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A COMPARISION OF RESONANT CONVERTERS
USING FUELCELL AS AN INPUT SOURCE

Abstract: An analysis has been made to prepare fuel cell in Matlab/Simulink environment in a system that is
used in Electrolyzer application. This paper focuses on designing of Series, parallel, series -parallel Resonant
Converter using fuel cell as an Input source.One key advantage that fuel cells have over battery technology is
the seemingly unlimited amount of power that can be produced as long as fuel is supplied. A comparison is also
done among all the type of converters and is shown that Series-Parallel resonant converter has less switching
losses compared to the other type of converters.
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I. INTRODUCTION

In recent years, the issue of renewable energy is becoming significant due to increasing power
demand, instability of rising oil prices and environmental problems. Among the various
renewable energy sources Fuel cell technology has been gaining more popularity due to their
higher efficiency, cleanliness and cost effective supply of powers demanded by the consumers. A
Fuel cell is an energy conversion device that converts the chemical energy of a reaction directly
into electricity with by-product of water and heat. Fuel cells are classified according to choice of
electrolyte and fuel, further fuel cells are classified based on operating temperature.

Abbreviations

ZVS  |Zero Voltage Switching

ZCS  |Zero Current Switching

PWM  Pulse Width Modulation

EMI  [Electro Magnetic Induction

SRC  |Series Resonant Converter

PRC [|Parallel Resonant Converter

SPRC [Series-Parallel Resonant Converter
FCT  |Fuel Cell Technology

Different types of fuel cells are categorized according to the electrolyte used: Proton-Exchange-
Membrane (PEM) (also called Polymer Electrolyte Membrane) fuel cells, alkaline fuel cells,
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phosphoric acid fuel cells, molten carbonate fuel cells, and solid oxide fuel cells. Optimal
operation of these fuel cell types happens at vastly different temperatures. For example, for
molten carbonate and solid oxide fuel cells the operating temperature is 600 - 1000°C. In the
following we will focus on PEM fuel cells, which operate at 60-100°C. The material properties
of polymer electrolyte membranes have made present-day fuel cells possible. This membrane,
when hydrated by absorbing water, becomes a good conductor of protons, but it does not conduct
electrons. The fuel cell makes use of these unusual properties of the membrane. The PEM fuel
cell produces electricity, water and heat using supplied hydrogen and the oxygen contained in
air. A fuel cell consists of a thin polymer electrolyte membrane separating the anode from the
cathode. A fuel cell can be damaged by a reverse current flow. Therefore current back feed into
the fuel cell must be avoided.

The power electronics interface for fuel cells often utilize DC-DC boost converters and inverters
to boost the fuel cell voltage and convert the DC voltage to AC. Fuel cell technology (FCT) is
receiving attention to address the depletion of natural resources and global environmental
concerns such as global warming and the greenhouse effect. FCT is also being proposed to move
away from non-renewable natural resources such as fossil fuels and move towards renewable
such as hydroelectric and solar power

Il. FUEL CELL

A fuel cell is a device that transforms the chemical energy from a fuel into electricity through a
chemical reaction with oxygen or alternative oxidizing agent. Hydrogen is the most common
fuel, but hydrocarbons such as natural gas and alcohols like methanol are occasionally used. Fuel
cells are different from batteries in that they need a continuous source of fuel and oxygen/air to
withstand the chemical reaction while in a battery the chemicals present in the battery counter
with each other to generate an emf. Fuel cells can produce electricity uninterruptedly for as long
as these inputs are provided.[32]
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Figure 1. PEM Fuel Cell
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Hydrogen comes into the anode side of the fuel cell. At the same time Oxygen is applied to the
cathode side. The hydrogen protons pass over PEM (Proton Exchange Membrane) while the
electrons of the hydrogen cannot pierce the membrane. The PEM is the electrolyte that permits
the protons but not the electrons. The electrons looking for the least path of resistance will flow
from the anode of the fuel cell over an electrical circuit to power electrical devices or loads and
coming back to the fuel cell via the cathode. The electrons will join with the hydrogen and
oxygen within the cell to form a water molecule which is the water vapour by product of the fuel
cell. In actuality billions of water molecules are formed. This speedy combination of elements
also generates heat. A PEM fuel cell has an ordinary operating temperature of 80 degrees C or
176 degrees F. The merging of hydrogen and oxygen elements produces free electrons which is
the preferred energy output. i.e. Electricity.

2.1 Principle of working

A Fuel cell is an energy conversion device that converts the chemical energy of a reaction into
electricity with by-product of water and heat. The fuel cell consists of an electrolyte layer in
contact with two electrodes on both side. The hydrogen fuel is fed constantly to anode electrode
and oxidant (or) oxygen from the air is fed constantly to the cathode electrode. At the anode
terminal hydrogen fuel is disintegrated into positive ions and negative ions. The intermediary
electrolyte membrane permits only the positive ions to flow from anode to cathode side and acts
as an insulator for electrons. These electrons want to recombine on the other side of the
membrane for the structure to become stable for which the few electrons moved through the
cathode side through an outward electrical circuit. The recombination of positive and negative
ions with oxidant takes place at the cathode to form exhausted oxidant or pure water. The
chemical reactions involved in the anode and cathode and its overall reactions are as given as
below:

Anode Reaction:
H2 — 2H+ + 2e_ (1)

Cathode Reaction:
1/202 + 2H+ + 2e. — H20 (2)

Overall Reaction:
H2+1/202— H20 3

The optimal range of size of fuel cell is important to locate the fuel cell in disseminated system
to meet the peak load stresses for different applications of benefits.

2.2 Fuel cell Stack

The figure shows the Fuel Cell Stack with voltage 45Vdc and the minimal power is 6kW. The
converter is burdened by an RL element of 6kW with a time constant of 1 sec. During the first 10
secs, the consumption of the hydrogen is constant to the minimal value (Uf_H2 = 99.56%) with a
fuel flow rate regulator.
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Figure 2. A 6 KW,45V DC Fuel cell Stack

After 10 secs, the flow rate regulator is bypassed and the rate of fuel is increased to the
maximum value of 85 Ipm in order to observe the discrepancy in the stack voltage. That will
disturb the stack efficiency, the fuel intake and the air intake.

Fuel cell voltage, current, DC/DC converter voltage and DC/DC converter current signals are
obtainable on the Scope2. Fuel flow rate, Hydrogen and oxygen use, fuel and air intake, and
efficiency are obtainable on the Scopel.

At t=0s, the DC/DC converter applies 100Vdc to the RL load (the initial current of the load is
0A). The fuel consumption is set to the nominal value of 99.56%. The current increases to the
value of 133A. The flow rate is repeatedly set in order to maintain the nominal fuel application.
Observe the DC bus voltage (Scope2) which is very well controlled by the converter. The peak
voltage of 122Vdc at the commencement of the simulation is caused by the short-lived state of
the voltage regulator.

At t =10 s, the fuel flow rate is increased from 50 liters per minute (Ipm) to 85 lpm during 3.5 s
reducing by doing so the hydrogen consumption. This causes an increasing of the Nernst voltage
so the fuel cell current will decrease. Hence the stack intake and the efficiency will decrease
(Scopel).

I11. CONVENTIONAL PWM CONVERTERS AND RESONANT MODE CONVERTERS

Conventional PWM converters are the most common power supplies in existing power electronic
marketplace. The PWM controllers from several venders are extensively offered for power
designer. The traditional PWM isolated converterconsists of an inverter, isolation transformer,
output rectifier and output low pass filter. The DC input voltage is chopped at a high frequency
to create square wave AC voltage. This AC voltage can be upraised and lowered with
transformer, and then it can be rectified and filtered to get a DC output voltage as per
requirement. The duty cycle of square wave regulates the amplitude of output voltage. And it can
be varied to regulate the voltage against input voltage dissimilarity.

In resonant mode converter, taking adjustable frequency control resonant converter as an
example, it works in a different way. The DC input voltage is given to high frequency inverter,
chopped into AC square wave. The AC voltage then is determined into a resonant tank which
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control energy flow to the output, through a transformer, and then rectified and filtered to obtain
a DC output voltage.

The way of resonant converter to control output voltage can be reflected as impedance divider
amongst resonant tank and output stage (resistor). The impedance of resonant tank is organized
by switching frequency of inverter to adjust output voltage against the input voltage and output
load dissimilarities. When input voltage is greater, the switching frequency is amplified to
provide greater impedance of resonant tank so that the voltage on output resistance remains
constant. While the load current is higher, output resistance is lower, switching frequency is
concentrated to keep impedance of resonant tank lower and then to adjust the output voltage.

The resonant converter can function both beyond and under the resonant frequency of resonant
tank depending on the kind of power switch apparatuses. If switching frequency is lesser than
resonant frequency, the converter can accomplish zero current switching (ZCS). If switching
frequency is greater than resonant frequency, the converter will function at zero voltage
switching (ZVS). For MOSFET as switching module, the converter operation above resonant
frequency is preferred to decrease switching loss.

In PWM converter, the AC voltage generated by chopper is a square shape waveform whichis
rich in harmonics of the fundamental. Both conducted and radiated Electromagneticinterferences
(EMI) is produced and need to be mitigated carefully. As the switches are turned on and turned
off with high currents, the switches disperse power. This type of loss is frequency reliant. As
switching frequency is high, the switching loss could be significant and even damage the part
with overheat.

Resonant mode converter certainly has the characteristic of attaining ZVS. This creates resonant
converter to produce less EMI noise than PWM converter does. Since, ZVS can be naturally
attained, the converter reduces the switching loss, it could be operated at a comparatively high
frequency, making passive filter size small for both input side and output side. As stated before
modern integrated circuits need power solution with high frequency functioning to compact the
size and develop performance of converter, resonant mode converter could be a applicant to
fulfil the duty.

IV. SERIES RESONANT CONVERTER

4.1 Series Resonant Converter using Fuel cell as an Input Source

These circuits are called as load resonant converters. The LC tank circuit is used to create
oscillating voltages and current, thus provides zero voltage/zero current switching’s.
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Figure3. Series Resonant Converter using Fuel cell as an Input Source
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In series resonant converters, the load is connected in series with the series L-C circuit through a
transformer. The transformer ac output is then rectified to get the desired dc voltage. The output
voltage can be controlled by controlling the frequency thereby controlling the L-C tank circuit
current on resonance characteristics.

The disadvantage of series resonant converter is output capacitor has to transmit high ripple
current, about 48 percent of the dc output current in magnitude. It is not appropriate for the
application of low voltage high current converter where it needs verysmall ripples. To continue
these small ripples the output capacitance required will be incredibly high. This may lead to use
huge number of capacitors and component cost may rise. While series resonant offers several
benefits such as essentially providing high impedance beside short circuit, two big disadvantages
prevent it from using for low voltage high current applications.

Simulation result for Series Resonant Converter using Fuel cell as an input source.
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Figure 4. Result for Series Resonant Converter using Fuel cell as an Input source
V. PARALLEL RESONANT CONVERTER
51 Parallel Resonant Converter using Fuel cell as an input source
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Figure 5.Parallel Resonant Converter using Fuel cell as an Input Source
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The Parallel Resonant Converter (PRC) is a dc-dc power converter. It is called parallel resonant
converter because the load is in parallel with the resonant capacitor. More precisely, this
converter must be called series resonant converter with parallel load. Since transformer primary
side is a capacitor, an inductor is added on the secondary side to match the impedance. The
characteristics of the parallel resonant converter are pretty different from those of the series
resonant converter, and from those of conventional PWM converters. The parallel topology can
both step up and step down the dc volt.

The main disadvantage of the parallel resonant converter is high circulating current and it is
comparatively independent of load. It means that the conduction loss at light load is close to that
at full load. The significance of this characteristic is low efficiency of converter at light load.

In a parallel resonant converter (PRC), the output voltage is obtained after refinement and
purifying of the resonant capacitor voltage, whereas in a series resonant converter (SRC) the
output voltage is obtained after modification and purifying of the resonant current. Mostly, when
operating at frequencies that are adequately less than the tank frequency, a SRC behaves as a
current source, whereas a PRC acts as a voltage source. Thus, in voltage regulator requests, a
PRC needs much less operating frequency range than an SRC to reimburse for load variations. A
PRC is desirable for voltage regulation applications having a wide load variation, such as
switching power supplies, mainly because of its load independent feature. Besides being
relatively load insensitive, a PRC has excellent control characteristics and delivers a good cross
regulation compared to a SRC. Other advantages of a PRC include: low losses during switching,
low EMI, low switching component stresses, low frequency control range, high frequency
operation, helpful parasitic, and simple control loop compensation. The disadvantages of a PRC
are: high complexity (relative to a PWM type switch mode power supply), high circulating
energies and secondary current limiting.

From the analysis above, it can be observed that parallel resonant converter is not a good option
although it can provide low output ripple. High conduction loss at light load prevents the
consideration.
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Figure 6. Result for Parallel Resonant Converter using Fuel cell as an Input source
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VI. SERIES - PARALLEL RESONANT CONVERTER
6.1 Series - Parallel Resonant Converter using Fuel cell as an input source
Series-Parallel Resonant Converter (SPRC) takes the good characteristics of series and parallel

resonant converter while excluding their drawbacks, such as no-load regulationissue for series
resonant converter and high circulating current at light load for parallel resonant converter.
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Figure 8. Result for Series-Parallel Resonant Converter using Fuel cell as an Input source

The circuit diagram of series- parallel resonant converter is shown in figure 7 ant the result
obtained after simulation is shown in figure 8.The operation of series-parallel resonant converter
adopts variable frequency control to regulate the output voltage. Here we can see that switching
loss is least in the series-parallel converter compared to the Series or a parallel converter.
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VIl. CONCLUSION

This paper proposes a new technique of designing Series Resonant Converter, Parallel Resonant
Converter and Series-Parallel Resonant Converter using Fuel cell as an Input source.As in PWM
converter, the AC voltage created by chopper is a square shape waveform which is rich in
harmonics of the fundamental. Both conducted and radiated Electromagnetic Interferences (EMI)
is generated and need to be mitigated carefully. As the switches are turned on and turned off with
high currents, the switches dissipate power. This type of loss is frequency dependent. As
switching frequency is high, the switching loss could be significant and even damage the part
with overheat.

A comparative study is done on all the three types of converter and as shown in the results it is
found that Series-Parallel type of converter can maintain soft switching with less switching
losses.
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