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A Novel Quasi Z-Source based DC-DC
Converter with High Voltage Gain in Photo
\oltaic applications
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Abstract: Continuous increase in the demand of electricity
around the globe has created a great interest in the renewable
energy sources. In the recent years Photo Voltaic (PV) power
generation has emerged out to be a considerable solution to
world energy crisis. The major problem encountered in the
implementation of PV is its low voltage output. This study
proposes a converter having capability of high voltage boost. The
proposed converter utilizes switched capacitors and switched
inductors to uplift the output voltage of dc-dc converter. The
proposed topology also offers a bonus of reduces voltage stress
on the circuit components and thus improved reliability.
MATLAB Simulation and the derived results display an
improved voltage gain reduced stress. The simulation model also
includes PV module to examine converter’s adaptability with PV
module.

Index Terms: Quasi Z-Source, dc-dc converter, Voltage gain,
PV.

I. INTRODUCTION

In the recent days the conflict between the energy
requirement and the fossil fuel supply has been a concern for
human development. This in turn has made the renewable
energy sources the need of the hour and a popular energy
source. Photovoltaic (PV) has emerged as a significant
contributor in the world’s energy collection because it is
clean, emission-free, and has high reliability [1].

One of the biggest hurdle in the way of using the solar
energy is the low output voltage of the PV arrays. The
conventional bridge structures boost converters are found to
have following inherited shortcomings in case of VVoltage fed
converters [20]

e Both switches of a single phase leg cannot be gated
simultaneously. Else, a shoot-through would take place
and damage the switches which adversely effects the
converter’s reliability.

e An additional snubber circuit, required to prevent the
voltage overshoot in secondary rectifier diode may
reduce efficiency of the converter and reliability of the
system.

Similarly the current source fed full bridge converter
exhibits the following limitations
¢ Inany case one of the upper group switches and one of the

lower group switches has to be gated ON and maintained
ON at any instant else the dc inductor will be open
circuited and will destroy the devices. It is a major issue
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while speaking of reliability.

Because of above mentioned limitations a new topology of
DC-DC converters came into picture and generally known as
Z- Source converters [3]. When the ZSC is used for boost
action it displays several disadvantages such as the
discontinuous input current and high voltage stress on the
capacitor[21]. In order to eliminate the disadvantages of the
ZSC a new circuit topology with modified structure of the ZS,
known as Quasi Z-Source was introduced. Basic structure of
a conventional QZS based dc-dc converter is shown in Fig. 1.
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Fig. 1. Quasi Z-Source DC-Dc.Converter

The QZS based DC-DC converter offers several
advantages such as high reliability and higher voltage gain
then the traditional ZS DC-DC converter at less number of
elements. But it still suffers from a disadvantage of low
voltage gain. A lot of research has taken place to improve the
voltage gain of the QZS based converters. [36]-[37] proposed
use of coupled inductors for the purpose of improvement of
voltage gain of the QZS based DC-DC converter. Use of
cascaded QZS converters was proposed in [38]-[42] but use
of multiple stages provides improved voltage gain at a cost of
remarkable increased number of components. Due to this
high power loss, low efficiency, low reliability was noticed.
Hence, this method is also not found to be a suitable and
optimized solution.

[44] proposed use of switched inductors. This topology
used one inductor and three diodes along with the traditional
QZS DC-DC converter. The proposed topology could obtain
high voltage gain but involved limitations like restricted duty
cycle and amplified voltage stress on the diodes and switches.
In line of the same use of switched capacitors was suggested
in [45] but the issues found with switched inductors still
remained.

This paper presents a novel QZS based dc-dc converter
that is equipped with a combination of switched inductors
and capacitors to achieve a
high voltage gain.
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1. ANOVEL QZS BASED DC-DC CONVERTER

Quasi Z-Source (QZS) converter shown in fig. 1 has been
suggested to be the most useful converter to serve the above
mentioned purpose. Though it is suitable for variety of
applications but still has a limitation of low voltage gain and
difficult to employ in high voltage applications.

In this study we propose a new circuit topology to achieve
high boost QZS DC-DC converter. As shown in fig. 2, in this
topology four switched capacitors and one switched inductor
are also used to increase the boost capability of the converter.

Fig. 2. A novel high voltage gain QZS DC-DC converter
The operation of the novel converter includes three
operating modes. The general relation for the duty cycle of
the switch stands like:
D="= ()
The on time of the switch is then stand equal to DT and the
off time is given by(1 — I T.

A. Model (e =t =Ty)

Fig. 3 displays equivalent circuit of the novel converter in
mode I. Here, charging of L; and L, takes place by C; and C,
and L is charged by Capacitor C; and the load. Therefore,
the inductors Ly, L, and L3, and the capacitor C4 get charged.
Whereas, the voltages across C;, C,, Cs, Cs and Cg get
discharged.

 Ips
-
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Fig. 3. Equivalent circuit of the proposed converter for mode |
Through the application of the KVL following relations
can be drawn for mode | operation of the novel converter.

vy = W+ Ve 2
vy =W — Ve — V@ — Ve — Vs 3)
oz = Vo1 ()
Fra = Vg — Vg 5)

B. Mode Il ((: =t =Ty

The 2™ mode of operation begins when the switch is
turned off. In this mode, D;, D; and D, are forward biased,
while, D, and Ds are reverse biased. The duty cycle of the
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mode Il is symbolized by D". In this mode, the capacitors C,
C,, and C; get charged through inductors L; and L,. Cs is
also charged through the path provided by D,.
Simultaneously the inductor L; and capacitor C, charge the
capacitor Cs. Consequently, the capacitors C4, C,, Cs, Cs and
Ce get charged, while, the capacitor C, and the inductors L,
L,, and L are discharged.

By applying KVL to Mode 1l the following relationships
can be deduced

vy =W —va (6)
Fr1 = Vez — Vg (7
Vpg = Vpy — Ve T Vo — Vs ©)
FPrz = Ve €)
vig = W+ ve — Ve — Ve (10)

C. Mode Il (Fz=t=T)

As indicated in mode Il of the operation of the novel
converter the voltage across the capacitor C, falls and the

voltage across capacitor Cs rises. As Yecs equates ¥c=, D, gets
forward biased and starts conducting. Mode Il of the
operation begins with conduction of D,. In this mode, the
switch is still remains off, D;, D; and D, are forward biased,
and D, and Ds are reverse biased. During this mode,
capacitors Cz and Cs are charged through L; and L, and also
capacitor Cg is charged over the path provided by D,. Amidst
this, due to the conduction of D,, the capacitors C, and Cs
forms parallel connection and are charged through La.
Consequently, the capacitors Cy, C,, Cs, C4, Cs and Cq get
discharged and the inductors Lj, L, and L; get charged.
following relation can also be found true for mode 111

Vi1 = Py

D. Steady State Analysis

The voltage balance law for inductor L; gives the
following relation
V; = (1 - Dlvg + D =0 12)

Similarly, application of Voltage balance law for inductor

L, gives
o
1-09 Py (13)

By substituting vc, from (13) into (12) Vc; and V¢, in the

steady state can be written as
1-D

Ve = () W; (14)
Ve = (20 (15)

When the voltage balance law is applied to inductor L,
using equation (2) and (7) the following expression can be
formed
D{Fl + 'l:"c::] + {1 - D:] {V"c: - 17";5:] =0 (16)

By replacing the value of V¢, in equation (16) from
equation (15) gives

Ves = (Z=)W; (17)
Through the application of voltage balance law for
inductor L3 from the equations (5) and (10) gives the

following relation

11)

Ve =
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Dilvg — vy ) + 1 — DNV, + v — vy — v ) =0
(18)
Replacement of V¢ from (17) to (18) gives that

(19)
Application of voltage balance law for inductor L, using
(4) and (8) gives the following relation
Dvey + (1 = DIvgy — v + vy —ves) =0 (20)
Replacing V¢, and (Vz — V) from (14) and (19)
respectively into the above relation gives expression for Vs
as follows
1
(= )w (21)
Now, when voltage balance law is applied for L3 using (5)
and (10) the following expression can be derived
—vgy + (D + D' —D'(V; + vg) = 0 (22)
Substitution of values from (17) and (19) into above
relationship gives
L r
(@) Vi (23)
(& )w (24)
Application of voltage balance law for L; from (3) and (6)
gives the following expression
DIV + v — v —ves —vee) + 1 —DI (W — vy ) =0
(25)
While we replace all steady state capacitor voltages in
above expression from (14), (15), (17), (21), (23) and (24) it
gives trhe relation for voltage gain as

F o=
cs —

r p—
-

r p—
ci —

., _ W I+D
c= v T iw (26)
The general relation for an inductor on a switching period
is given by
— D
L= Tan 27)

Replacing the values of capacitor voltages in the equations
of inductor voltages gives the following relation

. ey =D Y oy
Vi =V = (22
1-D % ..
(1—:;‘}) 1.':
Using the values of V4, V|5, and V3 in equation (27)
gives us the following expressions

(28)

Viz

(29)

L,=1L, = (f_}i)ﬁ (30)
L = () o (31)

Al is an indication of ripple current which is 10% of the
input current for L; and L, and 50% of the output current for

L gives the following relations
ov;?

1-p
L=l = (1—:1:') (0L Pife (33)
D1-D)(2+DY] DV
L, = [ [1-1;2 ][D-EJFmL— 39

Similarly, a general relation for a capacitor over a
switching period is given by
Dip
=— 35
AT (35)
In above equation A¥: is the ripple voltage for the
capacitor and considered to be 2% of the voltage across

capacitor. As the voltages across C;, C,, Cs, C4, Cs and Cq
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has already been calculated and the voltage across C, is equal
to V,, the capacitor values can be obtained as

Fin

€= [%] i =
C2=(1-2D) o
€z = [DI::;D:I :] [D.L‘::IEE[:I: >
Ca=C:=Cg= [l_j :] ﬁ .
C=0-0 () o= 4o

I1l. MATLAB/SIMULINK MODEL OF THE
PROPOSED CONVERTERWITH CONSTANT DC
SOURCE AND PHOTO VOLTAIC ARRAY

All the simulations are performed in MATLAB Simulink
version R2016a.
A. Simulation of basic structure of the proposed novel
QZS based DC-DC converter with constant DC source
Fig. 4. shows simulation model for the proposed converter.

The simulation parameters are shown in table 1.
TABLE I. Parameters used for simulation

Input Voltage CG&C,

(Vin)

C3,C4, G5, Ge& Cp | Ly, L& L Ru

100V 330 pF 100 pF 3mH 500 Q

78

As shown in Fig 4 a DC voltage of 100 Volt is applied to
the proposed converter structure. The converter includes 3
inductor of 3 mH and 6 capacitors to derive the proposed
topology. The inductor L;& L, and capacitors C;& C, forms
the Z-Source circuit. While the inductor Ls; and capacitors
Cs, Cy4, C5 & Cg are used as switched inductors and switched
capacitors. A resistive load of 500 Q is used to collect the
output. A capacitor Cyis connected across the load to make
the output voltage stable.

The switch used hereby is an Insulated Gate Bipolar
Transistor (IGBT) controlled through the gate signal
provided by a pulse generator having a switching frequency
of 40 KHz. The system also includes five diodes for switching
the inductors and capacitors.

HLi:'—l-—'—-—\HE

Fig. 4. Simulation model for QZS based DC-DC converter
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B. Simulation Model of the proposed converter with
Photo Voltaic array

In order to examine the feasibility of the proposed
converter with PV application another simulation is
performed in the same Simulink environment by connecting
the proposed converter with a PV array.

The PV array used for the simulation is the ‘Soltech
1STH-350-WH’ with two series connected strings.

A capacitor of 100 UF is connected across the PV array to
maintain constant output voltage from the array. The
simulation model of the proposed converter connected to a
PV array has been displayed in Fig 5. The PV array was
supplied with a constant irradiation of 1000 W/m? and
temperature of 25° C.

e ® L

CHp

T

5
i

-G

O

Fig. 6. Simulation model of the conventional Quasi Z-Source based DC-DC

(w/m?) (o)
1 1000 25 0.43
2 1000 35 0.43
3 1000 45 0.43
4 500 25 0.35
5 500 35 0.35
6 500 45 0.35
7 250 25 0.30
8 250 35 0.30
9 250 45 0.30

converter
Table 11. Maximum Power Point parameters of the PV array
S.N. Irradiation Temp. Pmep Iviep Vwver
(W/m?) (o] (watts) (Amp.) (volts)
1 1000 25 700 9.4 86
2 1000 35 675 8.2 82.1
3 1000 45 650 8.3 78.4

C. Variants of input for verification of results

The operation of proposed converter is verified by
applying different variants of input to the converter. Table 111
shows the details of variants applied to the PV module used to
supply the input voltage to the converter. The duty cycle is
also varied to verify the expression of voltage gain derived in
equation (26)

Table 111, Variants of supply for PV module

Sr.N. | Irradiation | Temperature | Duty Cycle
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IV. RESULTS OF SIMULATION AND DISCUSSION
OF RESULTS

A. Simulation results obtained by connecting the
proposed converter with the dc voltage source

Output Voltage of Proposed converter with DC voltage source
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Fig. 7. Output voltage of the proposed converter with dc voltage source

As displayed in the results of Fig. 7 the output voltage
received against the input voltage of 100 Volts is around
1500 Volts. According to the expression derived for voltage
gain in equation (26) the voltage gain for a duty cycle of 0.43
should fall around the similar range as found in the
simulation results. Furthermore, it is also notable that the
output voltage obtained after the proposed converter is
smooth enough for being accepted in all kinds of industrial
applications and contains allowable ripples.

Output Voltage of Conventional QZS converter with DC voltage source
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Fig. 8. Output Voltage of the conventional converter with dc voltage source

While we compare the voltage output of the proposed
converter with the output voltage of the conventional
converter it is found that the conventional converter provides
the output voltage of 687 Volts while connected to the dc
voltage source of 100 Volts and operated at a duty cycle of
0.43 for the switch.
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It can be noticed that the voltage output of the
conventional converter is quite low as compared to the
voltage output of 1500 Volts received with the proposed
converter while operated at similar duty cycle of the switch
and supplied with same input voltage of 100 Volts. If can also
be noticed from the two waveforms that the output voltage
obtained with the proposed converter is smoother than the
output voltage obtained with the conventional converter.

Fig. 09 show the voltage gain versus duty cycle graph for
the proposed converter. As shown in the Fig. 09 the proposed
converter displays a smooth relationship between duty cycle
and the converter voltage gain. It has also been indicated by
the above graph that the proposed converter offers a very
high voltage gain and the duty cycle is not limited. The duty
cycle of the converter can be varied up to 0.5 and boost action
can be maintained.

Relation between voltage gain and duty cycle for proposed converter

20

Voltage Gain (Vg)

[} D.‘DS 0.1 0.15 0:2 0.25 0.3 0.35 04 0.45 0.5
Duty Cycle (D)

Fig. 09. Relation between the voltage gain and the duty cycle for proposed

converter

It can also be noticed from the graph that the slop of the
curve is also mild. The aforementioned observation can lead
us to the conclusion that a very high voltage gain can be
achieved with the proposed converter with the sage distance
from Dmax.

B. Comparison between input and output voltage of the
proposed converter for variety of inputs for PV module

In line of the same further simulations were performed
with a PV module to check the feasibility of the proposed
converters with renewable energy sources.

Comparison of input and output voltage of proposed converters at
irradiation of 250 W/m2 and Temperature of 25° C
T T T
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Fig. 10. Comparison of input and output voltage of the proposed converter at
Irradiation of 250 W/m? and 25° C Temperature

As shown in Fig. 10 the output voltage received at the
irradiation of 250 W/m? and 25° C temperature the output
voltage received is 162.4 Volts against the input voltage of
30.9 Volts.

Similarly, the output voltage received at the irradiation
input of 250 W/m? and 35° C temperature is 164.1 Volts
against the input voltage of 31 Volts and the output voltage
was having less harmonics. The waveforms obtained for
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input and out voltage are shown in Fig. 11 clearly displays
the uniformity of the output voltage as compared to the input
supplied to the converter circuit.

Comparison of input and output voltage of proposed converters at
irradiation of 250 W/m2 and Temperature of 35° C

160 - e

140 e Vin| |
IR S Vo
120 =
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W

o 0.05 0.1 0.15 0.2 0.25 0.3
Time (Sec)

Fig. 11 Comparison of input and output voltage of the proposed converter at
Irradiation of 250 W/m? and 35° C Temperature

Fig. 12 shows the output voltage and input voltage
waveforms for irradiation input of 250 W/m? and 45° C
temperature. The output voltage received is 165.7 Volts
against the input voltage of 31.5 Volts.

Fig. 13 gives the input and output voltage at the input of
500 W/m? irradiation and 25° C temperature. The output
voltage is observed to be at the level of 237 Volts for the input
voltage of 33 Volts.

The output voltage received at the input of 500 W/m?
irradiation and 35° C temperature is 239 Volts while the
input voltage is at 33 Volts. The waveforms are shown in Fig.
14. As shown in the figure the output voltage is still smoother
than the input voltage.

Comparison of input and output voltage of proposed converters at
irradiation of 250 W/m2 and Temperature of 45° C
T T T

2
1
‘
[
|

140 —Vo
120! A
] sl
5100 /
2 v
g 80 -2
]
Z 60 /
i
S /
w0
zn-/"'
ol
0 0.05 0.1 0.15 0.2 0.25 03

Time (Sec)

Fig. 12. Comparison of input and output voltage of the proposed converter at
Irradiation of 250 W/m? and 45° C Temperature

Comparison of input and output voltage of proposed converters at
irradiation of 500 W/m2 and Temperature of 25° C
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Fig. 13 Comparison of input and output voltage of the proposed converter at
Irradiation of 500 W/m? and 25° C Temperature
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Comparison of input and output voltage of proposed converters at

irradiation of 500 W/m2 and Temperature of 35° C
250 T , <
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Fig. 14. Comparison of input and output voltage of the proposed converter at
Irradiation of 500 W/m? and 35° C Temperature

For the input irradiation of 500 W/m? and 45° C
temperature the output voltage is 241.2 Volts against the
input voltage of 33.5 Volts. The input and output voltage
waveforms are shown in the Fig. 15.

Fig. 16 displays the input and output voltage for the input
of 1000 W/m? irradiation and 25° C temperature. The output
voltage is found to be 217.25 Volts while the input voltage is
16 Volts. The voltage gain shows significant improvement at
the duty cycle of 0.43.

The output voltage is 219.2 Volts against the input voltage
of 16 Volts for the input irradiation of 1000 W/m? and
temperature of 35° C. The input and output voltage
waveforms are shown in Fig. 17.

Finally the PV module is supplied with irradiation of 1000
W/m? and temperature of 45° C. The input voltage applied to
the converter is 16.1 Volts and the output voltage obtained
from the converter is 221.1 Volts. The input and output
voltage are displayed in Fig. 18.

Comparison of input and output voltage of proposed converters at
irradiation of 500 W/m2 and Temperature of 45° C
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Fig. 15. Comparison of input and output voltage of the proposed converter at
Irradiation of 500 W/m? and 45° C Temperature

Comparison of input and output voltage of proposed converters at
irradiation of 1000 W/m2 and Temperature of 25° C
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Fig. 16. Comparison of input and output voltage of the proposed converter at
Irradiation of 1000 W/m? and 25° C Temperature
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Comparison of input and output voltage of proposed converters at
irradiation of 1000 W/m2 and Temperature of 35° C
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Fig. 17. Comparison of input and output voltage of the proposed converter at
Irradiation of 1000 W/m? and 35° C Temperature

The results shown up to now displays that the output voltage
obtained from the proposed converter is ripple free and offers
an adjustable voltage gain. Any desired output voltage can be
obtained by adjusting the duty cycle of the converter.

Comparison of input and output voltage of proposed converters at
irradiation of 1000 W/m2 and Temperature of 45° C

200 - P e

Voltage (Volits)
3
=

0.15 0.2
Time (Sec)

0.25 0.3

Fig. 18. Comparison of input and output voltage of the proposed converter at
Irradiation of 1000 W/m? and 45° C Temperature

C. Voltage Gain comparison between proposed
converter and conventional QZS dc-dc converter for
various input conditions of the PV module

Fig. 19 shows voltage gain response of both proposed
converter and conventional QZS based dc-dc converter. It is
clearly observable from the figure that the voltage gain
offered by the proposed converter is considerably higher than
that of the conventional converter. The voltage gain achieved
with the proposed converter is 5.42 where the same with the
conventional converter is 2.45 while the PV module is fed
with irradiation of 250 W/m2 and temperature of 25° C.

Voltage gain comparison at irradiation of 250 W/m2 and Temperature of 25° C

Conventional QZS dc-dc converter
——Proposed converter

-

Voltage Gain

w > o o

. g »
L |

)

0.15 0.2 0.25 0.3

Time (Sec)
Fig. 19. Comparison of voltage gain offered by proposed converter and

Conventional QZS dc-dc converter at Irradiation of 250 W/m? and 25° C
Temperature
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Similar to the above mentioned results when the
temperature input of the PV module is changed to 35° C with
same irradiation input of 250 W/m2 the voltage gain
achieved through proposed converter is 5.39. For the similar
input conditions the voltage gain offered by the conventional
converter is 2.44. The results obtained by the simulation are
displayed in Fig. 20.

ge gain comparison at ir

" of 250 W/m2 and Temperature of 35° C

b Conventional QZS dc-dc converter|

Proposed converter

6l
o i\/\/\/\,\/\/\pA/\/\/\A/\/\/\/\,\/\/\/\/\f\/vW
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(U]
b4
A
-
S3

2

e

0 L I

0.15 0.2 0.25 03

Time (Sec)
Fig. 20. Comparison of voltage gain offered by proposed converter and

Conventional QZS dc-dc converter at Irradiation of 250 W/m? and 35° C
Temperature

Proceeding with the same input irradiation and another
change in the input temperature at 45° C the voltage gain has
been observed to be shifted at 5.42. The conventional
converter on the other hand offered a voltage gain of 2.44
with similar input conditions as that of the proposed
converter. The results are shown in Fig. 21.

of 250 W/m2 and Temperature of 45° C

——Conventional QZS dc-dc converter
7 Proposed converter |

§

Voltage Gain
w »
L

~

Time (Sec)

Fig. 21. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 250 W/m? and 45° C
Temperature

It is notable fact about the results discussed above that the
voltage gain received with the voltage gain is almost at a
constant level. The reason behind such type of outcome is
that the duty cycle has been maintained to be constant for all
three conditions. The duty cycle is maintained at the level of
0.30 and according to the expression derived in equation (26)
the voltage gain should be 5.85 while the simulation results
shows the voltage gain level of around 5.4 that matches the
theoretical calculation of the voltage gain.

Further comparison performed with a different irradiation
of 500 W/m2 and at temperature input of 25° C. The voltage
gain received with the proposed converter is 7.17. When the
similar input applied to the conventional converter the
voltage gain obtained is 3.25. A comparative display of
voltage gain of both the converters is shown in Fig. 21.

Similarly as shown in Fig. 22 the voltage gain of the
proposed converter for an input combination of 500 W/m2
irradiation and 35° C temperature. The voltage gain achieved
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with aforementioned combination for a proposed converter is
7.19 and the voltage gain offered with the same input
combination applied to the conventional converter is 3.25.

Next to it the temperature input is changed to 45° C and
the irradiation is kept at 500 W/m2. The voltage gain
displayed by the proposed converter is 7.19. While the
conventional converter is connected to the same PV module
the voltage gain received is 3.25. The results obtained
through simulation are shown in Fig. 23.

Voltage gain comparison at irradiation of 500 W/m2 and Temperature of 25° C
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Fig. 21. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 500 W/m? and 25° C
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Voltage gain comparison at irradiation of 500 W/m2 and Temperature of 35° C
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Fig. 22. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 500 W/m? and 35° C
Temperature

As discussed about the results shown in Fig. 21, 22 and 23,
the voltage gain lies around 7.19 and is almost constant for
all three combinations of input. The reason behind such
behavior of the converter is the constant duty cycle. The duty
cycle of the converter has been kept constant at 0.35 and thus
the voltage gain has also been witnessed to be constant. The
expected voltage gain according to the voltage gain
expression is 7.8.

The next combination of the input is made with irradiation
1000 W/m2 and temperature of 25° C. The voltage gain
received with the aforementioned input combination applied
to the proposed converter as well as the conventional
converter is shown in Fig. 24. The voltage gain derived from
the proposed converter is 13.7. In comparison to this the
voltage gain offered by the conventional converter same
input conditions is 6.78 which is considerably low. The
converter is made to operate at the duty cycle of 0.43.
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The input is varied to the combination of 1000 W/m2 and
35° C and the voltage gain with this combination is shown in
Fig. 25 for both proposed converter and as well as the
conventional converter. The voltage gain of the proposed
converter is found to be at 13.7 and the same with the
conventional converter is found to be at 6.78. The duty cycle
is kept remaining at 0.43.
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Fig. 23. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 500 W/m? and 45° C
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Voltage gain comparison at irradiation of 1000 W/m2 and Temperature of 25° C
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Fig. 26. Comparison of voltage gain offered by proposed converter and

Conventional QZS dc-dc converter at Irradiation of 1000 W/m? and 25° C
Temperature

The final combination is made with irradiation of 1000
W/m2 and temperature of 45° C and supplied to the PV
module connected to the input of the converter under
observation. The result obtained through simulation are
shown in Fig. 26. The duty cycle is still kept constant at 0.43.
The proposed converter provided a voltage gain of 13.8 under
above mentioned conditions while the conventional
converter could achieve a voltage gain of 6.78.

Voltage gain comparison at irradiation of 1000 W/m2 and Temperature of 35° C
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Fig. 25. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 1000 W/m? and 35° C
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Voltage gain comparison at irradiation of 1000 W/m2 and Temperature of 45° C
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Fig. 26. Comparison of voltage gain offered by proposed converter and
Conventional QZS dc-dc converter at Irradiation of 1000 W/m? and 45° C
Temperature

D. Comparison of proposed converter with other QZS
based dc-dc converter topologies

As shown in Table IV the proposed converter can achieve
higher voltage gain than the other topologies of QZS based
converters. It displays capability of high step up with less
number of switches and without any limitation of the duty
cycle as compared to the other topologies of QZS converters.
It has also been displayed that the duty cycle of the switch can
be varied to the maximum value of 50%.

In order to provide a comparison of voltage gain among
various QZS based converter topologies a comparative graph
is prepared. The graph is displayed in Fig. 27 where variation
of voltage gain against the duty cycle is shown for different
converter topologies. From a close investigation it can be
noticed that the curves has steeper slop for the QZS
converters other than the proposed converters while duty
cycle is near Dpgy.

In order to provide a comparison of voltage gain among
various QZS based converter topologies a comparative graph
is prepared. The graph is displayed in Fig. 27 where variation
of voltage gain against the duty cycle is shown for different
converter topologies. From a close investigation it can be
noticed that the curves has steeper slop for the QZS
converters other than the proposed converters while duty
cycle is near Dpgy.

The above mentioned observation lead us to a conclusion
that the while explained theoretically, it is possible for other
converters also to achieve a high voltage gain. But the same
is less probable is achieve in actual practice. On the other
hand the voltage gain versus duty cycle curve shows a mild
slope and can be stated to be capable of delivering high
voltage gain even if it is operated at duty cycle near to Dyay.

When we compare the QZS based converters in terms of
voltage stress it is found that the voltage stress on the
switches is higher for the converter topologies presented in
[42], [43], [44] and [45] and it is equal to the output voltage.
Similar concern is the voltage stress observed at the diodes
which has also been found to be equal to the output voltage
and in some cases greater than that.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



Table 1VV: Comparison of the proposed converter with
other QZS based technology
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Voltage gain comparison of all QZS based converters
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Fig. 27. Voltage gain comparison between proposed converter and other QZS
based converter topologies

Therefore, it can be conclude that the in case of the QZS
converters other than the proposed converter although the
voltage gain is improved but at the same time voltage stress
on the diodes and switches is also significantly increased.
The aforementioned effect may cause and adverse effect on
reliability of the components and consequently reduces
reliability of overall system.

Furthermore, the increased voltage stress also lead to the
requirement of high voltage and rating switches. While the
converters are used for high voltage applications the power
and voltage rating required for the switches and diodes is
even higher than that of the load. This consequents high cost
of the system. In addition to this high voltage stress also leads
to high power loss and lower efficiency of the converter and
restricts voltage gain of the converter in practical
applications.

In contrast while the proposed converter is used to achieve
high step up of voltage for high voltage gain application the
voltage stress on the switches and diodes is quite less as
compared to the other QZS based converter topologies. Thus
it is possible to obtain very high voltage with the proposed
converter in practical applications also. As per the above
discussion the achievement of high voltage gain without
limiting the duty cycle of the converter and without
increasing voltage stress on the switching devices and diodes
can be considered as main advantages of the proposed
converter over the other QZS converter topologies. This also
leads us to the conclusion that the proposed converter is more
reliable and efficient due to
low voltage stress.
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The proposed converter is also capable of multiplying its
voltage gain by adding extra stages to its existing structure.
The number of stages can be increased by reparation of the
portion that consist of Cs, C4, Dy, and Ls. The voltage gain
relationship for K-stage configuration of the proposed
converter is given in equation (41).

I+ED
1-20 (41)

Equation (41) illustrates that any level of desired voltage
gain can be achieved by using multiple stages of proposed
converter. It should also be noted that the voltage stress on
the switches and diodes as well as the availability of voltage
gain up to 50% is still persists with multistage use of the
proposed converter.

After discussing the benefits of the proposed converter is
worthwhile mentioning that when compared other QZS
based converter topologies the proposed converter includes a
drawback that the input and output does not share a common
ground. This concern is only considerable when it is
necessary to have a common ground between input and
output.

Ve =

V. CONCLUSION

As per the proposed work a QZS based dc-dc converter is
derived which is able to provide high voltage gain and can
derive a high voltage output while connected to low voltage
output of a PV module. During this chapter the advantages of
proposed converter over the other converter topologies of
QZS based converters are mentioned. The aim of the
proposed work was to derive a boost converter for PV
applications in order to achieve its suitability for high voltage
applications.

The performance of the proposed converter is examined
through MATLAB simulation for various conditions of the
input. A comparative study is also performed in order to
identify superiority of the proposed converter over other QZS
based dc-dc converters. The theoretical explanations and the
simulation results obtained lead us to the following
conclusions.

1. The proposed converter can resolve the issue of low
voltage gain of the basic QZS based converter.
2.1t performs the above mentioned action without

increasing the voltage stress on switching devices
and the diodes.

3. The proposed converter provided a wide range of duty
cycle up to the maximum value of 0.5.

4. Low voltage stress feature of the proposed converter
equips it with high reliability and efficiency.

5. It is also possible for the novel converter to multiply
its voltage gain with multiple stages of the
proposed structure and it also noticed that the
voltage stress on switches and diodes remains
unchanged even after using multiple stages of the
proposed converter.

The study also presented a comparison of proposed novel
QZS based dc-dc converter and other topologies of QZS
based converters. Keeping in view the results obtained
through the comparison the preeminence of the proposed
converter is also confirmed in terms of voltage gain, duty
cycle limitation, voltage stress and consequently reliability
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and efficiency. Through the simulation results it was
confirmed that the proposed novel converter can offer a
voltage gain even up to 15 at a duty cycle of 0.43. This means
a considerable voltage gain at a significant margin from its
maximum duty cycle which is 0.5.

Owing to the confirmed benefits of the proposed novel
converter such continuous input current, high voltage gain
and low voltage stress it can be an appropriate option for
variety of applications of low voltage output generations such
as Photovoltaic system and fuel cells.
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