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Abstract— In this paper a detailed analysis of Sepic
Converter is put forward whose input is provided by a
renewable source of energy using PV array. The input to
the converter is controlled using a feed forward controller
thereby ensuring that the voltage at the instant of
maximum power is tracked. The PV module is subjected to
variations in temperature and radiations. The controller
with which maximum power point is traced makes use of
several algorithms. But in this paper Perturb and Observe
algorithm is used which makes the analysis faster and
simpler. With the variation in temperature and radiation
the power, current and voltage characteristics are also
studied in this paper. The operating point goes on
perturbing at MPP until it observes change in temperature
or radiation and once the change occurs sudden transfer in
operating point proportional to the change can be
observed and again the operating point goes on perturbing
at next MPP. The simulation results in
MATLAB/SIMULINK shows that the Sepic Converter
designed under Standard testing conditions and with
variation of radiation and temperature successively is
highly efficient and has fewer oscillations in the
waveforms.

Keywords— Sepic converter, MPP technique, PV Array,
temperature, radiation, controller, Standard testing
conditions (STC).

. INTRODUCTION

Conversion of DC voltages from one level to other level is
quite complex compared to AC conversion. Eldest technology
used involved the usage of diodes, voltage bridges and voltage
regulators which make the conversion inefficient as mentioned
by (Rashid Md. H. 2014). In order to overcome all the above
latest inventions in designing various DC-DC converters are
made. Generally, these converters are categorised into five
categories namely Buck, Boost, Buck-boost, Cuk, Sepic
converters. Buck converters steps down the output voltages
within wide variation of input voltage. Boost converters steps
up the output voltage whereas the buck-boost performs both
the operation within wide variation in input and output
voltages. These converters suffer from high amount of ripple
in input current thereby enhancing the growth of harmonics
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which makes the above converters inefficient and expensive.
Cuk converters overcome the above stated disadvantage but
they impose high electrical stress on the components which
can be swept by Sepic Converter.

Sepic Converter is thereby designed to efficiently produce
the output voltage. In this paper the converter is supplied with
input voltage delivered by PV array by varying the radiation
and temperature of the PV panel. The voltage, as suggested by
Banaei M. R. et al. (2014), delivered by the PV panel is sent to
a controller which tracks the maximum power point and the
voltage at that point is given to the converter.

The details of MSX-60 solar module is described in
(Vilalva M. G., Gazoli J. R., et al., 2009). Designing of Sepic
converter is discussed by (Dongbing Zhang, 2013). The rest of
the paper is organized as follows. Modeling of PV array,
Designing of Sepic Converter and Proposed MPPT algorithm
are explained in section Il. Experimental results are presented
in section Il1. Concluding remarks are given in section IV.

Il. PROPOSED METHODOLOGY

A. PV Array Modelling —

A solar cell, or photovoltaic cell, is an electrical device that
converts the solar energy directly into electricity by the
photovoltaic effect. In this paper multi-diode model is
illustrated which consists of large number of series diodes as
implemented by Banaei M. R., et al., (2014) and multiple
numbers of parallel diodes connected in the fashion as shown
below:
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Fig. 1.

Ns is the number of cells connected in series and N, is the
number of cells connected in parallel. N, amount equal to 1
and N; are considered to be standard 36 or 72 .
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The output current, I,, and the terminal voltage, V,,, as
suggetsed by Banaei M. R., et al., (2014), of a photovoltaic
module are henceforth dependent on two variables, 1y, and I,
where I, represent photo current and |, represents the reverse
saturation current of diode.

As V,,, or the terminal voltage depends upon the current
dependent voltage source used, the output current of the PV
module is obtained from the following equation. As
established bythe mathematical model, V,, is used as a
feedback to calculate I,. This equation is obtained by
applying KCL at positive output node of the multi-diode
models’ equivalent circuit.
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Where,

v is the output current

N, is the number of parallel connected branches

Ion is photo-current of the solar cell

I, is the reverse saturation current

V,y is the terminal voltage

q is the charge of an electron

Rs_mod 1S Series resistance

N is the number of series connected cells in each shunt branch
A is the p-n junction ideality factor and its value is tabulated
in (Banaei M. R, etal., 2014)

K is Boltzmann constant.

T is the cell temperature in kelvin.

The primary dependency of output current, Iy, is found to
be with Iy, or photocurrent of the solar cell and lo or the
reverse saturation current, which are further obtained using the
following equations
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Where,

lser cen is the cell short circuit current at the standard testing
condition(STC).

ki is temperature coefficient of short circuit current I
I,s is the reverse saturation current of cell.
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Eq is band gap energy of the semiconductor and its value is
demonstrated in (Banaei M. R., etal., 2014).
T and T, are the cell temperature and reference temperature.
G and G, are the incident solar radiation and reference
radiation.

The standard testing conditions (STC), is referred to the
conditions with the reference solar radiation (G) of 12000W/m?
and solar cell reference temperature (T) of 25°C.

lser cell = 'ser_mod X[\Tp &)
where lsr mog 1S the PV module short circuit current at
reference temperature and radiation.

The reverse saturation current, |, is obtained by using the
following equation and is found to vary with the cell constants
Vo mod @nd lsr mog, OF OpeN circuit voltage and short circuit
current of the PV module at reference temperature and
radiation.

B Iscr_mod
rs = Np(eB—l)
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where

qVoc _mod

N AKT

The complete model of photovoltaic module as discussed
by Banaei M. R., et al., (2014), has the entire PV module
modelled as a mathematical block with cell radiation and
temperature as variables, generating equivalent solar energy in
the form of V,,, and I, at its terminals.

The Simulink model illustrating MSX-60 PV array module
is shown below.

Fig. 2. Simulink block representing PV array module.

B. Sepic Converter —

The DC-DC converter used is Sepic Converter. The
purpose of this project was to design and optimize a Sepic
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dc/dc converter using (Dongbing Zhang, 2013). The switching
device used is MOSFET with the switching frequency of
1KHz and duty cycle can be varied from 0 to 1. The
components of the Sepic Converter are discussed in the below
table:

Table. 1 — Design Specifications of Sepic Converter

L1 C1 L2 CZ

20 mF 24 mH 24 mH 2.5 mF 50 Ohms

25 LUF

The Sepic converter is supplied with PV array module and
with a load. The open loop converter block diagram with PV
module is shown in the figure below:

Fig. 3. Open-loop model of Sepic Converter.

The above figure is not applied with the control technique
and the operation is directly controlled by varying duty cycle
of the converter. The load resistance is taken as 50 ohms.

C. MPPT Unit -

The MPPT unit discusses about the technique involved in
maximum power tracking such that voltage at that instant is
delivered to the conversion unit. In this stage the output is
controlled through the controller such that the conversion unit
delivers the output depending on the voltage delivered at
maximum power point.

The algorithm used in this paper is Perturb and Observe
(P&O) method. The time complexity used in this method is
very less but the only limitation is as the MPP reaches it
doesn’t stop at MPP but it keeps on perturbing on both the
directions. The paper discusses the power output of the
module with variations in radiation and temperature and also
the standard condition is analysed.

The Sepic Converter cascaded with PV module with MPPT
block developed using Simulink is shown in the below figure.
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Fig. 4. MPPT control of PV module.
In order to track maximum power point the algorithm is as
follows:

1). Read the values of voltages and power at an instant.

2). Calculate change in power and voltages.

3). Check if change in power is equal to zero and if it is
zero then duty cycle remains unchanged.

4). Check if change in power is positive and change in
power is also positive if it remains positive then decrease the
duty cycle or else increase it.

5). Check if change in power is positive and change in
power is negative in such a case increase the duty cycle.
Similarly check for opposite case and decrement the duty
cycle.

The table below illustrates the change in power and voltage
corresponding changes in duty ratio.

Table. 2 — Changes in power and voltages

dpP dv Duty cycle(D)
Positive Positive Decreased
Positive Negative Increased
Negative Positive Decreased
Negative Negative Increased

Il. EXPERIMENT AND RESULT

A. PV Array Output Characteristics-

The figure below shows P-V characteristics of PV
module at STC and the maximum power point at which the
operating point is going on perturbing.
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P-V CHARACTERISTICS AT STC.
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Fig. 5. Maximum power point perturbing at STC

The figure below illustrates the changes in current and
voltage at STC

|-V CHARACTERISTICS AT STC
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Fig. 6. |-V characteristics at STC

The figure illustrates P-V characteristics for variable G and
fixed T. From the below curve the top most dotted line (pink)
refers G=1200W/m? the next dotted line (red) refers at
G=1000W/m?the second bottom one (brown) refers at
G=800W/m? and the bottom line (blue line) refers at
G=600W/m’.

P-V Characteristics for variable G and fixed T
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Fig. 7. P-V characteristics for variable G and fixed T

The figure illustrates P-V characteristics for variable G and
fixed T.

1-V characteristics for variable G and fixed T
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Fig. 8. I-V characteristics for variable G and fixed T

From the above P-V and I-V curve it can be seen that the
operating point is shifting whenever change in radiation is
being detected. Also the limitation of using P&O algorithm is
portrayed in the above figure i.e; upon reaching MPP at
particular radiation the operating point doesn’t stop at MPP
but it goes on perturbing at that point until it experiences
alteration in the radiation and once it senses the change ,rapid
variation in the operating point corresponding to that change
can be observed.

B. Variation of Output Voltage, Output Power, Input
Power and Input Voltage Using MPPT-
The figure below illustrates output and input power
variation at STC.

Output Power Characteristics at STC
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Fig. 9. Output and Input Power variations at STC

The figure below illustrates output and input voltages
variation at STC.

Output Voltage Characteristics at STC
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Fig. 10. Input and Output Voltage variations at STC

The figure below illustrates the variation of input and

output powers for variable T and fixed G. Variations in T are

as follows 290K, 298K, 310K, 330K. The variation in
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temperature with respect to time is given by Banaei M. R., et
al., (2014).

Output Power Characteristics for variable T and fixed G
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Fig. 11. Variation of Powers for fixed G and adjustable T.

The figure below illustrates the variation of input and
output voltage for variable T and fixed G. Variations in T are
as follows 290K, 298K, 310K, 330K. The variation in
temperature with respect to time is given by Banaei M. R., et
al., (2014).

Output Voltage characteristics at variable T and fixed G
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Fig. 12. Variation of Voltages for fixed G and adjustable T.

The figure below illustrates the variation of input and
output power for variable G and fixed T. Variations in G are
600, 800, 1000, 1200 W/m?’respectively.The variation in
radiation with respect to time is given by Banaei M. R., et al.,
(2014).

Output Power Characteristics for variable G and fixed T
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Fig. 13. Variation of Powers for fixed T and adjustable G

The figure below illustrates the variation of input and
output voltages for variable G and fixed T. Variations in G are
600, 800, 1000, 1200 W/m? respectively. The variation in
radiation with respect to time is given by Banaei M. R., et al.,
(2014).
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Output Voltage Characteristics at fixed T and variable G
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Fig. 14. Variation of Voltages for fixed T and adjustable G

The maximum power points for variable inputs are shown
in the table below:

Table 3 — Input voltage and power variations for different
valuesof Gand T

S.No G T (K) Input Input
(Wim?) Voltage Power
) W)
1 1000 298 18.04 64.02
2 1000 290 19.05 68
3 1000 315 16.03 55.62
4 1000 330 14.17 48.3
5 600 298 17.85 37.36
6 800 298 17.74 50.6
7 1200 298 18.23 77.55

IV.CONCLUSION

A Sepic Converter is designed and analysed using PV array
module which is simultaneously being controlled by MPPT
controller. The variation in output voltages, current and power
of PV-array module for STC and even for the variations in
temperature and radiation are tabulated. The output voltage of
the converter is studied for the input being supplied by the PV-
array at maximum power point. The efficiency of the Sepic
Converter is even realised. The extension in this area of
research can be prolonged by designing a High frequency
resonant Sepic Converter and analysing it under the same
conditions and comparing the results in both the cases.
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