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Abstract. A novel high gain voltage lift technique based transformer free
non isolated boost converter is proposed with single switch operating at
constant frequency in this paper. This performance of this converter is very
good and high efficient compared to the conventional boost converters. The
high gain is obtained by applying voltage lift cell to the quadratic boost
converter. The simple structure, easy controlling and lower voltage stress.
The operating principle with theoretical analysis and simulation results of
proposed converter for various loads at 10 kHz frequency are discussed in
this paper to compare the performance of this novel boost converter.

1 Introduction

Nowadays, the application of dc-dc converters is increasing day by day like LED lighting
systems, hybrid electrical vehicles, servomotors, computer systems, uninterrupted power
supplies, solar photovoltaic systems and green energy systems. The power electronic
converters are used in these applications are mainly controlled by switching frequency and
pulse width modulation (PWM). In literature there are two different categories of converters
isolated and non-isolated [1]-[2]. Isolated converters need high frequency transformer for
example push pull, fly back and forward. The usage of high frequency transformer will raise
the gain of the voltage, but at the same time conduction losses will be high. The non-isolated
converters like boost, buck, buck-boost, SEPIC, CUK, and Zeta converters are not having
high frequency transformer leads to low price of the converter, switching losses are low, and
high efficiency.

In literature, a great research is carried out on power electronic converters with high
voltage gain [3]. To obtain high gain the converters are connected in cascaded, but leads
raises the price and efficiency is low. High voltage gain is obtained by using single switch
boost converter [4]. Voltage lift technique is applied on the quadratic boost converter which
improves high gain with lower switch stress [5]. The source current of the proposed converter
is continuous, more suitable for renewable energy applications.

The analysis of the projected converter is explained and differentiated with conventional
quadratic boost converter with high gain converters in section 2. The mathematical modelling
of the converter with related waveforms clearly explained in section 3. The result comparison
to estimate and prove the proposed converter is better compared to conventional converter is

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 225, 04010 (2018) https://doi.org/10.1051/matecconf/201822504010
UTP-UMP-VIT SES 2018

presented in section 4. Finally, the conclusion of the projected converter is added in section
5.

2 Conventional quadratic high gain boost converter

Conventional quadratic high voltage gain boost converter is as shown in fig. 1(a). The
voltage-lift cell is used in the converter to achieve the gain is higher, there are total two modes
of operations that when switch S is ‘ON’ and ‘OFF’ positions. When switch S is turned on
the capacitor C; and inductor L, are connected in parallel, inductor starts charging by the
input voltage source with DT. When switch S is turned off position the capacitor C; and
inductor L; both are connected in series and voltage source as input Vi, where stored energy
in the inductor and capacitor has been delivered to the load with (V,-2Vi,) (1-D)T.

The related equations to solve the gain of the converter as follows. The ripple current of the
inductor iL1 is represented by equation (1)
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Fig. 1. Conventional quadratic boost converter
2.1 Modified voltage lift technique quadratic high voltage gain boost converter

A modified voltage lift technique based quadratic high voltage gain boost converter as shown
in fig. 2(a). A novel converter proposed with different modes of operation. The proposed
converter consists of single switch, two diodes, three capacitors, and two inductors. To make
the analysis of the converter is easier there are few assumptions are as follows.

1. The converter is analysed that when it is in steady state.

2. The capacitors of the proposed converters are large enough, hence capacitor’s

voltage assumed to be constant.
3. The converter output voltage is to be constant.
4. The switches and diodes of the proposed converter treated as ideal.
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Fig. 2(a). Modified voltage lift-cell quadratic high gain boost converter; (b) at CCM when S-on (c&d)
at CCM when S-off (e) at DCM

2.2 Modes of operations of proposed converter

Mode I: When switch S is turned ON the diode D; and D, are reverse biased, voltage
source vg is directly connected to the inductor L; and the current increases linearly from
minimum to maximum hence, the stored energy is also increased. During this interval of time
the source voltage Vg is connected to the inductor L, and in series with the capacitors C; and
C,. The current in the inductor L; also rises linearly to the maximum, Hence the stored energy
is also raises and the capacitor C; voltage V¢ is decreased from its higher value and capacitor
C, voltage V¢ is increased from its lower value. The equivalent circuit of mode I is as shown
in fig 2(b).

Mode II: When switch S is turned OFF the diode D is reverse biased and D, goes in
forward bias condition, the inductor L, capacitors C,, Cs are connected to the load; hence
stored energy is starts slowly decreased. The inductor L, and capacitors C;, C3 are connected
in series hence, the stored energy and inductor current is starts decreasing slowly. The voltage
across capacitor Cs is increased and C; and C; are decreased. The equivalent circuit is of
mode II is as shown in fig 2(c).
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Mode III: When switch S is turned OFF the diodes D, and D, are forward biased
condition, the current of the capacitor C, and inductor L, charges the capacitor C; and load
current. Hence, voltage across the capacitor C, and L; are decreased to the lower value and
stored energy of capacitor Cj is raises to its maximum value. The capacitor C; and inductor
L, are connected in parallel; current through the inductor L; and stored energy are decreased
to lower value. The inductors L, L, and capacitors Ci, C, provides parallel path to the load
and current through the inductors is decreased. The equivalent circuit of mode III is as shown
in fig 2(d).

Mode IV: when the circuit discontinuous mode of operation when the switch turned off
and the diodes D; and D, are reverse biased, the inductor current L; and L, are goes to zero
and stored energy are goes to lower value. The stored energy and voltage across the capacitor
C: and C, remain constant. Hence, the stored energy and voltage are decreases to its lower
value. The equivalent circuit for mode IV is as shown in fig.2 (¢). The waveforms of proposed
converter are clearly shown in fig.3.

3 Mathematical analysis of the proposed converter

By applying KVL for fig 2(b) the voltage across inductor L& L, is represented as

di
v, = Vg =1L 7;1 (4)

Via= Vg Ve =Vea )
By applying KVL for fig 2(c) & 2(d) the voltage across the inductor L & L, are as follows

V= Vg Ve Vs ==V (6)
Vi,= Vg Ve —Ves (7

By substituting equation (4) and (6) into voltage balancing rule for inductor L,

V.1, ~V.T,, =0 (8)

on of
Where D is duty cycle of the proposed converter D=Ton/T
From equation (8) we get
D

Va=1—5V ©)
By considering fig.2 we observed that

Ve =Ve, (10)
By substituting equation (5), (7) and (8) into voltage balancing rule for inductor L2
We get the voltage gain of the proposed converter at CCM

~1-D
In discontinuous mode of operation, D, D,, D3, D4 are the time intervals as shown in Fig.3(b).
By applying voltage balancing rule for inductor L1 and L2 following fig 2(e), the gain for
proposed converter at DCM can be represented as

V, 14D (11)
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From (3) and (11), the gain of the proposed converter is higher compared to conventional
quadratic boost converter.

The switch or diode utilization factor is as represented
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Fig. 3. Voltage and current waveforms of proposed converter at CCM&DCM

4 Result analysis of the converters
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The analysis of the converter is carried based upon the result waveforms of the proposed
converter operating at CCM. The modified voltage technique based quadratic boost converter
parameters for 120W power rating as V=11V, V=42V, L;=5mH, L,=2mH, C;=C,=110uF,
C3=470uF, R=13.06Q, and switching frequency f=10 kHz. Fig. 4 shows the waveforms of
voltage across the switch V, and output voltage V,. From fig.4 the voltage across the switch
is 27V and the output voltage V, is 42V. Fig.4 shows the voltage across the diodes D; and
D, respectively, where the stress across the diodes D1&D> are 22V the simulation results of
proposed converter verified with the validation of the theoretical analysis. Fig.5 clearly shows
that the switch stress of proportional converter is better compared to conventional converter.
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Fig. 4. Waveforms of Output Voltage (Vo), Switch Voltage (Vs), Diode Voltage Vb1 & Vb2

Table 1. Comparison b/w converters

Type of the Gain of the 80
Converter Converter i~
Quadratic voltage Z 60
lift boost 1/(1-D)? %
converter[6] =
Modified DC-DC : 40 u Conventional
converter with 2/(1-D)2 Ey converter
voltage_hft cell [7] 20 - u Proposed
Re-lift Boost (2-DY/(1-D)? z converter
converter[5] 2.
E 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
+ - wn
Proposed converter 1+D/(1-D) Duty Cycle (D)

Fig. 5 Switch voltage stress Vs duty-cycle

5 Conclusion

The proposed converter with modified voltage technique based quadratic boost
converter is clearly analysed. High gain is achieved by using modified voltage cell operated
with single switch. From theoretical and simulation analysis it is observed that a great
development in the voltage gain of the converter, suitable for different kind of applications
that where high voltage gain is required. From Table.1 there are different converters with
high gain operating with single switch. But, these converter gains are limited that the
converters can boost the voltage when the duty cycle is D< 0.5. The proposed converter can
operate D < 0.5 with high gain and lower voltage stress. By analysing the proposed converter,
concluded that can be used with high efficiency for different application.
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