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1. INTRODUCTION

In today’s scenario the demand of electricity has increased tremendously. The cause of it is increase
in population day by day, economic development of a country and diminution of fossil based fuels. So
alternative energy sources i.e. renewable energy sources is the best option without any harm to the nature. [1,
2,3]

With the advancement in technology in the field of power electronics more than past few years
and rising crises for energy have led to increase progress in generating power using renewable energy sources
like Photovoltaic (PV), Wind , Fuel cell (FC) based renewable energy technologies. Among all renewable
energy sources, solar photovoltaic (PV) electricity generation is the fastest growing source now a day’s
throughout the world. [4]. In a PV system , a PV array converts solar power to electrical power and a grid
connected inverter is required for inverting the electrical power to ac power then it is fed back to the grid.
[2]The power electronics device which converts DC power to AC power at required output voltage and
frequency level is known as inverter.

At present time almost all instruments whether electrical or electronic require power inverter. The
instruments which use ups (uninterruptible power supply) are mostly square or quasi sine wave inverters.
They have large harmonics in their output and may damage the devices or electronic instruments. For getting
pure sine wave in power electronics sinusoidal pulse width modulation (SPWM) technique is needed. Today
this technique is used in inverters to obtain pure sinusoidal wave in the output. The inverters of such
technique in the market are very costly and their output is also not true sine wave. So lot of research in this
direction is required. A commanding method SPWM is very useful in the area of power electronics such as
electrical drives, UPs, renewable energy system and so on. [5]

So for domestic purpose PV inverter is an ideal option. So there is a large scope in this field with a
great demand of electrical energy throughout the world and lot of research is going on to explore this in our
day to day life.
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In this paper a model of single phase Bridge inverter has been designed using MOSFETS. Gating
signals for these MOSFETS have been generated by PWM generator. In order to maintain the conduction
time intervals of MOSFETS have been maintained by controlling the pulse width of gating pulses (by
varying the reference signals magnitude of the comparator). Input to inverter is given by dual boost converter
which is fed by PV panel.

Simulation models (designed in SIMULINK) have been developed and THD is also calculated

2. INVERTER

It is a device which converts DC power into AC power at a desired output voltage and frequency is
called an Inverter. The input to the inverter is DC which is met either by a battery, fuel cell, PV array, MHD,
power supply or from an alternator with rectifier circuit. Impedance of DC source is very less or negligible in
case of voltage source inverter and hence input voltage is unvarying. Current source inverter Impedance is
very high and can be adjusted. Thus VSI at its input has a stiff DC Voltage source and CSI has a stiff DC
current source and their output is constant with variation in load According to semiconductor devices linked
inverters are classified as Bridge Inverters, Series Inverters and Parallel Inverters. Bridge Inverters are further
classified as half bridge and Full bridge inverters correspondingly. [5, 6]

Voltage source inverters with GTOs, power transistors, power MOSFETs or IGBTs, are self
commutated. They have controlled turn on and off signals at their gate terminals. Such type of inverters have
extensive industrial applications from small switched power supplies to large bulk power transport in field of
electrical drives, induction heating, UPS (uninterruptible power supplies) for computers, HYDC transmission
lines, etc [5-12].

Power inverters output are either Square Wave ,Modified Square Wave (Modified Sine Wave)or
Pure Sine Wave (True Sine Wave).

Square wave output is an asymmetrical output. Hence for most of the equipments square wave is not
suitable for running them. Hence square wave inverters are not used in the present time.

Modified square wave (modified sine wave) inverters have their output constant, steady and reliable for
running the majority of equipments smoothly and efficiently.

Modified sine wave or quasi-sine wave inverters also called the second generation of power
inverter. They are an up gradation of square wave inverters. Such inverters are known inverters in reference
to their higher cost and lower efficiency as compared to true sine wave inverters. True sine wave inverters are
the modern technology inverters. The output waveform of such type of inverter is analogous to utility. These
inverters have very less harmonics and equipments can be operated smoothly. But these inverters are costly.
Pulse width modulation (PWM) is a powerful technique for controlling analog circuits with a processor's
digital outputs. It is a very useful technique and has wide applications in measurement and communications
areas for power control and conversion. This technique is used to decrease the Total Harmonic Distortion
(THD) of load current.

The total harmonic distortion, or THD, is defined as the ratio of the sum of the powers of all
harmonic components to the power of the fundamental.

In this technique for controlling the switches of inverter for the sinusoidal PWM output, a reference
signal (modulating or control signal) which is usually a sinusoidal wave and a carrier signal which is a
triangular wave is needed for controlling the switching frequency. Switching may be unipolar or bipolar
type.

At present lot of research in area of multilevel inverters are going on. Such inverters have number of
voltage levels more and hence their harmonic content is lesser and output is of improved quality. The design
of such inverters is very complex. Multilevel inverters are neutral point clamped, flying capacitor or cascaded
H bridge type inverters. Of all Cascaded H bridge type inverter is the best inverter topology.

3. HBRIDGE INVERTER

An H bridge is an electronic circuit. It enables a voltage to be applied across a load in both directions. The H
Bridge is named from its distinctive graphical representation of a circuit. Therefore an H bridge is made
using a combination of four solid-state switches. When the switches S1 and S4 are closed (and S2 and S3 are
open) a positive voltage will be applied across the load resistor. By opening S1 and S4 switches and closing
S2 and S3 switches, the voltage is reversed. The switches S1 and S2 should never be closed at the same time,
this condition will short circuit on the input voltage source. For the switches S3 and S4 same condition exists.
This condition is recognized as shoot-through. [13]
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Figure 1. Shows the Full H-Bridge Configuration.

Single H-Bridge configuration 3 voltage levels are obtained. The number output voltage levels of a cascaded
Full H-Bridge are given by 2n+1 .The voltage step of each level is given by Vdc/n. In which n is number of
H-bridges connected in cascaded. Usually Sinusoidal pulse width modulation (SPWM) switching techniques
are used for solid state switches whose characteristic is they are having constant amplitude pulses with a

different duty cycle for each period. To generate this type of signal a sinusoidal with a triangular waveform is
compared. [14, 15, 16].

Table 1. The switching table is given below

Switches Turn ON Voltage Level
S1,54 Vdc
S2,S3 - Vdc

4.  SIMULATION RESULTS
4.1. Simulation of Dual Boost Converter
Dual boost converter designed circuit is as below. [17]
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Figure 2. Dual stage Boost Power Converter

The parameter values taken is as follows-

Vs=24 V DC, L;=190e-3 H, L,=20e-3 H, C1 = 3.5e-6 F, C2 = 1e-6 F, R, - 133.1ohm and load resistance as
59.1 ohm.

Figure 3 shows the simulation of Boost Converter using Matlab /Simulink for PV application

Single Phase PV Inverter Applying a Dual Boost Technology (Sudha Bhutada)
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Figure 3. The circuit consists of the DC voltage source input, two MOSFET éwitches, 2 inductors, 2 diodes,
2capacitors and load resistances for first stage and second stage respectively.

The circuit voltage and current measurement are made with scope to verify the simulation output results and
the signal generator is used to give the pulses to MOSFETS and finally the power GUI is also connected. The
DC to DC converter is of boost type. Firstly the first stage converts 24V DC to 86V DC and then 86V DC to
312V DC.[17] . The boost converter output is a regulated fixed output in spite of variations in solar PV
system.

4.2. Simulation Results and Discussion of Boost Converter
A. Output waveform of first stage Boost converter
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Figure 4. The first stage output obtained was 86 V from 24 V input.

B. Output waveform of Second stage (dual stage boost converter)
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Figure 5. The second stage output obtained was 312 V from 86 V input. In both stage the duty cycle
maintained was 0.72.The final load current obtained was 5.289 A.
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4.4. Simulation of Single phase H bridge inverter for phototovoltaic Application using
MATLAB/SIMULINK

Simulation circuit of H bridge Inverter using MATLAB/SIMULINK

Figure 4. In the H Bridge inverter circuit the input to the inverter was given through boost converter.

The H bridge converter is made with 4 MOSFETSs, where the forward voltages of the forced-commutated
device and diode are ignored. VVSCs are controlled in open loop with the Discrete PWM Generator block
available in the Extras/Discrete Control Blocks library. The simulation of Single phase full bridge Inverter
using Matlab/simulink, When the S1 and S2 conducts the load voltage is Vs where as the S3 and S4 conducts
the load voltage is —Vs. Frequency of the output voltage can be controlled by varying the periodic time The
circuit uses the DC voltage (Vdc =312 V), carrier frequency (1080 Hz) and modulation index (m = 0.8).The
circuit was simulated at the sampling rate of 1/3240 samples per cycle. The sampling time (T;) taken was
1/50/3240= 6.17e-6 s .The output of inverter was filtered using LCL filter circuit and finally load resistance
was inserted in the circuit and output was measured using scope and Power GUI.

The parameter values for inverter and LCL filter circuit taken are as below -

Vdc =312V

Pulse generator:

Amplitude = 1v

Sample time = 6.17¢e-06s

Pulse width (% of period) = 80%

Phase delay (secs) =0

R load =500hms

L;=55mH, L,= 55mH

C=159uF

The Inverter Output Voltage = 332.2V and Output Current = 6.663A and THD of output voltage and load
current was found to be 0.15%.

Single Phase PV Inverter Applying a Dual Boost Technology (Sudha Bhutada)
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Simulation results
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Figure 5. H Bridge Inverter Output VVoltage and Current Waveforms

H bridge inverter Output Voltage without filter
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Figure 6. H bridge inverter Output Voltage without filter
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Figure 6. H bridge inverter Voltage Output
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H bridge inverter Current Output
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Figure 7. H bridge inverter Current Output
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Figure 8. FFT Analysis of Load Current

Table 2. Efficiency Table Calculation for Different Loads

Load Output Power Power Input THD Efficiency
Current Output

5Q 10.12A 286.4W 287TW .178% 99.7%
10Q 9.853A 490.2W 492.1W 18% 99.9%
20Q 8.802A 776.1W 776.9W 14% 99.8%
30Q 7.952A 951.3W 952.2 .10% 99.9%
40Q 7.25A 1054W 1052w 14% 99.8%
50Q 6.705A 1122W 1123.4W A7% 99.87%
70Q 5.89A 1201w 1202w .30% 99.9%
90Q 5.295A 1235w 1237w .56% 99.83%
100Q 5.048A 1243W 1245W T1% 99.8%

5. CONCLUSION

In this paper the single phase H Bridge Inverter 1500VA, using dual boost concept and SPWM
technique for triggering MOSFET was designed and tested for fixed modulation index of 0.8.The Inverter
was tested for different resistive loads. It was found that the efficiency of inverter is near around 99.8%.
These results were tested in MATLAB/SIMULINK. In order to achieve a much better performance,
improvements like change in modulation index and filter circuit design can be made.
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