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Abstract

For variable speed drive using fast switching power modulator has been widely used in
industry for various applications. But degrading power factor and incursion current harmonics are the
major problems. Thus computational analysis of motor performance is required to select the proper
harmonics reduction techniques for smooth operation . In this research paper a throw analysis is done
on the performance of induction motor on every aspect. For smooth operation of AC motor drive,
multilevel inverters are preferred over a conventional two level inverter, with increasing the level of
inverter output is nearly sinusoidal and, desired output voltage with reduces harmonic distortions is
obtain . The main objective of this paper is to analysis and compare the effect of harmonics on
Induction Motor by feeding conventional two level and multilevel inverter with respect to different
mechanical parameters.

Keywords: Computational analysis; multilevel inverter , Harmonic analysis, Total Harmonic
Distortion ,mechnical parameter.

Introduction

For voltage source inverter (VSI) fed ac drives system, self commutated fast switching devices
like insulated gate bipolar transistor (IGBT) are preferred over a other devices ,which offer compact
design, negligible gate power, low on state voltage drop, switching losses are less and control is easy.
The maximum rating of low voltage (LV), pulse width modulation (PWM) VSI drives is limited by
practical current rating.

The diode clamped multilevel structure is more suitable than other topology, for high and
medium voltage ac drives which are directly connected to utility power system (direct to drive
topology) [02], [04]. This topology requires only one power supply (with front end active converter
and inverter at drive end) therefore; it is very sutable for industrial adjustable speed drive (ASD). In
this research paper , diode clamped multilevel inverter (DCMLI) is to be explore to reduce /eliminate
lower order harmonics of stator current by selecting appropriate switching states based on the level
of inverter. The variation of speed , torque etc is also reduced by varying switching frequency of
gate pulse in different phases. A same SPWM technique is developed and implemented for two
level, three-level and five level inverter. Multilevel DCMLI is designed for three-phase, 3.7 kW,
415 V,50 Hz induction motor. The simulation results for different topologies was compared to
validate theoretical and simulated values for different parameters of induction motor

Causes of Harmonics in Inverter output:

Any industry has various loads which inject current harmonics of different order in the power supply
such as static converters (such as electric furnace, induction heating devices and switching power
supply). Mainly ~ power modulator such as switching sources and converters are most important
sources of harmonic generation. Converters usually generate harmonics from n level in AC side.

n=knp+1
Where: k - is a constant and
n, is the number of gate pulses.

In industry prime mover / motor (Specially Induction motor) have been designed to work on pure
sinusoidal supply , but in real the power is non-sinusoidal that reduces the efficiency and life time of
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the drive . Temperature rise in the motor is most common parameter that decreases the life time .
Induction motor under perfect sinusoidal supply condition generate little amount of current harmonics
which can be eliminated easily by filter , because of its coils structure and non linear behaviour of iron
core. Most important consequent of this phenomenon is efficiency decrease.

Effect of Inverter Low Order Harmonics on Induction Motor:

1. Third Harmonics : Third harmonic and it multiples does not affect the performance as flux waves
produced by each of the three phases neutralize each other as it differs in time phase by 120°. The
fundamental mmf wave produces flux which rotates at synchronous speed which given as ns = 120 fi/P
rpm where fy is supply frequency and P is humber of poles of motor.

2. Fifth Harmonics : Fifth harmonic mmf wave produces flux which rotates at
and in direction opposite to the fundamental mmf wave.

3. Seventh Harmonics : Similarly , seven harmonic mmf produces flux which rotates at ns/7 rpm and in
the direction of fundamental m.m.f. wave.

120 f1/5P = ns/5 rpm

Thus it is concluded that harmonic m.m.f. wave produces flux which rotates at 1/K times the
fundamental speed and in the direction of fundamental wave if K = 6m + 1 and in the reversed
direction if K = 6m - 1 where, m is any integer. The most important and predominant lower order
harmonics whose effects must be minimized are 5" and 7" harmonics.

Table 1: Parameter of Induction Motor

Sr Parameter Values in
No. unit.

1 Stator Voltage 415 Volt.
2 Stator steady state Current 7.9 Amp
3 Rated Speed 1460 rpm
4 Load Torque 25 N-m

Other parameter calculated for simulation

Sr Parameter Values in
No. unit.
1 Rotor Current 40A
2 Stator Resistance 1.405 Ohms
3 Rotor Resistance 1.395 Ohms
4 Stator core loss current 6.356 A
5 Magnetizing Current 12A
6 Excitation Current 272 A
7 Stator core loss Resistance 37.72 Ohms
8 Stator Magnetizing Inductor 0.1542 H
9 Magnetizing Reactance 23.26 Ohms
10 Slip 5.30 %
11 Rotor Freguency 2.65 Hz
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Simulation :
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Fig : 1 MATLAB simulation for two level Inverter

Two Level Inverter
Above nameplate parameters (other required parameters are calculated by mathematical analysis)
of Induction motor are consider for MATLAB simulation, and is done for two level inverter with
DC input source voltage of 770 V, Modulation Index is consider as 0.9 and switching frequency of
5kHz. The results obtained for line current and voltage are shown in Fig.2and 3 respectively and
their corresponding FFT analysis in Fig. 2 and 4 respectively.
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Fig.3 FFT analysis of Line Current (Conventional Inverter)
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Fig.4 Voltage (Conventional Inverter)

FET window: 1 of 50 cycles of selected signal
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Fig.5 FFT analysis of Line Voltage (Conventional Inverter)
The motor speed and torque is measured and the deviations are shown in Fig.6 and Fig.7 respectively.
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Fig 7 Torque Variation (Conventional Inverter)

Similarly, MATLAB simulation was done for same motor with three level and five level inverter
and following results with refer to different parameter are obtain ( Given in Table 2) and comparison of
simulated with calculated results are given in Table :3

==

Parameter 2 Level 3 Level 5 Level
Current THD 18.47 % 6.66 % 4,25 %
Voltage THD 81.87 % 39.11 % 17.87 %
Speed 1425- 1460 rpm 1435-1460 rpm 1433-1453 rpm
Variation
Torque 10-40 NM 15-35 NM 20-30 NM
Variation
Table 2 : THD comparison of 2 level, 3 level and 5 level inverter
Parameter | Simulated Calculated
2 Level | 3 Level 5 Level 2 Level 3 Level 5 Level
Magnitude | 0.9 0.9 1.8 0.9 0.9 1.8
of
Reference
Signal (Ar)
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Magnitude | 1 1 1 1 1 1
of Carrier
Signal (A
Modulation | 0.9 0.9 0.9 0.9 0.9 0.9
index (AJA.) (2Ad(n- (2Ad(n-
DA.) DA.)
Vdc 770V (370*2=)740V | (190*4)=760V | 753.5 753.5 753.5
Vrms (Ling 412.8V | 412.2V 413.4 415 415 415
voltage)
Irms 7.508A | 7.466A 7.661 T47A 7.42A 7.64A
PA3VL*p.f | PA3VL*p.f | PA3VL*p.f
(p.f=0.689) | (p.f=0.694) | (p.f=0.674)
Speed 1425- 1435-1460rpm | 1433-1453rpm
Variation 1460rpm
Average 1442 1448 rpm 1443 rpm
Speed rpm 99.2% of N |988%of N
98.7% rated rated
of N
rated
%  Speed | 2.39% 1.71% 1.00 %
Variation
Torque 10-40 15-35 Nm 20-30 Nm
Variation Nm
Average 25N-m 25N-m 25 Nm
Torque

Table 3 :Comparison of simulated and calculated result

MATLAB simulation for conventional 2 level; 3 level and 5 level diode clamped inverter to study
the effect of harmonics is carried out. The % variation in THD was presented in table 2 and table 3and
magnitude of voltage and current magnitude for different harmonic order is indicated in Table 4.

Harmonic | Voltage Current
s Order (Fundamental -583) (Fundamental -10.1)
2Level |3Level |5Level | 2Level | 3Level |5 Level

3rd 5.43 1.85 1.17 0.34 0.03 0.05
5t 28.89 3.59 6.35 0.93 0.06 0.21
7t 20.46 4.44 6.21 0.48 0.08 0.13
gt 4.85 1.23 0.85 0.1 0.02 0.02
11t 31.39 11.18 3.98 0.47 0.22 0.03
13" 53.23 8.00 3.87 0.68 0.09 0.05

Table 4 : Magnitude of voltage and current e for different harmonic order

Conclusion :

For variable speed drive , based on the selection of drive for particular application and grade of
winding of the motor to be used power supply must be analyzed . It has concluded that deviation in
parameter such as Speed , Torque was more in two level , three level multilevel inverter fed drive as
compare to five level multilevel inverter drive. So by increasing the level of inverter deviation in can

reduce.
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