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ABSTRACT: Generally conventional boost converters have been used to obtain higher output voltage than the input
voltage. When these boost converters are operated for high ratios it leads to high voltage and current stress on the
switch. Hence an interleaving technique of boost converter has been presented. This method of approach can be used in
high power applications to produce high voltage gain when compared to the conventional boost converter. Two
different interleaved boost converter topologies have been discussed for better performance. The input is solar source
with MPPT has been used to track the maximum power and utilize in an efficient manner.

Keywords: Interleaved boost converter, Maximum power point tracking, Photovoltaic system, Duty cycle, Perturb &
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L INTRODUCTION

In general various DC-DC converter topologies have been used in the energy systems. Irrespective of their differences
they all try to input the maximum amount of power from the system with as little loss of energy as possible within the
circuit itself. DC-DC converter is a switching converter which inherently introduces a certain amount of ripple in the
current thereby reducing the efficiency. Usually this ripple is minimized by using a filter at the output terminals. While
this is a solution, the magnitude, cost and life of the filter dependent on the types of converter used. Converters are
based on buck, boost, buck-boost and cuk are derived topologies. Here boost converter with an interleaving technique
has been discussed for two different topologies to obtain a high voltage gain. The different topologies implemented
gives difference in their output.

IL. LITERATURE SURVEY

A parallel connection technique of boost converter for unity power factor was proposed in [1]. This system is based on
two cell converter which is operated in continuous inductor current mode. With an extra small inductance, two
MOSFET pulse width modulation are connected in parallel, which provides an increased output power. Any number of
PWM cells can be paralleled by this method. DC to DC switching converters with parallel connection of N-identical
boost converters with Current-Mode Control (CMC) is presented in [2]. The CMC helps to reduce the ripple of the total
input current and output voltage operating with same duty cycle. Here no use of eternal triangular or sawtooth signals is
required. A converter with two interleaved and intercoupled boost converters has been proposed in [3]. This method
helps in equal current sharing between two parallel connection boost converters. The analysis of interleaved boost
converter has been compared with the conventional boost converter. Two boost converters in interleaved operation
named, Interleaved Dual Boost (IDB) and Switched Capacitor Interleaved Dual Boost (SCIDB) has been presented in
[4]. This interleaved boost converter under sliding mode control is analyzed in this paper. This interleaving technique
results in a step-up structure. Interleaved boost converter with the use of zero current transition and a soft commutation
technique operating in Critical Conduction Mode (C-DCM) was investigated in [5]. The turn-ON of the main switches
occurs naturally at ZCS due to the operation of C-DCM and also the reverse recovery losses of the diodes are
minimized. The circuit of the converters has been implemented by using a single Erasable Programmable Logic Device
(EPLD). A Coupled-Inductor Interleaved Boost Converter (CIBC) fed PV system using a fuzzy controller with a
feedforward MPPT scheme was developed in [6]. This system has low switch current loss and improves efficiency than
the noncoupled converter system. For the given solar insolation the tracking algorithm changes the duty ratio of the
converter so that the solar cell array voltage equals the voltage corresponding to the MP point.
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A novel ZCS-PWM boost rectifier has been presented in [7]. This circuit is used to achieve nine transition states in the
power conversion and PFC. The rectifier has been built with state-space average model. The ZCS usage in the rectifier
provides high efficiency. A two-inductor, interleaved power-factor corrected boost converter exhibiting voltage doubler
characteristics when the duty cycle is greater than 0.5 was introduced in [8]. This voltage doubler characteristic of the
converter is suitable for universal-line (90-264 Vgys). Since the proposed PFC boost rectifier operates as voltage
doubler at low-line, its efficiency is improved compared to the conventional boost converter. A new technique of
interleaved boost converter with coupled inductors and switched capacitors was proposed in [9]. This technique is
added to the output stage so that higher step-up voltage gain and lower voltage stress is obtained when compared to
conventional interleaved boost converter. Hence low-conduction resistance and low-voltage rated switches can be
applied. The load-current can be equally shared by each phase without any additional current sharing module. The
switching losses can be reduced by the ZVT soft switching performance. An active clamped circuit adopted also helps
in the reduction of switching losses and the leakage energy of the coupled inductor is recycled. A new dual interleaved
active-clamp forward topology has been proposed in [10]. Series and parallel connection of two interleaved forward
circuits on the primary and secondary side respectively. This proposed method provides a new solution to reduce the
voltage stress and number of components. An interleaved boost converter with soft switching technique and modelling
of PV topology with MPPT controller was proposed in [11]. This interleaved boost converter has been used to increase
the output power in high power applications. This interleaved boost converter required low current rating of switching
device since the current in each phase is distributed. An interleaving boost converter with PV and a passive snubber for
battery charging applications was introduced in [12]. The snubber helps to reduce the voltage stresses at turn-off
transition and to obtain maximum power P&O method is used. A interleaved boost converter which is magnetically
coupled to a voltage doubler circuit, providing a voltage gain higher than that of conventional boost converter was
discussed in [13]. This converter has low voltage stress across the switch, voltage balancing between output capacitors,
low input-current ripple, and high switching frequency.

A soft switching interleaved boost converter containing two shunted elementary boost conversion units and an auxillary
inductor was implemented in [14]. This converter turns ON both the active power switches at their zero voltage to
reduce switching losses and raise the conversion efficiency. This identical design of the boost converter helps for a
sample design. A comparison between conventional boost converter and interleaved PFC boost converter was
investigated in [15]. The comparison is made for identical conditions and the performance has been evaluated. These
results provide a better performance for interleaved PFC boost converter resulting in higher efficiency and low THD
values. Thus two main PFC boost converters are investigated for lithium-ion battery has been used in electrical cars.
Interleaved boost converter with two different topology has been considered. Topology 1 has been operated to obtain
high voltage gain and topology 2 also works for higher voltage gain than the topology 1. Here both the topology has
been fed with a solar model as input source.

III. MATHEMATICAL MODEL

The PV panel mathematical model can be represented as shown in Fig. 1
MW |

PV Panel —— G Vw

Fig. 1 Dynamic PV panel
The equations that describe the electric behavior of the PV panel under constant irradiance and temperature are,
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The output current of the PV panel is taking to be equal to the average input current of the DC-DC converter. The
maximum power of the PV panel is given by,

Pmax = Voplop = Vapil) (4)

The block diagram of an interleaved boost converter is shown in Fig. 2,

INTERLEAVED BOOST
CONVERTER INVERTER F LOAD

MPPT

Fig. 2 Block diagram

Iv. PROPOSED METHODOLOGY

This paper compares the operation of two different topologies of interleaved boost converter. The proposed topology
contains the interleaved boost converter with solar as linear model. Also the interleaved boost converter of proposed
topology has been worked with an MPPT to obtain maximum output. The conventional interleaved boost converter is
coupling many stages of a boost converter to obtain high voltage gain. The proposed method is different from the
conventional interleaved boost converter as its position of the inductors and capacitors are changed to obtain high
voltage gain. The circuit diagram of topology 1 is shown in Fig. 3

Fig. 3 Circuit diagram of topology 1

The circuit operation of topology 1 is explained in the following modes,
Mode (i)

When both the switches are turned ON with a duty cycle less than 0.5, the inductor current of the inductors L; and
L, rises linearly and stores energy. The output voltage is similar to the input voltage. The ratio of output voltage to

input voltage can be given as follows,
Yo __ 1
Vin  (1-D)?

&)

Mode (ii)
When both the switches are turned ON with a duty cycle greater than 0.5 to 1, the inductor current of the inductors
L, and L, rises linearly with the output voltage greater than the input voltage. The ratio of output voltage to input
voltage can be given as follows,
Vo 2

=5 (©)

Vin 1-D

Fig. 4 shows the circuit diagram of topology 2.
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Fig. 4 Circuit diagram of topology 2
The circuit operation of topology 2 is explained in the following modes,

Mode (i)
When both the switches are turned ON with a duty cycle less than 0.5, the inductor current of the inductors L, and
L, rises linearly with the input voltage and hence the output voltage is higher than the input voltage.
Mode (ii)
When both the switches are turned ON operating with a duty cycle greater than 0.5 to 1, the inductor L; and L,
charges with the input and hence the output voltage is higher than the input voltage.

V. MPPT SYSTEM

The MPPT technique used here is P&O method. This method measures the value of voltage and current and from that
the power can be calculated. The calculated power is checked for greater value by making a comparison with the
previous power value. If the calculated power value is greater than the previous value then similarly the voltage value is
made a comparison with the present and previous value. If the voltage is also greater than the previous value then the
reference value is taken as the previous voltage with an increment of constant value otherwise the reference is taken as
the previous voltage value with a decrement of constant value. It can be represented as a flowchart as shown in Fig. 5,

Measure V(k).I(k)

I

Calculate Power
Pg=V{Itk)

—
<7 PKP1)?
= \ggi_;/;t
//’// --// T
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Vref(k) Vref(k) = Vref(k) = Vrefik) =
=Vreflk-1-C Vreflk-1)-C Vreflk-1)-C Vref(k-1-C

A

Fig. 5 Flowchart of MPPT

VL SIMULATION RESULTS

The circuit of both the topology has been designed in MATLAB/simulink with the help of the blocks available in the
simulink library. The simulation diagram of topology 1 is represented in Fig. 6

Copyright to IJAREEIE www.ijareeie.com 6905


http://www.ijareeie.com/

ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 1, January 2014

i‘ ‘

Fig. 6 Simulation circuit of topology 1

Fig. 6 shows the simulation of topology 1 with the solar as liner model to obtain high voltage gain.

The MPPT controller of the both the topologies has been designed with the help of P&O algorithm which has been
implemented in Matlab/simulink. This MPPT controller designed is used to track the maximum power at different
points and adjust to the path where there is maximum power. The implementation of the MPPT can be obtained as
shown in Fig. 7

Fig. 7 MPPT controller

The simulation diagram of topology 2 is as shown in Fig. 8

Fig. 8 Simulation circuit of topology 2

Fig. 8 represents the simulation of topology 2 with solar as linear model so that high voltage gain could be obtained.
The simulation results obtained for the different topology is shown as follows. The parameters taken are input
voltage=5V, duty cycle=50 %, frequency=25 kHz which are common for both the topologies. The topology 1 provides
the output voltage of 16.29 V and topology 2 provides 18.59 V. The output voltage waveform of topology 1 and
topology 2 are as shown in Fig. 9 and Fig. 10 respectively.

Fig. 9 Voltage waveform of topology 1
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Fig. 10 Voltage waveform of topology 1

Fig. 9 and Fig.10 are the waveforms obtained are from a solar linear model with MPPT for an interleaved boost
converter topology and hence the output is also DC. The waveform reveals the operation of the interleaved boost
topologies working for high voltage gain.

The power waveform of topology 1 and topology 2 obtained for input voltage=5 V, duty cycle=50 %, frequency=25
kHz, the power waveform of topology 1 and topology 2 are as shown respectively in Fig. 11 and Fig. 12.

Fig .11 Power waveform of topology 1

Fig. 12 Power waveform of topology 2

The output power waveforms obtained from solar linear model with MPPT for the interleaved boost converter
topologies shows that the power is tracked at the point where maximum power is present. The waveform rises at the
initial point and then it is maintained constantly as the converter is similar to that of a boost converter.

The PV power and PV voltage characteristics obtained for a solar linear model of 100 W panel can be represented as
shown in Fig. 13 and Fig. 14 respectively.

Fig. 13 PV Power curve
Copyright to IJAREEIE www.ijareeie.com 6907


http://www.ijareeie.com/

ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 1, January 2014

The above obtained curve explains that the power obtained for changes in irradiation changes the maximum power
point towards the right hand side of the curve. The algorithm takes a change due to perturbation and in the next stage it
changes the direction of perturbation and goes away from the maximum point. The curve is linearly rising from the
initial part to the maximum power point and then it falls down steeply.

2H0>HD0 <

TIME (Sec

Fig. 14 PV Voltage curve

The voltage curve obtained is for the maximum power tracking point. This curve depends on the irradiation of the
panel. The PV voltage curve shows that it is maintained constant for a certain period and then it gradually decreases
with respect to time.

A comparison has been made for two different topologies with a conventional boost converter so that the better

performance of the topologies can be concluded.
TABLE. I

Comparison of Boost converter with topology 1 and topology 2

Vin Duty Boost Topology Topology
V) Cycle Converter 1 2
(%) 2] v (2]

5 0.2 5.417 5.62 8.384

5 0.3 6.266 6.858 11.67

5 0.4 7.369 9.952 13.08

5 0.5 8.846 16.29 18.59

5 0.6 10.88 20.19 2222

5 0.7 13.73 29.28 31.34

5 0.8 17.28 40.59 42.49

The obtained comparison result has been plotted in Fig. 15 as shown below,
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Fig. 15 Voltage vs Duty cycle

The comparison clearly reveals that topology 2 operations gives better performance compared to the conventional boost
and topology 1.

VIL CONCLUSION

It is obtained that the different topology operation of interleaved boost converter is simulated and the results revealed
shows that the topology 2 with MPPT can be operated for better performance.
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