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Abstract: In this article a new topology of cascaded boost converter with voltage multiplier cell (VMC) is
presented. The proposed cascaded boost converter consist two boost converters connected in series with
voltage multiplier cell. The advantage of proposed topology can attain high voltage gain without working
extremely duty ratio. To validate the performance of proposed converter experimental results attain in
laboratory, where input voltage 10VDC are given and the 100V output voltage attain at the duty ration 60%.
As compare to traditional boost converter the output voltage at same parameters is 25V which is lower than
the proposed converter. Voltage stress across the switches of proposed converter is less then output voltage
but the voltage stress of traditional boost converter is equal to output voltage. Furthermore the voltage
conversion ratio graph of proposed and conventional converters at different duty cycle and efficiency graph
of proposed converter shown in experimental results respectively.
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1. Introduction

Renewable energy technologies (RETs), such as photovoltaic (PV) or fuel cell (FC) system becoming more
and more popular because these systems are polluted free method to fulfill electricity requirement [1]-[4].
But the photovoltaic system has low voltage at the output; in this scenario dc-dc boost converter become
very necessary part to get high voltage gain. In literature many types of boost converter presented and
implemented successfully [5]. In [6] boost converter with extended cell is presented, the disadvantage of
this converter has many switch which cause switching losses, which impact on overall efficiency and voltage
gain not much high. In [7], [8] boost converter with voltage lift cell and switched-capacitor technics is
presented respectively, the main disadvantage of these types of converter semiconductor switches surface
has high transit current which cause increase the conduction losses. In [9]-[11] boost converter with
coupled inductors are discussed, the disadvantage of these kind boost converter is complex because to
adjust turn ratio of coupled inductor and voltage stress across the switches is equal to output voltage. In
[12], [13] boost converter with transformer is presented these types of converter can get high voltage gain
at the output, however the main disadvantage of transformer increase the cost, size and losses.
Conventional quadratic boost converter is presented in [14], however the disadvantage of conventional
converter is the voltage stress across the semiconductor switch is equal to output voltage.

Conventional boost converter depicted in Fig. 1 often use in photovoltaic system to get step-up ratio, but
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the disadvantage of conventional boost converter to get high voltage gain, need to operate at high duty ratio
which cause switching losses and decrease overall efficiency because of switch need to ON for long time and
the voltage stress across the switch is equal to output voltage. The voltage gain and voltage stress equation
across the switch of conventional boost converter is shown below in equation (1).
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Fig. 1. Traditional boost converter.
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To overcome above mentioned problem a new topology of cascaded boost converter with high voltage
gain module depicted in Fig. 2. The proposed converter can get high voltage gain at the output without
working at extremely duty ratio and the voltage stress across the switches is lower than output voltage.
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Fig. 2. Proposed converter.

2. Operating Principle of Proposed Converter

The switching state of proposed converter is depicted Fig. 3 (a & b). The proposed converter has two
switching state with one PWM signal. The switches S1 and S, turn ON and OFF at same time. In Fig. 4 steady
state waveform of proposed converter is depicted.

(b)

Fig. 3. Switching state of proposed converter.
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State-I
In state-l depicted Fig. 3 (a) when semiconductor switches S; and S is O .1 AETAAIO $1, D, and D3 are

revers biased. Inductors L, charge by supply voltage, inductor L, charge by capacitor C; voltage, at this time
capacitor C; and Cz work in series resultant voltage C,+Cs=2V¢, charge to inductor Ls. At this state all
inductors current increase linearly. The inductors equation in this state is given below in equation (2).

V
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Viz =V 2)
V
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In state-Il depicted Fig. 3 (b) when both switches S; and S; is turn OFF, diodes Dj, D2 and Ds, work in
forward biased. All inductors L1, Ly, Lz discharge stored voltage to load and there currents decease linearly.
The inductors equation in this state shown below in equation (3).
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Table 1. Components List of Converter

Name of parameter Symbol Value
Input Voltage Vs 10vDC
Output Voltage Vo 100vDC

Load Resistance RL 400L!
Frequency Fs 100kHz
Inductori0 L 200uH
#HADAAEGT010 C1,C2,C3,Co 10uF
Duty cycle D 0.6
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Fig. 4. Steady state waveform of proposed converter.
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3. DC Conversion Ratio of Proposed Converter

Using the inductor volt second balance (VSB) at L1 we get,

D(Vs) + (1- D)(Vs -V¢y) 4)
After solving equation (4) we get,
Vo =2 ®)
1-D

Applying (VSB) at inductor L, we get,

D(\/cl) + (1' D)(\/cl 'ch) (6)
After solving equation (7) we get,
V,
V — cl 7
c2 1_ D ( )

In equation (7) put value of Vc1 we get,

= (8)
®  (1-D)?
®w o p O 9
Applying (VSB) at inductor Lz we get,
D(Zvcz 'Vo) + (l' D)(ch 'Vo) (10)
After solving equation we get,
w o p O (11)
The voltage gain of proposed converter is,
M = Yo - @+D) (12)
Vs (1_ D)2
Voltage stress across the switches,
Vsl—stress :Vcl (13)
VsZ-stress :VCZ (14)

4. Experimental Results and Discussions

Using parameters according to Table 1 the experimental results of proposed converter carried out in
laboratory depicted in Fig. 5. Fig. 5 () PWM signal of semiconductor switches S1 and S is depicted. In Fig.
5(b) shown input voltage where we can see is 10VDC. Fig. 5(c) shows the output voltage of proposed
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converter where we can see the output voltage is very near according to voltage gain equation (12) which is
97V. Thus, from output voltage of proposed converter £0i0 DOTOETC that the proposed converter can get high
voltage gain without working at extremely duty cycle. According to equation (1) at same parameters the
output voltage of conventional converter is 25V which is very low. Fig. 5 (d & e) showed the capacitors
voltage of Vc1 and Vo respectively, which is very near 25 volt and 62.5V according to equation (5 & 7). Fig. 5
(f & g) depicted, where we can see the voltage stress across the switches of proposed converter is 25V and
62.5V respectively, which is very clear voltage stress across the switches, is lower than the output voltage.
According to the equation (1) the voltage stress in conventional boost converter is equal to the output
voltage, thus it is prove that the proposed topology has high voltage gain with low switching stress. Fig. 6
shows the voltage conversion graph of proposed and conventional converters at different duty cycle. In

voltage conversion graph it is very clear that the performance of proposed converter at different duty cycle
is batter then conventional boost converter.
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@
Fig. 5. Experimental results of proposed converter.

In Fig. 7 shows the efficiency of proposed converter where we can clearly see the maximum efficiency 96%
achieve at input power 203W and minimum efficiency 88% achieve at input power 37W.
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Fig. 6. Voltage conversion ratio.
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Fig. 7. Efficiency graph of proposed converter.

5. Conclusion

In this article a new topology of cascaded boost converter with high voltage gain module is presented.
Furthermore, the theoretical analyze and experimental results are given and discuss in details. From
theoretical and experimental results it is prove that the performance of proposed topology is much better
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than conventional boost converter. The proposed converter is very useful in renewables energy system
where we need low input to high step-up ratio such as photovoltaic (PV) and fuel cell (FC) systems.
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