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Abstract

As the power generating stations are located very far from the load centers, there is a necessity to transmit the power through the long
transmission lines. The transmission efficiency and voltage profile are poor, due to the large amount of line losses and voltage drop. Thus
to improve its performance, the generation of the power has to be done at the vicinity of load centers and is possible through the distrib-
uted generation (DG). The DG system consists of a boost converter which increases the dc input voltage obtained from an array of PV
cells arranged on the solar panels. In this paper, the hybrid boost converter which is a high gain step-up dc-dc converter is modeled and
analyzed for DG applications. The gain of this hybrid converter is D (duty ratio) times more than the normal boost converter and posses
the advantages like less ripple current and high efficiency. Also the dynamic performance of the converters is compared in both open and
closed loops from the simulation work carried out in MATLAB / Simulink environment.
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1. Introduction

The power generated at the power plants is transferred through
transmission lines to the load centers. In the process of this trans-
mission of electrical energy, the power loss and the voltage drop
takes place in the line and are considered as an important factors
for optimal utilization of energy. To overcome these drawbacks,
now-a-days so many researchers have been carried out their re-
search on distributed generation (DG) [1-3]. In DG system, the
power is generated at load center itself. This would minimize the
transmission line cost, power loss and also improves the voltage
profile. The installation of DG system must maximize the benefits
and at the same time it should not increase the complexity of exist-
ing power system.

The DG is possible by using renewable energy sources (RES) [4-
5]. These renewable energy sources cause no pollution and it has
global accessibility. Also, the world is more relying on the RES
rather than the conventional energy sources. Because, the conven-
tional fossil fuel sources may diminish with time. Solar energy,
wind energy, fuel cell, bio mass, tidal energy etc. falls under the
renewable energy sources. Out of all these sources, solar energy is
the most commonly used source because of its flexibility and
availability. The output voltage of photo voltaic (PV) [6-8] system
is DC and is of very less value. Therefore, utilities which are con-
necting to renewable energy source generation face challenges in
ensuring voltage regulation, stability and power quality. To meet
these challenges, the DC-DC converters [9-11] are introduced in
between the utility and generation. DC-DC converters plays vital
role in maintaining the better voltage regulation with reliability.
DC-DC converters steps up the low voltage output of PV system.
These DC-DC converters are of two types namely, isolated type
and non-isolated type where the coupled inductors are used in

both. The primary function of the DC-DC converter is to step up
the voltage level with high voltage gain based on the duty ratio of
the converter. In conventional existing converters, the voltage gain
is increased with increasing the duty ratio. In this paper, the hybrid
boost converter which is a high gain step-up dc-dc converter is
modeled and analyzed for DG applications. The gain of this hy-
brid converter is D (duty ratio) times more than the normal boost
converter and posses the advantages like less ripple current and
high efficiency. Also the dynamic performance of the converters is
compared in both open and closed loops from the simulation work
carried out in MATLAB / Simulink environment.

2. Boost converter

The conventional boost converter is shown in Fig.1. In this, the
boosting operation is carried out by the inductor connected to
input side. The switch ‘S’ is connected in parallel to the output
capacitor. The power to the load is supplied by the output capaci-
tor in the absence of source i.e during the on state of the switch
and through the inductor stored energy along with the input source
during the off state of the switch. Here, the diode is connected to
avoid discharging of capacitor through switch when switch ‘S’ is
closed.

Copyright © 2018 M. V. Sudarsan et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/

International Journal of Engineering & Technology

87

rmn N
D

. F
Vin = SJ!-
'-

Fig. 1: Boost Converter.
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The operation of boost converter is explained in two modes with
switch ON and OFF states. When switch S is ON then, the source
is short circuited through inductor and turned on switch. The con-
verter with switch in ON state is shown in Fig.2 (a). During this
period, the inductor gets charged by the supply voltage to the
source voltage Vin. Meanwhile power to the load is supplied by
the output capacitor C. Fig.2 (b) shows the boost converter with
switch in OFF state, during this period the stored energy of the
inductor is discharged to load along with the source.
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Fig. 2: Boost Converter Operation (A) Switch ‘On’ (B) Switch ‘Off’.

Therefore, voltage across load is increased and is known as boost-
ing operation. The output capacitor ‘C’ charges during switch OFF
condition. The Performance of boost converter is characterized by
the voltage gain and depends on the duty ratio D. The duty ratio is
defined as the ratio of ON time of the switch to the total time of a
switching cycle. The voltage gain of the conventional boost con-
verter is given in eq. (1) with the analysis of inductor voltage
shown in Fig.3.
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Fig. 3: Inductor Voltage Waveform of Boost Converter.

The average voltage of the inductor is made to zero, and then the
gain of the converter is
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Therefore in the conventional boost converter the voltage gain
varies from Vin to infinity with respect to the variation of the duty
ratio from 0 to 1 respectively.

3. Hybrid boost converter

The circuit diagram of hybrid boost converter is shown in Fig.4.
The topology of hybrid converter is similar to the existed boost
converter except, it has two controlled switches Si1, S2 and two
boosting inductors L1, Lo.
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Fig. 4: Hybrid Boost Converter.

The switches and inductors are connected in the Z shape. Despite
of increased count of components this configuration gives high
voltage gain for the same duty ratio as compared to conventional
boost converter.
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Fig. 5: Hybrid Boost Converter (A) Switches ‘On’ (B) Switches ‘Off’.

The circuit configurations of the hybrid boost converter during
switches ON and OFF condition are shown in Fig.5 (a) and (b).
When both switches are in ON state, both the inductors are
charged to supply voltage Vin and the power to the load is supplied
by the output capacitor. When switches are in OFF state, then the
charged inductors are discharged to the load and the output capaci-
tor gets charged. The voltage gain of the hybrid boost converter is
derived by making the average voltage of the inductors to zero
over a switching cycle and is shown in Fig.6.
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Fig. 6: Inductor Voltage Waveform of Hybrid Boost Converter.

Then the gain of the converter is
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Thus from eq. (2), the hybrid boost converter has high voltage
gain when compared with the conventional boost converter.

4. Closed loop control of converters

Fig.7 depicts the closed loop control of conventional boost con-
verter with P1 controller. The main purpose of closed loop control
is to maintain the constant output voltage even if there is a dis-
turbance in the load.
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Fig. 7: Pl Controlled Boost Converter.

To perform this, the output voltage (Vacact) is compared with the
desired voltage (Vdcrer) and the error is applied to the proportional
integral (PI) controller. The PI controller generates a reference
signal proportional to the error voltage and this reference wave-
form is compared with the saw tooth carrier signal to generate
gating pulses to the switch. This process continues until the error
voltage is zero.
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Fig. 8: Pi Controlled Hybrid Boost Converter.

Also, Fig.8 depicts the schematic diagram of the closed loop con-
trol of a hybrid boost converter with PI controller. The operation
of the closed loop control is same as that of the conventional boost
converter.

5. Simulation results

The specifications of the boost and hybrid boost converters are
described in Table 1. The performance of the converters is ana-
lysed through the simulation in MATLAB / Simulink environment
and these are designed to boost the voltage from 100V to 400V at
a switching frequency of 20 KHz.

Table 1: Specifications of the Boost and Hybrid Boost Converters

Specifications

PRI Boost Converter  Hybrid Boost Converter
DC Input Voltage (Vin) 100V 100V

Power rating (Po) 10KW 10KW

Boosting Inductor(L;,Ly) 0.75mH L;=L,=0.6mH
Switching frequency (fs) 20K Hz 20KHz

Output Capacitor (C) 120uF 96uF

Output voltage (Vouw) 400V 400V

a) Simulink models of boost and hybrid boost converter
Fig.9 shows the Simulink model of the boost converter used to
step up the DC voltage from 100V to 400V at a switching fre-
quency of 20 KHz.

poweIg

nductor Cument
|+ | S
L

¢ T W it

VSW  syich Votage

Fig. 9: Simulink Model of Boost Converter.

The output voltage and the current of the boost converter operated
for a duty ratio of 0.75 is shown in Fig.10 and settles to a steady
state values of 400V and 25A respectively at 0.018sec, with a
ripple content of 2% and 2.4%. Fig.11 shows the boosting induc-
tor voltage and current waveforms and the inductor current settles
at 100A with a ripple current of 4%. Also, the Fig’s 12 and 13
shows the voltages and currents of the switch and diode of the
boost converter.
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Fig. 10: Output Voltage and Current of Boost Converter.
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Fig. 11: Inductor Voltage and Current of Boost Converter.
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Fig. 12: Switch Voltage and Current of Boost Converter.
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Fig. 13: Diode Voltage and Current of Boost Converter.
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Fig.14 shows the Simulink model of the hybrid boost converter
used to step up the DC voltage from 100V to 400V at a switching
frequency of 20 KHz. Fig.15 shows the input voltage of 100V to
the converter and boosted output voltage of 400V from the con-
verter. This boosting is done with the hybrid boost converter at a
less value of duty ratio with 0.6 when compared to the conven-
tional boost converter with a duty ratio of 0.75. Hence, with the
duty ratio of the conventional boost converter, the hybrid boost
converter can boost the voltage to 700V. (i.e D times more than
the conventional boost converter).
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Fig. 14: Simulink Model of Hybrid Boost Converter.
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Fig. 15: Input and Output Voltages of Hybrid Boost Converter.
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Fig. 16: Input and Inductor Currents of Hybrid Boost Converter.

The inductor and input currents of the hybrid boost converter are
shown in fig.16 with a small ripple value of 2% when compared
with the conventional boost converter. The voltage and current
responses of the switches connected in Z shape and the rectifying
diode are shown in Fig. 17 (a) to (f).
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Fig. 17: Hybrid Boost Converter (A) Voltage of S; (B) Current of S; (C)

Voltage of D (D) Voltage of S; (E) Current of S, (F) Current of D.

b) Simulink of boost and hybrid boost converters in closed
loop control
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Fig. 18: Simulink of PI Controlled Boost Converter with Load Disturb-
ance.

Fig.18 depicts the Simulink model of the boost converter in closed
loop control with PI controller for maintaining the regulated volt-
age of 400V even under the disturbance of the load. The disturb-
ance of the load is done at 0.02 sec with a value of load increased
to twice.
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Fig. 19: PI Controlled Boost Converter (A) Load Current (B) Load Volt-

age.

Fig.19 (a) and (b) shows the load current and load voltage wave-
forms of the boost converter subjected to a load disturbance of
increased twice at 0.02 sec. even under this load disturbance the
converter delivers an regulated voltage of 400V and a current
increment from 12.5 A to 25 A at 0.02sec.

Fig. 20: Simulink of Pi Controlled Hybrid Boost Converter with Fixed
Load.

Fig.20 depicts the Simulink model of the hybrid boost converter in
closed loop control with PI controller for maintaining the regulat-
ed voltage of 400V with fixed load.
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Fig. 21: Simulink of Pl Controlled Hybrid Boost Converter with Fixed
Load.
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The hybrid boost converter in a closed loop is modeled with an
input voltage of 100 volts and the converter output is 400 volts
with less duty ratio than the conventional boost converter. The
output voltage waveform for a fixed load are shown in Fig.21
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Fig. 22: Simulink Diagram of the Hybrid Boost Converter with PI Control
against Load Disturbance.
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Fig. 23: PI Controlled Boost Converter (A) Load Voltage (B) Load Cur-
rent.

Fig.23 shows the load voltage and load current waveforms of the
hybrid boost converter subjected to a load disturbance of increased
twice at 0.02 sec, even under this load disturbance the converter
delivers an regulated voltage of 400V and a current increment
from 12.5 A to 25 A at 0.02sec

6. Conclusion

In this paper, the open loop and closed loop operation of conven-
tional boost converter and hybrid boost converter is analyzed. It is
observed that, the hybrid boost converter can boost up the voltage
duty times more than the voltage that is boosted by the conven-
tional boost converter for the same input voltage. Thus, to get a
boosted voltage of 400v with an input of 100V, the conventional
boost converter operates for a duty ratio of 0.75, whereas the hy-
brid boost converter delivers the same voltage for less duty ratio
of 0.6 only, therefore the switch on time reduces and the conduc-
tion losses are reduced. Even though, the number of components
required for hybrid boost converter is more, the increased output
voltage dominates the increased components count. Therefore, the
hybrid boost converter is strongly recommended than convention-
al boost converter. The circuits are modeled in Matlab/Simulink
software and results are analyzed.
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