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ABSTRACT: 

AC drive systems have been widely 

accepted for industrial applications as they 

take the advantages of a higher power density 

and a higher efficiency than DC drive systems. 

Single-phase induction machines have a major 

industrial significance, being well suited for 

applications where cost is the dominant 

consideration, and performance requirements 

are modest. In this paper the single phase 

Induction motor is driven from PV based 

seven level inverter . The proposed system 

comprise of modified H-bridge topology and 

is significantly advantageous over other 

topologies, i.e., less number of power 

switches, power diodes, and capacitors for 

inverters of the same number of levels. 

Photovoltaic (PV) arrays which produce DC 

voltage are connected to the inverter via a dc–

dc boost converter. Proper switching of the 

inverter can produce output-voltage levels of 

(Vdc, 2Vdc/3,Vdc/3, 0, -Vdc,,- 2Vdc/3,-Vdc/3)  

from the dc supply voltage. The proposed 

system characteristics are verified through 

simulation. 

 Keywords: Solar PV system, multilevel 

inverter, PWM modulation, induction motor. 

 

 1. INTRODUCTION  

Now-a-day’s many of the industrial economies 

generate most of their electricity in large 

centralized facilities, such as fossil fuel (coal, 

gas powered) nuclear or hydropower plants 

because of their power demand. These plants 

have produced bulk amount of power, which 

will usually transmit electricity for long 

distances. But these conventional energy 

generation systems are not going to last longer 

and that remaining reserves should be 

conserved for environmental issues. So, to 

minimize these factors, most of the developed 

countries goes to the on- site power generation 

by the combinations of renewable energy 

sources.  

 Renewable energy resources will be an 

increasingly important part of power 

generation in the new millennium. Besides 

assisting in the reduction of the emission of 

greenhouse gases, they add the much- needed 

flexibility to the energy resource mix by 

reducing the dependence on fossil fuels [1].  

PV systems are ideally suited for distributed 

resource applications. Photovoltaic (PV) 

systems produce DC electricity when sunlight 

shines on the PV array, without any emissions.  

Grid interconnection of PV systems is 

accomplished through the inverter, which 

convert dc power generated from PV modules 

to ac power used for ordinary power supply to 

electric equipment’s. Inverter system is 

therefore very important for grid connected 

PV systems.The characteristics of single 
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phase induction motors are identical to 3-

phase induction motors except that single 

phase induction motor has no inherent 

starting torque and some special 

arrangements have to be made for making 

itself starting. The single-phase induction 

machine is the most frequently used motor for 

Refrigerators ,washing machines, clocks, 

drills, compressors, pumps, and so forth. The 

single-phase motor stator has a laminated iron 

core with two windings with 

90
0
diaplscementin space. One is the main and 

the other is the auxiliary winding or starting 

winding. 

2. PV GENERATOR  

A photovoltaic PV generator is the whole 

assembly of solar cells, connections, 

protective parts, supports etc. In the present 

modeling, the focus is only on 

cell/module/array [2]. Solar cells consist of a 

p-n junction fabricated in a thin wafer or layer 

of semiconductor (usually silicon). In the dark, 

the I-V output characteristic of a solar cell has 

an exponential characteristic similar to that of 

a diode [3].  

2.1CHARACTERISTICS OF THE PV CELL  

Equivalent circuit of a solar cell is a current 

source in parallel with a diode as shown in fig

              
Fig1. Circuit diagram of the PV model 

The output of the current source is directly 

proportional to the light falling on the cell. 

When light hits the solar cell, the energy of the 

photons generates free charge carriers. The 

current source produces the photoelectric 

current (photocurrent) Iph. Since the current is 

dependent upon the radiance. Thus the 

simplest equivalent circuit of a solar cell is a 

current source in parallel with a diode. The 

output of the current source is directly 

proportional to the light falling on the cell 

(photocurrent Iph). During darkness, the solar 

cell is not an active device; it works as a 

diode, i.e. a p-n junction. It produces neither a 

current nor a voltage. However, if it is 

connected to an external supply (large voltage) 

it generates a current ID, called diode (D) 

current or dark current. In an ideal cell Rs = 

Rsh = 0, which is a relatively common 

assumption [4]. For this paper, a model of 

moderate complexity was used. The net 

current of the cell is the difference of the 

photo current, IL and the normal diode current 

I0. 

       

 

    Fig2. A typical current-voltage I -V curve 

for a solar cell. 
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Fig3. I-V characteristic for a PV cell at 

constant G= 1000W=m2 

 

Fig4. P-V characteristic for a PV cell at 

constant G= 1000W/m2 

3.  PROPOSED SEVEN LEVEL 

INVERTER TOPOLOGY 

 

 

 fig. 5.   Proposed Single-Phase Seven-level 

Inverter To Drive Induction Motor For PV 

Systems 

The proposed single-phase seven-level inverter 

was developed from the five-level inverter in 

[5]–[9]. It comprises a single-phase 

conventional H-bridge inverter, two 

bidirectional switches, and a capacitor voltage 

divider formed by C1 , C2 , and C3 , as 

shown in Fig. 5. The modified H-bridge 

topology is significantly advantageous over 

other topologies, i.e., less power switch, 

power diodes, and less capacitors for 

inverters of the same number of levels. 

Photovoltaic (PV) arrays were connected to the 

inverter via a dc–dc boost converter. The dc–dc 

boost converter was required because the PV 

arrays had a voltage that was lower than the 

rated voltage of induction motor. Proper 

switching of the inverter can produce seven 

output-voltage levels (Vdc , 2Vdc /3, Vdc /3, 

0, −Vdc , −2Vdc /3, −Vdc /3) from the dc 

supply voltage.The proposed inverter’s 

operation can be divided into seven switching 

states, as  shown in  Fig.  2(a)–(g). Fig.  2(a), 

(d), and (g) shows a conventional inverter’s 

operational states in sequence, while Fig. 2(b), 

(c), (e), and (f) shows additional states in the 

proposed inverter synthesizing one- and two-

third levels of the dc-bus voltage. 

The required seven levels of output voltage 

were generated as follows. 

1)  Maximum positive output (Vdc ): S1   is 

ON, connecting the load positive 

terminal to Vdc , and S4   is ON, con- 

necting the load negative terminal to 

ground. All other controlled switches are 

OFF; the voltage applied to the load 

terminals is Vdc . Fig. 6(a) shows the 

current paths that are active at this stage. 

2)  Two-third positive output (2Vdc /3):  

The bidirectional switch S5   is ON, 

connecting the load positive terminal, 

and S4   is ON, connecting the load 

negative terminal to ground. All other 
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controlled switches are OFF; the voltage 

applied to the load terminals is 2Vdc /3. 

Fig. 6(b) shows the current paths that are 

active at this stage. 

3)  One-third  positive  output  (Vdc /3):  

The  bidirectional switch S6   is ON, 

connecting the load positive terminal, 

and S4   is ON, connecting the load 

negative terminal to ground. All other 

controlled switches are OFF; the voltage 

applied to the load terminals is Vdc /3. 

Fig. 6(c) shows the current paths that are 

active at this stage. 

4)  Zero output: This level can be produced 

by two switching combinations; switches 

S3   and S4   are ON, or S1   and S2   

are ON, and all other controlled 

switches are OFF; terminal ab is a short 

circuit, and the voltage applied to the 

load terminals is zero. Fig. 6(d) shows 

the current paths that are active at this 

stage. 

5)  One-third negative output (−Vdc /3):  

The bidirectional switch S5   is ON, 

connecting the load positive terminal, 

and S2   is ON, connecting the load 

negative terminal to Vdc . All other 

controlled switches are OFF; the 

voltage applied to the load terminals is 

−Vdc /3. Fig. 6(e) shows the current 

paths that are active at this stage. 

6)  Two-third negative output (−2Vdc /3): 

The bidirectional switch S6   is ON, 

connecting the load positive terminal, 

and S2   is ON, connecting the load 

negative terminal to ground. All other 

controlled switches are OFF; the voltage 

applied to the load terminals is −2Vdc /3. 

Fig. 6(f) shows the current paths that are 

active at this stage. 

7)  Maximum negative output (−Vdc ): S2  

is ON, connecting the load negative 

terminal to Vdc , and S3   is ON, con- 

necting the load positive terminal to 

ground. All other controlled switches are 

OFF; the voltage applied to the load 

terminals is −Vdc . Fig. 6(g) shows the 

current paths that are active at this stage. 
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 Fig. 6.   Switching combination required to 

generate the output voltage (Vab ).  (a) Vab = 

Vdc ,.    (b)  Vab = 2Vdc /3. (c)  Vab = Vdc 

/3.  (d) Vab  = 0.(Vab )  (e) Vab = −Vdc /3.  

(f) Vab  = −2Vdc /3. (g) Vab = −Vdc . 

 

TABEL -I 

OUTPUT VOLTAGE ACCORDING   

TO T HE SWITCHES’ ON–OFF 

CONDITION  

 

 
 

Table   I   shows  the   switching  

combinations  that   generated  the  seven  

output-voltage  levels  (0, −Vdc , −2Vdc 

/3,−Vdc /3, Vdc , 2Vdc /3, Vdc /3). 

 

4.  PWM MODULATION  

 

 

      Fig. 7. Switching pattern for the single-phase 
seven-level inverter. 
 

A  novel  PWM  modulation  technique  

was  introduced  to generate the PWM 

switching signals. Three reference signals 

(Vref1 , Vref2 , and Vref3 ) were compared 

with a carrier signal (Vcarrier ). The 

reference signals had the same frequency and 

amplitude and were in phase with an offset 

value that was equivalent to the amplitude of 
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the carrier signal. The reference signals were 

each compared with the carrier signal. If 

Vref1 had exceeded the peak amplitude of 

Vcarrier , Vref2   is compared with 

Vcarrier   until it had exceeded the peak 

amplitude of Vcarrier . Then, onward, Vref3   

would take charge and would be compared 

with Vcarrier  until it reached zero. Once 

Vref3  had reached zero, Vref2   would be 

compared until it reached zero. Then, 

onward, Vref1   would be compared with 

Vcarrier . Fig.  3 shows the resulting 

switching pattern. Switches S1 , S3 , S5 , 

and S6   would be switching at the rate of 

the carrier signal frequency, whereas S2  and 

S4  would operate at a frequency that was 

equivalent to the fundamental frequency. 

For one cycle of the fundamental 

frequency, the proposed inverter operated 

through six modes. Fig. 4 shows the per- 

unit output-voltage signal for one cycle. The 

six modes are described as follows: 

Mode 1 : 0 < ωt < θ1   and θ4  < ωt < π  

Mode 2 : θ1 < ωt < θ2 and θ3 < ωt < θ4 

Mode 3 : θ2 < ωt < θ3 

Mode 4 : π < ωt < θ5   and θ8 < ωt < 2π 

Mode 5 : θ5 < ωt < θ6 and θ7 < ωt < θ8 

Mode 6 : θ6 < ωt < θ7 .                   

 

 

 
 Fig. 8.   Seven-level output voltage (Vab ) and 

switching angles. 

 
 
 
 

 

   

5.SIMULATION RESULTS:

 

 

 

 

 

 

 

Since the seven-level PWM inverter utilizes three 

reference signals, the modulation index  

Ma=Am/3Ac 

 
 

 

 

 

 Where Am,Ac are peak value of the voltage reference 

signal, peak-to-peak value of the the carrier signal 

Seven level inverter output voltage 

Gating signals generated for switches 

S1,S3,S5 ,S6 by using  PWM technique 

  

               PWM signals for S2 and S4 
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Conclusion: 

Thus this paper has presented a novel PWM 

switching scheme for the  Seven level inverter 

for driving single phase induction motor from 

PV cell and seven level inverter is used as it 

offer’s improved output waveforms and lower 

THD. 
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