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ABSTRACT
Power electronic converters are widely used for many industrial applications because of their reliability, high efficiency and less
maintenance. Among the available renewable energy sources, the photovoltaic (PV) one is fast growing market all over the world.
This paper proposes a dual converter and SEPIC converter using photovoltaic (PV) system .Next, the analysis and working of
proposed converters is discussed along with its circuit modeling and performances are analyzed in detail. The proposed converters
are analyzed using MATLAB simulations. Finally, closed loop control is performed with a PI controller. This is done in order to
keep the output voltage constant. [1-4]
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1. INTRODUCTION
Renewable energy generation has gotten a lot of attention and research lately because it is cleaner and more reliable. A
grid-connected PV power generation system has recently been created. Since they give ways to alleviate energy shortages,
distributed generating systems have been frequently used as an energy supplement in the situation of centralized
generation. The use of photovoltaic (PV) and wind energy is increasing over the world. PV cells produce energy in the
form of dc voltage/current, which must be converted to ac before being sent to the grid. Unlike a renewable energy
generation system, which includes dc-dc and dc-ac converters as well as corresponding control circuits, minimalized
systems just include a dc-ac converter and its control circuit. They do, however, face significant operational constraints.
Operation limitations in progressive depletion of primary energy requires the development of renewable and clean energy
sources, particularly in Europe. In addition, the recently inaugurated solar power plant in Tamil Nadu is the world's largest
solar power plant in terms of area and electricity producing capacity. In the near future, it is predicted to be one of the most
important power-generation modes. Multiple-input energy sources can diversify different energy sources while also
boosting system reliability. MI converters can combine the benefits of ten distinct sources, including solar cells, fuel cells,
batteries, ultra-capacitors, and other renewable energy sources, with varying voltage and current characteristics for best
energy/economic utilization. A great deal of study has gone MI converters are being researched, modelled, and used in
grid-connected integrated hybrid generation systems, fuel cells, micro-gridbased telecom power systems, uninterruptible
power supply, and electric and hybrid electric cars. The major goal of this study is to create a multiple-input hybrid energy
conversion architecture with closed loop control to achieve a consistent output voltage.

2 Solar energy:
Solar energy is heat, chemical processes, or electricity generated by the Sun's radiation. Solar energy incident on Earth
much exceeds the world's present and projected energy needs. This distributed energy source has the ability to meet all

Volume 11, Issue 5, May 2022

Page 123

International Journal of Application or Innovation in Engineering & Management (IJAIEM)
Web Site: www.ijaiem.org Email: editor@ijaiem.org
Volume 11, Issue 5, May 2022
ISSN 2319 – 4847

future energy demands if properly harnessed. Solar energy will likely grow more appealing as a source of energy in the
twenty-first century In contrast to the finite fossil fuels coal, petroleum, and natural gas, renewable energy is an infinite
source of energy and is nonpolluting.
Solar energy can be transformed to thermal energy and used to: • heat water (for use in homes, buildings, or swimming
pools); and • heat spaces (in greenhouses, residences, and other structures). Solar thermal energy is generated indirectly by
using the sun's radiant energy to heat a fluid, which can then be used to generate heat or electricity.
Steam generated by heating the fluid is used to power generators, which generate energy.
Photovoltaic solar panels, on the other hand, transform the sun's rays directly into energy.

2.1 PHOTOVOLTAIC (PV) OR SOLAR CELLS
Solar cells are semiconductors that generate energy from sunshine. The photons emitted by the sun's beams are absorbed in
solar cells, which are mostly constructed of silicon. The electrical connectors for connecting all of the solar cells are
installed on silicon wafers that have been doped. Anti-reflective coating is applied to the silicon discs as a result. This layer
helps to prevent sun damage. After that, the cells are encased in aluminum frames. To achieve quality control over time,
this procedure must be constantly monitored. Solar cells generate more energy than other traditional sources after the
manufacturing process is through, and they are also lighter and less expensive. More energy can be created with solar cells
than with conventional solar panels.

2.2 Operation of PV cell:
A solar cell is made up of two different types of semiconductors. P-type and n-type silicon are the two types. By adding
atoms like boron or gallium, p-type silicon is created. An electron vacancy or "hole" is generated because boron has one
less electron than is required to form bonds with the surrounding silicon atoms. Similarly, n-type silicon is generated by
mixing with elements like phosphorus that have one additional electron in their outer level than silicon. A solar cell is
made up of a p-type silicon layer sandwiched between two layers of ntype silicon as shown in the below Fig. 1. In the ntype layer, there are more electrons than holes, whereas in the p-type layer, there are more holes (which are vacancies due
to the lack of valence electrons).The electrons from one side move to the holes of other side at the junction of the two
layers. Thus depletion zone is created where electrons are filled the holes.

FIG: 1 Schematic representation of a solar cell
2.3 Dual converter:
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The name dual converter implies two converters. It's an electronic converter made up of two converters. One serves as a
rectifier, while the other serves as an inverter. As a result, we can claim that two processes will occur simultaneously. Two
complete converters are connected to the same dc load in an anti-parallel arrangement. Four quadrant operations are
possible with these converters. The following is a basic block diagram as shown in the below fig 2.

FIG: 2 Basic Block Diagram
2.3.1 Operation of dual converter:
Dual converter—the name implies that it contains two converters. It's an electric device that's widely
used in variable-speed vehicles. It is a power electronics control system that uses forward and reverse
converters to obtain either polarity DC from AC rectification. Two converters are connected back to
back in a dual converter. One half of the bridges acts as a rectifier (converting AC to DC), while the
other half acts as an inverter (converting DC to AC) and is connected to a DC load in common. A dual
converter is one that performs two conversion procedures at the same time. Four quadrant operations
can be performed with a twin converter as shown in the below fig.3. Below is a diagram of the four
quadrant operation.

FIG: 3 Dual converter four quadrant

2.3.2 Principle of Dual Converter:
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The operation of the dual converter can be explained using the simplified equivalent diagram of the DC circuit as shown
in the fig 4. Two assumptions are made in this reduced representation. Dual converters are ideal since they generate clean
DC output terminals with no ripples.
● Each of the two-quadrant converters is believed to be a controlled direct voltage source linked in series with a diode. The
converters' unidirectional current flow characteristics are represented by diodes D1 and D2. However, the current can flow
in any direction.
●

●

Assume that converter 2's average output voltage is V02 and converter 1's is V01. To ensure that the output voltages of
the two converters have the same polarity and magnitude .The firing angles must be adjusted. Single-phase converter
output voltage average = 2Vm COS/ F
● Three-phase converter average output voltage = 3Vm COS/ V01= V max COS1 is the average output voltage for converter
1. V02= V max COS2 is the average output voltage for converter 2.
● The output voltage is determined by, and the firing angle cannot exceed 180 degrees. So, α1+ α2= 180
●

2.3.3 Modes of Operation of Dual Converter:
There are two functional modes: Non-circulating current mode
Circulating mode.

Non-Circulating Current Mode:
At any one time, only one converter will be active. Between the converters, there is no circulating current. The firing angle
(1) in the converter 1 operation will be 0 1 90 0. (V dc and I dc are positive) The firing angle as shown in the below fig 5
will be 02 90 0 during converter 2 operation (V dc and I dc are negative).

FIG: 4 Ideal dual converter

FIG: 5 firing angle

Circulating Current Mode:
Both converters will be turned on at the same time in this mode. As a result, there is circulating current. The firing angles
are changed to make 1+ 2 equal 1800. Convertor 1 has a firing angle of 1 while converter 2 has a firing angle of 2. When
the firing angle is 01 900, the Converter 1 functions as a regulated rectifier, and when the firing angle is 900 2 1800, the
Converter 2 works as an inverter. V dc and I dc are both positive (+) in this situation. When the firing angle is 900 1 1800,
Converter 1 acts as an inverter, and when the firing angle is 02 900, Converter 2 acts as a regulated rectifier. V dc and I dc
are both negative in this condition.

2.3.5 Applications of Dual Converter:
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Applied in Direction and Speed control of DC motors.
Applicable wherever the reversible DC is required.
● Used in Industrial variable speed DC drives.
●

2.3.6 Advantages of dual converter:
●
●

The dual converter responds faster when the converters are in continuous conduction.
Both the converters remain in same condition continuously, irrespective of whether the load is continuous or not.

2.3.7 DISADVANTAGES:
The major disadvantage is that the reactor has to be used. The reactors are costly and bulky at high power levels.

2.4 SINGLE—ENDED PRIMARY-INDUCTOR CONVERTER (SEPIC):
The output of a single-ended primary-inductor converter (SEPIC) is controlled by the duty cycle of the control transistor
and allows the electrical potential (voltage) at its output to be greater than, less than, or equal to that at its input .A SEPIC
is similar to a traditional buck-boost converter, as shown in the fi 6 below, but it has the advantages of having a noninverted output (the output has the same voltage polarity as the input), using a series capacitor to couple energy from the
input to the output (and thus responding more gracefully to a short-circuit output), and being capable of true shutdown:
when the switch is turned off, the output drops to 0 V after a fairly large transient dump of charge SEPICs are useful in
applications in which a battery voltage can be above and below that of the regulator's intended output. For example, a
single lithium ion battery typically discharges from 4.2 volts to 3 volts; if other components require 3.3 volts, then the
SEPIC would be effective.

FIG :6 SEPIC Converter
2.4.1 Circuit operation:
The schematic diagram for a basic SEPIC is shown in Figure. As with other switched mode power supplies (specifically
DC-to-DC converters), the SEPIC exchanges energy between the capacitors and inductors in order to convert from one
voltage to another. The amount of energy exchanged is controlled by switch Sl, which is typically a transistor such as
MOSFETs offer much higher input 44 impedance and lower voltage drop than bipolar junction transistors (BJTs) and do
not require biasing resistors (as MOSFET switching is controlled by differences in voltage rather than a current as with
BJTs.

2.4.2 Continuous Mode
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A SEPIC is said to be in continuous-conduction mode ("continuous mode"), as shown in the fig 7 below if the current
through the inductor L1 never falls to zero. During a SEPIC's steady-state operation, the average voltage across capacitor
C1 (V C1) is equal to the input voltage (V in). Because capacitor C1 blocks direct current (DC), the average current
through it (I C1) is zero, making inductor L2 the only source of DC load current. Therefore, the average current through
inductor L2 (I L2) is the same as the average load current and hence independent of the input voltage. Looking at average
voltages, the following can be written VIN =VL1+Vc1+V L2, because the average voltage of VC1 is equal to VIN, VL1 =
−V L2. For this reason, the two inductors can be wound on the same core, which begins to resemble a fly back converter,
the most basic of the transformerisolated SMPS topologies. Since the voltages are the same in magnitude, their effects on
the mutual inductance will be zero, assuming the polarity of the windings is correct. Also, since the voltages are the same
in magnitude, the ripple currents from the two inductors will be equal in magnitude.
The average currents can be summed as follows ID1 = IL1-IL2 When switch S1 is turned on, current IL1 increases and the
current IL2 goes more negative. (Mathematically, it decreases due to arrow direction.) The energy to increase the current
IL1 comes from the input source. Since S1 is a short while closed, and the instantaneous voltage VL1 is approximately
VIN, the voltage VL2 is approximately –V c1. Therefore, D1 is opened and the capacitor C1 supplies the energy to
increase the magnitude of the current in IL2 and thus increase the energy stored in L2. IL is supplied by C2. The easiest
way to visualize this is to consider the bias voltages of the circuit in a dc. State, then close S1.When switch S1 is turned
off, the current IC1 becomes the same as the current I L1, since inductors do not allow instantaneous changes in current.
The current IL2 will continue in the negative direction, in fact it never reverses direction. It can be seen from the diagram
that a negative IL2 will add to the current IL1 to increase the current delivered to the load. Using Kirchhoff's Current Law,
it can be shown that ID1 = IC1 – I L2

FIG: 7 SEPIC converter continuous mode
It can then be concluded that while S1 is off, power is delivered to the load from both L2 and L1. C1, however, is being
charged by L1 during this off cycle (as C2 by L1 and L2), and will in turn recharge L2 during the following on cycle.
Because the potential (voltage) across capacitor C1 may reverse direction every cycle, a non-polarized capacitor should be
used. However, a polarized tantalum or electrolytic capacitor may be used in some cases, because the potential (voltage)
across capacitor C1 will not change unless the switch is closed long enough for a half cycle of resonance with inductor L2,
and by this time the current in inductor L1 could be quite large.

2.4.3 Discontinuous Mode
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A SEPIC is said to be in discontinuous-conduction mode or discontinuous mode if the current through the inductor L2 is
allowed to fall to zero.

2.4.4 Disadvantages
Like the buck–boost converter, the SEPIC has a pulsating output current. The similar buck converter does not have this
disadvantage, but it can only have negative output polarity, unless the isolated buck converter is used.
● Since the SEPIC converter transfers all its energy with the series capacitor, a capacitor with high capacitance and
current handling capability is required.
● The fourth-order nature of the converter also makes the SEPIC converter difficult to control, making it only suitable for
very slow varying applications.
●

2.4.5 ADVANTAGES OF SEPIC CONVERTER:
The output voltage is a buck boost action from the source voltage; means the load voltage can be stepped up or stepped
down.

3 .SIMULINK MODELS:
The examination of a SEPIC and dual photovoltaic converter using the MATLAB Simulink toolbox.

3.1 SEPIC CONVERTER OPEN LOOP SIMULINK MODEL USING PV:
The below figure8 shows the Simulink diagram of a SEPIC converter in open loop.
The design of a Single Ended Primary Inductor Converter (SEPIC) for a PV system is presented. SEPIC is a buck-boost
DC-DC converter that permits a wide range of DC voltage adjustments to keep the output voltage constant. The linked
inductor improves the converter's efficiency by requiring less magnetic core.
Simulink/MATLAB software was used to discuss and simulate the SEPIC converter and its various control techniques.
The below fig 9 shows the variation of pulse width modulation with respect to time. The fig 10 sows the output voltage
with respect to time. The output voltage that is obtained from the SEPIC converter is of high value. So we can obtain a
voltage of any aptitude desirably by either step up step down.fig11 shows the graph of load current with respect to time.
Since the input given is a PV array which contains harmonics the load current also contains harmonics which comes to a
constant level after sometime .fig 12 shows the graph of load voltage with respect to time.

FIG: 8 Simulink Diagram of SEPIC Converter (open loop)
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FIG : 9 PMW VS Time

FIG: 10 Output Voltage VS Time

FIG: 11 Load Current VS Time
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FIG: 12 Voltage VS Time

3.1.2 SIMULINK MODEL OF SEPIC CONVERTER CLOSED LOOP USING PV:
The design of a Single Ended Primary Inductor Converter (SEPIC) for a PV system is presented. SEPIC is a buck-boost
DC-DC converter that allows for a wide range of DC voltage adjustments while maintaining a consistent output voltage
the Simulink is shown as below in fig 13. This closed loop is used in conjunction with the controller. The linked inductor
improves the converter's efficiency by requiring less magnetic core. Simulink/MATLAB software was used to discuss and
simulate the SEPIC converter and its various control techniques. Fig 14 shows the graph of PMW and time, fig 15 shows
the graph between output voltage and time fig 16 shows the graph between load current and time and fig 17 shows the
graph between output current and time.

FIG: 13 Simulink Diagram of SEPIC Converter (closed loop)
Using PV.
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FIG: 14 PMW VS Time

FIG: 15 Output Voltage VS Time

FIG: 16 Load Current VS Time
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FIG: 17 Output Current VS Time
4. SIMULINK MODEL OF DUAL CONVERTER USING PV:
The design of a dual converter for a PV system is presented here. Dual functions as a DC-AC converter. The name dual
converter implies two converters shown below the Simulink diagram of dual converter using PV in fig 18. It’s an
electronic converter or circuit that consists of two converters. The one will act as a rectifier, while the other will act as an
inverter. Simulink/MATLAB software was used to discuss and simulate the DUAL converter and its various control
techniques. Fig 19 shows the graph between output voltage with respect to time we can see that the

output voltage is constant because of the resistance of source voltage is low. The fig 20 shows the graph
of the load voltage with respect to time. It can be seen that the load voltage is also constant but at
considerably low level. The fig 21 shows the inverted square wave output that is obtained from a dual
converter

FIG: 18 Simulink Diagram of Dual Converter
Using PV
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FIG: 19 Output Voltage VS Time

FIG: 20 Load Voltage VS Time

FIG: 21 Inverted Square Input
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5. CONCLUSIONS
The design and analysis of a dual and SEPIC converter with PV application were described in this work. This
design is versatile because it can produce a consistent output voltage even if the input source voltage ranges from 6
to 24 volts. The design takes into account the converter's practical properties, and the stability may be determined by
looking at the output waveform. The converter with the controller has been shown to generate 12V and has a faster
settling time and less overshoot than the converter without the controller. We can also see that the output of the dual
converter is practically sinusoidal. The manner of operation of the converters, as well as its circuit modelling and
performance, have been thoroughly addressed.
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