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Abstract: Paper deals with an implementation of three phase 
induction motor fed from PWM voltage source inverter with RLC 
filter connected at the output of inverter. The analysis has been 
carried for under modulation range. The effect of modified 
modulation index on the rotor current, stator current, developed 
electromagnetic torque, line voltage and rotor speed of three phase 
induction motor is studied with the help of MATLAB/SIMLINK. 
The impact of the proposed approach on the transient and steady 
state response of the motor is included in the paper work. Paper 
also compares the total harmonic distortion in various parameters 
of inverter for different modulation index. Simulation is done on a 
three phase induction motor fed by a PWM voltage source inverter 
with filter which is developed in MATLAB/SIMULINK 
environment. There is appreciable improvement in THD of 
inverter line, phase voltage and current with increase in 
modulation index. The modified modulation method leads to the 
improvement in motor performance. 

Keywords: Filter, MATLAB, Modulation Index, PWM, THD, 
Undermodulation. 

I. INTRODUCTION 

Three-phase inverters are used for variable-frequency 
drive applications. The conversion of dc voltage to ac voltage 
for the motor drive is done by three phase inverter [1].The 
primary requirement of any three phase inverter is to produce 
a pure sinusoidal wave at its output. With the development of 
fast switching devices PWM VSI are extensively used, whose 
power devices switched at extremely high frequencies to 
drive the induction motor [2]. However harmonic 
components are induced in the voltage & current fed to the 
motor by its operation due to which current & voltage waves 
gets distorted [3]. Also the efficiency of induction motor 
decreases as its input shifts from sine wave operation [4]. To 
solve this problem one may filter this PWM voltage & obtain 
a sinusoidal output voltage [5]. The scope of this paper is 
simulation analysis of three phase induction motor Drive fed 
by pulse width modulated three phase inverter with filter 
connected at the output of inverter, by which Harmonics from 
the supply of utility application successfully filtered out by 
filters [6]. Paper also deals with the study of various 
parameters of three phase induction motor fed from three 
phase PWM VSI because alternative ways to diagnose the 
motor conditions by studying the transient processes of the 
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machine has been recently proposed [7]. The VSI output 
voltage is smoothens by LC filter & sinusoidal voltage is 
supplied into the motor [8]. High switching losses is one of 
the major problem with high power drive application 
inverters. PWM techniques are used to reduce this problem of 
switching losses [13] along with the improvement of inverter 
output voltage & current waves [9].  

II. RESEARCH METHOD  

 Three phase SPWM inverter as well as induction motor 
drive for under modulation index is analyzed through the 
simulation model as shown in the fig 1. Although 
implementation of this technique is easy, its significant 
drawback is that it generate significant amount of undesirable 
harmonics along with fundamental term [10].  An RLC filter 
is connected at the output legs of inverter & various output 
parameters of inverter as well as induction motor drive is 
analyzed with the help of MATLAB/SIMLINK. 

 
Fig.1: Diagrammatic representation of three phase 

induction motor supplied with PWM based VSI by RLC 
filter. 

 Fig 2 shows the output phase current of inverter without 
filter. Observe that the waveform is a impure sine wave 
which has distortion in it, this is due to the switching of 
various switches connected in the inverter. Because of this 
distortion the harmonic contents in this wave is more. 

Fig 3 shows the output line voltage of the three phase 
inverter which is PWM wave.  
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We get the three waves at output terminal of the three 
phase inverter at the three legs which have 1200 phase shift in 
between them. We can observe these waves on the three 
scopes connected at the different legs of the three phase 
PWM inverter as shown in Fig 1. Current of preferred 
frequency is obtained by rectangular voltage pulses of precise 
widths by this nature of drive [11]. 
 

 
 

Fig.2: Phase current of inverter without filter 
 

 
 

Fig.3: Line voltage of inverter without filter 
 

III. RESULTS & DISCUSSION 

A. For Modulation Index ma=0.7 

  Now we analyze the waves at the output terminals of 
inverter after filtering with RLC filter. The values of RLC is 
taken as R=5ohm, L=1e-1H & C=1e-3F. At these values we 
get pure sine wave after filtering. Fig 4 shows the output line 
current of inverter after filtering. Observe that the waveform 
of the line current is purely sine wave & it does not contain 
any distortion due to which the harmonics in the wave is 
reduced gradually because of filtering 

As revealed in fig 5, a pure sine wave of line voltage is 
obtained at the output terminal of inverter after filtering the 
PWM voltage wave. Here observe that the magnitude of the 
voltage wave is reduced gradually after filtering. This is 
because of drop in the RLC filter. 

The variation of rotor & stator current of motor of phase 
‘a’ with respect to time is shown in fig 6. Observe that due to 
the filtered input of motor these waves do not have any 
transient time they only have steady state part & is purely 
sinusoidal. Fig 7 shows the speed of rotor which rises linearly 
to attain its steady state value. 

 

 
 

Fig 4. Line current of inverter after filtering for ma=0.7 
 

 
 

Fig 5. Line voltage of inverter after filtering for ma=0.7 
 

 
 

Fig 6. Waveforms of rotor and stator current of phase ‘a’ 

of three phase induction motor for ma=0.7 
Fig 8 shows the variation of electromagnetic torque 

developed by the motor. It is again observed that the 
developed electromagnetic torque is highly oscillatory 
initially & attain the steady state value after 0.35 seconds. 
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Fig 7. Rotor speed in rpm for ma=0.7 
 

 
 

Fig 8. Waveform for the developed electromagnetic 
torque in N-m 

Frequency spectrum of line voltage ‘ab’ & line current ‘a 

‘of inverter after filtering is shown in fig 9 & fig 10. From the 
frequency spectrum of these quantities observe that after 
filtering the Total Harmonic Distortion (THD) is reduced to 
lower values. We observe that the THD in line voltage is 
0.37%  & the fundamental component is 19.53 V, whereas in 
the line current of inverter the value of THD is 0.28% & the 
fundamental component present in it is 6.622 A for 
modulation index ma=0.7.    

 

 
Fig 9. THD in Line voltage ‘ab’ for ma=0.7 

 

 
Fig 10. THD in Line current ‘a’ for ma=0.7 

 
Similarly inverter output phase voltage ‘a’ frequency 

spectrum  is out  fig 11  & it is observed that only 0.55% THD 
is present in it. 

 
 

Fig 11. THD in Phase voltage ‘a’ for ma=0.7 
 Thus for modulation index ma=0.7 frequency spectrum 

analysis of various waves is listed in table 1. 
Table 1: Frequency spectrum analysis of inverter output 

waves for ma=0.7 
S.No. Wave THD % Fundamental 

Component 
1 Line Voltage 0.37%   19.53 V 
2 Phase Voltage 0.55% 11.26V 
3 Line Current 0.28% 6.622 A 

B. For Modulation Index ma=0.8 

Now the value of modulation index is increased from 0.7 
to 0.8. The variation of line current & line voltage of inverter 
with respect to time is shown in fig 12 & fig 13. From the 
waveform of line current & line voltage it is observed that the 
magnitude of line current decreases slightly & that of line 
voltage are increases as we increase the modulation index to 
0.8 

 
Fig 12. Line current of inverter after filtering for 

ma=0.8 
Fig 14 show that the stator current of motor is reduce 

slightly as we increased the value of modulation index where 
as there is no effect on the rotor current of the motor. Again 
both the waves are purely sinusoidal & do not have any 
transient part. 

 

 
Fig 13. Line voltage of inverter after filtering for ma=0.8 
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Fig 14. Waveforms of rotor and stator current of phase 

‘a’ three phase induction motor for ma=0.8 
The variation of rotor speed with respect to time is shown 

in fig15 & it is observed that the speed increases linearly 
towards its steady state value.  

Variation of electromagnetic torque developed is shown in 
fig 16. Tourque ripples get reduced because of good quality 
of output voltage [12]. It is observed that the initial torque 
developed by the motor is again highly oscillatory but it 
decreases to its final steady state value as the time increases. 

 

 
 

Fig 15. Rotor speed in rpm for ma=0.8 
 

 
Fig 16. Waveform for the developed electromagnetic 

torque in n-m for ma=0.8 
From the spectrum of line voltage ‘ab’ of inverter it is 

found that the value of THD is reduce to 0.36% & its 
fundamental is increased to 19.53 to 22.32 as the value of 
modulation index is increased to ma=0.8 as shown in fig 17. 

 
Fig 17. THD in Line voltage ‘ab’ for ma=0.8 

Similarly from the frequency spectrum of line current & 
phase voltage as shown in figure 18 & figure 19 , it is 
Observed that as we increase the modulation index to 0.8 
THD is reduced to 0.22% from 0.28% in line current & 
0.47% from 0.55% in phase voltage, while the fundamental 
component is increased to 7.564 in line current & 12.82 in 
phase voltage.  

 

 
 

Fig  18. THD in Line current ‘a’ for ma=0.8 
 

 
 

Fig 19. THD in Phase voltage ‘a’ for ma=0.8 
Results obtained from frequency spectrum for modulation 

index ma=0.8 is listed in table 2. 
Table 2: Frequency spectrum analysis of inverter 

output waves for ma=0.8 
S.No. Wave THD % Fundamental 

Component 
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1 Line Voltage 0.36%   22.32 V 
2 Phase Voltage 0.47% 12.87V 
3 Line Current 0.22% 7.564 A 

 

C. For Modulation Index ma=0.9 

 
Now the value of modulation index is further increased 

from ma=0.8 to 0.9 & performance of various parameters of 
inverter as well as of the three phase induction motor are 
observed. Again the variation of filtered line current & line 
voltage with respect to time of three phase inverter is shown 
in fig 20 & fig 21 & it is observed that the magnitude line  
voltage again increases slightly. Thus we see that as we 
increases the modulation index from ma=0.7 to ma=0.9 the 
magnitude of output line voltage increases.  

 

 
 

Fig  20. Line current of inverter after filtering for 
ma=0.9 

 

 
 

Fig  21. Line voltage of inverter after filtering for 
ma=0.9 

Fig 22 shows variation of rotor & stator current of the 
motor for modulation index ma=0.9. Again it is found from 
the waveforms of stator current that its magnitude is reduced 
slightly. Fig 23 & Fig 24 shows the Waveforms of the rotor 
speed & developed electromagnetic torque of the motor. 

 

 
 

Fig 22. Waveforms of rotor and stator current of phase 
‘a’of three phase induction motor for ma=0.9 

 

 
 

Fig 23. Rotor speed in rpm for ma=0.9 
 

 
Fig 24. Waveform for the developed electromagnetic 

torque in N-m for ma=0.9 
Frequency spectrum for line voltage ‘ab’ & line current ‘a’ 

is shown in fig 25 & fig  26. 
Observe that the value of THD in line voltage is again 

reduce to 0.37% & the value of fundamental component is 
increased to 25.1 while that of in line current THD is reduced 
to 0.21% & the value of fundamental is increased to 8.513. 

Fig 27 shows the frequency spectrum of phase voltage of 
inverter after filter. Here again the value of THD is reduced to 
0.47%. 
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Fig 25. THD in Line voltage ‘ab’ for ma=0.9 

 

 
 

Fig  26.THD in Line current ‘a’ for ma=0.9 
 

 
 

Fig  27. THD in Phase voltage ‘a’ for ma=0.9 
For modulation index ma=0.9 frequency spectrum analysis of 
various waves is listed in table 3. 

Table 3: Frequency spectrum analysis of inverter 
output waves for ma=0.7 

S.No. Wave THD 
% 

Fundamental 
Component 

1 Line 
Voltage 

0.21%   8.513 V 

2 Phase 
Voltage 

0.47% 14.48 V 

3 Line 
Current 

0.37% 25.1 A 

Thus we conclude that as we increases the value of 
modulation index the THD in various waveforms reduced & 
THD is reduced to minimum value because of the presence of 
RLC filter. 

IV. COMPARISON IN THE VALUES OF THD IN % 

IN LINE VOLTAGE ‘AB’, LINE CURRENT & PHASE 

VOLTAGE FOR DIFFERENT MODULATION INDEX 

Following tables show the comparison in the line voltage & 
current & in phase voltage in terms of Total Harmonic 
Distortion for different values of modulation index when we 
use RLC filter at the output of inverter. 

 
Table 4: Comparison in THD in line voltage ‘ab’ for 

different values of modulation index. 
S.NO. Modulation index 

ma 
Total harmonic 

distortion (THD) in % 
1 0.7 0.37% 
2 0.8 0.36% 
3 0.9 0.37% 

 
Table 5: Comparison in THD in line current ‘a’ for 

different values of modulation index. 
S.NO. Modulation index 

ma 
Total harmonic 

distortion (THD) in % 
1 0.7 0.28% 
2 0.8 0.22% 

3 0.9 0.21% 
 

Table 6: Comparison in THD in phase voltage for 
different values of modulation index. 

 
S.NO. Modulation index 

ma 
Total harmonic 

distortion (THD) in % 
1 0.7 0.55% 
2 0.8 0.47% 
3 0.9 0.47% 

V. CONCLUSION 

It is concluded that when we use the RLC T-filter on the 
output of three phase inverter, amount of harmonics in 
various quantities of inverter is reduced tremendously and 
comes to very lower values. It is observed that we get a pure 
sinusoidal waveform of various quantities of three phase 
inverter. Due to the presence of filter on the output terminal 
of three phase inverter the magnitude of output phase voltage 
& line voltage of the inverter is reduced hence its average 
RMS value is reduced though we get pure sine waves. Hence 
filter makes the output of inverter from pulsed wave towards 
the sine wave with the reduction in its magnitude.  
With the increase the modulation index towards unity it is 
observed from the waveforms of inverter output voltage that 
their magnitude is increased by some amount, hence average 
RMS values of inverter output line voltage is increased with 
the increased in modulation index ma. Total Harmonic 
Distortion in output voltage & current of inverter also reduces 
with the increase in modulation index ma towards unity. Thus 
by controlling the modulation index we can control the THD 
& magnitudes of various output qualities of inverter.  

Due to the filtering of output waves of inverter we get a 
pure sinusoidal current & voltage waves at the input of the 
three phase induction motor.  
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It is observed that with the increase in modulation index 
output voltage of inverter increases slightly but the stator 
current of the three phase induction motor decreases. Because 
of the pure sine input we observe that the transient part of the 
stator & motor current vanishes which increases the motor 
performance in terms of its developed electromagnetic torque 
& speed.  
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