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Abstract: For the efficient performance of the induction 

machine, it is important to maintain the high quality of power 

supply.  There are several power quality issues and voltage sag 

is one of the most important disturbances among them. One sag 

event may cause a great monetary loss to the affected industry. 

There are multiple effects of the voltage sag on the performance 

of induction machines which are cumulative in nature. And the 

end result may reduce its efficiency, shortens its life and in the 

worse case causes premature failure. In this paper a 

comparative study has been done on the performance of a 10 hp 

induction motor under various voltage sag conditions in the 

MATLAB-SIMULINK enviornment. The motor has been 

operated under full load condition as well as under half load 

condition. The current and torque peaks and the speed loss 

have been chosen as the variables for study the sensitivity of 

induction motor towards the voltage sags.  

Keywords: Induction motor, voltage sag. 

I. INTRODUCTION 

The term power quality was used first time by H.H. Kajihara 

in 1968. The definition of power quality given in the IEEE 

dictionary originates in IEEE standard 1100 is:  Power 

quality is the concept of powering and grounding electronic 

equipment in a manner that is suitable to the operation of 

that equipment and compatible with premise wiring system 

and other connected equipments [2]. There are many power 

quality disturbances which may affect the performance of an 

induction motor in different ways. Voltage sag is most 

common event among various power quality disturbances. In 

a survey conducted by Bell Telephone Laboratories 87.2% of 

events were reported as voltage sag [9]. 

Sags may results in low efficiency, decreased life, 

malfunctioning and complete shutdown of induction motor 

[5].  

 According to IEEE standard 1159-1995, a voltage 

sag is defined as a decrease in RMS voltage down to 90% to 

10% of nominal voltage for a time greater than 0.5 cycles of 

the power frequency but less than or equal to one minute. [4, 

7]. Voltage sag may be symmetrical or asymmetrical, 

depending upon the type of fault. In symmetrical voltage sag 

the magnitude of the individual phase voltages are equal and 

their phasor are displaced at 1200 from each other. The main 

reason of a symmetrical voltage sags are three phase fault or 

starting of a large induction motor. The single line to ground 

faults, line to line fault or two lines to ground fault results in 

unsymmetrical voltage sags in the system. The voltage sag 

may cause the current and torque peaks and speed loss in the 

induction motor. Different sag initiation angles affect the 

performance of induction motor in different ways [6].  All 

these changes can be observed just after the time of sag 

initiation and recovery instant. 

The torque of the induction motor is directly proportional to 

the square of the voltage. So if any change in the magnitude 

of the voltage occurs it affects the value of torque drastically. 

In this paper the performance of 10 hp, 400 V, 50 Hz 

induction motor has been simulated and effects have been 

studied in terms of current peaks, torque peaks and speed 

loss under various voltages. Section II describes the 

characterisation of various voltage sags. Effects of various 

voltage sags on the performance of induction motor under 

different loading conditions have been studied in section III. 

Conclusion has been given in section IV. 

 

II. VOLTAGE SAG CHARACTERIZATION 

Voltage sags experienced by three phase loads can be 

classified in to seven different types, namely A,B,C,D,E,F 

and G. Type A sag is a symmetrical sag whereas other sags 

are of unsymmetrical type. Phasor diagrams of various 

voltage sags and their equation has been shown in Figure 1 

and Table 1 respectively. hV is the magnitude of remaining 

voltage having a value between 0 and 1. 

 

 
Figure 1: Voltage sag classification for h=0.5 
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Table 1: Different Voltage Sag Equations 

 

 
 

 Transients are observed in the voltage just after the 

start of voltage sag and just after the clearance of fault [3, 8]. 

There is always a chance that there may be a phase shift in 

the voltage or type of the voltage sag may change [1]. For 

keeping the things to be simple the shape of the voltage sag 

is assumed to be rectangular in this paper and no change in 

the sag type has been considered. 

 

 

III. EFFECT OF VOLTAGE SAG ON INDUCTION 

MOTOR UNDER FULL LOAD AND HALF LOAD 

CONDITION. 

 

In this paper the performance of induction motor has been 

simulated under half load and full load condition subjected to 

various sag conditions. The analysis has been done in terms 

of current peaks, torque peaks and magnitude of speed loss. 

Three different sag magnitudes have been considered for the 

analysis which are h=0.1, 0.5, 0.8. Seven different sag 

initiation angles (θ =00, 300, 600, 900, 1200, 1500, 1800) have 

been considered for the study.  

 

10 hp motor under half load condition:  

 Results for the current peaks under half load 

conditions for different voltage sag conditions are given from 

Figure 2 to Figure 8. 
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Figure 2: Current peak for sag A under half load condition 
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Figure 3: Current peak for sag B under half load condition 
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Figure 4: Current peak for sag C under half load condition 
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Figure 5: Current peak for sag D under half load condition 
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Figure 6: Current peak for sag E under half load condition 
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Figure 7: Current peak for sag F under half load condition 

 

It can be seen from Figure 8-15 that the maximum current 

peaks are obtained for sag A. The maximum current peaks 

are almost independent of the sag magnitude for sag A. it can 

also be observed from the Figure 2- 8 that maximum current 

peaks are obtained at sag initiation angle of 90o for sag B,D 

and F where as maximum current peaks are obtained at sag 

initiation angle of 00 for sag C, E and G. It can also be 

noticed that the magnitude of current peaks also increases 

with the increase in  the magnitude of sag. 
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Figure 8: Current peak for sag G under half load condition 

 

  Effects of various voltage sag conditions 

on the performance of induction motor in terms of torque 

peaks have been shown in Figure 9 to Figure 15.  
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Figure 9: Torque peaks for sag A under half load condition 
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Figure 10: Torque peaks for sag B under half load condition 
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Figure 11: Torque peaks for sag C under half load condition 
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Figure 12: Torque peaks for sag D under half load condition 
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Figure 13: Torque peaks for sag E under half load condition 

 

Figure 9-15 depict that among all sags, sag A has 

the maximum torque peaks for all the three sag magnitudes. 

Values of maximum torque peaks are 10.8, 6.8, and 5.8 p.u. 

for sag magnitudes h=0.1, 0.5, and 0.8 respectively. Figure 9 

indicate that for a particular sag magnitude torque peaks are 

almost constant for all sag initiation angles in case of sag A. 

Maximum torque peaks are obtained at sag 

initiation angle of 90o for sag B, sag D and sag F, and 

minimum peaks are observed at an angle of 00 for above 

mentioned sags. Opposite results are obtained for sag C, sag 

E, and sag G.  

Figures 11-12 indicate that sag C and sag D have 

similar values of maximum and minimum torque peaks but at 

different initial angles.  

Similarly, it can be observed from Figure 13 - 15 

that torque peaks vs angle of sag initiation curves have the 

same pattern for sag E and sag G, i.e. the values of torque 

peaks are same for sag E and sag G at each value of initial 

angle. The maximum and minimum values of torque peaks 

for sag E, sag D, and sag F are also equal in above mentioned 

figures.  
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Figure 14: Torque peaks for sag F under half load condition 
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Figure 15: Torque peaks for sag G under half load condition 

 

Speed loss curves for motor under half load 

condition have been represented in Figures 16-22. 

From the Figure 16 it is clear that during sag A, 

when the sag magnitude is h=0.1 motor completely stops 

irrespective of sag initiation angle. For h =0.5 and h=0.8 the 
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speed loss is almost constant i.e. 9.38 and 3.82 p.u. at all sag 

initiation angles.  

In Figure 16-22, maximum speed loss is observed 

for sag A in comparison to all other sags. The maximum 

speed loss is observed at 900 for sag B, sag D, and sag F 

whereas sag C, sag E and sag G have maximum speed loss at 

00 angle. Figure 20-22 depicts that sags E and G have the 

similar speed loss for same values of sag initiation angles 

and that maximum and minimum values of speed loss are 

equal for sag E, sag F, and sag G. 
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Figure 16: Peak of speed loss for sag A under half load condition 
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Figure 17: Peak of speed loss for sag B under half load condition 
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Figure 18: Peak of speed loss for sag C under half load condition 
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Figure 19: Peak of speed loss for sag D under half load condition 
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Figure 20: Peak of speed loss for sag E under half load condition 
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Figure 21: Peak of speed loss for sag F under half load condition 
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Figure 22: Peak of speed loss for sag G under half load condition 

 

10 hp motor under full load condition:  

The simulation has been performed on the motor 

under full load condition for three different sag magnitudes. 

Results for current peaks, torque peaks, and speed loss have 

been investigated. The simulation results for 10 hp motor 

under full load condition have been shown in Figure 23-29 in 

terms of current peaks.  

Figure 23 depicts that maximum current peak of 

7.88, 4.67 and 2.15 p.u. have been obtained for sag A at 

h=0.1, 0.5 and 0.8 respectively. The magnitudes of current 

peaks for sag A has almost constant current peak for every 

sag initiation angle. Similar to half load condition, at sag 

initiation angle 900, sag B, sag D, and sag F have their 

maximum current peaks and sag C, sag E, and sag G have 

their maximum current peaks at 00 sag initiation angle.  
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 Figure 23: Current peak for sag A under full load condition 
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Figure 24: Current peak for sag B under full load condition 
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Figure 25: Current peak for sag C under full load condition 
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Figure 26: Current peak for sag D under full load condition 
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Figure 27: Current peak for sag E under full load condition 
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Figure 28: Current peak for sag F under full load condition 
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Figure 29: Current peak for sag G under full load condition 

 

Figure 30 - 36 represents the result of simulation of 

10 hp motor under full load condition for torque peaks under 

various sags. It has been observed from Figure 30-36 

that maximum torque peaks are obtained for sag A. Values of 

maximum torque peaks are 6.6, 3.4 and 2.6 p.u. for sag 

magnitudes h=0.1, 0.5, and 0.8 respectively. Figure 4.36 

depicts that torque peaks have almost constant value 

irrespective of sag initiation angles for sag A. 

As similar to half load condition maximum torque 

peaks for sag B, sag D, and sag F have been obtained at sag 

initiation angle of 90o (from Figure 31, 33 and 35) and for 

sag C, sag E, and sag G. maximum torque peaks are obtained 

at 00 sag initiation angle.  

Figure 34 and Figure 36 display the same pattern of 

torque peak vs sag initiation angle curves for sag E and sag 

G. It can also be observed from                     Figures 34-36 

that the maximum and minimum values of torque peaks are 

obtained for sag E, sag D, and sag F are same but at different 

values of sag initiation angles. Similarly Figure 32 and 

Figure 33 indicate that sag C and sag D have similar values 

of maximum and minimum torque peaks. 
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Figure 30: Torque peaks for sag A under full load condition 
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Figure 31: Torque peaks for sag B under full load condition 
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Figure 32: Torque peaks for sag C under full load condition 
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Figure 33: Torque peaks for sag D under full load condition 
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Figure 34: Torque peaks for sag E under full load condition 
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Figure 35: Torque peaks for sag F under full load condition  
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Figure 36: Torque peaks for sag G under full load condition 
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The curves between speed loss vs. sag initiation 

angle have been represented in Figure 37-43. Figure 37 

shows that for a very low value of remaining voltage motor 

completely halts for sag A irrespective of sag initiation 

angle.  
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Figure 37: Peak of speed loss for sag A under full load condition 
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Figure 38: Peak of speed loss for sag B under full load condition 
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Figure 39: Peak of speed loss for sag C under full load condition 
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Figure 40: Peak of speed loss for sag D under full load condition 
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Figure 41: Peak of speed loss for sag E under full load condition 
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Figure 42: Peak of speed loss for sag F under full load condition 
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Figure 43: Peak of speed loss for sag G under full load condition 

 

Figure 37-43 indicate maximum speed loss for 

motor is in case of sag A. At 50% remaining voltage the 

maximum speed loss is 9.38 p.u. whereas, when remaining 

voltage is 80% the maximum speed loss observed is 3.82 p.u. 

for sag A.  

The maximum speed loss is observed at 900 for sag 

B, sag D, and sag F whereas sag C, sag E, and sag G have 

maximum speed loss at 00 sag initiation angle.  

 It is clear from Figure 41-43 that, sag E 

and sag G have the same speed loss vs. sag initiation angle 

curves for all sag magnitudes. Same values of maximum and 

minimum peaks of speed loss have also been depicted for sag 

E, sag F, and sag G in above mentioned figures. Similarly 

equal values of maximum and minimum speed loss at 

different angles for sag C and sag D have been shown in 

Figure 39 and 40.. 

 

It can be concluded from Table 2 that higher current peaks 

are obtained under half load condition. Table 2 also depicts 

that with the low remaining voltage current peaks have 

higher values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Comparison of current peaks under different loading 

conditions 

 

Sag Type Sag Magnitude 
Half Load 

Condition 

Full load 

condition 

Sag A 0.1 13 7.88 

0.5 8.2 4.67 

0.8 4.8 2.15 

Sag B 0.1 9.58 5.8 

0.5 5.73 3.47 

0.8 3.93 1.87 

Sag C 0.1 11.83 7.45 

0.5 7.41 3.23 

0.8 4.63 2.35 

Sag D 0.1 11.82 7.47 

0.5 7.45 3.25 

0.8 4. 6 2.37 

Sag E 0.1 10.48 7.75 

0.5 6.94 4.28 

0.8 2.56 1.99 

Sag F 0.1 10.60 7.74 

0.5 6.75 4.47 

0.8 2.89 2.09 

Sag G 0.1 10.48 7.91 

0.5 6.63 4.2 

0.8 2.52 1.99 

 

Table 3: Comparison of torque peaks under different loading 

conditions 

Sag Type Sag Magnitude Half Load 

Condition 

Full load 

condition 

Sag A 

0.1 10.1 6.6 

0.5 6.8 3.4 

0.8 5.8 2.6 

Sag B 

0.1 6.6 3.2 

0.5 5.84 2.92 

0.8 3.38 1.96 

Sag C 

Sag D 

0.1 9.85 4.92 

0.5 6.48 3.24 

0.8 4.45 2.34 

Sag E 
Sag F 

Sag G 

0.1 7.44 6.2 

0.5 4.62 2.65 

0.8 3.44 2.1 

 

Table 4.3 depicted that maximum torque peaks are obtained 

under balanced sag conditions. It is also observed that higher 

torque peaks are obtained under half load condition in 

comparison of full load condition. 
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Table 4: Comparison of speed loss peaks under different 

loading conditions 

 

Sag Type Sag Magnitude 
Half Load 

Condition 
Full load condition 

Sag A 0.1 25 25 

0.5 9.38 9.38 

0.8 3.82 2.79 

Sag B 0.1 6.69 6.69 

0.5 3.8 3.8 

0.8 2.6 2.06 

Sag C  

Sag D 

0.1 22.21 22.2 

0.5 5.51 5.5 

0.8 3.48 2.6 

Sag E 

Sag F  

Sag G 

0.1 16.47 25 

0.5 4.95 5.7 

0.8 2.05 2.65 

 

 Table 4 shows that loading has almost negligible 

effect on the speed loss of the induction motor for Sag A, 

Sag B sag C and sag D. But during sag E,F and G motor has 

higher speed loss under full load condition in comparison to 

half load condition.  

 

IV. CONCLUSION: 

 The effect of loading conditions on the performance 

of induction motor has been studied under various voltage 

sag conditions. For the study current peaks, torque peaks and 

speed loss have been considered as the parameters. Higher 

current and torque peaks were observed under half load 

condition in comparison to full load condition. But speed 

loss was higher for full load condition in comparison of half 

load condition in case of sag D,E and F, whereas in case of 

sag A,B,C and D there was no effect of loading on the 

performance of induction motor.   
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