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Abstract— This paper deals with new hybrid multilevel
inverter fed induction motor drive. It focuses on
asymmetrical topologies, the general function of this multi
level inverter is to synthesize a desired voltage from several
separate dc source. This hybrid topology has more
advantageous of industrial applications. In conventional
methods, the need of converters to supply the cells of
reversible multilevel converters increases the cost and losses
of such inverters. The proposed method introduces 27 levels
Inverter fed Induction Motor drive. With the use of high
level inverter, resolution is increase and also the harmonics
is highly reduced.

Index Terms— AC Drive, Multi level Inverter, Total
Harmonics Distortion (THD), DC link voltage.

|. INTRODUCTION

The multilevel inverter has introduced a solution to
increase the converter output voltage above the voltage
limits of classical semiconductors. There are quite a lot of
ways to achieve multilevel inverters [1]-[5]. The most
important topologies are the neutral point clamped
inverters, the flying capacitors and the cascade inverters.
This paper investigates new hybrid multilevel inverter
which significantly increase the level number of output
waveforms and thereby dramatically reduces the low
order harmonics and total harmonics distortion [2].

Moreover the stage with higher DC link voltage has
less switching frequency and therefore reduced switching
losses. They also allow combining different types of
switches to optimize the inverter efficiency [6].The new
hybrid multilevel inverter consists of full bridge modules
which have the relationship of 1v, 3v, 9v.....3%v for dc

link Voltage .The output waveform has 27 levels, +13,
+12, £11, £10, +9, £8, +7, £6, £5, +4, £3, *2,
£1,0.
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Figure 1. Basic new hybrid inverter scheme.

The inverter generates 3° different voltage levels (e.g.
an inverter with s=3 cells can generate 3°=27 different
voltage level).The basic hybrid multilevel inverter
structure for one phase is illustrated in Fig 1.This
multilevel inverter is made up of a set of series connected
cells. Each cell consists of a 4-switch H-bridge voltage
source inverter. The output inverter voltage is obtained by
summing the cell contributions.

In conventional method, low level inverter is used.
Better sinusoidal output was not obtained which is the
drawback of the conventional system and the harmonics
was high. So increase the levels of the inverter to get high
resolution, hence the output wave form is mostly
sinusoidal wave form.

The cascaded multilevel inverter is prepared by series
connection of single phase full bridge inverter [7, 9]. The
common function of multilevel inverter is to synthesize a
desired voltage from several separate DC sources [10].
Each source is connected to a single phase full bridge
inverter. Each inverter is capable of generating three
different output voltages, +Vg, 0 and - V.
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Il. MODELING OF MULTILEVEL NEW HYBRID
INVERTER

For each full bridge inverter the output voltage is given
by
Vo =V (S; —S5) @

and the input dc current is

Idci = Ia(sli _Szi) 2

i =1,2,3...(number of full bridge inverters employed).
la is the output current of the new hybrid inverter. S1i
and S2i is the upper switch of each full bridge inverter.
Now the output voltage of each phase of the multilevel
new hybrid inverter is given by

Von = ZVOi (3)
i=1

I1l. PROPOSED METHOD

In this proposed method of the inverter, has three input
stages, all the three stages are alike in the construction
module. All the modules are connected as new hybrid
with each module having power switches.
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Figure 2. Proposed new hybrid inverter scheme

The power switches may be IGBT, MOSFET or any
other power devices. The MOSFET’s are used in this
system. The power switches are operated in switching
mode such that any two switches are in operating
conditions at a time and other two remain in open
condition. The switching is as S11=S13 and S12=514,
this method is adopted to protect the circuit from short
circuiting. The number of levels is increased by
connecting maximum number of modules.

A.Inverter Resolution

The more asymmetrical configuration, the higher the
resolution. The recognized number of cells, one can
change the type of the cells and their supply voltages. To
obtain a structure that generates identical levels, the

supply voltages must examine the single-phase
uniformity provision

k
AU, AU, <AU; +> (n; -1).AU; 4)

j=1
Where Uy and n; are the step and the quantity of levels
of the k™ cell and where U; is also the step of the
resulting inverter. This condition is a function of the
number of levels and of the steps of the combined cells.
For the proposed structure, with one H-bridge in series
the number of levels can go up to 27.

B.Single Phase Modulation Condition

MOSFET Switches of different jamming voltages are
used to make up an asymmetrical multilevel inverter. So
far, switches with high jamming capabilities have smaller
commutation capabilities. As significance, the switching
losses of the high-voltage cells are considerably
increased. To play down the number of commutations of
high-voltage cell, the inverter has to be considered
according to a more off-putting law, the modulation
condition

k
AU, AU, <> (n; -1).AU, (5)
j=1

An efficient multilevel inverter may be designed by
using switches with low conduction losses for the high
voltage cells and switches with low commutation losses
for the low voltage cell. The divergence is the modulation
condition for a single phase inverter.

TABLE 1
NEW HYEBEID INVERTEE SWITCHING

Output voltages and switching states for the new hybrid inverter, S=3

WVde Vout

S13V -12V -11V -10W -9W -BY STV -6V -5V 4V S3W -2V

S1WVOOV IV 2V O3V 4V SV 6V TV OBV 9V 10V 11V 12V 13V
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Figure 3. Simulation diagram of proposed system

Based on the conditions a number of possible input
voltage combinations and the resulting number of levels,
respectively for the basic structure and for the proposed
structure. High voltage cells are not efficient for
switching. These configurations are well-matched to
generate a step stair voltage, but not for a modulated one.
These solutions suit entirely for mutually modulated
voltage.
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Figure 4. Simulation diagram of sub system

C. Harmonic Elimination in Multi Level Inverter

The output voltage V (t) of the multi level inverter can
be expressed in Fourier series as

v(t)=>"" (a,sinng, +b, cosna,) 6)

Due to quarter wave symmetry of the output voltage
the even harmonics are absent (bn =0) and only odd
harmonics are present.

© 2009 ACADEMY PUBLISHER

=

The amplitude of the n™ harmonic a,is expressed

only with the first quadrant switching angle
o 0, gy Ay
a,= 4V, ¢ ()
. Kzﬂ cos na,
O<a,<a,<a; <. am<72[ (8)

For any odd harmonics can be expressed up to k"
term, where m is the number of variable corresponding to

switching angle «, through ¢, of the first quadrant
Total Harmonics Distortion (THD);

1
= 1 o
THD fundamenta. | {Z(n‘“harmonic components )z}i ©)

n=2

IV. INVERTER EFFICIENCY

The efficiency of a hybrid inverter is higher than a
conventional inverter, for the applications where the
switching losses are bigger. The efficiency of the
proposed structure is between the efficiency of the ideal
hybrid inverter and a conventional multilevel inverter
fully supplied with dc-dc converters. At the same time, it
is an attractive solution to get a large number of levels
together with a good efficiency.

TABLE 2.
Cascade Hybrid New Hybrid
Sate ot stages 2541 | 2+ 3
& 7 level 15 level 27 level
S=3
Ve 251V, 3V,
Input DC voltage v av, oV
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COMPARISON OF MULTILEVEL INVERTER

The comparison between cascaded, hybrid and new
hybrid of multi level inverter as shown the table 2.Here
the number of levels is higher than the other methods. For
the reduced number of stages, the output and number of
levels are high. The harmonic distortions are reduced in
the proposed method and viewed in the result analysis.

V.SIMULATION RESULTS

Inverter Voltage
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Figure 8. Speed of the motor.
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Fundamental (50Hz) = 59.09 , THD=0.15%

0.1z B
a1 —
0.0g —

=
= 006 i
0.04 4
0.02 —

0 I I [ | I I n I pen-lon.nl

a 5 10 15 20

Harmonic arder

Figure 9. FFT harmonic spectrum output.
VI. RESULT ANALYSIS

The steady state three phase output voltage and line
voltage are shown in the figure 5 and figure 6
respectively. The amplitude of the output voltages 400V,
which is derived from the 27 level inverter. The output
voltage of the inverter, which is fed as an input to the
motor is nearly sinusoidal because the harmonics were
reduced.

The stator current of the multilevel inverter fed
induction motor is shown in figure 7.The speed of the
motor is plotted in figure 8 for the proposed 27 level
inverter. In a short duration of time, the rated speed of
1400 rpm is acquired. When the load is operated at the
time of starting, the starting current is high up to
maximum and during the occurring period, the current
drops to minimum which is shown in figure 7.

As per the design of the proposed 27 level multilevel
inverter, the total harmonic distortion is dramatically
reduced to 0.15%. as shown in figure 9.

Thus from the results shown it is concluded that the
output voltage is up to the required range which operate
the load without any fluctuation, i.e. due to the reduction
of lower order harmonics and good efficiency.

CONCLUSIONS

An improved new hybrid 27 level multilevel inverter
structure is proposed. Basic new hybrid inverter scheme
is to get the better sinusoidal output compared with low
level inverters. The asymmetrical multilevel inverter is
used to obtain a high resolution. By this method decrease
the input voltage and get better efficiency in a 27 level
multi level inverter structure. The asymmetrical hybrid
technique is used to improve the level of inverter and
extends the design flexibility and reduces the harmonics.
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APPENDIX.MOTOR PARAMETERS

Induction Motor Rating 3HP

Pole Pair 2

Stator Resistance 1.55 ohm

Rotor Resistance 1.25 ohm

Stator Leakage Inductance 0.172H

Rotor Leakage Inductance 0.172H

Mutual Inductance 0.166 H

Motor Inertia 0.016 Kg-m2
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