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ABSTRACT: This paper presents a high step up boost-flyback converter for a front-end photovoltaic system. Through
a voltage multiplier module, an asymmetrical interleaved high step-up converter obtains high step-up gain without
operating at an extreme duty ratio. The conventional boost converter and coupled inductors are used to compose voltage
multiplier module by integrating an extra conventional boost converter to achieve considerably higher voltage
conversion ratio. The two phase configuration not only constrains the input current ripple but also reduce the current
stress through each power switch, which decrease the conduction losses of MOSFETS. The converter works as an active
clamp circuit, which alleviates large voltage spike across the power switches, thus low voltage rated MOSFETS can be
adopted for reduction of conduction losses and cost. The system efficiency improves because the energy stored in the
leakage inductors are recycled to the output terminal.

KEYWORDS: Renewable energy system, Boost-Flyback converter, High Step-Up, Photovoltaic System, Voltage
Multiplier Module.

I.  INTRODUCTION

Nowadays renewable sources of energy are used in worldwide, because of energy shortage and environmental
contamination. The high step-up DC-DC converter is widely used in the renewable systems because they produce low
voltage output. Among the renewable energy resources the photovoltaic systems having a greater hand in future energy
production. The photovoltaic systems transforms light energy in to electrical energy and convert low voltage into high
voltage via step-up converter which can convert energy in to electricity using grid-by-grid inverter or store energy into
battery set [1]-[2]. A typical photovoltaic system consists of a solar module, a high step-up converter, a charge-
discharge controller, a battery set, and an inverter. The high step-up converter performs importantly among the system
because the system requires a sufficiently high step-up conversion.

The conventional step-up converters, such as the boost converter and flyback converter, cannot achieve a high step-up
conversion with high efficiency because of the resistances of elements or leakage inductance. Thus, a modified boost—
flyback converter was proposed [3]-[5].The conventional step-up converters with a single switch are unsuitable for
high-power applications given an input large current ripple, which increases conduction losses. Thus, numerous
interleaved structures and some asymmetrical interleaved structures are extensively used .This study also presents an
asymmetrical interleaved converter for a high step-up and high-power application [6]. In this paper, an asymmetrical
interleaved high step-up converter that combines the advantages of the aforementioned converters is proposed, which
combined the advantages of both. In the voltage multiplier module of the proposed converter, the turns ratio of coupled
inductors can be designed to extend voltage gain, and a voltage-lift capacitor offers an extra voltage conversion ratio.
The advantages of the proposed converter are as follows:
1) The converter achieves the high step-up voltage gain that renewable energy systems require;
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2) Leakage energy is recycled and sent to the output terminal, and alleviates large voltage spikes on the main
switch;
3) The main switch voltage stress of the converter is substantially lower than that of the output voltage;
4) Low cost and high efficiency are achieved.
This Paper is organized as follows. Section Il describes operating principle and mode of operation of Boost-Flyback
converter, section 11 presents simulation results Finally, Section V presents conclusion.

1. OPERATING PRINCIPLE

Voltage Multiplier Module % | |
, D& Cm Vo
| - Ny -
: : ®
i KD, Cs ® i [ +
; L M3| D,k Co== Vs
| H il i -
| gD, T | o ]l
' i o Noy it i im ‘-+
. : L+ O i~ o S A
oy » .:- ot er?—' V, w Dy D =
Noi Dy | iD: = K +
g ('-\==§ jaEs Si Cr= Fen
Si ’ : kel J’ ical| =
* Ny e = o
| +
== C,l Ci== VL','
_ @ b
Fig.1 (a) Proposed high step-up converter (b) Equivalent circuit of the proposed
with a voltage multiplier module converter.

The proposed high step-up converter with voltage multiplier module is shown in Fig. 1(a). A conventional boost
converter and two coupled inductors are located in the voltage multiplier module, which is stacked on a boost converter
to form an asymmetrical interleaved structure. Primary windings of the coupled inductors with N, turns are employed to
decrease input current ripple, and secondary windings of the coupled inductors with Ns turns are connected in series to
extend voltage gain. The turns ratios of the coupled inductors are the same. The coupling references of the inductors are
denoted by “. ”and * * "in Fig.1.

The equivalent circuit of the proposed converter is shown in Fig. 1(b), where L,; and L, are the magnetizing inductors,
Lwand Ly, represent the leakage inductors, S; and S, denote the power switches, C, is the voltage-lift capacitor, and n is
defined as a turns ratio N¢/N,. The proposed converter operates in continuous conduction mode (CCM), and the duty
cycles of the power switches during steady operation are interleaved with a 180 ° phase shift; the duty cycles are greater
than 0.

1. MODE OF OPERATION

MODE-1 [to-t;]: During this mode at time t=t, the power switches S, and S, turned ON hence all diodes are reverse
biased. Magnetizing inductors Ly, , Ln, and leakage inductors Ly, L, linearly charged by Vi,

MODE-2 [t;-t,]: During this mode at time t=t; the power switch S, OFF hence the Diodes D, and D, turned on
Energy stored in Ly, transferred to 2° and charge Cs Ly, Liz, Cp, Vin release energy to C ; via D, This extend the
voltage in C .

MODE-3 [t,-t3]: During this mode at time t=t, D, automatically switched off because Ly, completely released to C;
.The energy stored in Ly, transferred to 2°and charge C;via Ds,

MODE-4 [t;-t4]: During this mode at time t=t; the power switches S; and S, turned ON hence all diodes are reverse
biased. Magnetizing inductors Ly, Ly and leakage inductors Ly; Ly, linearly charged by Vi,. it is same as mode 1

MODE-5 [t4-ts]: During this mode at time t=t, the power switch S; OFF hence D, ,D; turned on Energy stored in Ly,
transferred to 2°and charge C, L1, Lia, Vin release energy to C, via Dy ,which stores extra energy in Cy,

MODE-6 [ts-to]: During this mode at time t=t; The D, automatically switched off because Ly, completely released
to Cy, Energy stored in L, transferred to 2%and charge C, via D3 until tg,

The key steady waveforms in one switching period of the proposed converter contain six modes, which are depicted in
Fig. 2, and Fig. 3 shows the topological stages of the circuit.
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Fig 2: Steady waveforms of the proposed converter at CCM.
Some assumptions are made for the design of the model. All components are assumed to be ideal, Ly; and Ly, are

neglected, Vc1,Ve2, Vepare considered to be constant because of infinitely large capacitance.
The design formulas are given below,

Vep = 75 Vin = 1.1235*4']: 100V 1)
Vep = 5 Vin = —— » 40 = 200V @)
Vc1——!?m—ll + 40 = 100V 3)
ch—l—FIﬂ—11n6*4[l—1I]I]F 4)
Vo = Vi + Vo + Vez=200+100+100=400V (5)
Voun =13 =i =305 = 30 =10 ©)
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Fig 3:Operating modes of the proposed converter. (a) Mode 1 [t0,t1]. (b) Mode 2 [t1,t2]. (c) Mode 3 [t2,t3]. (d)
Mode 4 [t3,t4]. (e) Mode 5 [t4,t5].(f) Mode 6 [t5,t0].

A prototype of the proposed high step-up converter with a 40-V input voltage, 320-V output voltage, and maximum
outputpower of 1 kKW is tested. The switching frequency is 40 kHz. The values of the primary leakage inductors of the
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coupled inductors are set as close as possible for current sharing performance. Due to the performances of high step-up
gain, the turns ration can be set 1 for the prototype circuit with a 40V input voltage, 320V output to reduce cost,
volume, and conduction loss of winding. Thus, the copper resistances which affect efficiency much can be decreased.
The value of magnetizing inductors L, and Ly, can be design based on the equation of boundary operating condition,
which is derived from ,

_ R« D(1-p17  1e0eDE01-0E)2
Lneritica) = 2n+D(2n+Df5 LD z1s Do 24HH (8)

Where L, (critical) is the value of magnetizing inductors at the boundary operating condition,fs is the switching
frequency, and R, is the load. How to suppress the voltage ripple on the voltage lift capacitor Cy, to an acceptable value
is the main consideration. The equation versus the voltage ripple and the output power or output current can be derived
by,

PO 113
VD FS AFCE 400 40103 -[:.3_20 mF ©)

Cb:

Where P, is the output power, V, is the output voltage, fs is the switching frequency, and AV, is the voltage ripple on
the voltage-lift capacitor C,.
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Fig 5: Output voltage across load
V. CONCLUSION

The high step-up boost-flyback converter with voltage multiplier module for efficient PV system with different
topologies and simulation results are presented in this paper. The proposed converter has been successfully
implemented in an efficiently high step-up conversion without an extreme duty ratio and number of turns ratios through
voltage multiplier module. The voltage stress over power switches are reduced by interleaved PWM. The leakage
energy is recycled through capacitor Cy, Thus the proposed converter is suitable for PV systems or other renewable
energy applications that need high step-up high power conversion. full-load efficiency is 96.1% at P, =1000 W, and the
highest efficiency is 96.8% at P, =400 W. Thus, the proposed converter is suitable for PV systems or other renewable
energy applications that need high step-up high-power energy conversion.

Copyright to JIRSET WWW.ijirset.com 193


http://www.ijirset.com

IJIRSET - NCACCES'17 Volume 6, Special Issue 5, March 2017

(1]
(2]

(3]
[4]
[5]
6]

REFERENCES

C. Hua, J. Lin, and C. Shen, “Implementation of a DSP-controlled photovoltaic system with peak power tracking,” IEEE Trans. Ind. Electron.
vol. 45, no. 1, pp. 99-107, Feb. 1998.

J. M. Carrasco, L. G. Franquelo, J. T. Bialasiewicz, E. Galvan,R. C. P. Guisado, M. A. M Prats, J. |. Leon, and N. Moreno-Alfonso,* Power-
electronic systems for the grid integration of renewable energy sources: A survey, "IEEE Trans. Ind. Electron., vol. 53, no. 4, pp. 1002-1016,
Jun. 2006.

H. Ghoddami and A. Yazdani, “A single-stage three-phase photovoltaic system with enhanced maximum power point tracking capability and
increased power rating,” IEEE Trans. Power Del., vol. 26, no. 2, pp. 1017-1029, Apr. 2011.

B. Yang, W. Li, Y. Zhao, and X. He, “Design and analysis of a grid connected photovoltaic power system,” IEEE Trans. Power
Electron.,vol. 25, no. 4, pp. 992-1000, Apr. 2010.

W. Li and X. He, “Review of Non isolated high-step-up DC/DC converter sin photovoltaic grid-connected applications,” IEEE Trans. Ind.
Electron.,vol. 58, no. 4, pp. 1239-1250, Apr. 2011.

Kuo-Ching Tseng, Chi-Chih Huang, and Wei-Yuan Shih,” A High Step-Up Converter With a Voltage Multiplier Module for a Photovoltaic
System,” IEEE Trns Ind.Electron,vol. 28, no. 6, june 2013

Copyright to NIRSET www.ijirset.com 194


http://www.ijirset.com

