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Abstract — The multilevel Inverter topology used in power
electronic system is to reduce the content of the harmonics and
THD (Total Harmonic Distortion) at the ouput of the load. In
this experiment is a diode clamped three level inverter is used to
study the Harmonics and THD. The industries prefer induction
motor for their operations than others other motors due to
reliability, and ruggedness. For different speed operations the
speed is controlled using v/f method, the pulse width modulated
signals are used to control the switches of the three level PWM
inverter. All inverters and converters produce harmonics due to
its properties. The multi level inverter reduces few harmonics to
certain extent. These harmonics adversely affect motors life
time. Harmonics can be eliminated or suppressed using many
techniques. In this work a double tuned filter is used to suppress
the harmonics. The total harmonic distortion (THD) is also
analyzed. The filter design allows completely removing the
harmonics at the output of the inverter. The study of harmonics
and THD of inverter at the output is studied. The work has been
carried out in using simulink/matlab.

Keywords- Multilevel iniverter, three phase inverter, diode
clamped inverter, three level inverter, PWM, harmonics, THD,
total haramoinc distorstion, filters, double tuned filter.

l. INTRODUCTION

Induction motors are the major consumers in industry all over
the world. Out of the total power generated in world 70
percent of the power is used to run the induction motors. The
reason being, industries prefer induction motors over other
motor for variable speed applications. The induction motor is
a work horse of the industries for many years. The most used
technique used to vary the speed of the induction motor is v/f
method. The load used in this work is the same value of the
motor used in the lab for research work. The traditional
inverter or the basic inverter of two level has a distinct step
output, which is not desired. The desired output should be
more sinusoidal. The three level inverter has more steps than
a traditional inverter drive. This makes the three level
inverter more preferable over the two level inverter. As the
number of levels increases, the synthesized output waveform
has more steps, which produces a staircase wave that
approaches the desired sinusoidal waveform. Also, as more
steps are added to the waveform, the harmonic distortion at
the output of a PWM inverter deteriorates, approaching zero
as the number of levels increases. As the number of levels
increases, the voltage that can be spanned by connecting

devices in series also increases. The structure of the
multilevel inverter is such that no voltage sharing problems
are encountered by the active devices. Even though the
number of switches have been doubled the other factors
dominate the use of switches. The multilevel voltage source
inverters unique structure allow to reach high voltages and
power levels without the use of transformers. The three level
inverter used in this work is a diode clamped inverter. The
diode clamps the switches at different instant of times so the
output is maintained at three level output. The major concern
with any inverter is the harmonics generated by the inverter.
The harmonics %enerated at the output of a three phase
inverter are 5", 7", 11" 13" 17"19" and so on. All the even
harmonics are absent in most cases. Also every 3" multiple
harmonic is also absent. The magnitude of the harmonics are
determined with percentage. For example the 5™ harmonic is
20% of the total magnitude and 7" is 14.3%. The elimination
of these harmonics is a major challenge in this field of
research. There are many techniques to suppress the
harmonics. Some of them are modulation technique, filters,
multi-levels etc. Passive filters are used to filter the
harmonics in most of the inverter output. They are relatively
less expensive, simple to build, highly reliable etc. The filter
used in this work is a double tuned filter with an inductor.
The filter block is available in the matlab/simulink. The
nominal power, reactive power and the tuning frequency are
to be specified and values of the filter elements are calculated
internally, for capacitor, inductor and the resistor. The double
tuned filter is very effective for suppression of harmonics.
The Fourier transform is used to find the harmonics present at
the output of the inverter.

Il.  MULTILEVEL INVERTER

A. Three level didoe clamped inverter

The three phase three level inverter drive has twelve switches.
Fig.1 shows the circuit diagram of the three level diode
clamped inverter drive. The IGBT’s are used as switches,
gating signal to each switch is provided through a pulse
generator The pulses are as shown in Flgure 2. Each phase is
120° out of phase with each other. The S3 is turned on with a
phase delay of 120° with respect S1, similarly S5is tuned on
with a phase delay of 120° with respect S3. The switches S2,
S4 and S6 are turned on with a delay of 20° with reference to
switches S1, S2 AND S3 respectively, and are ON for a
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duration of 140°. S1, S2, S3, S4, S5, S6 are the upper switches
and switches S1°, S2’, S3°, S4’, S5°, S6° are the lower
switches. All the lower switches are the compliments of their
respective upper switch. S1°, S2°, S3’, S4’, S5’ and S6’ are
the compliments of S1, S2, S3, S4 , S5 and S6 respectively.
At any instant of time no two switches in the upper leg and in
the lower leg of the same leg cannot be ON. The switching
pattern of the switches are one pair from the lower group and
two pair from the upper group or one pair from the upper
group and two pair from the lower group are ON. This
produces a three phase three level output power used to drive
the load. The Load RL-1,2,3 are of the values R=11Q and
L=47mH.The input resistor R=0.1Q, C1=C2=1000pF.
V,,=100V.

The detailed construction of 3-phase, 3-level diode
clamped multilevel inverter has been shown in Figure.l. the
simulation work has been carried out without a filter, with
resistive and inductive load, the harmonics and THD is
calculated and compared with 3-phase, 3-level diode clamped
multilevel inverter with double tuned filter.

Figurel. Three level diode clamped multilevel inverter
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020 M40 41-80 61-B0 51400 101120 121-140 141160 161460 161200 201200 21-240 21350 251-360 61-300 30130 31-M0 3130

Figure.2. Timing signals for 3-phase,3-level multilevel inverter.

B. Three level diode clamped inverter with doulbe tuned
filter

The circuit of a three phase three level diode clamped
inverter with double tuned filter is shown in Fig.3. The use of
filter at the output of the 3-phase, 3-level multilevel inverter
reduces the harmonic content at the output of the inverter, the
output of the three level inverter becomes approximately a
sinusoidal output. An inbuilt double tuned filter in simulink is
proposed and designed to use for this work, the capacitor,
inductor and resistor value by taking the value of nominal
power(P), reactive power(Q) for the tuning frequency and an
additional inductor L1,L2 and L3 for three phases is
connected at the output of the inverter.
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Figure 3. Three level diode clamped multilevel inverter with double tuned
filter.
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I1l.  RESULTS

The circuits Figure.l and Figure.2 are simulated using
simulink/Matlab. The results are obtained for different trials
and filter values. The output voltage of the three phase, three
level diode clamped mulitlevel inverter is as shown in
Figure.4 and Figure.5.
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Figure 4. Line to neutal voltage ouput of three level diode clamped
multilevel inverter
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Figure 5. Line to Line voltage ouput of three level diode clamped multilevel
inverter

The output line current of the three level diode clamped
mulitlevel inverter is as shown in Fig.6.
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Figure 6. Line current output of three level diode clamped multilevel inverter
The output voltage after introducing the double tuned filter at

the output of the three level diode clamped multilevel inverter
is as shown in Figure.7 and Figure.8.
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Figure 7. Line to neutral voltage output of three phase, three level diode
clamped multilevel inverter with double tuned filter

Figure 8. Line to line output voltage of three level diode clamped multilevel
inverter with double tuned filter

The output line current of the three level diode clamped
mulitlevel inverter with double tuned filter is as shown in
Figure.8.
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Figure 9. Line current ouput of three level diode clamped multilevel inverter

with double tuned filter

Figure.10 and Figure.11 show the plot of harmonics of voltage
at the output of the multilevel inverter. Figure.12 show the
plot of harmonics of current at the output of the multilevel
inverter.
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Figure 10. Harmonics plot of Line to neutral voltage of three level diode
clamped multilevel inverter
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Figure 11. Harmonics plot of line to line voltage of three level diode clamped
multilevel inverter
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Figure 12. Harmonics plot of line current of three level diode clamped
multilevel inverter

Figure.13 and Figure.14 show the plot of voltage harmonics at
the output of the multilevel inverter with double tuned filter.
Figure.15 show the plot of current harmonics at the output of e
multilevel inverter with double tuned filter.
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Figure 13. Harmonics plot of Line to neutral voltage of three level diode
clamped multilevel inverter with double tuned filter
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Figure 14. Harmonics plot of line to line voltage of three level diode
clamped multilevel inverter with double tuned filter
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Figure 15. Harmonics plot of line current of three level diode clamped
multilevel inverter with double tuned inverter
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The percentage of voltage harmonics of three phase, three
level multilevel inverter with and without double tuned filter
is shown in table 1.

TABLE I. PERCENTAGE OF VOLTAGEHARMONICS WITH AND WITHOUT
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7 463 488 057 059
8 12.83 12.66 0.08 0.04
9 0.85 0.83 0.04 0.08
10 9.74 9.89 0.41 0.45
11 315 329 048 0.44
12 043 043 0.03 0.06
13 511 501 01 019
14 4.6 471 0.68 0.71
15 043 042 0.06 0.03
16 18 21 0.4 043

17 6.19 6.03 05 054

18 0.85 0.74 0.04 0.04

19 499 514 0.49 05

FILTER
Harmonic | fi Xg;tnﬁgtto fi I\é\e“rflr}rﬁlejtto Wllitrr]]efllc}er \Ili\r/]i;r;g illitr? er
order neutral line neural voltage(%)
voltage(%o) voltage(%o) voltage(%0)
1 100 100 100 100
2 17.6 175 0.71 0.61
3 0.42 0.43 0.06 0.12
4 16.44 16.33 0.12 0.1
5 13.03 13.09 0.18 0.18
6 0.43 0.42 0.03 0.03

The current harmonic percentages with and without double
tuned filter is show in in Table 2.

TABLE Il. HARMONIC CURRENT PERCENTAGES WITH AND WITHOUT FILTER

FOR
Harmon Without filter With filter line
icorder | line Current (%) Current (%)

1 100 100
2 10.22 04
3 0.06 0.06
4 5.02 0.02
5 3.21 0.04
6 0.03 0.02
7 0.86 0.11
8 1.95 0.03
9 0.02 0.01
10 1.24 0.04
11 0.37 0.06
12 0.01 0.01
13 0.49 0.01
14 041 0.06
15 0.01 0
16 0.16 04
17 0.43 0.4
18 0.01 0.01
19 0.34 0.03

The Total harmonic distortion of three phase, three level
multilevel inverter with and without filters is shown in
Table3.
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TABLE Ill. TOTAL HARMONIC DISTORTION WITH AND WITHOUT FILTER

) THD in %
Measuring Paramenter
Without filter | With filter
Line Current 12.13 0.44
Line to neutral Voltage 36.44 1.96
Line to line Voltage 36.26 2

IV. CONCLUSION

The simulation work of diode clamped three phase, three
level inverter is carried out using simulation software
matlab/simulink. The content of the voltage harmonics and
content of current harmonics of three phase three level
multilevel inverter without filter and with filter are studied and
compared, it is concluded from the results that the three phase
three level inverter is operated with double tuned filter
eliminates most of the harmonics and reduces the THD.
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