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Abstract— Solar energy is a very large, inexhaustible source.  

After wind energy, solar energy is considered fastest 

developing non-conventional energy source. Solar energy is 

environment friendly and best suitable for decentralized 

application. Solar PV performs direct conversion of sunlight 

to electricity. Solar PV mainly characterized with variable 

output power because of the solar irradiance and cell 

temperature. To increase the energy generation efficiency of 

solar PV, research effort is focused in the direction to 

maximize the efficiency of solar cell via manufacturing 

technology and also explore the progress in the power 

electronic devices for small and large scale applications of the 

power system. This paper presents trasformerless single 

phase inverter for solar photovoltaic application. From the 

solar PV panel, the variable supply voltage of 40V-60V is 

regulated and closed loop boost converter receives input dc 

voltage and produces constant DC voltage of 310V modeled 

in MATLAB/Simulink environment. Single phase inverter 

was used to convert DC voltage to chopped AC voltage for 

AC load supply. After filtering the output voltage of the 

inverter to give pure sinusoidal alternating current of 210V 

RMS. Inverter output voltage has a very low total harmonic 

distortion of 1.56 % which makes the system suitable for grid 

network and local AC load. This paper introduces the 

implementation of running the single phase asynchronous 

machine. 
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I. INTRODUCTION 

The entire world  is switching to renewable energy source as 

their main source because all  we know that the conventional 

sources like coal, oil ,gas etc will be available  for certain 

period of  time after that they get exhausted. The recent events 

have posed a setback to the sector of conventional power 

generation the main reasons are higher fuel prices, awareness 

of the environment, and increase in production cost. So it is 

required to switch to non-conventional energy as soon as 

possible. Renewable energy sources have received greater 

attention and considerable input have been given to develop 

efficient energy conservation and utilization techniques[1] .In 

the upcoming feature, renewable energy sources like solar 

and wind energy are expected to add  more than 35 %  energy 

within the power industries[2]. Solar energy is one of the 

solutions of the energy crisis as it is renewable and has no 

environmental hazards. Solar energy is beneficial because it 

is free, environment friendly and ideally suited for the 

decentralized variety of applications. Solar energy is one of 

the most promising unconventional energy sources, solar 

energy could supply all the present and feature needs of the 

world. Photo-voltaic (PV) solar energy conversion is one of 

the most attractive non conventional energy sources of 

proven reliability from micro watts to giga watts level.  The 

PV system converts Sunlight to electricity, provide non 

polluting conversion process, not depending on fossil or 

nuclear fuels. The world solar PV capacity was just 10 GW 

in 2007 over the course of 2012[3], solar photovoltaic 

capacity maximized by about 100 GW. To increase the 

generation potential of solar photovoltaic system, research 

efforts is concentrated towards the solar cell manufacturing 

technology and also improves the progression in the power 

electronic devices. 

Presented in this paper design and simulations of 

DC-DC converter and H-bridge 2-level inverter this is fit for 

the variable solar PV source. The supply voltage is first 

modulate from the solar panel and boosted up to high DC 

voltage afterwards converted to AC voltage of the single 

phase inverter which display that the system is fit for AC load 

and grid network connection has very low THD of less than   

2 % . 

II. SOLAR PHOTOVOLTAIC SYSTEM 

Fig. 1 shows the block diagram of solar PV system 

 
Fig. 1: Single phase solar photovoltaic system 

From the solar panel variable voltage of (40~60 V) is 

obtained because of the natural parameters like temperature 

and solar irradiations. These two factors affects it output 

power. The  DC-DC  converter accept the supply DC voltage 

from the solar panel then boost up to  high  DC voltage of 310 

V.  An H-bridge inverter was use to converts DC voltage to 

chopped AC of 310 V peak voltage after filtering to get the 

voltage    210 V RMS. The LC low pass filter is used here 

because chopped AC voltage contains both carrier and 

modulating frequency.  

III. Dc-dc boost converter basicS 

 
Fig. 2(a):  Boost converter circuit 
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In the boost converter output voltage is larger than the input 

voltage .DC-DC converter circuit as shown in Fig. 2(a). 

When the switch is closed, the diode is reverse 

biased then the inductor is charge and capacitor is used to 

maintain a constant voltage to the output side shown in Fig. 

2(b). 

 
          Fig. 2 (b): Equivalent circuit for the switch closed 

When the switch is opened, the inductor current is 

can’t be change immediately , then the diode become forward 

bias to allow the way of the inductor current transfer to the 

load are shown in Fig. 2(c). 

 
Fig. 2 (c): Equivalent circuit for the switch open 

IV. MATHEMATICAL ANALYSIS OF BOOST CONVERTER  

Equation (1) to (3) uses to calculate the steady state 

parameters of the boost converter [4, 5]: 

The output voltage of the boost converter is given by 

                                                   𝑉𝑜𝑢𝑡 =
𝑉𝑚

1−𝐷
                        (1) 

Inductor ripple current is given by  

                                            ∆𝐼𝐿 =
𝑉𝑖𝑛 𝐷

𝑓𝑠 𝐿
                    (2) 

The output capacitor value for a desired output voltage ripple 

is given by          

                               𝐶𝑜𝑢𝑡(max)=

𝐼𝑜𝑢𝑡(max)    𝐷

𝑓𝑠  ∆ 𝑉𝑜𝑢𝑡

            (3) 

Parameters Symbol Values 

Input voltage range 𝑉𝑖𝑛 40~60 V 

Output voltage 𝑉𝑜𝑢𝑡 310 V 

Output current I o 2.8 A 

Inductor current ripple ∆ I o 0.625 A 

Output ripple voltage ∆𝑉𝑜𝑢𝑡 2 V 

Frequency 𝑓𝑠 100 kHz 

Duty cycle D 0.82 

Inductor L 15.1×10−5  H 

Capacitor C 71.5 ×10−5  F 

Resistance R 114 Ω 

Table 1: Design Parameters 

A. Open Loop Simulation of Boost Converter 

The Table 1 presented the design parameters of the DC-DC 

converter, open loop simulation is conducted out in the 

MATLAB which is shown in Fig. 3. The variation in the 

supply voltage measures as 40 V, 48 V and 60 V. Open loop 

simulation results of output voltage and current  presented in 

the Fig. 4(a), 4(b). 

 
Fig. 3: Open Loop Boost Converter 

 
Fig. 4(a):  Open loop input voltage and output voltage (V) 

 
Fig. 4(b): Open loop output current (A) 

B. Closed Loop Simulation of Boost Converter 

In the closed loop simulation it is not possible to obtain the 

constant output voltage as 310V, then taking the constant 

output voltage as 310V, output voltage and the reference 

voltage are compared in the comparator in the MATLAB 

environment, this gives the error signal, the error signal thus 

obtained is sent to the PID controller. PID controller checks 

the error and generates control signal [6].  Again Comparator 

compares the control signal with the input current, and an 

error signal is generated, this error signal is sent to the PID 

controller. The PID controller checks the error and send 

control signal, this signal is compared with the triangular 

carrier waveform, if the control signal is greater than equal 

that of carrier triangular waveform, then the pulse is 

generated. The pulse generated is sent to the switch for 

triggering shown in Fig. 5 and presented in Fig. 6(a), 6(b). 
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Fig. 5: Closed loop Boost converter 

 
Fig. 6(a): Closed loop input and output voltage (V) 

 
Fig. 6(b): Closed loop output current (A) 

V. INVERTER SIMULATION 

Inverter is a device which converts DC voltage from DC-DC 

converter to AC (alternating current) in the solar photovoltaic 

system. Single phase H- Bridge inverter consists of   four 

switches of MOSFET shown in Fig. 7. open and close the 

switches diagonally when the switches S1, S4 close at the 

same time switches S2, S3 will be open .If S1 and S2   should 

not be closed at a same time because same time closing would 

cause a short circuit from dc source to ground. 

 
Fig. 7: Single phase inverter 

For the switching control purpose the unipolar PWM 

techniqe is  used here because the unipoar PWM  switching  

gives less switching stress on the switching devices.The 

gating signal is generated by comparison of triangular carrier 

waveform with  two reference signals having frequencies 

with respect to 5kHz and 50kHz on the possitive and negative 

signal planes which results two switching signal per leg on 

the inverter. 

H-bridge inverter output voltage is chopped AC of 

310 V peak.The LC low pass filter is  used  to obtain the clean 

output sinusoidal alternating current output of 210 V root 

mean square voltage  at 50 Hz freqency . Low pass filter is 

selected as the cut off  frequency 𝑓𝑐 is  chosen below 1/25th  of 

the inverter switching frequency. The filter inductor value 𝐿𝑓 

is calculated such that the voltage drop across the inductor is 

less then 5 % of the  inverter output voltage  is given in the 

equation as[7,8] .  

                                𝐼𝐿𝑚𝑎𝑥2πf𝐿𝑓<0.05𝑉𝑅𝑀𝑆               (4) 

Where,  
𝐼𝐿𝑚𝑎𝑥 =  Maximum load current 

𝑉𝑅𝑀𝑆 = RMS value of inverter output voltage  

f       = Output frequency 

For calculating the filter capacitor , the resonant frequency of 

the LC circuit is giving the equation (5). 

                            2π𝑓𝑐 =  
1

√𝐿𝑓𝐶𝑓
                   (5) 

A.  Inverter Simulation Before Filtering 

 
Fig. 8: Boost Converter with Inverter Before Filtering 

 
Fig. 9: Inverter output voltage and current before filtering 
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B. Inverter Simulation after Filtering 

 
   Fig. 10: DC-DC Boost converter with inverter after 

filtering 

 
Fig. 11: Inverter Output Voltage and Current after Filtering 

 
Fig .12: H-bridge inverter output voltage total harmonic 

distortion 

C. After Getting the Inverter Output Voltage to Run the 

Single Phase Asynchronous Machine 

 
  Fig. 13: MATL AB simulation for run the asynchronous 

machine 

Presented in this paper introducing the implementation Of 

running the single phase asynchronous machine as shown in 

Fig.13.The type of the machine is used in the single phase 

asynchronous machine as ‘split phase’. The rotor speed 

simulation in rpm and rad/s is presented in Fig. 14. 

 
Fig. 14: asynchronous machine rotor speed in rpm and rad/s 

VI. CONCLUSION  

From the solar panel the wide input voltage range obtained 

for boost converter with H- inverter is design in the 

MATLAB. The simulation results shows that boost converter 

receives the supply voltage (40~60 V) is variable and boosted 

up to high DC voltage of 310 V. The H-bridge 2-level inverter 

converts DC voltage to AC voltage peak of 310 V. After 

filtering the sinusoidal AC 210 V root mean square value with 

low total harmonic distortion (THD) of 1.56 % is obtained, 

this is suitable for AC load and grid network connection. 
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