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Abstract 

The main aim of this paper is to evaluate the impacts on the running of a 3-ǾIM motor (3-

PIM) running under an unbalanced input voltage. Study of unbalance supply conditions is very 

much required as this variable speed drive consumes most of the energy of the total power 

generated. Under eight different voltage unbalance conditions, the performance of three phase 

induction motor be calculated through MATLAB Simulink Model. Results of balanced voltage 

are used as a tool to analyze and compare the effects obtained by unbalanced voltages. The rotor 

current and their transient behavior were investigated during different unbalanced conditions. 

Total harmonic distortion has been calculated with MATLAB Simulink and results has been 

compared between various unbalanced supply conditions.  

1. Introduction 

A three phase induction motors is the most vital part of an assembly line 

in industry. Due to their various inconstant properties like no additional 

device required to start, simple in design, toughened composition, simple 
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maintenance, cheap and precise accuracy it is commonly employed in 

electrical system. Its role in industry improved after the development of 

adjustable speed drives and its integration in energy conversion. There are 

many types of power quality disturbances occur in electrical system like 

voltage unbalance, harmonics and sag etc. Because of all of these 

disturbances study of voltage unbalance is more important in induction motor 

because of its extensive use. Abnormal supply conditions can be Over Voltage, 

Under Voltage, and Single Phasing and distributed levels of THD between 

the phases. Other factors also lead to unbalance voltage in power system 

including unbalanced loads, incomplete transposition of transmission lines, 

unsymmetrical transformer connections like open-Y, open delta transformer 

connections, blown fuses on three phase capacitor banks etc. Voltage 

unbalance is defined as the variation of voltage magnitude in three phases or 

the deviation in angle i.e. they are not 120° apart or both the situations can 

occur. The proposed paper introduces the different causes of abnormal 

voltage supply conditions in system and it’s bad results on IM performance. 

The set up of a squirrel cage IM has been simulated on established MATLAB 

Simulink software. The results are simulated for different feasible samples of 

abnormal supply condition.  

2. Interpretations of Voltage Unbalance 

Main two interpretations are useful for calculation of abnormal voltage.  

The first interpretation is defined by the NEMA and Generator standards 

(NEMA MGI), is as follows:  

Percentage Voltage Unbalance (PVU)  

100
valtage average

valtage average from deviation voltage Maximum
   

The second interpretation for voltage unbalance has been given by the 

International Technical Commission, is as follows:  

Voltage Unbalance factor (VUF) (in %)   10012  VV  

where 1V  is the magnitude of positive sequence voltages.  

2V  is the magnitude of negative sequence voltages.  
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Both the two general indexes Percentage Voltage Unbalance and Voltage 

Unbalance factor are positive real numbers used to evaluate the abnormal 

voltage values that effects the performance of induction motors.  

The Induction - Machine Model  

 

 

Figure 1. The sequence line-to neutral equivalent circuit of three phase 

induction machine.  

This circuit is applicable for both the networks i.e., for positive sequence 

as well as for negative sequence networks.  

Where per phase values are defined as  

pV  positive sequence voltage  

nV  negative sequence voltage  

sR  stator resistance  

sX  stator reactance  

rR  rotor resistance referred to stator  

rX  rotor reactance referred to stator  
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mX  magnetizing reactance  

pZ  positive- sequence impedance of motor  

nZ  negative- sequence impedance of motor  

psI  stator positive- sequence current phasor  

prI  rotor positive- sequence current phasor  

nsI  stator negative- sequence current phasor  

nrI rotor negative- sequence current phasor  

s operating slip of motor.  

When the system is balanced i.e., all the three voltages applied to 

induction machine are same 

127 0abV    

127 240bcV    

127120caV    

By calculating from the below formulas  

3

2
cabcab

p
VaaVV

V


  (1)  

3

2
cabcab

n
aVVaV

V


  (2)  

    0sin0cos127 jVa   

V127  

    240sin240cos127 jaVb   

V127   

    120sin120cos0.1272 jVa c   

V127  
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By putting the values in equation (1) pV  comes out to be 127 Volts and 

nV  is 0 as there is no unbalance condition.  
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W2.2179  

Input Active Power is  

   nsnpspin IVIVP 3Re  (9)  

   56.329.61273Re jPin    

W49.2396   

Input Reactive power is  

   nsnpspin IVIVgQ 3Im  (10)  

W36.1356   















 

in

in

P

Q
pf 1tancos  (11)  

Efficiency of motor is defined as  

100
in

out

P

P
 (12)  

%9.90  

3. Simulation and Results 

The proposed model is simulated in MATLAB to check the effects of 

unbalanced supply conditions.  

Table 1. shows the values of voltages and angles taken for each of the 

three-phase supply voltages under different seven unbalanced conditions.  

• Balanced condition  

• 3  Under voltage  

• 2  Under voltage (UV)  

• 1  Under voltage (UV)  

• 1  Over voltage (OV)  

• 2  Over voltage (OV)  
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• 3  Over voltage (OV) 

Table1. Calculation of Efficiency at different voltage supply conditions. 

Calculations has been done to study that the how the various unbalance 

conditions effect the three-phase induction motor with the same VUF and 

rated output. In addition to three - phase supply voltages and their sequence 

components, results obtained for efficiency of IM. The table indicates that 

with same VUF change in positive sequence voltage is (6.27V and 8.02V for 

VUF=4% and 6% respectively) and change in negative sequence voltage 

components (0.2 V and 0.5V for VUF=4% and 6% respectively). With the same 

VUF condition, we are able to understand the status of voltage unbalance 

from the value of positive sequence voltage. It is very important to consider 

the positive sequence as it plays an important role in voltage unbalance 

analysis. It is found that a higher positive sequence voltage gives a higher 

motor efficiency. The results show that 1-φ UV condition has more positive 

sequence voltage than other unbalanced conditions and it has highest 

efficiency than other unbalance conditions. 

3.1 Impact of unbalanced supply conditions on Rotor Current  

 

 

 

 

 

 

 

Voltage 

conditions 

VUF 

(%) 
aV  bV  cV  

Positive 

Voltage 

 pV  

Negative 

Voltage 

 pV  

Efficiency 

(%) 

Balanced 0 127.0∟0° 127.0∟240° 127.0∟120° 127.0 0 90.89 

3-Ø UV 4 110.0∟0° 112.7∟240° 125.0∟120° 115.86 4.66 88.7 

2-Ø UV 4 111.8∟0° 114.3∟240° 127.0∟120° 117.69 4.7 89.14 

1-Ø UV 4 112.4∟0° 127.0∟240° 127.0∟120° 122.13 4.86 89.16 

3-ØUV 6 103.2∟0° 107.2∟240° 127∟120° 111.79∟0° 6.69∟50.14° 87 

2-Ø UV 6 105∟0° 108.6∟240° 127∟120° 113.5∟0° 6.803∟51.34° 88.67 

1-Ø-UV 6 105.4∟0° 127.0∟240° 127∟120° 119.81∟0° 7.19∟0° 87.9 
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current at balanced voltage 

 

current at two phase undervoltage 

 

current at single phase over volt 
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current at 3 phase UV 

 

current at single phase undervoltage 

 

current for 2 phase over volt 
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current at three phase over voltage 

 

Figure 2. Effects on Rotor Currents under different supply conditions. 

Figure 2. shows the results for the rotor currents considering different 

unbalanced conditions stated above. The results are obtained showing the 

behavior of rotor currents which are transient in nature. After an initial 

increased fluctuation of the current, the graph shows that it takes 

approximately 0.6 seconds to resolve to the rated rotor current, when the 

voltage is balanced. High frequency components are obtained in the rotor 

currents when the voltage is undervoltage as well as overvoltage. This 

analysis shows that high frequency but low value components are set up in 

rotor currents when the magnitude of supply is unbalanced. But in any 

deviation in phase angle, high frequency and high value components are set 

up in rotor currents. The effect of phase angle deviation is more prominent 

than the effect shows by change in both magnitude and phase angle.  

3.2 Calculation of Total Harmonic Distortion  

Table 2. THD calculations at different voltage supply conditions with 

same VUF. 

Voltage 

conditions 

VUF(%) aV  bV  cV  THD(%) 

Balanced 0 127.0∟0° 127.0∟240° 127.0∟120° 11.54 

3-Ø UV 4 110.0∟0° 112.7∟240° 125.0∟120° 129.29 

2-Ø UV 4 111.8∟0° 114.3∟240° 127.0∟120° 129.46 

1-Ø UV 4 112.4∟0° 127.0∟240° 127.0∟120° 120.68 

1-Ø-OV 4 142.9∟0° 127.0∟240° 127.0∟120° 217.89 

2-Ø-OV 4 145.9∟0° 138.3∟240° 127.0∟120° 215.26 

3-Ø-OV 4 148.2∟0° 139.7∟240° 129.0∟120° 229.22 
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THD at balanced voltage 

 

THD at two phase under voltage 

 

THD at single phase over voltage 
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THD at three phase undervoltage 

 

THD at single phase undervoltage 

 

THD at two phase over voltage 
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THD at three phase over voltage 

 

Figure 3. THD of different unbalance voltage supply conditions. 

Figure 3. shows the graph of THD obtained by the different supply 

conditions. It shows that when voltage is balanced it gives less value of THD 

as compared to other supply condition. When the voltage is 2 phase 

undervoltage it gives worst value of THD as compared to other under voltage 

supply conditions. Overvoltage supply condition gives the worst result as the 

value of THD is obtained too high.  

4. Conclusion 

From the above analysis we can conclude that from the magnitude of 

positive sequence voltage and degree of unbalance, we can evaluate the 

characteristics of power system. Reduction in efficiency when supplied by 

unbalanced voltages will lead to higher electricity charges. Consequently, it 

will increase the total load and decrease in spinning reserve of the total 

generators. Change in angles and overvoltage gives more unwanted results as 

compared to change in undervoltage supply conditions. The results obtained 

by overvoltage in terms of THD are worst. Negative sequence currents are 

introduced due to unbalance supply conditions as compared to balanced 

conditions. These unbalance currents and oscillatory torques leads to more 

vibrations and noise which will damage the motor. Favorable results can be 

obtained by applying PWM technique as their currents and torques will give 

low ripples which will protect the motor from unwanted oscillations and 

vibrations.  



  M. KAUR, G. SINGH BRAR and R. KAUR 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 5, March 2022 

2816 

Acknowledgement 

Author would like to extend my sincere thanks to IKGPTU, Kapurthala 

for providing me various resources like links to referred E-Journals, Internet 

facility to accomplish this research paper.  

References 

 [1] Cummings et al., Protection of induction motors against unbalanced voltage operation, 

IEEE Trans. Ind. Applicat. 1A-21 May/June (1985), 778-792.  

 [2] A. Wallace, A. R. von Jouanne, E. J. Wiedenbrug and P. S. Andrews, The measured 

effects of under-voltage, over-voltage and unbalanced voltages on the efficiency and 

power factor of induction motors over wide range of load, in PEVD Conf. Proc., (1997).  

 [3] C. Y. Lee, Effect of unbalanced voltages on the operation performance of a three phase 

induction motor, IEEE Trans Energy Conversion 14 (1999), 202-208.  

 [4] B. P McGrath, D. G. Holmes, Multicarrier PWM strategies for multilevel inverters, 

IEEE Trans. Ind. Electron.  49(4) (2002), 858-867.  

 [5] J. Rodriguez, J. S. Lai and F. Z. Peng, Multilevel Inverters: A survey of topologies, 

controls and applications, IEEE Trans. Ind. Electron 49 (2002), 724-738.  

 [6] O. Lopez, J. Alvarez, J. Dovel-Gondoy and F. D. Freijedo, Multilevel multiphase space 

vector PWM algorithm, IEEE Trans. Ind. Electron 55(5) (2008), 1933-1942. 

 [7] S. A. R. Kashif, M. A. Saqib and S. Zia, Implementing the induction-motor drive with 

four-switch inverter: An application of neural networks, Expert Syst. Appl., 38(9) (2011), 

11137-11148.  

 [8] R. B. Kirankumar, Y. V. S. Reddy and M. Vijayakumar, Multilevel inverter with space 

vector modulation: Intelligence direct torque control of induction motor, IET Power 

Electron 10(10) (2017), 1129-1137. 

 [9] G. S. Brar and Ranvir Kaur, Carrier Shifting Algorithm Creating Virtual Frequency 

Upsurge to Reduce Switching Losses in Multi-Inverter Fed Induction Motor Drives, 

International Journal of Energy Technology and Policy 15(2/3) (2019), 116-133. 


