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ABSTRACT

For welfare of environment, world needs to use more and more renewable energy system not only at the level of industrial but

also for domestic load system. Due to much installation cost involving in a solar PV cell/panel based system there is a need of
better mechanisms to get maximum utilization and benefits from the system with reliable operation, especially in the case of
microgeneration power plant to full fill the minimum desired requirements of domestic appliances to achieved reliable operation.
Mostly available PV based inverter system having problem of low output voltage generation and THD producing issue, which
needs to a requirements of extra circuit to the control THD and boost up the level of output voltage. In this paper, solar PV based
closed loop SEPIC converter by PWM technique to maintain a step up constant dc output voltage with no polarity reversal, low
ripple in output and minimizing the requirement of additional filter circuit and fed to single phase inverter. This paper has been
focused for the overall single phase PV based SEPIC inverter system implementation, performances and simulated on
MATLAB/SPS software to provide low losses, 2% minimum THD and reliable operation in compare with single phase PV based

Cuk inverter is used for DC-AC conversion system to compatible with domestic load appliances.

KEYWORDS: Cuk converter, PID controller, Solar PV cell, SEPIC converter, Single phase full bridge VSI

LINTRODUCTION

Due to rapid depletion of fossil fuels, the world needs
a source of energy which are renewable in nature, so
that it’s full fills the needs of all civilization without
affecting or producing the environmental problems and
gives sustainability in the sector of power [1]. Energy is
important in almost every aspect of our life and for the
achievement of country economy [2]. As per the present
and future expectation situation of power sector, usage
of the renewable energy source and generating
electricity from this is exponentially rising as a primary

source for various types of applications such as

industrial, non-commercial, service oriented, etc., as
part of an approach to decrease the dependence on
fossil fuels, large sized battery banks and central utility
grid [3]. Also, the usage of renewable energy will
support in addressing environmental effluences,
transmission efficiencies, cost suffered in transmission,
etc. [4-6]. Any electrical generation system must obey
through certain quality principles and operation
guidelines, mainly if there is any energy conversion in
the electrical system [7]. The Earth have naturally
different type of renewable source of energy such as

Solar, fuel, Wind, biomass, biofuel, geothermal, hydro,
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tidal, wave, etc., which can be converted into electrical
or any other form of energy directly or indirectly.
Generally in comparison of other, the solar photovoltaic
plants system consider the utility grid by way of vast
storing system capable of absorb as much energy as
preferred, with less maintenance of the electrical system
for domestic load [8].

In Solar PV system, PV cell generate a low variable
voltage due to variation in the solar radiations. The
DC-DC converter is like a transformer for step up and
step down the dc voltage level. In this paper, SEPIC
power converter using PID controller is used to boost
the input DC Voltage that is fed by Solar PV cell because
its performance and efficiency are better than other
converter like boost, cuk, etc, and also having
advantage that do not required addition filter circuit,
minimum ripple comparatively and do not invert the
voltage at the output level [9]. The proposed efficient
solar energy based DC-AC system as shown in Fig.1.

SEPIC Converter

Single Phase VSI
Solar PV {::;I;ﬁ:rgrgl{l;a{r:] (DC-AC) Domestic Load
(DC Input) (Single phaseAC)
Single Phase SEPIC Inverter

Fig.1. Block diagram of solar energy based DC-AC

system.

For reliable control of the output of converter
feedback techniques is used which overall creates a
closed loop SEPIC converter for this system. The dc-dc
converter based PV energy system is applied in various
convenient applications so in this for domestic loads by
converting DC voltage from SEPIC converter to AC
voltage with the help of single phase full bridge VSI, so
power that would be available at an electrical wall

outlet.

II. SOLARPHOTOVOLTAIC CELL

A solar cell is a PN junction with a large surface area
and to allow light because of N-type material generally
thin. The electricity is generate in depletion zone when
photon incident on the PN junction. For creating PN
junction mainly silicon atom lattices are used. To form
P-type and N-type material doping are done to create an

excess holes and extra electrons respectively. When a

photon of light is absorbed then holes of P region try to
diffuse electrons of N region and vice versa and create a
charge in junction which can produce electric field. The
free hole and electron has enough energy to jump out of
the depletion part zone. If an external load is connected
with the help of wire to the PN junction. Thus electron is
attracted to the positive charge of the P-type material
and hole is attracted to the negative charge of the
N-type material, so that current flows through the
external load as show in Fig.2
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Fig.2. Diagram of electricity generation by solar PV cell

Equivalent Circuit of ideal solar cell is represented by
a current source connected in shunt with a rectifying
diode.
series and shunt resistances to the ideal model as shown
in Fig.3.RS

whose value is very small (ideally zero) and RP

For the practical application usage, connect

represents the series intrinsic resistance

represents the equivalent shunt resistance which has a

very high value (ideally infinity) [10].
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Fig.3. Equivalent circuit model of solar PV cell

From Fig.3 Applying Kirchhoff’s current law
IL=Ip+IRp+I (1)

The photovoltaic current equation [11]
I=I.-IRr-1Ip(2)
I=I.-To[exp (V+IRs/Vr)-=1]-[V+IRs/Re] (3)

Here, I. and I, represent the photo generated current
and diode saturation current respectively, whereas I
and V is the Cell current and Cell voltage respectively,

Vr is the Thermal voltage.
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The V-1 Characteristics represents the operating
principle of a solar cell or module and indicates the
relationship between the current and voltage at the
present situations of temperature and irradiance.
Generally the series and parallel combination of
Photovoltaic cells is used to increase the voltage and
current rating of solar array respectively (as shown in
Fig.4) because single cell are not able to produce desired
amount of capacity. V-I curves also provide the
information regarding design of solar system so that it
can operate as close to its best maximum efficiency as

possible (as shown in Fig. 4 for parallel MPP and series

MPP).
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Fig.4. Variation in graph due to series and parallel

connection

Solar Cell produces electrical energy in terms of DC
and multiplication of current and voltage equals to
power in watts, therefore make solar cell V-I curves on
behalf of the current versus the voltage for a solar

photovoltaic device as shown in Fig.4.

III. CONVERTER DESCRIPTION

The Converter step up and step down the magnitude
of DC level input obtaining from solar cell to low level
output DC voltage and high level output voltage
respectively, so in this paper SEPIC converter is used

and compare with Cuk converter.

A.Cuk Converter

Switching Cuk converter having an output voltage
value (lower or higher) than the input voltage, but the
output voltage of the converter has an opposite polarity
with reference to input voltage [12]. The inductor L: act
as a filter on the DC side which will be used to prevent
high harmonic current. The quantity of energy
transferred by the Cuk Converter to the inductor is

associated with the capacitor C shown in Fig.5.

V V. V
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Fig.5. Basic circuit diagram of SEPIC Converter

Ideally the output of Cuk converter is [13]
Vo={Dx/(1-D)}xVi(4)

Where, D is the duty cycle of switching,
D = (Ton) / (Ton + Torr) (5)

In this system, the parameters of Cuk converter has
been given below to get minimize value of ripple so that
to attain a maximum efficiency, as follows: Inductance,
L:= 300 mH; Inductance,L>= 15 mH; Capacitance, C =150
pF; Capacitance, Co =1000 puF and Switching frequency,
=16 kHz.

B. SEPIC Converter

A SEPIC is conventional type of buck-boost converter,
but having non-reversal output, the transformation of
energy from the input side to the output side is
generally passing through a series capacitor by means
of coupling and when the switch is turned off output
voltage drops to zero volt. The SEPIC converter permits
a range of dc voltage to be adjusted to sustain a constant
voltage output [14-15]. SEPIC converters can increase or
decrease the voltage as per required application as

shown in Fig.6.

Fig.6. Basic circuit diagram of SEPIC Converter

In SEPIC converter, high triggering pulse ON the
switch (generally MOSFET). Inductor L1 is charged by
the given input voltage and with the help of capacitor
Ci, inductor L2 is charged as shown in Fig.7 (a). If the
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pulse triggering is low the switch is OFF, the capacitors
are charged by inductors through the diode to the load
output as shown Fig.7 (b). The output is maintained by
capacitor 2, when diode is OFF.

(b)

Fig.7 working circuit diagram (a) when switch S1 is ON,
(b) when switch S1 is OFF

For achievement of greater output, the pulse should
be low and the percentage of duty cycle will be greater.
This happened because of getting longer charging time
by the inductor, hence gives greater voltage. Due to the
pulse continues too long sometimes, converter fail to do
the following operation thereby capacitors will not be
capable to charge.

Ideally the output of SEPIC converter is
Vo=(DxVn)/(1-D) (6)

In equation (6) if we consider the losses due to
parasitic elements such as the diode drop Vb1

Then, Vo={(D x Vix) / (1 = D)} - Vo1(7)

The amount by which step up or down of the voltage
of SEPIC converter primarily depends primarily on the
parasitic elements of the circuit and on applied duty
cycle [16].

From equation (7) duty cycle can be,
D= (Vo+ Vb1) /(Vin+ Vo + Vb1) 8)

If the duty cycle is greater than 50%, it will step up the
voltage and act as a boost converter whereas for duty

cycle less than 50% it will be step down the voltage and

act as buck converter.

In this system, the parameters of SEPIC converter has
been given below to get minimize value of ripple to
attain optimum efficiency, as follows: Inductance, Li=
300 mH; Inductance, L= 15 mH; Capacitance, C1 =150
uE; Capacitance, C2 =1000 uF.

C. Controller for SEPIC Converter

A PID controller is closed loop feedback controller,
efforts to minimize the error among a measured process
parameter and take a corrective measure by computing
and then give a desire output value which can modify
the process consequently. Generally it is used to
minimize the dynamic response and to decrease the
steady-state error [17]. The current error reaction
determines by the Proportional (P), the sum of recent
errors reaction determines by the Integral (I) and the
rate at which the error has been varying determines by
the Derivative (D).

In a feedback closed loop the PID controller output
signal given by

u(t)=Kpe+Kifedt+Ka(de/dt) )

This control signal will be fed to the plant/process,
and the new output y(t) will be attained. This new
output will be then sent back again to the feedback
control sensor, to find the new error signal e(t) [18]. The
controller precedes this novel error as input signal and

calculates the gain values (Kp, Ki, Ka) as shown in Fig. 8.
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Fig.8. Schematic diagram of control strategy

In this system, the parameter of Kp, Ki and Ku are
0.001, 100 and 0 respectively, increases the performance
and efficiency of converter. Here the whole control
strategy includes two loops current inner loop and
voltage outer loop and switching pulse to the MOSFET
has been provide by the Pulse Width Modulation
technique, by comparing a constant dc voltage i.e.

reference value with a saw tooth signal i.e. carrier value
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and the switching frequency has been taken as 16 kHz.

IV. INVERTER DESCRIPTION

The configured system is designed for the purpose of
domestic load that’s why the single phase full bridge
VSI is used for the conversion operation of DC output,
obtaining from SEPIC converter to the AC output for
full fill the required needs of desired load.

A.Single Phase Full Bridge VSI

The inverter converts DC power to AC power by
providing the DC input voltage or current in a
pre-defined sequential arrangement so as to produce
AC voltage or current output. The single phase full
bridge inverter involves a two arms with a two
semiconductor switches on both arms and having
antiparallel freewheeling diodes with each switch for
discharging the reverse current [19]. Generally in the
case of RL load equipment, these diodes allow to flow
reverse load current through it and these diodes also
provide an alternative route to inductive current which

remain so run during the Turn OFF situation as shown

in Fig.9.
T1 T3
——-I: % D1 _..{: £D3
. + V, -
Vee—— T VYWV
1 (e)
T4 T2
% D2 —-l: %P4

Fig.9. Basic circuit diagram of single phase full-bridge
VSI

From Fig. 9, the switches are Ti, T2, Ts and Ts with
antiparallel freewheeling didoes D1, D2, Ds and Das. The
switches are alternatively operated in way on each
branch so that they are not simultaneously ON and OFF
in same mode. To avoid short circuiting, In general both
the switch is OFF for very short duration of time called
blanking time. To get the desired output the switches
should be operate in T1 and T2 or Ts and Ts pair to get
the desired output. For the change in polarity of voltage
waveform, the bridges legs are switched in a manner by
which the output voltage is shifted from one to another.
When the output voltage is max, then shift angle is
and if the output voltage is zero, then shift angle is also
zero. The circuit operation, when S1, 52 ON and S3, 54

OFF for duration tl<t<t2 as shown in Fig.10 (a) and
when S1, S2 OFF and S3, S4 ON for duration t2<t<t3 as
shown in Fig.10 (b).

(a)
1
S1 S3
+
V—— AN ' ' _
1 Fovg '
1 S4 S2 \
- / De
(b)
Fig. 10 Working circuit diagram (a) when S1, S2 ON, (b)
when S3, 5S4 ON

For the better conversion of power from DC to AC
with minimum losses and low THD in output has been
achieved by the Pulse Width Modulation technique to
provide switching pulses to the MOSFET accurately
[20-21]. The values given to PWM pulse generator for
output voltage frequency, carrier frequency and
modulation index are 50Hz, 1030Hz and 1 respectively
and also the value given to the RL load (domestic load)

having resistance is 50 { and inductance is 100 mH.

V. RESULTS

The MATLAB/SPS software has been wused to
simulate the solar energy based DC-AC system with
using Cuk converter to DC-DC conversion of power
from solar cells and then using single phase full bridge

VSI to DC-AC conversion as shown in Fig. 11.

Fig. 11 MATLAB Simulink model of Solar PV based Cuk
with VSI
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A.Simulated Output Graphs of Solar PV cells for Cuk
Converter Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current Cuk
converter is 3.989 A, that is also the output current from
the solar cells as shown in Fig. 12(a) and Similarly input
voltage for Cuk converter is 112.6 V, that is also the
output voltage from the solar cells as shown in Fig.
12(b).

2 T T T T T =

=
1

Current (A)
h o o D
1 l L L

Voltage (V)

(b)
Fig. 12 Solar PV cells outputs and Cuk Inputs (a)

Current versus Time (b) Voltage versus Time

B. Simulated Output Graphs of Cuk Converter for Inverter
Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current for
single phase full bridge VSI is -2.457 A, that is also the
output current from the Cuk converter as shown in Fig.
13(a) and Similarly input voltage for single phase full
bridge VSI is -221.5 V, that is also the output voltage

from the SEPIC converter as shown in Fig. 13(b).
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Fig. 13 Cuk outputs and Inverter Inputs (a) Current

versus Time (b) Voltage versus Time

C. Simulated Output Graphs of Solar PV based Cuk with VSI
for Domestic Load Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current for
domestic load (RL load) is 2.171 A, that is also the
output current from the single phase full bridge VSI as
shown in Fig. 14(a) and Similarly input voltage for
domestic load (RL load) is 221.1 V, that is also the
output voltage from the single phase full bridge VSI as

shown in Fig. 14(b).
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Fig. 14 Cuk with VSI outputs and Domestic load Inputs

(a) Current versus Time (b) Voltage versus Time

D. Total Harmonic Distortion in Output Voltage of Solar
PV based Cuk with VSI

The simulated graph of total harmonic distortion
obtained by the MATLAB/SPS software in which the
THD present in the voltage is 10.00 % for the solar
energy based DC-AC by using closed loop Cuk
converter with single phase full bridge VSI for the

domestic load as shown in Fig. 15.

Fundamental (50Hz) = 73.15 , THD= 10.00%
T T T T

Mag (% of Fundamental)

0
0 2 4 6 8 10 12 14 16 18 20
Harmonic order

Fig. 15 THD in output voltage of solar PV based Cuk
with VSI for DC-AC domestic load system

The MATLAB/SPS software has been wused to

simulate the solar energy based DC-AC system with
e
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using SEPIC converter to DC-DC conversion of power
from solar cells and then using single phase full bridge

VSI to DC-AC conversion as shown in Fig. 16.

— e E— T 1)
3]
N R o
W = <l

Fig. 16 MATLAB Simulink model of Solar PV based
SEPIC with VSI

E. Simulated Output Graphs of Solar PV cells for SEPIC

Converter Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current for
SEPIC converter is 5.160 A, that is also the output
current from the solar cells as shown in Fig. 17(a) and
Similarly input voltage for SEPIC converter is 112.4 V,
that is also the output voltage from the solar cells as

shown in Fig. 17(b).

Current (A)
=

0 01 02 03 04 05 06 07 08 09 1

Time (5)
(a)
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o
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0 01 02 03 04 05 06 07 08 09 1
Time (S)
(b)

Fig. 17 Solar PV cells outputs and SEPIC Inputs (a)

Current versus Time (b) Voltage versus Time

F. Simulated Output Graphs of SEPIC Converter for Inverter
Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current for
single phase full bridge VSI is 2.461 A, that is also the
output current from the SEPIC converter as shown in
Fig. 18(a) and Similarly input voltage for single phase

full bridge inverter is 222.9 V, that is also the output

voltage from the SEPIC converter as shown in Fig. 18(b).

w- S a

Voltage (V)
S

0 I 1 I 1 I I 1 I 1
0 01 02 03 04 05 06 07 08 09 1
Time (S)

(b)
Fig. 18 SEPIC outputs and Inverter Inputs (a) Current

versus Time (b) Voltage versus Time

G.Simulated Output Graphs of Solar PV based SEPIC with
VSI for Domestic Load Input

The simulated waveform obtained by the
MATLAB/SPS software in which the input current for
domestic load (RL load) is 2.281 A, that is also the
output current from the single phase full bridge VSI as
shown in Fig. 19(a) and Similarly input voltage for
domestic load (RL load) is 222.6 V, that is also the
output voltage from the single phase full bridge VSI as

shown in Fig. 19(b).
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Fig. 19 Inverter outputs and Domestic load Inputs (a)

Current versus Time (b) Voltage versus Time
H. SimulatedTotal Harmonic Distortion in Output Voltage
of Solar PV based SEPIC with VSI

The simulated graph of total harmonic distortion
obtained by the MATLAB/SPS software in which the
THD present in the voltage is 8.03 % for the solar energy
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based DC-AC by using closed loop SEPIC converter
with single phase full bridge VSI for the domestic load

as shown in Fig. 20.

Fundamental (50Hz) = 77.02 . THD= 8.03%
T T T T

f Fundamental)

g4

10
Harmonic or der

Fig. 20 THD in output voltage for solar energy based
DC-AC system for domestic load

I. SimulatedComparative analysis of solar energy based
DC-AC system

The overall variation obtained by the MATLAB/SPS
software for voltage and current parameter form input
to output and also THD of Cuk converter with VSI and
SEPIC converter with VSI for designed configured
DC-AC system as shown in table 1.

Table I. Analysis of DC-AC solar energy system for

domestic load

Solar DC-AC system
Vigh il Cuk Converter SEPIC Converter
anable with VSI with VSI
Input Output Input Output
Voltage
112.6 221.1 112.4 222.6
V)
Current
3.989 2.171 5.160 2.281
(A)
THD% 10.00% 8.03%

VI. CONCLUSION

In this paper, the efficient solar PV based closed loop
SEPIC converter with single phase full bridge VSI
(DC-AQ) is designed and
MATLAB/SPS software and also compare by solar PV
based closed loop Cuk converter with single phase full
bridge VSI system for the domestic load (RL load). In
which for given RL load (R=500Q2 and L=100mH), the low
DC input voltage (112.4 V) from solar PV cells is boost
up by the SEPIC converter to high DC input voltage
(2229 V) for inverter and then this DC input voltage
converted to AC output voltage (222.9 V) with low THD
(8.03%) by the Single phase full bridge VSI as desired

for the reliable operation of domestic load with low

system simulated in

losses.
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