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Abstract

An Electrolyser is part of a renewable energy system (RES) and generates hydrogen from water electrolysis that
is used in fuel cells. A static DC-DC converter is required to couple the Electrolyser to the system DC bus. This
paper presents the design of three soft-switched high-frequency transformer isolated DC-DC converters for this
application based on the given specifications. It is shown that LCL- type series resonant converter with capacitive
output filter is suitable for this application. Detailed theoretical and simulation results are presented. Due to the
wide variation in input voltage and load current, no converter can maintain zero-voltage switching for the complete
operating range. The experimental results are compared with the simulation results and they are almost similar.

I. INTRODUCTION

A renewable energy system (RES) converts the
energy found in sunlight, wind, falling water, waves |,
geothermal heat, or biomass into a useable form, such
as heat or electricity, A typical RES that is under
development at the Institute for Integrated Energy
Systems (IES Vic) laboratory , University of Victoria is
shown in Fig. 1, Renewable energy storage in the form
of hydrogen may overcome the inherent weakness of
battery based energy storage systems like physical
size, limited life span, initial capital cost of the battery
bank coupled with transportation, maintenance , and
battery disposal issues.
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Fig. 1 Block Diagram of a typical Renewable Energy
System

During periods when the renewable resources
exceed the load demand, hydrogen would be generated
and stored through water electrolysis. For this purpose
Electrolyser, which breaks water in to hydrogen and
oxygen is used as an integral part of RES in Fig. 1.
During periods when the load demand exceeds the
renewable resource input, a fuel cell operating on the
stored hydrogen would provide the balance of power.

To ensure proper flow of power between the
systems elements, the available energy form different
sources are coupled to a low voltage DC bus. A direct
connection of DC bus to the Electrolyser is not suitable
because it lacks the ability to control the power flow
between the renewable input source and the
Electrolyser. Therefore, a power conditioning system,
usually a DC-DC converter is required to couple the
Electrolyser to the system bus.

Il. SPECIFICATIONS AND POSSIBLE CONVERTER
CONCIGURATIONS

The major specifications of the dc-to-dc converter
for the present application are: Maximum output
power=7.2 kw; input DC voltage = 40 V to 60 V: output
Dc Voltage = 40 V to 60 V; output current range= 40
A at 60 V and linearly derated to 10 A at 40 V; output
voltage ripple= 100 mV; electrical isolation between
input and output.

High Bfrequency (HF) transformer isolated, HF
switching dc-to-dc converters are suitable for this
application due to their small size. Light weight and
reduced cost. To increase their efficiency and to further
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increase the switching frequency wile reducing the size,
cost and EMI problems soft-switching techniques (1-12)
will be used in this paper, Due to the high power
requirement, an interleaved, Multi-cell configuration
(13-14) that uses 3-cells (each rated at 2.4 kW) in
parallel (both at the input and output) with each cell
being phase shifted by 120 (= 360/3) is adopted. Each
cell shares equal power and the thermal losses are
distributed uniformly among the cells. Also, the
input/output  ripple is three times the switching
frequency.

There are three major types of HF transformer
isolated  soft- switching convertor configurations
possible: (a) Voltage fed resonant converters (1-8) ; (b)
current fed resonant converters (1); and (c) fixed B
frequency resonant transition zero-voltage switching
(ZVS) PWM bridge converter (6-12) Our studies show
that current fed resonant converters require HF
switches rated at 5 to 6 times the input voltage
(reducing the efficiency) in the present application and
therefore they are not considered further. Voltage fed
resonant converters can be operated either in variable
frequency mode or fixed frequency mode. But the
operation in variable frequency mode suffers form
several disadvantages: wide variation in switching
frequency making the design of filters and control circuit
difficult. Therefore, fixed frequency operation is adopted
in this paper.

From the above discussions, we are left with
mainly the following six soft-switching converter
configurations for the Electrolyer application.

1. Fixed B frequency series resonant converter
(SRC) (3)

2. Fixed Bfrequency paralled resonant converter
(PRC) (4)

3. Fixed B frequency series-parallel or LCC B Type
resonant converter (SPRC) (5)

4.  Fixed B frequency LCL series resonant converter
(SRC) with a capacitive output filter (6,7)

5. Fixed B frequency LCL SRC with an inductive
output filter (8)

6.  Fixed Bfrequency phase-shifted ZVS PWM full B
bridge converter ( 9-11)

Among the above six converter configurations,
the SRC and SPRC can operate with the ZVS, only

7

for very narrow variations in supply and load variations
in the present applications. In the case of PRC, the
inerter peak current does not decrease much with
reduction in the load current and there is no coupling
capacitor in series with the HF transformer. Therefore,
the first three configurations are not considered for
further study and we will study only the latter three
configurations. The literature [1] to [10] does not
present the closed loop simulink mode for ZVS DC to
DC converter, the objective of the paper is present
simulation and implementation of closed loop controlled
ZVS DC to DC converter.

lll. DESIGN AND COMPARISON OF SELECTED
CONVERTERS

The selected converters are designed for the
worst operating conditions of: minimum input voltage,
V in = 40 V; maximum out put voltage, V0=60 V; and
maximum output power (2.4 kW for each cell);
switching frequency, fs=100 kHz; inverter output
pulse-width, & =

A. Fixed-Frequency LCL SRC with Capacitive Output
Filter:-

The basic circuit diagram of the modified series
(LCL-type) resonant converter with capacitive output
filter and its typical operating waveforms for fixed B
frequency operation using phase-shifted gating signals.
This converter has been analyzed using the Fourier
series approach (6) and approximate analysis (7) it has
been shown that the converter operates in lagging PF
mode for a very wide change in load and the primary
switches. The Peak current through the switches
decreases with load current. The converter is designed
based on the analysis and design procedure given in
(6) the following values is found to be a near optimum
for the design specifications. Resonant inductance ratio,
L /L= = 0.1; normalized load current,

J=0.427, Converter gain, M= 0.965; normalized
switching frequency, F= 1.1; where Li== (nt2) Ly, J=(Iy/
)/ lg,Ig = Viy/ Z. Z = ( L/Cs) 2 M=(nq Vo) NVin, F=i
Uy, ug= 2fg U, = 1/(L,Cs) ™ , fg= Switching frequency.

IV DC-DC CONVERTER

DC-DC Converter for Electrolyser application is
shown below. DC is converted into high frequency AC
using an inverter. The high frequency AC is stepped
down and it is rectified using a rectifier. The DC output
of the rectifier is used to feed the electrolyser plant.
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This converter has advantages like reduced transformer Output Voltags
and filter size. o
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Fig 2a DC to DC Converter Output Voltage Vs Input Voltage
V. SIMULATION RESULTS = A
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The simulation is done using matlab simulink and
the results are presented. The simulation circuit is
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Fig. 2d. Variation of output with the input voltage is
shown in Fig. 2e. Variation of output voltage with load
is shown in Fig. 2f.

Fig 2e - Output Voltage Vs Input Voltage

Output Parameters Vs Load(R)

. &0
= /
g 30 /v
S
40
]
s 0 / —— ol
oltage
4
& 20 ——Current
£
s
S .——I—-.._.____-
a
0 3 10 15 20 23

Load(R)

Fig 2b - Driving Pulse for M1 and M2 Fig 2f Output Parameters Vs Load 7

L4
=
n

H—m +'| o} t1| HJ‘"‘*'

-._|;:;} "‘ll "‘T‘“ L, T k '

u :i .:T [ r_][ E.!%:_; [ L :_ u
L1

Fig 2c - Resonant Inverter Output Voltage

3a - Open loop circuit diagram
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3b - Input and output voltage with disturbance

Open loop system with a disturbance is shown
in Fig 3a. A step change in input is applied as shown
in Fig 3b. The output voltage also increases. Output
voltage and current are shown in Fig 3c. Closed loop
system is shown in Fig 4a. Input voltage with
disturbance is shown in Fig 4b.The output voltage and
current are shown in Fig 4c.
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3c - Output voltage and current with disturbance

4a - Closed loop Circuit diagram

4b - Input and output voltage with disturbance

output voltage

a 0.05 01 o1& 02 0.25 03

output curren t

current
R S

L L L
u} 0.05 01 o1& 02 0.25 03
time

4¢ - Output voltage and current with disturbance

VI. EXPERIMENTAL RESULTS

The hardware is fabricated and tested in the
laboratory with resistive load. Pulses required by the
MOSFETs are generated by using a microcontroller.
These pulses are amplified by using a driver amplifier.
Experimental setup is shown in Fig. 5a. AC input
voltage is shown in Fig. 5b. Driving pulses are shown
in Fig. 5¢. Inverter output without filter is shown in Fig.
5d. Inverter output with filter is shown in Fig. 5e. DC
output voltage is shown in Fig. 5f. From the Figs. 2d
and 5f, it can be seen that the experimental results
coincide with the simulation results.

Fig. 5a Experimental Setup
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Fig. 5b - AC input voltage
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Fig. 5¢ - Driving pulses

Fig. 5e - Output after LC filter

Fig. 5f - DC Output Voltage

Vil. CONCLUSION
A DC-DC converter for electrolyser plant is

simulated and implemented. The model for the closed
loop system is developed and it is used for simulation
of closed loop system. The steady state error is
reduced by tuning the parameters of Pl controller. The
DC-DC converter system has advantages like reduced
switching losses, reduced stresses and reduced EMI.
The experimental results closely agree with the
simulation results. This converter has advantages like
reduced losses sustaining stresses and reduced EMI.
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