Using boost DC-DC converter, the provided output voltage to the load can
be regulated to the required voltage. The output voltage can be controlled by change the duty
cycle (d) of boost DC-DC converter.
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Figure 1. Circuit model of Fuel Cell and DC-DC Converter

The circuit of system in Figure 1 can be analyzed based on the boost converter switch
condition. When the switch is closed, the diode is reversed bias. Figure 2 shows the equivalent
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circuit of system when the switch is closed. Kirchhoff's voltage law around the path containing
the Fuel Cell, inductor, and closed switch is

V. =V (1)

When the switch is opened, the inductor current cannot change instantly, so the diode
becomes forward biased to provide a path for inductor current. Figure 3 shows the equivalent
circuit of system when the switch is opened. Assuming that the output voltage Vo is a constant,
the voltage across the inductor is

Vo=V, -V @
' i
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Figure 2. Equivalent circuit of system when the  Figure 3. Equivalent circuit of system when
switch is closed the switch is opened

The average inductor voltage must be zero for periodic operation. Expressing the
average inductor voltage over one switching period,

VL =D(V,) -@-D)(V,, -V5) =0 (3)
Solving for Vg yields

V.
n (4)

V.=
° 1-D

The average duty cycle, D, is defined as the time relationship that the switch is on relative to the
total switching period.

From (4) at steady state it can be verified that the gain ratio between output and input
voltage becomes:

M = = (5)

<|<

2.2 Synthesis of Dynamic Evolution Controller for Fuel Cell DC-DC Converter

The dynamic evolution control theory has been described in reference [3] and [4]. In
dynamic evolution control, the dynamic characteristic of system is forced to make evolution by
following an evolution path. With the selected evolution path is an exponential function as
shown in Figure 4, the value of the dynamic characteristic of system will decrease exponentially
to zero by equation

Y =Yoe™ (6)
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where, Y is the dynamic characteristic of system, Y, is the initial value of Y, and m is a design
parameter specifying the rate of evolution.

Y/\

- >t

Figure 4. Dynamic Evolution path

The dynamic evolution function of this controller can be written as

d—Y+mY:O, m>0 )
dt

Synthesis process is done to obtain the control law that guarantees the dynamic
characteristic of system decrease to zero by following the evolution path.

In case fuel cell boost DC-DC converter, this control law corresponds to the duty cycle
equation of the converter. This duty cycle equation a(vo,Vy,i ), represents a as a function of the
state vo, Vg and i.. The duty cycle equation a(vo,Vy,i\) is obtained by analyzed and substituted
the dynamic equation of the converter system into the dynamic evolution function (7).

Based on the state-space average model, the dynamics voltage and current of the fuel
cell boost DC-DC converter are given by

i
Ve = L$+vo.[1—d] (8)

N i 11gql- Yo
@ [1-d] = 9)

where L is the inductance, C the capacitance, R the load resistance, V. the fuel cell

voltage, I the inductor current, Vo the output voltage, and d the duty cycle, respectively.
Rearranging (6), the output voltage of converter can be written as:
_ di,
VO _VFC +Vo.d - LE (10)

The dynamic evolution synthesis of the controller begins by defining the state error
function (). In power electronic application, Y can be selected as a function of error voltage or
error current. Refer to [3], with the selected Y is a linear function of error voltage as (11)
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Y =kwv, (11)

err
the obtained duty cycle d is given by:

k Vet (mic-1v,,, +L T sy, —v,
dt dt 12

d=
VO

The expression for duty cycle a is the control action for the converter controller. Duty cycle
equation (12) forces the state error function Y to make evolution by following equation (6) and
decrease to zero with a decrease rate m.

From (12), we can also see that the fuel cell voltage, output voltage and inductor current
are involved in control output. The advantage is the dynamic evolution control can compensate
all of variation in the fuel cell voltage and output voltage also the change of inductor current. It
contributes to the better dynamic performance of the controlled system. Hence the voltage
output of converter converges to the converters steady state:

Vo =V, (13)

3. Research Method

A complete fuel cell and DC-DC converter system with the proposed dynamic evolution
control was modelled and simulated using MATLAB/Simulink simulation package.
Overall Simulink model of the fuel cell system is shown in Figure 5. In this work, a 65kW, 45V
PEM Fuel Cell stack is used as power source. Nominal parameters of the used fuel cell stack in
the simulation are given in Table 1.
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Figure 5. Overall Simulink model of the fuel cell system
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Table 1. Fuel Cell Nominal Parameters

Parameter Value

Stack Power:

Nominal 5998.5 W

Maximal 8325 W
Fuel Cell Resistance 0.07833 ohms
Nerst voltage of one cell (En) 1.1288 V
Nominal Utilization:

Hydrogen (H2) 99.56 %

Oxidant (02) 59.3 %
Nominal Consumption:

Fuel 60.38 slpm

Air 143.7 slpm
Exchange current 0.29197 A
Exchange coeficient 0.60645
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Figure 6. V-l and P-I Characteristic of the used Fuel Cell
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Figure 7. The demanded Load Current
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Figure 8. Voltage and Current of Fuel Cell
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Figure 9. Output Voltage and Load Current
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In this work, the performace of fuel cell converter system is tested under step load
change condition. This test aims to see the ability of the fuel cell converter to regulate output
voltage during a sudden load change condition. Here the situation where the initial load is set to
20A. At time is 8 second, the load demad is sudently changes to 40A. This load
change condition is done by closing the load switch on the simulation model. The control goal is
to regulate output voltage, Vo=100V. The reference voltage is set at 100V during the operation.

4. Simulation Result

A comprehensive simulation analysis was conducted to verify the fuel cell DC-DC
converter system performance. The performance of dynamic evolution control under step load
condition is tested through simulation by using MATLAB SIMULINK. The V-1 and P-I
characteristics of the used fuel cell are shown in Figure 6, whereas the demanded load current
for a period of time is in Figure 7. The simulation waveform of fuel cell voltage and current are
shown in Figure 8, while the output voltage and load current are shown in Figure 9.

The simulation waveform shown that when the step load changes condition occured,
the fuel cell and load current are increase, but the DC-DC converter output voltage is still
maintain in the same level. This condition indicates that the controllers accomplish to regulate
the converter output voltage keep on steady-state at 100V reference. In the previous research
[3], [4], the controller also has successfully controlled bidirectional DC-DC converter for
interfacing ultracapacitor energy storage to fuel cell system. Therefore, the controller can be
employed as alternative control for DC-DC converter.

5. Conclusion

This paper presents a dynamic evolution control for fuel cell DC-DC converter. The
performance of dynamic evolution control under step load variation condition has been tested.
From the simulation that have been done, the dynamic evolution control shown the advantages
such as fast response and good transient performance. Simulation results show the dynamic
evolution control law is insensitive to the input and parameter variations. The controller
accomplishes to regulate the converter output voltage keep on steady-state at 100V reference.
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