
 

Abstract - Induction motors that work with unbalanced line 
voltages have increased losses and excessive heating. In order to 
maintain the operational life time of the motor the international 
standards recommend the derating of the motor. This paper 
presents a study regarding the influence of the positive 
sequence voltage on induction motors temperature. 

This study aims to determine whether the voltage unbalance 
factors indicated by NEMA standards and currently used in 
industry include the influence of the positive sequence voltage 
on the performance of three-phase induction motors. 
 

Index Terms-- Derating, induction machine, losses, temperature 

I. INTRODUCTION 
hree-phase induction motors are widely used in 
industrial, commercial and residential systems, because 

of their ruggedness, simplicity and relatively low cost. 
Approximately 65% of the electricity consumed in industry 
is used to drive electrical motors. Therefore, the efficiency 
and reliability of induction motors operation is of major 
importance, in order to improve the energy efficiency in 
industry [1]-[2]. 

Unbalanced voltage is one of the most frequent 
disturbances in electrical systems [3]. The major cause of 
voltage unbalance in power systems is the uneven 
distribution of single phase loads. There are also other 
additional causes that contribute to unbalance the power 
systems such as unbalanced power transformer banks, power 
systems faults, blown fuses on three-phase capacitor banks 
etc. [4]. Some studies have been carried out in order to find 
out how customers are affected by voltage unbalance. The 
American National Standards Institute’s report pointed out 
that 98% of electric utilities customers have less than 3% of 
unbalanced supply voltage, while 66% have less than 1%, 
and there is relationship between this unbalance and the load 
level [5].  

An unbalanced voltage system can origin serious adverse 
effects in three-phase induction motor such as overheating, 
loss of efficiency and reduction in torque output. In order to 
avoid the excessive heating in the windings the motor load 
has to be reduced so as to limit the temperature rise to the 
rated value. Therefore to maintain the operational life of the 
motor, the international standards [6], [7] recommend the 
derating of the motor.  

Studies concerning unbalanced voltage operation of 
induction motors have periodically received attention in the 
literature through the last century. In a classic paper 
published in 1953, Williams [8] applied the method of 
symmetrical components to study the effects of unbalanced 
voltages on the operation of induction motors and concluded 
that the unbalanced voltage increases the motor losses and 
uneven heating. 

Researches about the derating of induction motors under 
unbalanced voltage conditions have been reported in the 
literature since 1953. Gafford [9] stressed the importance of 
the negative sequence current in causing unbalanced spatial 
distribution of losses and heat and presented an equation to 
estimate the maximum temperature rise. Berndt [10] 
presented the results of a series of laboratory tests on three 
motors and determined theoretically and experimentally the 
derating factors. Rama [11] determined the derating factor 
experimentally using Berndt methods and compared these 
with two additional methods of prediction. Linders [12] and 
Woll [13] presented discussions and practical data about the 
effect of unbalanced voltages on operating costs and 
performance. Seematter [14] developed a digital computer 
program to estimate the amount of derating necessary using 
the Bernd methods. In 1978 the National Electrical 
Manufacturers Association (NEMA Standard MG1) [6] 
presented the classical derating curve. Brighton [15] report 
that the NEMA derating curve is based on empirical results 
obtained from laboratory tests indicating that the percentage 
increase in motor temperature, due to voltage unbalance is 
approximately equal to two times the square of percentage of 
voltage unbalance. 

In 1997 Kersting [16] pointed out that unbalancing type 
has a significant impact on motor derating. Lee [17] and 
Siddique [18] investigates the effects of different types of 
unbalanced voltages with the same voltage unbalance factor 
(VUF). Lee presented eight different unbalance voltage 
conditions and suggested that derating factor should be 
based also in the magnitude of the positive-sequence 
voltage. 

The finite element method and a thermal monitoring 
system was used by Pinto [19] and Lopez-Fernandez [20] to 
study the thermal behavior of induction motors under 
unbalanced supply. The method of thermal equivalent circuit 
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was used by Souto [21], Orae [22] in the research about life 
reduction, thermal aging and windings temperature in 
induction motors under unbalanced voltage. 

This paper presents the results of a study about the 
influence of positive sequence voltage in the induction motor 
temperature. The importance of the positive sequence 
voltage effect on the induction motor performance is also 
analyzed as well as the unbalance voltages indexes most 
currently used. 

This study is developed through a thermal model of a 
three-phase induction motor, based on a finite element 
analysis. 

II. ANALYSIS OF UNBALANCE VOLTAGE DEFINITIONS  
There are two general definitions for measuring the 

unbalance voltage given by the international standards 
NEMA [6] and IEC [7]. 

 

A. NEMA Definition  
The National Electrical Manufacturer Association 

(NEMA) defined the unbalance voltage by means of an 
index in MG 1-2003 standard [6] denominated “percent 
voltage unbalance” (PVU). It is given by (1), where MVD is 
a maximum voltage deviation from the average line voltage 
magnitude, calculated by (2).The VAvg value is the average 
line voltage magnitude and is determined by (3) 
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The IEEE Std. 141-1993, proposes a similar definition to 

NEMA but using phase voltages. The NEMA definition is 
more practical than IEEE because measuring line voltages is 
easier in the industry. Additionally, for the same level of 
unbalanced voltage, the phase voltages can have several 
different phase angles, however, for the IEEE Std. 141-1993 
definition, only the voltage magnitude are considered. 

The ANSI/NEMA Standard MG1 [6], Part 14 and 20 
states that a small percentage of unbalanced voltage will 
result in a much higher percentage of unbalanced electrical 
current. Therefore with these supply conditions, the increase 
in motor temperature is higher than that one achieved with 
the balanced supply voltage for the same load conditions. 
Consequently, in order to reduce the possibility of motor 
damage, NEMA recommends that the rated horsepower of 
three-phase squirrel-cage induction motors should be 
multiplied by the derating factor. The operation of the motor 
with more than 5 PVU (percent of voltage unbalance) is not 
recommended.  

Thus, the solution proposed by NEMA is the derating of 
the motor in order to reduce its output horsepower so it can 
tolerate the extra heating imposed by the unbalanced supply 
voltage.  

Figure 1 shows the derating factor evolution for a squirrel 
cage induction motors due to unbalanced voltage. A 
drawback of the NEMA definition is that the knowledge of 
the PVU index does not set the voltage at the machine 
terminals as there are an infinite number of line voltages that 
can give the same index PVU. 

 

 
Figure 1. -Derating Factor for squirrel cage induction motors due to 
unbalanced voltage. Standard ANSI/NEMA MG1.2003. 

 

B. IEC Definition  
The second definition to determine the voltage unbalance 

level is given by the International Electro Technical 
Commission IEC [7]. It is known as “voltage unbalance 
factor” (VUF) and is calculated using equation (5). 
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In this equation V1 and V2 are the amplitudes of positive 

and negative sequence voltages, respectively. This definition 
provides a more precise view of the voltage unbalance. For a 
set of unbalanced voltages Vab, Vbc, Vca, the positive and 
negative voltage sequences V1 and V2 are given by (6) and 
(7), respectively, where 0.5 j0.866 and 
0.5 j0.866.  
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However, the VUF index is also not complete, since there 
are an infinite number of voltages with equal VUF but with 
distinct influences on the induction motor performance. 

III. ASSESSMENT OF PVU AND VUF INDEXES 
The three-phase induction motor can be used in several 

different positions of an industrial process.  The appearance 
of the over-voltages or under-voltages at motor terminals 
depends on its location and on the length of the feeder used. 



 

Additionally, the motor supply voltage is not always 
balanced, and, therefore, the motor can run on the 
combination of over- or under line voltages. The standard 
about power quality does not allow voltage deviation and 
unbalanced levels higher than those specified in IEC 
standard 60034-1. The acceptable line voltage deviation is 
±10% of their rated value Vn and the ratio between the 
negative and positive sequence voltage components should 
not exceed 2%.  

Table 1 shows a list of nine types of unbalanced voltages, 
where Vn is considered the reference voltage. In this table, 
the second column indicates the magnitude of the line 
voltages and compares them with the reference voltage. The 
third column shows the nature of the unbalanced type. 

The sets 1, 2 and 3 of Table 1 are designated by over-
unbalance voltage because the positive sequence voltage 
magnitude is always greater than the rated value Vn. The sets 
4, 5 and 6 are classified as unbalanced voltage once the 
magnitude of the positive sequence voltage is equal to the 
rated value Vn. The sets 7, 8 and 9 are designated by under-
unbalance voltage since the magnitude of positive sequence 
voltage is lowest than rated value Vn. Based on these 
considerations, Table 1 can be simplified and the result is 
shown in Table 2. 

Therefore, the equivalent motor supply voltage is 
characterized by two parameter, the positive sequence 
voltage V1, which considers the effects of over or under-
voltages, and the PVU index (or VUF) representing the level 
of unbalanced in the line voltages. 

This paper will present some simulation results that aim 
to show the thermal behavior of a three-phase induction 
motor, relating the same PVU factor with different values of 
the positive sequence supply voltage. 

 
TABLE 1 

TYPES OF UNBALANCED SUPPLY VOLTAGE 

Set Magnitudes of Unbalanced Lines Voltages Unbalanced Type 

1 Three lines over-voltage. Over Voltage 
(V1>Vn) 

2 Two lines over-voltages. Over Voltage 
(V1>Vn) 

3 One line over-voltage.   Over Voltage 
V1>Vn 

4 Two lines over-voltage and one under-voltage. Mixed 

5 One line over-voltage and one line under-
voltage.  Mixed 

6 Two lines under-voltage and one over-voltage. Mixed 

7 One line under-voltage.   Under Voltage 
(V1<Vn) 

8 Two lines under-voltage.  Under Voltage 
(V1<Vn) 

9 Three lines under-voltage Under Voltage 
(V1<Vn) 

 
TABLE 2 

CLASSIFICATION OF THE UNBALANCED SUPPLY VOLTAGE APPLIED TO THE 
INDUCTION MOTOR 

Type V1 compared 
with Vn 

Name Characterization 
indexes 

1 V1>Vn Over-unbalance voltage V1, PVU 

2 V1 =Vn Unbalance voltage V1, PVU 

3 V1< Vn Under-unbalance voltage V1, VUF 

IV. DETAILS OF THE SIMULATED SUPPLY SYSTEM  
In order to analyze the motor temperature behavior under 

unbalanced supply voltage, several simulated tests were 
performed through a finite element model implemented with 
a Flux® software package, from Cedrat. An induction motor 
finite element mesh with 34801 nodes and 17368 surfaces 
was used, as can be observed in the Figure 2. The magneto-
dynamic finite element model was coupled with the electric 
circuit represented on Figure 3. In this circuit, VR, Vs and VT 
are the sinusoidal voltage sources, BR1, BR2, BS1, BS2, BT1, 
BT2, are stator coils and LR, LS, LT are leakage stator 
inductances. The component Q4 includes all the rotor 
parameters. 

The Magneto-dynamic computation allow to determine 
all the thermal sources corresponding to all motor losses 
such as iron losses and copper losses, from both stator and 
rotor sides. All these thermal sources were later used on the 
magneto-thermal application of the Flux® software package, 
from the Cedrat. 

During simulation tests, several sets of three-phase supply 
line voltages were used. Considering acceptable motor 
supply voltage variations within ± 10% of their rated value, 
several combinations of the line voltages were used. 

 
 

 
Figure 2. – Mesh of the induction motor finite element model.  

 

 
Figure 3. – Electric circuit used for coupling with induction motor magnetic 
model. 

 

V. SIMULATION RESULTS 
The thermal simulation tests were performed for a TEFC 

squirrel-cage motor of 4-poles, 4 kW, 1500 rpm, 3-phase, 50 
Hz, 230 V, 9.1 A and 26.7 Nm. 

In order to analyse the motor temperature several 
measurement positions were simulated in both stator and 
rotor sides. There were simulated 7 temperature 



 

measurement positions as indicated in Figure 4 by T1, T2, T3, 
T4 and T5 for stator side and T6 and T7 for rotor side. The 
position T2 corresponds to stator tooth on the load side and 
T3, T4, T5 are positions located on the slots of the phases R, 
T and S, respectively. The position T1 is located at stator 
outer side. The position T6 is located at the rotor surface, 
while T7 is positioned 5 centimeters deep inside the rotor.  

The obtained simulation results for a rated operation 
condition, under normal supply voltage, are presented on 
Figure 5. As can be observed, the higher temperature is 
reached in the position T7 with 136 º C while the lowest 
temperature is reached in the T1 position with 90.4 ° C. The 
environment temperature was considered constant at 20ºC 
during all tests. 

 
 
 
 
 
 
 
 
 

Figure 4. - Positions of motor temperature reading. 

 

 
Figure 5. - Simulated motor temperature evolution for rated operating 
conditions under normal supply voltage. 

In order to study the influence of the positive sequence 
voltage on the motor temperature, several tests were 
developed with three different types of unbalanced voltage, 
according to Table 2. The analyzed positive sequence 
voltages were: V1=0.95xVn (under-unbalanced), V1=Vn 
(unbalanced) and V1=1.05xVn (over-unbalanced). These 
positive sequence voltage values were used together with 6 
different levels of PVU indexes from 0% to 5%. The 
nominal slip of the induction motor was considered constant 
during all simulated tests. 

The increase in motor temperature was calculated by (8), 
where TN is the normal temperature reached by the motor at 
position T6 when fed by a balanced voltage supply system 
(PUV = 0 and V1 = Vn), while TX is the temperature reached 
at the same position when an unbalanced voltage system 
with different values of PVU and V1 is used. 
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X

T T
T

T
−
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Table 3 shows the obtained simulation results for line 
currents (Ia, Ib, Ic), total input active power (Ptotal), total 
reactive power (Qtotal), motor mechanical speed, 
electromagnetic torque, mechanical power (Pmec) and motor 
temperature increasing, corresponding to the motor line 
voltages VRS, VST, VTR. That table shows the PVU factors, 
on the first column, while the second column indicates the 
ratio between the positive sequence voltage V1 and the motor 
rated voltage Vn. As can be observed in the first row of 
Table 3, for a supply voltage with a PVU= 0% and V1=Vn 
(ideal supply condition), the motor temperature has 
increased 70.4ºC above the environment temperature. 
Depending on the unbalanced supply condition, the motor 
temperature rise could be lower or higher than this value. 
However, even with a balanced supply voltage applied to the 
motor (PVU=0%), the positive sequence voltage can be 
higher or lower than the fundamental voltage Vn. Figure 6 
shows the results corresponding to the induction motor fed 
by a balanced supply voltage (PVU=0%) with several 
positive sequence values V1 different from the rated value 
Vn. 

As can be observed, despite the balanced supply voltage 
the motor temperature can rise up until dangerous values that 
can lead to stator windings isolation failure. The increasing 
temperature was 12.61% above the nominal temperature for 
the case of V1/Vn=1.05 and 32.74% in the case of 
V1/Vn=1.10.  

Figure 7 shows the motor temperature simulation results 
for a supply voltage with a PVU index of 5% and different 
values of positive sequence voltage.  

 

 
Figure 6. - Motor temperature variation for balanced supply voltages 
(PVU=0%) with five different values of V1/Vn. 

 

 
Figure 7. - Motor temperature variation for a supply voltage with PVU=5 % 

and three different values of V1/Vn. 
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TABLE 3 
MOTOR TEMPERATURE RESULTS FOR DIFFERENT VOLTAGE SUPPLY CONDITIONS 

PVU 
V1/Vn 

Ia Ib Ic VRS VTR VST Ptotal Qtotal Speed Torque Pmec Temp. Variation 

(%) (A) (A) (A) (V) (V) (V) (W) (VAr) (rpm) (Nm) (W) (ºC) % 

0.0 1.00 9.1 9.1 9.1 381.1 381.1 381.1 4524 3924 1436.0 26.7 4014.9 70.40 0.00 

0.0 1.10 11.6 11.6 11.6 419.2 419.2 419.2 5408.0 6433 1436.3 31.2 4692.6 100.00 32.74 

0.0 1.05 10.2 10.2 10.2 400.1 400.1 400.1 4940.0 5010 1436.3 28.9 4346.7 81.80 12.61 

0.0 0.95 8.2 8.2 8.2 362.0 362.0 362.0 4076.0 3124 1436.3 24.2 3639.8 59.80 -11.73 

0.0 0.90 7.5 7.5 7.5 342.9 342.9 342.9 3661.0 2570 1436.3 21.8 3278.8 52.20 -20.13 

1.1 1.00 8.9 9.2 9.1 378.5 385.4 379.3 4501.0 3920 1436.3 26.5 3985.7 69.60 -0.88 

2.0 1.00 8.8 9.2 9.2 375.9 388.8 378.5 4497.0 3930 1436.3 26.5 3985.7 69.60 -0.88 

2.9 1.00 8.7 9.4 9.1 376.0 392.3 375.1 4508.0 3946 1436.3 26.5 3985.7 69.10 -1.44 

4.0 1.00 8.5 9.5 9.3 372.6 396.6 374.4 4514.0 3969 1436.3 26.5 3985.7 69.30 -1.22 

4.9 1.00 8.4 9.6 9.3 371.0 400.1 372.8 4518 3993 1436.3 26.4 3970.7 69.00 -1.55 

1.0 0.95 8.1 8.3 8.2 360.3 365.5 360.3 4077.0 3127 1436.3 24.2 3639.8 57.90 -13.83 

1.9 0.95 8.0 8.4 8.2 358.6 368.9 358.6 4079.0 3132 1436.3 24.1 3624.7 57.60 -14.16 

3.1 0.95 7.9 8.5 8.3 356.9 373.3 356.1 4084.0 3145 1436.3 24.1 3624.7 60.10 -11.39 

4.0 0.95 7.8 8.6 8.3 355.3 376.7 354.4 4087.0 3160 1436.3 24.1 3624.7 60.00 -11.50 

5.0 0.95 7.7 8.6 8.4 351.9 380.2 354.6 4093.0 3175 1436.3 24.0 3609.7 60.00 -11.50 

0.9 1.05 10.0 10.3 10.2 398.4 403.6 398.4 4941.0 5014 1436.3 28.9 4346.7 80.80 11.50 

1.9 1.05 9.9 10.5 10.3 396.3 407.9 396.3 4959.0 5067 1436.3 29.0 4361.7 81.50 12.28 

3.0 1.05 9.7 10.6 10.3 394.2 412.2 394.2 4951.0 5050 1436.3 28.9 4346.7 81.10 11.84 

3.9 1.05 9.5 10.7 10.4 392.5 415.7 392.5 4956.0 5073 1436.3 28.9 4346.7 81.20 11.95 

4.7 1.05 9.4 10.9 10.4 390.9 419.2 390.9 4962.0 5102 1436.3 28.9 4346.7 81.50 12.28 

 
As can be observed, the motor temperature depends not 

only of the PVU index but also of the positive sequence 
voltage. For a given PVU index, the increase in motor 
temperature is greater for values of positive sequence 
voltage higher. The motor temperature results for a positive 
sequence voltage of 5% higher than the fundamental voltage 
Vn are represented on Figure 8. As can be observed for the 
same positive sequence voltage, motor temperature shows 
small variations with an index PVU range from 1% to 5%. 
These variations are more pronounced if the value of 
positive sequence voltage is taken into account, as can be 
verified by Figure 9. Compared with the nominal supply 
conditions, a 5% increase in positive sequence voltage 
causes an increase of about 12% above the motor 
temperature reference value, obtained with a PVU=0 and 
V1=Vn. 

 

 
Figure 8. - Motor temperature variation for a supply voltage with a 
V1=1.05xVn and several PVU indexes. 

These results also show that for the same PVU index, the 
motor temperature is lower for values of positive sequence 
voltage bellow the nominal voltage Vn. Figure 10 shows the 
motor temperature evolution for balanced supply voltage 
(PVU=0%) with different positive sequence values. These 
results illustrate the temperature on the outer position of both 
stator and rotor, in the positions T1 and T6, respectively 
(accordingly to Figure 4). The solid lines are for 
measurements on the rotor side and dashed lines are for 
measurements on the stator side. The presented results, 
obtained for V1=0.95xVn, V1=Vn and V1=1.05xVn, allow to 
conclude that the behavior of the positive sequence voltage 
must be taking into account together with the PVU index in 
order to protect the induction motor against high 
temperatures. 

 

 
 

 
Figure 9. - Motor temperature variation for different PVU indexes and 
different values of V1/Vn. 
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Figure 10. - Motor temperature variation for a balanced supply voltage 
(PVU=0%) with 3 different values of V1/Vn. 

VI. CONCLUSIONS 
This paper presents a study regarding the influence of 

positive sequence voltage on the induction motor 
temperature, based on simulation results. 

The presented results allow to conclude that the behavior 
of the positive sequence voltage must be taking into account 
together with the PVU index in order to protect the induction 
motor against high temperatures. 

Compared with the nominal supply conditions, a 5% 
increase in positive sequence voltage causes an increase of 
about 12% in motor temperature above the motor 
temperature reference value, obtained with a PVU=0 and 
V1=Vn.  The value of PVU is not as relevant to the motor 
temperature as the value of the positive sequence voltage, 
since for the same value of V1/Vn and for PVU values 
between 1% and 5 %, the motor temperature shows small 
variations.  

Based on these conclusions, the user can not safely 
derating the three-phase induction motor only considering 
the PVU index. 

VII. REFERENCES 
[1] A. Emadi, Energy-Efficient Electric Motors, Third Edition, Revised 

and Expanded, Marcel Dekker, Inc., New York, Printed in United 
States of America 2005, 406 p.  

[2]  E. Quispe, Una Visión Integral para el Uso Racional de la Energía en 
la Aplicación de los Motores Eléctricos de Inducción. Revista El 
Hombre y la Maquina, Año XV, No. 20-21, pp. 52-59, Jul/Dic 2003, 
Colombia. 

[3] R. C. Dugan et al. Electric Power System Quality, Second Edition, Mc 
Graw Hill-Professional Engineering, New York, 2004. 528 p. 

[4] W.H. Kersting. Causes and Effects of Unbalanced Voltages Serving 
an Induction Motor, IEEE Transactions on Industry Applications, 
Vol.37, No.1, pp.165-170, January/February 2001. 

[5] Electric Power Systems and Equipment-Voltage Ratings (60 Hertz), 
ANSI Standard Publication No. ANSI C84.1-1995. 

[6] ANSI/NEMA Standard MG1-2003, Motors and Generators, Part 14 
and 20, Published by NEMA, 2004.  

[7] IEC 60034-26, Effects on Unbalanced Voltages on the Performance of 
Induction Motors, Published by IEC, 2002. 

[8] J. E. Williams, Operation of Three-Phase Induction Motors on 
Unbalanced Voltages, AIEE Transactions on Power Apparatus and 
Systems Pt.III-A, Vol. 73, pp. 125-133, April 1953. 

[9] B. N. Gafford, W. C. Duesterhoef and C. C. Mosher, Heating of 
Induction Motors on unbalanced voltages, AIEE Transactions on 
Power Apparatus and Systems Pt.III-A, Vol.PAS-78, pp. 282-288, 
June 1959.  

[10] M. M. Berndt y N. L. Schmitz, Derating of Polyphase Induction 
Motors Operated with  Unbalanced Line Voltages, AIEE Transactions 
on Power Apparatus and Systems, Vol. 81, pp. 680-686, February 
1963.  

[11] N. Rama Rao and P.A.D. Jyothi Rao, Rerating Factors of Polyphase 
Induction Motors under Unbalanced Line Voltage conditions, IEEE 
Transactions on Power Apparatus and Systems, Vol.PAS-87, No.1, 
pp. 240-249, January 1968.  

[12] J. R. Linders, Effect of Power Supply Variations on AC Motor 
Characteristics, IEEE Transactions on Industry Applications, Vol.IA-
8, No.4, pp. 383-400, July/August 1972. 

[13] R. F. Woll, Effect of Unbalanced Voltage on the Operation of 
Polyphase Induction Motors, IEEE Transactions on Industry 
Applications, Vol.IA-11, No.1, pp. 38-42, January/February 1975.  

[14] S. C. Seematter and E. F. Richards, Computer Analysis of 3-Phase 
Induction Motor Operation on rural Open-Delta Distribution Systems, 
IEEE Transactions on Industry Applications, Vol.IA-12, No.5, pp. 
479-486, September/October 1976.  

[15] R. J. Brighton and P. N. Ranade, Why Overloads Do NOT Always 
Protect Motors, IEEE Transactions on Industry Applications, Vol. IA-
18, Issue: 6, pp. 691-697, May/Nov. 1982. 

[16] W. H. Kersting and W. H. Philips, Phase Frame Analysis Effects of 
Voltage Unbalance on Induction Machines, IEEE Transactions on 
Industry Applications, Vol.33, No.2, pp.415-420, March/April 1997. 

[17] Ching-Yin Lee, Effects of Unbalanced Voltage on Operation 
Performance of a Three-Phase Induction Motor, IEEE Transactions on 
Energy Conversion, Vol.14, No.2, pp. 202-208, June 1999. 

[18] A. Siddique, G. S. Yadava and B. Singh, Effect of Voltage Unbalance 
on Induction Motors, Conference Record of the 2004 IEEE 
International Symposium on Electrical Insulation, Indianapolis, in 
USA, pp.26-29, 19-22 September 2004. 

[19] J. A. D. Pinto, A. P. Coimbra, C. L. Antunes, X. M. Lopez-Fernandez 
and M. P. Donsion. Finite element thermal analysis of an induction 
motor under unbalanced power supply.  Proceedings of International 
Conference on electrical machines ICEM’96, Vol. 2, p. 269–72, Vigo, 
Spain; 10–12 September; 1996.  

[20] X. M. Lopez- Fernandez , M. P. Donsion, A. P. Coimbra, J. A. D. 
Pinto, C. F.R. L. Antunes, Transient Thermal Performance of a 3-
phase Induction Motor under Single Phase Operation, Proceeding of 
International Conference on Electrical Machines ICEM2000, Helsinki, 
Finland, pp 139-143, August 2000. 

[21] O. C. N. Souto, J. C. de Oliveira and L. M. Neto,  Induction Motor 
Thermal Behaviour and Life expectancy Under Non-Ideal Supply 
Conditions, Proceedings of Ninth International Conference on 
Harmonics and Quality of Power, 2000, Volume 3, pp.899-904, 1-4 
Oct. 2000. 

[22] H. Oraee, A Quantative Approach to Estimate the Life Expectancy of 
Motor Insulation System, IEEE Transactions on Dielectrics and 
Electrical Insulation, Vol.7, No.6, pp. 790-796, December 2000. 

0 33 67 100 133 167 20020

40

60

80

100

120

140

160

Time [Minutes]

Te
m

pe
ra

tu
re

 [º
C

]
Motor Temperature with Balanced Supply Voltage 

and Different Positive Sequence Values

 

 

Stator:V1=0.95*Vn
Rotor: V1=0.95*Vn
Stator: V1=1.05*Vn
Rotor: V1=1.05*Vn
Stator: V1=Vn
Rotor: V1=Vn



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [7920.000 6120.000]
>> setpagedevice


