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ABSTRACT 

In this paper,the performance investigation approach for multilevel inverter(MLI) and Dual Inverter(DI)using space vector pulse 
width modulation (SVPWM) techniqueis modeled using Simulink/Matlab environment. A novel switching technique using the 
Embeddedmatlab editor resultsin a higher magnitude offundamentaloutputvoltage available as compared to   the sinusoidal 
PWM. A Simulation model is carried out for the novel switching SVPWM scheme in the Embedded Matlab Editor and the 
generated firing pulses are applied to the Multilevel Inverter fed induction motor drive and Dual Inverter fed open end 
winding induction motor drive. 

 
1. INTRODUCTION 

The speed control of Induction motor has got a lot of importance in industrial applications. Stator voltage 
speed control is the most commonly used method. Stator voltage of induction motor is conventionally controlled by 
using the conventional PWM inverters. Later development is MLI; it allows the operation at higher DC voltages 
using semiconductor switches connected in series and produce voltage waveforms with better harmonic profile than 
conventional two level inverters [1-5]. The drawback of MLI configuration is complex for higher number of levels 
and in turn affects the cost of the system clearly.     The drawback of MLI is overcome by feeding the induction 
motor from both the ends through two three phase inverters with the removal of neutral point of stator. This 
configuration is called Dual inverter fed open end winding induction motor drive. The advantages of the dual 
inverter are ,it uses less number of switches therefore it does not have any switching losses, absence of neutral point 
fluctuations, less number of DC voltage sources ,it achieves improved quality of output waveform and reduced 
system complexity and cost [6-8]. Further it provides output with less THD by increasing the number of output 
levels when compared to the MLI of same levels. In this paper the performance investigation approach for 
Multilevel inverter and Dual Inverter using Space vector pulse width modulation technique is modeled using 
Simulink/Matlab environment. 

 
1.1 Conventional PWM Inverter for Induction Motor Drive 

Conventionally PWM inverter is connected to the motor. When increasing the levels of the inverter THD is 
high.In general, a pulse width-modulation (PWM) inverter generates high-frequency common mode voltage at 
motor terminals, which results in unwanted leakage current. This unwanted common-mode current may cause 
premature bearing failure, as well as electromagnetic interferences disturbing neighboring electronic devices. Hence, 
it is necessary to eliminate the common mode voltage. Figure 1 shows the PWM Inverter for Induction Motor Drive. 
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Figure 1 PWM Inverter for Induction Motor Drive 
 

1.2 Multilevel Inverter (MLI) for Induction Motor Drive 
Cascaded H-bridge inverters are widely used for induction motor control application. By cascading many 

H-bridges for achieving lower Total Harmonic Distortion (THD), the circuit complexity and cost increases.No of 
Output levels is 2s+1, where s is No of bridge per phase.Figure 2 depicts the Multilevel Inverter (MLI) for Induction 
Motor Drive 

 

 

 
Figure2 Multilevel Inverter (MLI) for Induction Motor Drive 

 
1.3 Dual Inverter fed Open end winding Induction Motor Drive 

The drawbacks of the Multilevel Inverter can be overcome by feeding and Induction motorfrom both ends 
through two inverters with the removal of neutral point of stator. This configuration is called Dual Inverter fed Open 
End winding Induction Motor. The dual inverter has reduced switching loss and circuit complexity when compared 
to conventional two level inverter [9]. The output of this configuration has multiple levels thus reducing Total 
Harmonic Distortion. During the low speed operation of Induction motor, the multilevel inverters are having very 
high THD resulting a high heating loses, derating and noise. The effects are minimized by the dual inverter fed open 
end winding Induction motor drive. Figure3shows the Dual inverter fed open end winding induction motor. 
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Figure3 Dual inverter fed open end winding induction motor 

 

1.4 Comparison of MLI and DI 
When the number of levels in the MLI is increased, the number of bridges is high and therefore large 

number of switches is used which leads to high switching losses and increased circuit complexity and cost. Whereas 
in Dual inverter, less number of bridges which has less number of switches gives reduced switching losses [10]. 
When the number of levels of Dual inverter is increased, it achieves reduced Total Harmonic Distortion when 
compared to MLI. The comparison for different output levels of MLI and DI is given in the Table 1.In Table 1 
Number of bridges and number of switches has been given for MLI and DI for different output levels. 

 
Table 1Comparison of MLI and DI 

 
Output Levels No of Bridges No of Switches 

 

 Multilevel 
Inverter 

Dual Inverter Multilevel 
Inverter 

Dual Inverter 

3 3 2 12 12 

5 6 3 24 18 

7 9 4 36 24 

9 16 4 64 24 

This paper investigates the comparison of multilevel inverter and Dual Inverter fed open end winding 
Induction motor drive. 

 
The scope of the paper can be summarized as follows: 
- A simulation model of the MLI and DI will be developed. 
- A simulation study on the operation and performance of the MLI and DI has to be carried out. 
- Using MATLAB Simulink to simulate MLI and DI and the firing pulse has been generated using Space vector 
modulated technique in Embedded Matlab editor file 
- Comparing the performance of the Dual Inverter with Cascaded H-Bridge multilevel inverter and results will be 
verified. 

2. Three level output of SVPWM Technique 
The space phasor combinations from the twoinverters are shown in Figure.4. In all 64 spaces phasor 

combinations are possible from both the inverters. For example, a combination 6-1’ implies that the switching state 
for inverter- 1 is (+ - +) and that for inverter-2 is (+ - -). A‘+’ means top switch in the inverter is on, a ‘-’ means 
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bottom switch in the inverter is on. The motor phase voltage can be found out from the pole voltages of individual 
inverters [11]. 

Separate DC supply is used for individual inverter to block the flow of third harmonic currents. This is 
achieved using isolated transformers in providing the DC supply for both the inverters. 

The 64 voltage space phasor locations form the vertices of 24 equilateral triangles, which are referred to as 
24 sectors (Fig.4). Six adjacent sectors together form a hexagon. Six such hexagons can be identified with their 
centers located at A, B, C, D, E, and F respectively .In addition there is one inner hexagon with its center at 0. Based 
on these sub-hexagons, a space phasor based PWM scheme is proposed in the same way asin the case of the 
conventional three phase inverter [13]. 

 

 
Figure4 Space phasor combination for three level output 

 
 

The degrees of freedom we have in the choice of a given modulation algorithms are: 
(i) The choice of the zero vector - whether we would like to use V7 (111) or V8 (000) or both. 
(ii) Sequencing of the vectors 
(iii) Splitting of the duty cycles of the vectors without introducing additional commutations. 

 
The direction of the switching sequence for all the regions in the sector is shown in the Figure 5. 

 
Figure5 Direction of the switching sequence for all regions in the sectors 
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2.1 Algorithm for SVPWM 
 

(i) Determination of time duration 
 

Figure6 Four regions in sector A 
 

In the Figure 6 we can Identify two triangles 
 

∆ EFG and ∆ FGH 
In triangle ∆ EFG, 

➢ TF =(Vrm-(m-1))TS 

➢ TG=(Vrm-(n-1))TS 

➢ TE=TS-TF-TG 

In triangle ∆ FGH, 

➢ TG =(m-Vrm))TS 

➢ TF=(n-Vrm))TS 

➢ TH=TS-TG-TF 

Where Vr is the reference vector, Vrm in m-axis and Vrn in n-axis. 
 

 
(ii) Determine switching states 

By considering the switching transition of only one deviceatany time;theswitchingordersgivenbeloware 
obtained for each region located in Sector A if all switchingstatesineachregionare used.Therefore, switching 
signalsforSectorAare; 

In Sector A, αisbetween0°≤α< 60°, four regions are specified sector 1, sector7, sector8, sector9.from the 
Figure4 and Figure 5. Similarly all the switching patterns of all the other sectors and the specified regions [14] are 
given in the Table 2 
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  Table 2 Switching sequence for three level combination of SVPWM  
 

Inner sector number Inverter 1 not switched ON Inverter 2 not switched ON 

1 88’-84’-85’-87’ 87’-27’-17’-77’ 

2 88’-86’-85’-87’ 87’-27’-37’-77’ 

3 88’-86’-81’-87’ 87’-47’-37’-77’ 

4 88’-82’-81’-87’ 87’-47’-57’-77’ 

5 88’-82’-83’-87’ 87’-67’-57’-77’ 

6 88’-84’-83’-87’ 87’-67’-17’-77’ 

outer sector number Inverter 1 not switched ON Inverter 2 not switched ON 

7 84’-14’-24’-74’ 74’-24’-14’-84’ 

8 85’-15’-65’-75’ 75’-65’-15’-85’ 

9 85’-15’-25’-75’ 75’-25’-15’-85’ 

10 85’-35’-25’-75’ 75’-25’-35’-85’ 

11 85’-35’-45’-75’ 75’-45’-35’-85’ 

12 86’-36’-26’-76’ 76’-26’-36’-86’ 

13 86’-36’-46’-76’ 76’-46’-36’-86’ 

14 81’-31’-21’-71’ 71’-21’-31’-81’ 

15 81’-31’-41’-71’ 71’-41’-31’-81’ 

16 81’-51’-41’-71’ 71’-41’-51’-81’ 

17 81’-51’-61’-71’ 71’-61’-51’-81’ 

18 82’-52’-42’-72’ 72’-42’-52’-82’ 

19 82’-52’-62’-72’ 72’-62’-52’-82’ 

20 83’-53’-43’-73’ 73’-43’-53’-83’ 

21 83’-53’-63’-73’ 73’-63’-53’-83’ 

22 83’-13’-63’-73’ 73’-63’-13’-83’ 

23 83’-13’-23’-73’ 73’-23’-13’-83’ 

24 84’-14’-64’-74’ 74’-64’-14’-84’ 

 
 

The SVM Switching sequence for three level dual inverter has been developed in two different 
combinations. In dual inverter, inverter 1 and inverter 2 are connected. First mode is Inverter 2 is clamped. (Inv.2 is 
clamped and Inv.1 is ON), [17].Second mode is Inverter 1 and Inverter 2 is ON. The different modes of result are 
presented below.Figure 7 Equivalent circuits for the switching states of the dual inverter. 
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Figure7 Equivalent circuits for the switching states of the dual inverter 
 
 

3. Simulation Results 
The Simulation model for the Dual Inverter IM, the firing pulses of different levels are presented. Space 

vector modulated technique has been developed. Space vector modulation technique is used to generate pulses for 
the inverters. Simulation results for different combination for three level output waveform for inverter and motor 
phase winding are presented. Simulation results for five level output waveforms are also shown for different 
layers. The Spectrum waveform for different levels has been given. Comparison of different levels for Dual 
Inverter and Multilevel Inverter results are presented. 

 
3.1 Simulink Model of Dual Inverter Fed Open End Winding Induction Motor Drive 

The simulink model of the Dual Inverter is shown in the Figure8.In the Figure 8 the block Inverter 1 and 
Inverter 2 is a two level three phase inverter which is connected to the load on both the ends.This configuration is 
called Dual Inverter.The Induction motor is acting as a balanced load. The SVM generation block is shown in the 
Figure 9 When incresing the number of bridges on both the sides gives reduced THD. 

 

Figure8 Simulink model of Dual Inverter 
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3.2 Simulink Model of Space Vector Pulse Width Modulation Technique 
The SVM generation technique is shown in the Figure 9.The sine reference wave for three phase is the 

input for SVM generation. The three phase to two phase is converter using Park Transform function. This alpha/beta 
is taken as magnitude and angle format and applied to the SVM calculation. The carrier wave is also applied to the 
SVM calculation, the carrier wave used in repeating sequence or triangular form. The SVM calculation block shown 
in the fig. 9 is embedded matlab editor file, where the program for SVM technique is formulated and interfaced with 
simulink block. The firing pulses are generated using SVM algorithm and fed to the respective switches of Dual 
Inverter. 

 
Figure 9 Equivalent circuits for the switching states of the dual inverter 

3.3 Simulation Results for three level output of Dual Inverter 
The Simulink model of dual inverter fed open end winding induction motor drive and Space vector 

modulation technique are presented. 
Simulation is carried out under two output modes: 
1) Inverter 2 clamped and Inverter 1 ON are assumed as Vdc/2=270V for an individual inverter (Vdc=540V). 
2) Inverter 1 and Inverter 2 both ON are assumed as Vdc/2 =310 V for an individual inverter (Vdc=620V). 

The output voltages of each bridges and across the windings are observed and presented in the Figure 10a, 
10b, 10c and 10d respectively. 
The motor parameters used for simulation are 

■ 1.5 Hp, 220V, 50 Hz, 4 pole. 

❑ Rs=4.495 Ohm 

❑ Rr’=5.365 Ohm 

❑ Xls=0.165H 

❑ Xr’=0.149H 

 

3.4 Simulation Results for the mode Inverter 2 Clamped and Inverter 1 ON 
It is seen that the output voltage of Inverter 1 has two levels shown in the Figure 10a and Inverter 2 has two 

levels but in clamped shown in the Figure 10b and across the motor winding has three level output shown in the 
Figure 10c.The output current waveform for three level output is shown in the Figure 10d.When the input is given to 
both the inverters is 270 V each. The switching frequency applied is 1KHz 
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Figure10a: Inverter1 output voltage Vab, Vbc, Vca for Modulation Index =0.9 

 

 
Figure10b : Inverter 2 output voltage Va‘b‘, Vb‘c‘, Vc‘a‘ for Modulation Index=0.9. 
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Figure10c Motor Phase voltage Vaa‘, Vbb‘, Vcc‘ for Modulation Index=0.9. 

 

 

Figure10d Output Current Ia and Ia‘ for Modulation Index=0.9. 
 
 

In the first mode the net output voltage from the motor is 214.6 V, Inverter 1 output voltage is 110V, 
Inverter 2 output voltage is 220 V. 
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3.4 Simulation Results for the combination Inverter 1 and Inverter 2 ON 
It is seen that the output voltage of Inverter 1 has two levels shown in the Figure 11a and Inverter 2 has two 

levels but in clamped shown in the Figure11b and across the motor winding has three level output shown in the 
Figure11c.The output current waveform for three level output is shown in the Figure11d.When the input is given to 
both the inverters is 270 V each. The switching frequency applied is 1 KHz. 

In the second mode the net output voltage across the motor is 216.8 V, Inverter 1 output voltage is 187 V, 
Inverter 2 output voltage is 187 V.The THD for two mode of three level output is 34.03% 

 

Figure 11a: Inverter1 output voltage Vab, Vbc, Vca for Modulation Index=0.9. 
 

Figure11b Inverter 2 output voltage Va‘b‘, Vb‘c‘, Vc‘a‘ for Modulation Index=0.9. 
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Figure11c Motor Phase voltage Vaa‘, Vbb‘, Vcc‘ for Modulation Index=0.9. 

 

 
Figure11d: Output Current Ia and Ia‘ for Modulation Index=0.9. 

 
 

The spectrum output waveform for three level output combination is shown in the Figure 12 
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Figure12 Spectrum waveform for three level output 

 
 

3.5 Simulation Results for five level output 
The input voltages for different layers for five level : 
 Layer 1, 1 to 6 sectors gives the two level output waveform 

 Layer 2, 1 to 24 sectors gives the three level output waveform. 

 Layer 3, 1 to 54 sectors gives the three level output waveform. 

 Layer 5 , 1 to 150 sectors gives the five level output waveform 

Firing pulses are generated for a inverter 1&2 cascaded and inverter 3, and fed to the open end winding 
induction motor. The output voltages of inverter 1&2 cascaded and inverter 3, Motor phase voltages and currents for 
modulation index=0.9 are observed and shown in the Figure 13a and13b. 

 
3.6 Simulation results for layer 1 in five level output 

The layer 1 of the five level output is observed and the output voltages of inverter 3, Motor phase voltages 
and currents for modulation index(MI)=0.9 are observed and shown in the Figure13a and13b. 
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Figure13a Inverter 3 output voltage Va‘b‘, Vb‘c‘, Vc‘a‘ for Modulation Index=0.9 

 
Figure13b Motor Phase voltage Vaa‘, Vbb‘, Vcc‘ for Modulation Index=0.9. 

 
3.7 Simulation results for layer 3 & 5 

The layer 3 and layer 5 of the five level output is observed and the output voltages of inverter 1 & 2 
cascaded and inverter 3, Motor phase voltages and currents for modulation index(MI)=0.9 are observed and shown 
in the Figure14 andFigure15 respectively. 
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Figure14 Output waveform for layer 3 
 

 
Figure15 output waveform for layer 5 

 
The spectrum output waveform for five level output combination is shown in the Figure 16. 
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Figure16 Spectrum waveform for three level output 

 

3.8 Simulation Results for Three level Cascaded H-bridge inverter: 
 

(i) Three level output voltage waveform for Cascaded H-bridge inverter 
 

 

Figure17 Output voltage waveform for three level 
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(ii) Spectrum waveform for three level Cascaded H-bridge inverter 
 

 

Figure18 Spectrum waveform for three level 
 

3.9 Simulation Results for five level Cascaded H-bridge inverter: Five level output voltage waveform for 
Cascaded H-bridge inverter 

 

 
 

Figure19 Output voltage waveform for five level 
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3.10 Spectrum waveform for five level Cascaded H-bridge inverter 
 

Figure20 Spectrum waveform for five level. 

3.11 Comparison of THD for Dual Inverter and Multilevel Inverter 
 

The THD is compared for Dual Inverter and Multilevel Inverter is given in the Table 3. It has been 
observed that THD for 3 level output to DI is 34.03 % and THD for 3 level output to MLI is 52.16%.The THD for 5 
level output to DI is 28.64% and THD for 5 level to MLI is 30.37%. 

 
Table 3 Comparison of DI and MLI 

 
No of Levels THD for Dual Inverter THD for Cascade H- bridge 

3 level 34.03 52.16 

5 level 28.64 30.37 

 
4. CONCLUSION 

The performance investigation approach for Multilevel inverter and Dual Inverterusing Space vector pulse 
width modulation technique is modeled using Simulink/Matlab environment. A novel switching technique using the 
Embeddedmatlab editor resultsina higher magnitude offundamentaloutputvoltage available as compared to the 
sinusoidal PWM.A Simulation model of the SVPWM scheme has been developed in the Embedded Matlab Editor 
and the generated firing pulses are applied to the Multilevel Inverter fed induction motor drive and Dual Inverter 
fed open end winding induction motor drive.As a consequence, as the number of bridges on both sides of the Dual 
Inverter increases, the THD decreases with fewer switches compared to the Multilevel Inverter. It has been 
observed that THD for 3-level output to DI is 34.03 % and THD for 3-level output to MLI is 52.16 %. THD for 5- 
level output to DI is 28.64 % and THD for 5-level to MLI is 30.37 %. 
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