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Analysis and Mitigation of Harmonics in an
Induction Motor using Passive Filter at
Varying Loads

Anupriya® and Sunny Vig?

ABSTRACT

The objective of the electric utility is to deliver sinusoidal voltage at fairly constant magnitude throughout the
system. Astheload ismore non linear, complexity will increase more so these non linear |oads produces harmonic
currents. Harmonic distortions are increasing rapidly due to use of non linear loads so it is very important to
mitigate these harmonics. In thispaper, the harmonic producing | oadslike three phaseinduction motor isanalyzed.
Measurementsarefurther carried out using power quality analyzer (Meco PHA-5850) to evaluatethe total harmonic
distortion (THD) of current. In this paper, Harmonic analysis and mitigation of three phase induction motor with
shunt passivefilteris done. Harmonics are studied under different load conditions such as no load, half load, and
full load and blocked rotor |oad conditions. Total harmonic distortion (THD) ismore dueto the 3 and 5th harmonic
present in the three phase induction motor so the shunt passivefilter is designed to mitigate the 3 and 5"order
harmonicsand the overall THD.

Key words: Three phaseinduction motor, Power quality anal yzer, Passivefilter, Harmonics, total harmonicdistortion
(THD).

I. INTRODUCTION

(A) Threephase induction motor

The present deregulated industry hasled to the introduction of power quality problemsin the power system
which is quite challenging in the long run and has become one of the major concerns in recent years [1].
Due to the increasng number of harmonic producing loads, the problem of their impact on the power
system needs further consideration.

This paper considers one of the major harmonic producing loads i.e. three phase induction motor. In
this paper, three phase squirrel cage induction motor is studied with the help of Power Quality Analyzer.
50 Hz frequency is taken as fundamental frequency. Experimenta analysis of 3 HP, 415V, 4.5 Amps,
1440 RPM three phase squirrel cage motor is done with the help of PQA. Further harmonic analysis
under different loading conditions such as no load, half load, full load, block rotor is done. The
most commonly used harmonic index to calculate the harmonic distortions is called Total Harmonic
Distortion (THD) whichistheratio of sum of powersof al the harmonic componentsto the power of the
fundamental.
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(B) Harmonics

A harmonic is a signal or wave whose frequency is an integer multiple of frequency of the fundamental
signal. Let say if f is the fundamental or main frequency(usually 50 or 60Hz) of the signal then 2f is the
frequency of the second harmonic, 3f is the frequency of the third harmonic and so on[2].

Fh= (h) * fundamental frequency of the signal

Where histheinteger value, so first harmonic will be the fundamental frequency. Now the 3" harmonics
will be given by above formula having 50 Hz frequency

F3= 3* 50= 150 Hz and similarly 5" and 7*" harmonic as 5*50= 250 Hz and 7* 50= 350 Hz

(C) Effect of harmonics on performance of three phase induction motor

The harmonics present in the induction motor are time and space harmonics. The time harmonics are
present in the input supply of the three phase induction machine. The source may contain odd harmonics
such as 34, 5" and 7™ harmonics.

Even ordered harmonics can't be present due to the symmetry of the waveform as f(t)= -f(t+ T/2). Let
the r phase of the machine is given by

Vr = Vi SN0yt +¢y) +Va, SIS0t + §5) + Ve, IG5t + ¢5) + Vs, sin(ot +¢;) )
Assuming that it is a balanced three phase supply v, and v, are 120° and 240° shifted from v
respectively.then the expression for v, and v, are given by

. , . . 2
V, =V, sin(o,t + ¢, —2—;) +V,, SN(Bw,t + ¢, —3* 2—;) +V;,, Sin(5ot + ¢ —5* 2—;) +V,,, sn(ot+¢, - 7* ?n)

V; =V, sin(ot + ¢, —4—;) +V;,, Sin(Bo,t + ¢, —3* 4—;) +V;,, Sin(5o.t + ¢ —5* 4—;) +V,,, sin(ot+¢, —7* 4—;) 4)
Now if we consider third harmonic component of the three phase waveforms, and if V3 (t) isthe third
harmonic of phase x, we can see that
Vis =V, SN(3o,t + ¢,)
Vi3 =V, SN(3w.t + ¢,)

Vs =Van, Sin(‘?’a)lt + ¢3) %)

Therefore, we come to know that third harmonic components are in phase. In star connected system
with isolated neutral it will not cause any current to flow. if neutral is connected to the system, there will be
current flowing but thisis a rare condition in induction machine.so the machine is therfore an open circuit
to the third harmonics also called as triplen harmonics.in fact one can see that any harmonic component
which isamultiple of three will face an identical situation. So these will not have any effect on the induction
machine.

Let us now consider the fifth harmonic, form the above equations one can see that
Vs =V;,,, SN(5@,t + &)

Vs =V, SN(5o,t + ¢, — 5* 2?”)

=V, sin(5m,t + ¢, — 5* 4?”)
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Vg =V, SiN(5m,t + ¢, — 5* 4?”)

6
~V,_sin(5o,t + ¢ —2?”) (6)

From egn. 6 we concluded that fifth harmonic forms a negative sequence which causes backward
revolving flux pattern as compared to the fundamental frequency at their respective synchronous speeds.

Space harmonics are due to the non- sinusoidal distribution of the coils in the machine and dotting.
Practically, air gap mmf and flux are non sinusoidally distributed in space.

II. PROPOSED METHODS OF HARMONIC ELIMINATION

(A) Passive shunt filter

Passive shunt filter is the most commonly filter used for current harmonic distortion in th system. These
filters are connected in shunt with the load in the system.
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Figure 1: Figure showing typical passive filter used for current harmonic mitigation

They are used to mitigate current source type of harmonic producing loads. Passive filters offers alow
impedance path to divert all the harmonic components of current. It hasthe tendency to offer some reactive
power to the circuit so it is used for tweo purposes one for the filtering purpose and other for reactive
compensation purposeto correct the power factor in thecircuit [3]. The passivefilter isdesigned to mitigate
the 39 and 5" order harmonics and the overall current THD. The L and C values are 6mH and 6.5 mF.
Figure 1 shows typical passive filter used for current harmonic mitigation.

1. EXPERIMENTAL ANALYSIS

In this paper, 3HR415V, 4.5 Amps, 1440 RPMthree phase squirrel cage induction motor isconnected with
the Power Quality Analyzer for the harmonic analysis. Analysis is done for different varying loads of
induction machine such as no load, half load, full load and blocked rotor load and then the mitigation of
current harmonics is done with the shunt passive filter. Shunt passive filter is connected in paralel in the
system with the load. The L and C values are 6mH and 6.5 mF.
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In case of No Load condition as the name suggests output power delivered is zero i.e. the output work
is zero although rotor isrotating as the output torqueis zero. Asthe minimum current rating of the machine
is 2.8 A without any load so the current will be adjusted to 2.8 A and theload is adjusted along with.In case
of Half Load condition, As the maximum current rating of the 3 phase squirrel cage induction motor is4.5
A , the load will be adjusted as half the maximum current rating to be 3.67.

In case of Full Load condition, output work or power is maximum. As the maximum current rating of
the 3 phase squirrel cage induction motor is4.5A, the load will be adjusted as the maximum current rating
to be 4.5A and then the machineis at full load condition. In case of blocked rotor load condition, the rotor
of the three phase induction motor is blocked and the readings are taken with the power quality analyzer. The
block diagram and the picture of the setup at varying loads are shown in Figure 2.
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(a) Experimental setup (b) pictorial setup

Figure 2: Figure showing experimental setup of three phase induction motor with passive shunt filter

V. RESULTSAND DISCUSSIONS

Data collection and analysis was performed on 3 phase squirrel cage induction motor using PQA. In this
paper, the harmonic analysis of three phase induction motor is done with the power quality analyzer and 3"
and 5" harmonics is found to be more predominant. The harmonic mitigation is done with the help of
passive filter. The harmonics analysis and mitigation is studied for the three phase induction motor under
different load conditions and they are summarized as below.

CASE 1. Harmonics mitigation at No L oad

(A) For Current |

For |, Harmonics mitigation is done using passive filter. From Table 1, it is observed that THD is reduced
from 4.4% to 3.3% using passivefilter. The 3 and 5" harmonics were 2.7% and 2.5% and found to be more
predominant without using filter and it is reduced to 1.4% and 2.0% by using passive filter.

Table1l
Har monic analysis of three phase induction motor at no load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonics
without passive filter (%) distortion with Passive
filter (%)
1 3rd 2.7 14
2. 5th 25 2.0

3. I 4.4 3.3

THD
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Figure 3. Harmonic analysis of three phase induction motor with and without passive filter.

(B) For Current I,

For |,, Harmonics mitigation is done using passive filter. From Table 2, it is observed that THD is reduced
from 7.2% to 6.6% using passivefilter. The 3 and 5" harmonicswere 5.2% and 3.7% and found to be more
predominantwithout using filter and it is reduced to 4.9% and 3.3% by using passive filter.

Table2
Har monic analysis of three phase induction motor at no load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonics
without passive filter (%) distortion with Passive
filter (%)
1. 3rd 52 4.9
2. 5th 3.7 3.3
3. (. 7.2 6.6
|E Plot Harmonics — 0 X ||™ Piot Harmonics - o x
File Option Print File Option Print
/'—‘\ .
[DATE | TME | RMS | PEAK+ | PEAK- | CF. g TDf [yvi() | rz [Ttorta | ||[ DATE | TME [ RMS | PEAK: | PEAK- | CF fTHDF \ Vi() | Hz [TOTAL 4|
47302016 | 1237:07 | 3105A[  442A [ 420A [ 142 Ws.ogsu 50Hz [ 13 [“4302016 | 124530 [ 3046A| 4285A [ 4291A [ 140 W 3038A[ s0Hz|[ 13
...... Moy ==
o= Ll I HDEX
2 | i -
100 A 00% P 1o HO  00% -
| H1 1000% H1 100.0%
H2  08% H2  07%
H3  52% H3  49%
80 H4  07% 0 H4  07%
H5  37% HS  33%
HE  05% HE  06%
H7  26% H7?  21%
)% H8 03%
& :g ggf @ H3  04%
2 HID  03% 2 HID  04%
H11 04% H11  05%
H12  00% H12  02%
0 H13  05% “ H13  06%
H14  03% Hi4  04%
HI5  01% H1S  03%
H16  00% H16  0.2%
20+ H17  14% 20 H17  1.0%
- H8  02% H18  04%
| H13  01% H19  03%
1 H20 01% H20 0.3%
] H2l 02% [N 2l 0.2%
04 = M2 01% [ ~ - - ~ — 1 —— - H2  05%
0 5 10 15 20 25 30 35 40 45 50 35 60 65 70 75 80 5 90 95 H3  04% 0 5 10 15 20 25 30 35 40 45 50 35 60 65 70 75 80 35 90 95 H23  00%
1% H24  03%
Order --> e o Order --> W25 022
H6  01% H26  0.0%
H27  01% v H27  0.0% v

(a) Without passive filter

(b) With passive filter

Figure 4. Harmonic analysis of three phase induction motor with and without passive filter
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(B) For Current I

For |, Harmonics mitigation is done using passive filter. From Table 3, it is observed that THD is reduced
from 4.6% to 3.5% using passivefilter. The 3 and 5" harmonics were 3.5% and 2.0% and found to be more
predominant without using filter and it is reduced to 2.5% and 0.9% by using passive filter.

Table3
Har monic analysis of three phase induction motor at no load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonics
without passive filter (%) distortion with Passive filter (%)
1. 3rd 35 25
2. 5th 2.0 0.9
3. . 4.6 35
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Figure 5: Harmonic analysis of three phase induction motor with and without passive filter

CASE 2. Harmonics mitigation at Half L oad
(A) For Current |

For |, Harmonics mitigation is done using passive filter. From Table 4, it is concluded that THD is reduced
from 5.3% to 3.3% using passive filter. The 3 and 5" harmonics were 2.5% and 1.5% and found to more
predominant without using filter and it is reduced to 1.0% and 1.1% by using passive filter.

Table4
Har monic analysis of three phase induction motor at half load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonics
without passive filter (%) distortion with Passive
filter (%)
1 3rd 25 1.0
2. 5th 15 11

3 Lo 5.3 33
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Figure 6: Harmonic analysis of three phase induction motor with and without passive filter

(B) For Current I,

For |, Harmonics mitigation is done using passive filter. From Table 5, it is concluded that THD is reduced
from 7.1% to 5.6% using passive filter. The 3" and 5" harmonics were 5.7% and 3.6% without using filter
and it is reduced to 4.2% and 2.7% by using passive filter.

Table5
Har monic analysis of three phase induction motor at half load condition

S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)
1. 3rd 5.7 4.2
3. (. 7.1 5.6
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Figure 7: Harmonic analysis of three phase induction motor with and without passive filter
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(C) For Current I

For I, Harmonics mitigation is done using passive filter. From Table 6, it is concluded that THD is reduced
from 6.6% to 4.8% using passive filter. The 3" and 5" harmonics were 3.7% and 4.0% without using filter
and it is reduced to 3.4% and 2.8% by using passive filter.
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Figure 8: Harmonic analysis of three phase induction motor with and without passive filter
Table6
Har monic analysis of three phase induction motor at half load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passive filter (%)
1. 3rd 3.7 34
2. 5th 4.0 2.8
3. ITHD 6.6 4.8

CASE 3. Harmonics mitigation at Full L oad

(A) For Current |

For |, Harmonics mitigation is done using passive filter. From Table 7, it is concluded that THD is reduced
from 3.9% to 3.1% using passive filter. The 3 and 5" harmonics were 0.5% and 0.3% without using filter
and it is reduced to 0.2%.

Table7
Har monic analysis of three phaseinduction motor at full load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)
1 3rd 0.5 0.2
2. 5th 0.3 0.2

3 Lo 3.9 31
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Figure 9: Harmonic analysis of three phase induction motor with and without passive filter

(B) For Current I,

For |, Harmonics mitigation is done using passive filter. From Table 8, it is concluded that THD is reduced
from 4.8% to 4.0% using passive filter. The 3 and 5" harmonics were 2.9% and 2.6% without using filter
and it is reduced to 2.1% and 2.2% by using passive filter.

Table8
Har monic analysis of three phaseinduction motor at full load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)
1. 3rd 2.9 2.1
2. 5th 2.6 2.2
3. (. 4.8 4.0
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Figure 10: Harmonic analysis of three phase induction motor with and without passive filter
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(C) For Current I

For |, Harmonics mitigation is done using passive filter. From Table 9, it is concluded that THD is reduced
from 3.9% to 3.1% using passive filter. The 3 and 5" harmonics were 0.5% and 0.3% without using filter
and it is reduced to 0.2% and 0.2% by using passive filter.

Table9
Har monic analysis of three phaseinduction motor at full load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)
1. 3rd 3.6 2.9
2. 5th 11 0.3
3 . 4.9 3.8
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Figure 11. Harmonic analysis of three phase induction motor with and without passive filter

CASE 4. Harmonics mitigation at Blocked rotor Load

(A) For Current |

For |,, Harmonics mitigation is done using passive filter. From Table 10, it is concluded that THD is
reduced from 3.9% to 3.1% using passive filter. The 3 and 5" harmonics were 0.5% and 0.3% without
using filter and it is reduced to 0.2% and 0.2% by using passive filter.

Table 10
Har monic analysis of three phase induction motor at blocked rotor
load condition

S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)

1. 3rd 0.9 0.7

2. 5th 0.5 0.2

3 Lo 1.4 1.0
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Figure 12: Harmonic analysis of three phase induction motor with and without passive filter

(B) For Current I-,

For |,, Harmonics mitigation is done using passive filter. From Table 11, it is concluded that THD is
reduced from 1.3% to 1.1% using passive filter. The 3" and 5" harmonics were 1.0% and 0.2% and found
to be more predominant without using filter and it is reduced to 0.8% and 0.1% by using passive filter.

Table11
Har monic analysis of three phaseinduction motor at blocked rotor load condition

S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)

1. 3rd 1.0 0.8

2. 5th 0.2 0.1

3. I 1o 1.3 11
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Figurel3: Harmonic analysis of three phase induction motor with and without passive filter
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(C) For Current I

For |,, Harmonics mitigation is done using passive filter. From Table 12, it is concluded that THD is
reduced from 3.9% to 3.1% using passive filter. The 3 and 5" harmonics were 0.5% and 0.3% without

using filter and it is reduced to 0.2% and 0.2% by using passive filter.

Table 12
Har monic analysis of three phaseinduction motor at blocked rotor load condition
S. No Order of Harmonics Current Harmonic Distortion Current Harmonicsdistortion
without passive filter (%) with Passivefilter (%)
1. 3rd 11 0.5
2. 5th 0.3 0.2
3. Lo 1.4 0.8
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Figure 14: Harmonic analysis of three phase induction motor with and without passive filter

V. CONCLUSIONS

The current waveforms were analyzed using PQA for three phase induction motor at varying loads and it is
observed that distortionsinthe current exists dueto the use of these non linear loads. I n thispaper, Harmonic
analysis is done for the induction motor with the help of power quality analyzer and 3 and 5" harmonics
are found to be more predominent so passive filter is designed accordingly. Mitigation of harmonics is
done with the pasive filter and 3" and 5" harmonics and the overall THD are reduced.
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