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1. Introduction 

 lectric motor is an industrial load, it is based on 

mechanism that alters electrical power into mechanical 

power and therefore called as an electric motor or called as 

asynchronous motor. Most of electrical load is inductive in 

nature that effects the power source is badly during starting 

[3]. During starting of  motor large starting current is 

introduced and causes harmonics in the power system 

[8].Harmonics are undesirable waveforms which are mostly 

due to nonlinear loads which causes low efficiency as well 

as power quality issues. A.C waveform which is complex 

sinusoidal (complex) can be presented to comprises of 

waveforms (sinusoidal) of integer multiples of the system 

frequencies. In a 50 Hz electrical network, 250 Hz is the 

5th harmonic distortion; 350 Hz is the 7th harmonic 

distortion [9]. Capacitor banks can be employed connected 

with inductors in order to decrease the effects of the 

distortions on a system. Today, the harmonic filtration 

techniques involve either; Passive Harmonic Filtering 

,active Harmonic Filtering or  Hybrid Harmonic Filtering 

are not only reducing the harmonic distortion, but also 

improving the power factor of system. The passive 

harmonic filters are generally employed due to importance 

of low cost and easy to fabricate.  

2.   Harmonics 

2.1 Introduction of Harmonics 

The word “harmonics” denotes to distortion in current and 

voltage within an alternating system. Harmonics are 

distortive waveforms which are integral of normal  

 

frequency it is measured in Hz[11] if there is 2f, 3f, 4f, 5f 

etc. where f is a fundamental frequency and 2, 3, 4, 6 are 

the order of harmonics. as shown in Fig 1. 

 

        Figure.1. Fundamental and harmonics frequencies  

2.2   Causes of harmonics 

 Solid state power devices 

 UPS 

 Electronics devices such as diodes, transistors , 

thyristors 

 Voltage controllers 

 Computers etc. 

2.3   Effects of harmonics on induction motor 

 In stator and in rotor, winding current distortion 

(harmonics) causes as copper and iron loses 

 Voltage harmonics causes loses (copper) 

 Current distortion enhances quickly and severely 

effects the motor and raises mechanical vibrations, 

noise and heat   

 Voltage reduction 5-10% in output. 

 Cogging and crawling effects are due to harmonics 
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3. Motor rating & model 

Parameters [Standard] of three phases IM (induction motor) 

are given in Table .1 

Table. 1 Standard rating of induction motor 

S. NO. PARAMETERS VALUE 

1 Nominal Power 4 kW (5.4 HP) 

2 Voltage (line-line) 400 V 

3 Nominal Speed 1430 RPM 

4 Frequency 50 

5 No. of Poles 4 

6 RS 1.405 Ω 

7 LS .005839 Henry 

8 Rr 1.395 Ω 

9 Mutual Inductance 0.1722 Henry 

10 Inertia 
0.0131 kg.m

2

 

11 Friction Factor 0.002985 

N.m.s 

 

12 Rotor Inductance 0.005839 H 

 

The model of three phases IM with six pulse thyristors 

based at several firing angles as presented in Fig. 2 in 

MATLAB/SIMULINK. 

 

Figure.2. Model of three phase induction motor 

4.   Harmonic filters 

Harmonic filters are optimal techniques to mitigate the 

harmonic distortion within the system. Almost following 

techniques are employed. 

4.1   Passive harmonic filters 

It comprises of capacitor connected in series with an 

inductor so the frequency of the harmonic is overall 

identical to the frequency of the resonance to be rejected. 

Passive filters, which are well-defined on a event by case 

origin, rendering to a specific distortions to be cleaned 

[9].These filters are economical and easy to design. The 

passive harmonic filters are further sub-divided  into three 

classifications  are as following. 

4.1.1   Passive series harmonic filters 

As the name of series filter is suggesting that it is 

connected in series with load and it is shown in Fig. 3. It is 

essential choose to exercise this filter as reflected as 

potential harmonic filtration. The functioning standard of 

Passive series filters is identified by constituents linked in 

series that the inductor rise arrangement level of inductance 

in tuned characteristics. Key constituents as of Passive 

series harmonic filter are DC link filter and AC line reactor. 

 

Figure.3. Series passive filter 

4.1.2   Passive shunt harmonic filters 

Shunt filter name is suggested because it is connected 

parallel with load. Such type of filters has two major 

applications as harmonic filtrations and improving the P.F 

(power factor) by neutralizing reactive power [10]. Power. 

The various types of passive shunt filter are given fig 4. It 

is picked to practice this filter as reflected as current 

harmonic filtration and generally employed because of low 

cost, better filter action and easier to design. 
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Figure. 4. Various Types of Shunt Filter 

5.   Proposed methodology 

This paper suggested a three phase composite passive filter, 

it has been designed to mitigate harmonics introduced by 

three phase induction motor at several firing angles. 

Composite passive harmonic filter is made of a second 

order high pass filter and single tuned passive harmonic 

filters. 

5.1 Single tuned passive filter 

Single tuned passive filter is harmonic control technique 

and it is compulsory to select proper value of that harmonic 

passive filter component in order to enhance PF (power 

factor) at normal frequency [11-12]. This filter is employed 

to mitigate harmonics frequencies as low order. Fig. 5 

shows single tuned passive filter. 

 

Figure.5. Single Tuned Filter 

Equation Inductance reactance equation can be drawn as  

 XL=2π F  (1) 

In order to select suitable value of capacitor so it is 

essential to inscribe equation of capacitance reactance. 

XC=1/2πF  (2)
 

In the case of resonance condition capacitance reactance 

equal to Inductance reactance (XL=XC) 
 

1/2πFc =2π FL  (3) 

Value of L can be obtained from equation 3 

L=1/ (2πf) 2 C  (4) 

QF (quality factor)
 = 𝑙/𝑐/R  (5) 

Value of R rest on quality factor and both are inverse to 

each other, the more value of QF the smaller resistance 

value and vice versa. The greater value of QF, the more 

mitigation of harmonics and power quality will be 

improved more. 

5.2   Second order high pass passive filter 

It is also passive harmonic filter is nominated to eliminate 

the harmonic frequencies as high order. It provides better 

filtering action [12]. In this filter inductance resistance (L) 

resistance (R) are in parallel. It also decreases I
2
R at 

fundamental frequency. Fig. 6 shows second order high 

pass filter. The better value of QF then this harmonic filter 

provides good results. The typical values of QF (quality 

factor) are b 0.5 to 2. 

 

Figure. 6. Second Order High Pass Filter 

Table. 2 Values of designed composite passive filter 

Resistance 

value 

Inductance 

value 

Capacitance 

value 

R1=0.34ohm L1=0.0365H     C1=11.9e-6 F 

R2=0.0365 ohm L2=0.038H      C2=11.9e-6 F 

R3=0.075 ohm L3=0.075H      C3=11.9e-6 F 

R4=0.21 ohm   L4=0.054H      C4=11.9e-6 F 

R=49.48 o L=0.031H        C=11.9e-6 F 

 

6.     Results and Discussion 

6. 1 Harmonic analysis without filter 

Three phase induction motor without filter has been studied 

below at various firing angle. 

6.1.1 FIRING ANGLE (α = 60
O

) .At this firing angle 5.77% 

harmonics are introduced without filter as shown in Fig.7. 

 

 

Figure.7. Harmonic analysis without filter at (α = 60o) 

6.1.2 FIRING ANGLE (α = 115
O

). 

At this firing angle 49.86 % harmonics are analyzed 

without filter as shown in Fig. 8. 
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Figure.8. Harmonic analysis without filter at (α = 115o) 

6.1.3 FIRING ANGLE (α = 120
O

) .At this firing angle 

65.71% harmonics are analyzed without filter as shown in 

Fig .9. 

 

Figure.9. Harmonic analysis without filter at (α = 120o) 

6.1.4 FIRING ANGLE (α = 135
O

).At this firing angle 

132.35% harmonics are analyzed without filter as shown in 

Fig.10. 

 

Figure. 1.0 Harmonic analysis without filter at (α = 135
o

) 

6. 2   Harmonic analysis with filter 

6.2.1 FIRING ANGLE (α = 60
O

). At this firing angle 0.57% 

harmonics are analyzed filter as shown in Fig.11. 

 

 

Figure. 11. Harmonic analysis with filter at (α = 60o) 

6.2.2   FIRING ANGLE (α = 115
O

). At this firing angle 

1.69% harmonics are analyzed with filter as shown in Fig 

12. 

 

Figure.12. Harmonic analysis with filter at (α = 115o) 

6.2.3   FIRING ANGLE (α = 120O). At this firing angle 

1.80% harmonics are analyzed with filter as shown in Fig 

13. 

 

Figure. 13. Harmonic analysis with filter at (α = 120o) 

5.2.4    FIRING ANGLE (α = 135
O

). At this firing angle 

2.10% harmonics are analyzed without filter as shown in 

Fig. 14 
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Figure.14. Harmonic analysis without filter at (α = 135o) 

6.1      Total harmonics distortion (THD) 

6.3.1   Total harmonics distortion without filter as shown in 

Table .3 

 
Table .3 Total harmonics distortion without filter 

 

SIMULINK 

MODEL 

 FIRING 

ANGLE 

 THD (%) 

WITHOUT 

FILTER 

  

 
      60

o

 
5.77% 

 
      115

 o

 
49.86% 

 
      120

 o

 
65.71% 

 
      135

 o

 
132.35% 

5.3.2   Total harmonics distortion with filter as shown in 

Table 4 

Table. 4 Total harmonics distortion with filter 

SIMULINK 

MODEL 

 FIRING 

ANGLE 

 THD (%) 

WITH FILTER   

       60
o

 
0.57% 

       115
 o

 
1..69% 

       120
 o

 
1.80% 

       135
 o

 
2.10% 

7.   Conclusion 

The design of such filter that can able to suppress the 

harmonics, this composite passive filter used in this paper 

is the best technique for mitigation low as well as high 

order frequencies .Simulink provides easier way to design 

filter for obtaining particular results .By implementing the 

composite passive harmonic filter the efficiency and power 

quality of induction can be enhanced. In this paper 

composite passive is suggested for harmonic reduction 

instead of this filter, active harmonic filter can be 

implemented for better response and in this paper harmonic 

analysis and harmonic mitigation technique have been done 

in MATLAB, but in future it can be verified in hardware. 
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