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ABSTRACT 

 

    The effect of distorted voltage waveform on two induction motors 

cascade through mechanical 

individual harmonics and then summing 

electrical and mechanical equations of the motor

built up in steady state and simulated via

Harmonic voltage factor (

quantitative comparison of the effect of the harmonics on 

two cascaded induction motors

which one has a reduced harmonics effect. 

harmonics on both the starting and 

process reduces the impacts

conditions. 

 

Keywords: Induction Motor; Cascaded; Harm

Torque Comparison. 

 

NOMENCLATURE 
 

       : are the voltages 

         : are the currents for the fundamental, the fifth and seventh order harmonics.

 : are the powers in air gap for the fundamental, the fifth and seventh order harmonics.

      : are the torques for the fundamental, the fifth and seventh order harmonics.

 : are the torques for the fundamental, the fifth and seventh order harmonics for motor (1).

 : are the torques for the fundamental, the fifth and seventh order harmonics for motor (2).
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The effect of distorted voltage waveform on two induction motors 

 coupling is analyzed.  This effect is investigated through 

individual harmonics and then summing the results to determine the total

cal and mechanical equations of the motors set taking the harmonics into account 

simulated via Matlab/ Simulink software. 

factor (HVF) for each harmonic order is calculated. Then, 

comparison of the effect of the harmonics on one big single induction motor 

induction motors is analyzed. The aim of such a comparison is to determine 

which one has a reduced harmonics effect. The paper proceeds to assess the influence of 

starting and the maximum torques. The results show that the cascading 

s of harmonics and improves both starting and steady state 

Motor; Cascaded; Harmonics, Starting Torque; Maximum Torque, 

 for the fundamental, the fifth and seventh order harmonics.

the currents for the fundamental, the fifth and seventh order harmonics.

: are the powers in air gap for the fundamental, the fifth and seventh order harmonics.

are the torques for the fundamental, the fifth and seventh order harmonics.

the torques for the fundamental, the fifth and seventh order harmonics for motor (1).

: are the torques for the fundamental, the fifth and seventh order harmonics for motor (2).
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                  : The angular frequency of stator currents.

                  : The mechanical angular speed of the rotor

 and    : are the induced torques val

                   : load torque. 

      : The stator resistance and the stator inductance, respectively.

 : The Thevenin’s resistance and Thevenin’s 

                 : The magnetizing inductance.

 

1. INTRODUCTION 

 

    Due to use of electronic circuits an

and currents has been increased.

attention and became one of important power quality issues. Harmonics have a great 

influence on the operation of electrical equipment. Since they increas

active and reactive power. Some loads like f

distortion as they draw high amount of distorted currents. 

The presence of harmonics is a power quality problem which

whole. Their impact has been studied by many 

measurement of voltage and correct by meters tripping of relays without any abnormal 

conditions. They cause over heating of transformers since th

losses and lower its efficiency.

heating and pulsating or reduced torque. Skin effect arises in power cables due to harmonics 

which may lead to decrease of cable cross

loss increases. Also voltage sag increases.

and its contribution in production of harmonics. In [7] the authors talked about the difficulty 

to consider harmonics at customer location.

In [8,9]  The authors discussed the us

harmonics. But This may lead to excessive currents because of resonance which may occur at 

one of harmonics frequencies.

13]. Isolation of harmonics may be done by some suggested connections such as Y

connected primary (without at neutral) with zig

may imply saving of cost price by abo

 In [13,14] power quality issues and their impacts on power systems and load  are 

analyzed. The authors said that harmonics have a great influence on the current capacity of 

different electrical parts like cables, transformers and transmissio

asymmetry on operation of induction motors is 

and their applications according to NEMA 

Cascaded induction 

mathematical model of a system two 

analyzed in[18].  The model is represented in to 

[19]  maximum efficiency of the cascaded set is obtained 

authors of [20] studied the effect of voltage unbalance on the set. They said that more 

advantages can be added using the cascaded electromagnetic system by improving  

torque/speed  characteristics. 

In this work, the mode

simulated using matlab /Simulink. 

calculated. A comparison between single motor and cascaded motors has been achieved
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The angular frequency of stator currents. 

mechanical angular speed of the rotor. 

are the induced torques values for motor (1) and motor (2) respectively.

stance and the stator inductance, respectively. 

: The Thevenin’s resistance and Thevenin’s inductance, respectively. 

: The magnetizing inductance. 

use of electronic circuits and non-linear loads the harmonic 

and currents has been increased. Consequently, harmonics have been paid much more 

attention and became one of important power quality issues. Harmonics have a great 

influence on the operation of electrical equipment. Since they increase losses, heating 

Some loads like fluorescent lamps and arc furnaces lead to current 

high amount of distorted currents.  

The presence of harmonics is a power quality problem which the power system as a 

been studied by many authors [1, 2, 3, 4]. They cause

measurement of voltage and correct by meters tripping of relays without any abnormal 

They cause over heating of transformers since they increase both iron and cupper 

losses and lower its efficiency. Motors are affected by harmonics in the form of   rotor 

heating and pulsating or reduced torque. Skin effect arises in power cables due to harmonics 

which may lead to decrease of cable cross sectional area. The resistance increases and power 

loss increases. Also voltage sag increases. Switching circuits operations are discussed in [5,6] 

and its contribution in production of harmonics. In [7] the authors talked about the difficulty 

harmonics at customer location. 

In [8,9]  The authors discussed the use of capacitor bank to compensate the effect of 

harmonics. But This may lead to excessive currents because of resonance which may occur at 

frequencies. The methods of attenuation of harmonics are presented in [10

13]. Isolation of harmonics may be done by some suggested connections such as Y

connected primary (without at neutral) with zig- zag secondary [11].  High efficiency motors 

saving of cost price by about 25% [12].  

In [13,14] power quality issues and their impacts on power systems and load  are 

analyzed. The authors said that harmonics have a great influence on the current capacity of 

different electrical parts like cables, transformers and transmission lines. The effect of voltage 

asymmetry on operation of induction motors is analyzed in [15,16]. Power quality standards

and their applications according to NEMA are summarized in [17]. 

 motors has been studied by some authors

mathematical model of a system two identical three- phase sequirrel cage induction motors 

is represented in to represent in d-q transformation

maximum efficiency of the cascaded set is obtained according to some constraints. The 

authors of [20] studied the effect of voltage unbalance on the set. They said that more 

advantages can be added using the cascaded electromagnetic system by improving  

 

In this work, the model is built up according to equivalent circuit shown in Fig.1 then 

simulated using matlab /Simulink. Harmonic voltage factor (HVF) for each harmonic order is 

. A comparison between single motor and cascaded motors has been achieved
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ues for motor (1) and motor (2) respectively. 

 content in voltages 

Consequently, harmonics have been paid much more 

attention and became one of important power quality issues. Harmonics have a great 

e losses, heating and 

arc furnaces lead to current 

the power system as a 

They cause incorrect 

measurement of voltage and correct by meters tripping of relays without any abnormal 

ey increase both iron and cupper 

Motors are affected by harmonics in the form of   rotor 

heating and pulsating or reduced torque. Skin effect arises in power cables due to harmonics 

sectional area. The resistance increases and power 

Switching circuits operations are discussed in [5,6] 

and its contribution in production of harmonics. In [7] the authors talked about the difficulty 

of capacitor bank to compensate the effect of 

harmonics. But This may lead to excessive currents because of resonance which may occur at 

nics are presented in [10-

13]. Isolation of harmonics may be done by some suggested connections such as Y- 

[11].  High efficiency motors 

In [13,14] power quality issues and their impacts on power systems and load  are 

analyzed. The authors said that harmonics have a great influence on the current capacity of 

The effect of voltage 

Power quality standards 

motors has been studied by some authors [18-20].  A  

equirrel cage induction motors is 

q transformation was used.  In 

according to some constraints. The 

authors of [20] studied the effect of voltage unbalance on the set. They said that more 

advantages can be added using the cascaded electromagnetic system by improving  

according to equivalent circuit shown in Fig.1 then 

Harmonic voltage factor (HVF) for each harmonic order is 

. A comparison between single motor and cascaded motors has been achieved base 
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on HVF because it is related to efficiency[16]

parameters is used instead of per unit values. The cause is to perform a quantitative 

comparison between different cases studied.   

 

 

 

 

 

 

 

 

Fig.1 Single phase equivalent circuit of induction mac

 

Each one of the harmonics is considered as an additional supply with different 

frequency. Hence each harmonic reactance 

 but the stator resistance

order.  The resistance remains constant because the 

 

2. HARMONIC VOLTAGE FACTOR (HVF)

                      

The harmonic voltage factor (HVF) has bee

is given by: 

 

 

                                                                                 
Where: 

n= order of odd harmonic, not including those divisible by three.

 = the magnitude of the voltage at the n th harmonic frequency.

According to NEMA MGI.1993 standards Part 30 [16]

called De-rating Factor (DF), is related to HVF 
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ause it is related to efficiency[16].  Actual values for electrical and mechanical 

parameters is used instead of per unit values. The cause is to perform a quantitative 

comparison between different cases studied.    

Single phase equivalent circuit of induction machine for fundamental and harmonics

Each one of the harmonics is considered as an additional supply with different 

frequency. Hence each harmonic reactance will be multiplied by its order 

but the stator resistance. Where i is an integer which represents the harmonic 

s constant because the skin effect is neglected

HARMONIC VOLTAGE FACTOR (HVF) 

The harmonic voltage factor (HVF) has been introduced by many authors [

                                                                                  

n= order of odd harmonic, not including those divisible by three. 

= the magnitude of the voltage at the n th harmonic frequency. 

MA MGI.1993 standards Part 30 [16], the motor horsepower reduction, 

rating Factor (DF), is related to HVF as shown in fig2. 

Fig.2 De-rating Factor with HVF 
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.  Actual values for electrical and mechanical 

parameters is used instead of per unit values. The cause is to perform a quantitative 

for fundamental and harmonics 

Each one of the harmonics is considered as an additional supply with different 

will be multiplied by its order i.e. ; 

. Where i is an integer which represents the harmonic 

skin effect is neglected.  

n introduced by many authors [16,17], and 

the motor horsepower reduction, 

 

(1) 
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Using fig.2 and according to NEMA standards the 

, as given in [16]. 

 

2.1 The efficiency [16] 

         The harmonic currents cause increase in 

relation between the new efficiency of the motor as a function of the De

shown in e.q(2), as given in [16].

 

 
 

Where: 

 is the motor efficiency without harmonics .

 is the motor efficiency under the presence of harmonics component

 

3. MATHEMATICAL MODEL 

 

3.1 Mathematical model of one motor with harmonics

      In this analysis only the

fundamental component. If the machine

neutral, the zero sequence component do

can be eliminated. 

 

The slip  

 

 
 

The slip of the fundamental component is 

 
 

Where  is angular frequency of the fundamental 

The term   is given by: 

 
 

The frequency at which the rotating field produced by the fifth harmonic component rotates is 

. Thus the slip for the 

 

While, the frequency at which the rotating field produced by the seventh harmonic 

component rotates is . The slip for the 
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and according to NEMA standards the maximum permissible HVF is 5 % 

The harmonic currents cause increase in motor losses, so the efficiency

efficiency of the motor as a function of the De

16]. 

is the motor efficiency without harmonics . 

is the motor efficiency under the presence of harmonics components. 

3. MATHEMATICAL MODEL  

3.1 Mathematical model of one motor with harmonics [15]: 

only the and   order harmonics are considered plus

If the machine is supplied with three phases voltages without a 

sequence component does not exist. Third harmonic is zer

The slip of the fundamental component is  

is angular frequency of the fundamental component. 

he frequency at which the rotating field produced by the fifth harmonic component rotates is 

 harmonic component is given by: 

 

the frequency at which the rotating field produced by the seventh harmonic 

. The slip for the  harmonic component is given by
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maximum permissible HVF is 5 % 

, so the efficiency is reduced. The 

efficiency of the motor as a function of the De-rating Factor is 

are considered plus the 

supplied with three phases voltages without a 

hird harmonic is zero sequence so it 

he frequency at which the rotating field produced by the fifth harmonic component rotates is 

the frequency at which the rotating field produced by the seventh harmonic 

harmonic component is given by: 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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The developed torque is derived for one motor as follows 

The square of the magnitude of r

 

 

 

The fundamental current  

 

 

The fifth harmonic current  

 

The seventh harmonic current 

 

The air gap power is given by:

 

The total air gap power is : 

 
 

 
 

The torque is given by the formula,

 
 

Torque is dependent on the air gap power and the synchronous frequency at which the 

field produced by the voltage rotates. When the supply voltage contains 

harmonics in addition to the fundamental quantity.
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The developed torque is derived for one motor as follows  

The square of the magnitude of rotor current can be written from the equivalent circuit

 

 

 

 

The seventh harmonic current  

 

The air gap power is given by: 

 

The torque is given by the formula, 

Torque is dependent on the air gap power and the synchronous frequency at which the 

field produced by the voltage rotates. When the supply voltage contains 

harmonics in addition to the fundamental quantity. 
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quivalent circuit as: 

Torque is dependent on the air gap power and the synchronous frequency at which the 

field produced by the voltage rotates. When the supply voltage contains  and  order 

(9) 

(12) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(8) 
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3.2 Torque equation of the c

           The out put power for cascaded induction motors is given by:

The efficiency for cascaded induction motors 

 

 

The torque for cascaded induction motors 

 

 
 

Where: 

                      

                                                              

 

4. RESULTS AND DISCUSSION 

 

The model deduced in last section is simulated using simulink and the results

obtained.  The parameters of moto

in [21]. 

  

For one big induction motor (50 hp)

Fig.3 shows the torque of one 

 

            Fig.3 Torque / Speed Characteristics with different values of HVF. 
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the cascaded induction motors [18-20]: 

r for cascaded induction motors is given by: 

 
The efficiency for cascaded induction motors  

 

The torque for cascaded induction motors [18] 

                                                                              

                                                                               

RESULTS AND DISCUSSION  

in last section is simulated using simulink and the results

obtained.  The parameters of motors under consideration are shown in Appendix A

or one big induction motor (50 hp) 

 big induction motor versus HVF. 

Torque / Speed Characteristics with different values of HVF. 
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                              (21)                                                                                                

                               (22)    

in last section is simulated using simulink and the results has been 

in Appendix A, as given 

 
Torque / Speed Characteristics with different values of HVF.  

(18) 

(20) 

(19) 
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Fig.4 shows the efficiency of one big induction motor

Fig.4 Efficiency/ Speed curve for different values of HVF.

Table.1 Shows the torque at starting and at full load and the efficiency for one big motor.

HVF Starting torque

0% 155.45 Nm

 5 % 150.78 Nm

 7% 143.79 Nm

8% 136.018 Nm

10 % 124.35 Nm

 

Fig.3 Shows that both the starting and operating torques of the moto

HVF increases.Fig.4 shows 

increase in the motor losses whic

unable to drive the load and may be damaged.

 

4.2 Cascaded induction motor

            Fig.5 shows the torque for cascaded induction motors 

versus the harmonic voltage fac

 

Fig.5 Torque-speed characteristics of
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the efficiency of one big induction motor versus HVF as shown in table (

Efficiency/ Speed curve for different values of HVF.

 

Shows the torque at starting and at full load and the efficiency for one big motor.

tarting torque, Tst Full load torque, Tfl  

155.45 Nm 96.67 Nm 

150.78 Nm 93.67 Nm 

143.79 Nm 89.42 Nm 

136.018 Nm 84.58 Nm 

124.35 Nm 77.33 Nm 

that both the starting and operating torques of the moto

shows as the HVF increase the efficiency decreases. This means 

increase in the motor losses which leads to heating of the motor, hence the motor will be 

unable to drive the load and may be damaged. 

tors (2*25 hp) 
the torque for cascaded induction motors (two motors each one 25 

versus the harmonic voltage factor (HVF) as shown in table.2 

characteristics of cascaded I.Ms with and without harmonics.

Engineering Research and Development (IJEEERD) 
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versus HVF as shown in table (1). 

 
Efficiency/ Speed curve for different values of HVF. 

Shows the torque at starting and at full load and the efficiency for one big motor. 

Efficiency 

85 % 

82 % 

78 % 

74 % 

67 % 

that both the starting and operating torques of the motor decrease as 

s the HVF increase the efficiency decreases. This means 

h leads to heating of the motor, hence the motor will be 

motors each one 25 hp) 

 
without harmonics. 
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Fig.6 shows the efficiency for cascaded induction motors versus the (HVF)

 

         Fig.6 Efficiency-speed curve of cascaded I.Ms 

Table.2 shows the torque at starting and at full load and the efficiency for cascaded I.Ms.

HVF Starting torque, T

0% 181.27 Nm

5 % 175.837 Nm

7% 167.67 Nm

8% 158.61 Nm

10 % 145.01 Nm

Table.2 shows the starting torque and the full load torque is higher than one big 

induction motor this means a reduction of the effect of the harmonics on the motor set has 

been occurred. The cascaded induction motors is better than one big induction motor and 

shows the efficiency of the cascaded induction motors decreases with the variation of HVF 

but the efficiency of the cascaded is higher than the efficiency of one big induction motor that 

means the cascaded induction motors give efficiency better than one big induc

 

4.3 Comparison and analysis of the results

           Fig.7 Shows the comparison between the one big motor (50 hp) and the cascaded 

induction motors (2*25 hp) neglecting harmonics .i.e.

 

Fig.7 The torque/speed curve of cascaded and one motor at HVF =0 %.
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the efficiency for cascaded induction motors versus the (HVF)

speed curve of cascaded I.Ms with and without harmonics

 

shows the torque at starting and at full load and the efficiency for cascaded I.Ms.

Starting torque, Tst Full load torque, Tfl 

181.27 Nm 120.21 Nm 

175.837 Nm 116.6  Nm 

167.67 Nm 111.19 Nm 

158.61 Nm 105.18 Nm 

145.01 Nm 93.17 Nm 

 

the starting torque and the full load torque is higher than one big 

induction motor this means a reduction of the effect of the harmonics on the motor set has 

been occurred. The cascaded induction motors is better than one big induction motor and 

e efficiency of the cascaded induction motors decreases with the variation of HVF 

but the efficiency of the cascaded is higher than the efficiency of one big induction motor that 

means the cascaded induction motors give efficiency better than one big induc

4.3 Comparison and analysis of the results:  

the comparison between the one big motor (50 hp) and the cascaded 

) neglecting harmonics .i.e. HVF =0 %. 

The torque/speed curve of cascaded and one motor at HVF =0 %.
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the efficiency for cascaded induction motors versus the (HVF) 

 
without harmonics. 

shows the torque at starting and at full load and the efficiency for cascaded I.Ms. 

Efficiency 

86 % 

84 % 

80 % 

75 % 

69 % 

the starting torque and the full load torque is higher than one big 

induction motor this means a reduction of the effect of the harmonics on the motor set has 

been occurred. The cascaded induction motors is better than one big induction motor and 

e efficiency of the cascaded induction motors decreases with the variation of HVF 

but the efficiency of the cascaded is higher than the efficiency of one big induction motor that 

means the cascaded induction motors give efficiency better than one big induction motor. 

the comparison between the one big motor (50 hp) and the cascaded 

 
The torque/speed curve of cascaded and one motor at HVF =0 %. 
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Fig.8 shows the comparison between the one big motor (5

induction motors (2*25hp) at HVF =5%.

 

          Fig.8 The torque/speed curve of cascaded and one motor at HVF = 

 

Fig.9 shows the comparsion between the one big motor (50

motors (2*25hp) at HVF =10 %

 

Fig.9 The torque/speed curve of cascaded and one motor at HVF = 10%.

 

Table.3 The variation of the starting and full load torque with HVF.

HVF 
One big motor (50 hp)

            Tst                            

0 % 155.45 Nm 

5% 150.78 Nm 

10 % 124.35 Nm 

 

From table.3 the starting and full load torque for the cascaded induction motors is 

higher than one big induction motors at the different values of HVF.

Fig.10 shows the comparsion betwee

cascaded I.Ms at HVF =0% 

Electrical and Electronics Engineering Research and Development (IJEEERD) 

9282 (Print), ISSN 2248-9290 (Online) Volume 5 Number 1, January-April 

9 

shows the comparison between the one big motor (50hp) and the cascaded 

motors (2*25hp) at HVF =5%. 

The torque/speed curve of cascaded and one motor at HVF = 

shows the comparsion between the one big motor (50 hp) and the cascaded induction 

motors (2*25hp) at HVF =10 %. 

The torque/speed curve of cascaded and one motor at HVF = 10%.

 

The variation of the starting and full load torque with HVF.

One big motor (50 hp) 

                            Tfl 

Cascaded (2*25hp)

              Tst                             

 96.67 Nm 181.27 Nm 

 93.76 Nm 175.83 Nm 

 77.33 Nm 145.017 Nm 

the starting and full load torque for the cascaded induction motors is 

higher than one big induction motors at the different values of HVF.  

shows the comparsion between the efficiency of big motor (
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0hp) and the cascaded 

 
The torque/speed curve of cascaded and one motor at HVF = 5%. 

hp) and the cascaded induction 

 
The torque/speed curve of cascaded and one motor at HVF = 10%. 

The variation of the starting and full load torque with HVF. 

Cascaded (2*25hp) 

                             Tfl 

120.2124 Nm 

116.6 Nm 

96.17 Nm 

the starting and full load torque for the cascaded induction motors is 

n the efficiency of big motor (50 hp) and 



International Journal of Electrical and Electronics

ISSN 2248-9282 (Print), ISSN 2248

 

Fig.10 The efficinecy/speed curve of the cascaded and one motor at HVF=0%

 

Fig.11 shows the comparison between the effic

motors at HVF =5% 

 

Fig.11 The efficiency / speed curve of the cascaded and one motor at HVF =5%

 

Fig.12 shows the comparison between the efficiency of one b

motors at HVF =10%. 

 

Fig.12 The efficiency / speed curve of the 

 

Table.4 shows a comparsion of the efficiency between one big induction motor and 

the cascaded of induction motors. When the harmonic voltage factor increases the efficiency 

decreases for both the one motor and the cascaded but t

motors is higher than one big 
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The efficinecy/speed curve of the cascaded and one motor at HVF=0%

shows the comparison between the efficiency of one big motor and cascaded 

he efficiency / speed curve of the cascaded and one motor at HVF =5%

shows the comparison between the efficiency of one big motor and cascaded 

he efficiency / speed curve of the cascaded and one motor at HVF =10

comparsion of the efficiency between one big induction motor and 

the cascaded of induction motors. When the harmonic voltage factor increases the efficiency 

decreases for both the one motor and the cascaded but the efficiency in cascaded induction 

motor. 
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The efficinecy/speed curve of the cascaded and one motor at HVF=0%. 

ig motor and cascaded 

 
he efficiency / speed curve of the cascaded and one motor at HVF =5%. 

ig motor and cascaded 

 
and one motor at HVF =10%. 

comparsion of the efficiency between one big induction motor and 

the cascaded of induction motors. When the harmonic voltage factor increases the efficiency 

he efficiency in cascaded induction 
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Table.4 the variation of the efficiency for one motor and cascaded I.Ms with HVF. 

HVF 
Efficiency of one motor 

(50 hp) 

Efficiency of cascaded 

motors (2*25hp) 

 0 % 85%  86% 

5% 82% 84%   

10 %  67%   69%   

 

CONCLUSION 

 

 The paper performed a contribution to the analysis of cascaded induction motors under 

distorted voltage waveform. It suggests a method for reducing the impact of harmonics using 

coupled induction motors. It may be useful in industrial area which contains a large number 

of induction motors. All analysis is done using actual values of electrical and mechanical 

variables rather than per unit to make a quantitative comparison. It can be applied particularly 

to the small size induction motors connected in cascade instead of one big size induction 

motor. The effect of harmonics is mitigated using this new electromagnetic system. It has 

better energy conversion process under the distorted supply voltage and provides higher 

torque / speed characteristic. The cascaded group has higher starting and maximum torques 

and higher efficiency than one large motor under distorted supply voltage. 

 

Appendix A 

The parameters of two motors [21] 

Motor ( 50 HP )  Motor  ( 25 HP )  

Parameters Parameters 

R1            0.442  Ω R1        0.641  Ω 

R2            0.210  Ω R2        0.332  Ω 

X1            0.420  Ω X1        0.723  Ω 

X2            0.420  Ω X2        0.710  Ω 

Xm          30.000  Ω Xm      26.300  Ω 

P            4.000  P        4.000  

P o/p                50   Hp P o/p      25.000  Hp 

V1       230.940  V V1    230.940  V 

f         60.000  Hz f      60.000 Hz 

Thevinen Equivalent Parameters Thevinen Equivalent Parameters 

Vth           227.72 V Vth      224.698  V 

Rth            0.429 Ω Rth        0.6068 Ω 

Xth            0.42 Ω Xth        0.718 Ω 

Calculated Values Calculated Values 

Ws       188.5 rad/sec Ws    188.5 rad/sec 

Mechanical 

Losses       150.000  Watts 

Mechanical 

Losses    125.000  Watts 

Core Losses    1,100.000  Watts  Core Losses    450.000  Watts  
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