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Abstract. Modern economic conditions set special tasks to ensure the reliability and durability of the equipment to be used. It is 

particularly true for such a group of electrical products as induction motors used at almost every enterprise. At present, the accident rate 

of induction motors at enterprises is high; meanwhile, only up to 25% of the motor base is reequipped annually. One of the main reasons 

of such a condition is the low quality of repair and the lack of the devices to examine the repaired induction motors thoroughly taking 

into account the specific “accidental” technical parameters of a tested machine. Based on the fact that asynchronous motors frequently 

fail for any reasons (overloads, adverse environmental conditions, low quality of power supply etc.) was determined a need for conducting 

complex repair and maintenance. As a result, it makes possible to re-exploit the engine for a long time. The major weakness of electric 

motor during the repair works was identified. Consequently, several solutions are proposed for motor windings electromagnetic energy 

change that help to load the motor excluding the mechanical influence on the shaft. These circumstances are substantiated by the 

formulas of the frequency, voltage and torque change. Thus, there is an urgent need to create a new equipment type to test the repaired 

induction motors under load conditions without increasing the testing time period, whose results will allow to estimate the real condition 

of a motor, namely, to reveal hot spots, loading capacity, etc.  
  
Keywords: induction motor, voltage forming, modulation, loading, torque, synchronous speed.  

  

Current parameters forming in the circuits 

of asynchronous squirrel-cage motors. The way of 

pulsating current forming in stator and rotor circles 

of induction motor is considered for further 

evaluation of motor operability. This current has a 

wide range of variation.  
Problem and its connection with scientific 

and practical tasks. Modern economic conditions 

pose particular tasks for reliability and durability of 

used equipment. Especially, it concerns such a group 

of electrotechnical products like asynchronous 

squirrel-cage motors (AM) virtually used at any 

industrial enterprise. Presently, the AM breakdown 

rate is considerable at the industrial enterprises, and 

motor park renewal makes up 20% annually. One of 

the main reasons of such a condition is lack of repair 

quality and absence of means, which would enable to 

make an advanced investigation of repaired AM 

condition, taking in account a specific character of 

technical parameters “randomness” of the tested 

machine.    

These circumstances lead to the fact, that the 

repaired motor is oriented to the passport of a new 

machine. But using it at the same place, before being 

repaired without preliminary heat tests, results to a 

rapid failure of AM.  
Research analysis and publications. Some 

works [1] consider the possibility of AM load by 

alternation of traction and braking modes without 

any action on the motor shaft. This method includes 

complicated approaches in making equivalent load 

parameters and identification of control parameters. 

Also another works [2,3] are known by proposing 

current load process forming by assignment of 

simple modulated signal to the input of thyristor 

regulator. The main disadvantage of these systems is 

limited range of control action variation to ensure the 

necessary level of current load of stator and rotor 

windings.  
Problem definition. The main task of this 

article is to investigate a way of stator and rotor 

circuits load with pulsating current, which has a wide 

range of variation for further evaluation of motor 

operability  
Statement of material and results.   
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Economic load mode of AM can be obtained 

by forming voltage by law  

Uп = U0 sin ωt(k+msin Ωt) .  

where k,m - experimental coefficients, Ωt - angular 

frequency of m coefficient change.  
In general view the voltage can be 

represented as follows  

Uп = U1 sint+U2 sint  sint ,  

where: U1 =kU0 – voltage amplitude of commercial 

frequency, U2 =mU0 - voltage amplitude of combined 

frequency. For understanding the processes that take 

place in AM with voltage supply of represented form, 

it’s necessary to obtain expressions that describe 

phase voltages separately.   
Using the trigonometric identities and making 

the following transformations, we obtain the 

following expressions for each phase voltage of AM  
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Finally, the system is as follows  

 

Expressions (2) show that there are three 

voltage systems, which rotate in different directions 

with different frequencies. Vector diagram (Fig. 1) 

provides a visual representation of the 

abovementioned operations.  

 
2  

3 F 

Figure 1. Vector diagram of voltage systems 

 generated under load 

 
In addition, to simplify calculations and 

statements inserts, operations are made with the 
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hypothesis, that the rotor current system is not 

movable relative to voltage system of commercial 

frequency.  
On the base of the above-mentioned 

hypothesis, we can conclude that in rotor circuit there 

are two current systems induced, which rotate in 

opposite directions with the same frequency Ωt. 

Consequently, the total rotor current vector is 

determined by two components system with 

amplitude U2/2; Ψ ‐ initial angle between the 

vectors and Ip1 Ip2 

For the convenience of further calculations, 

we assume that =/2. Let us calculate the total 

rotor current with angular frequency Ωt changing 
from 0 to 2π. 

We calculate this according to the relation 

   





cos)Ωsin(Ωsin

)Ωsin(Ωsin

tltl

tltllp

pp

pp





00

2
00

2
 

where tΩ ‐ the angle between the 

vectors IP1 and IP2 taking in consideration defined Ωt. 

white t=/6 
The result is 
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velocities (-)t and (+)t respectively; Ip0 ‐ 
amplitude  of rotor current, induced by voltage 
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we assume that = /2. Let us calculate the 
total rotor current with angular frequency Ωt 
changing from 0 to 2π.  

system with amplitude U2/2; Ψ ‐ initial angle 
For the convenience of further calculations, 

 

:

Figure 2. Vector diagram of the total rotor current 
We calculate this according to the relation  

  

The table (1) of calculation results of values of 

the total rotor current, rotating relative to the rotor 

with the most convenient calculation parameters Ωt 

can be presented below:  
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Table 1 

 Ωt, 

rad  

Ψ-Ωt, 

rad  

sin  

Ip1 Ip2 Ip Other values Ωt, when current value is similar  Ωt  Ψ-Ωt  

0  π/2  1  0  Ip0  0  Ip0  π, 3π/2, π/2  

π/6  π/3  1/2  23 /  1/2lp0 23 / lp0 
1,2Ip0  7π/6, 4π/3, π/3  

π/4  π/4  22 /  22 /  
22 / lp0 22 / lp0 

1,41Ip0  5π/4  

π/3  π/6  23 /  1/2 
23 / lp0 1,2Ip0  

1,2Ip0    

π/2  0  1  0  Ip0  0  Ip0    

3π/4  - π/4  22 /  - 22 /  22 / Ip0 - 22 / Ip0  0  7π/4  

2π/3  -π/6  23 /  -1/2 
23 / Ip0 -1/2Ip0  0,75Ip0  5π/6, 11π/6, 5π/3  

 

In accordance with  the mentioned rotor 

current vector, while Ωt changing in the calculations 

we build a diagram of changes of the interval [0; 2π], 

which takes the form of Figure 3.  

    а         

       b  

      
Figure 3. Load current forming diagrams  

 

 

As it can be seen from the diagram (Fig. 3, a), 

the rotating amplitude  of the rotor current vector 

has the form of eight, and "eight" fixed relative to the 

rotor, therefore, those coils (rods), which assume the 

maximum value of pulsating current, will be 

overloaded in reference to the others, and the coils 

(rods), which are located in the plane which is 

perpendicular to them, are not loaded by current Ip at 

all, and that could be proved by fig. 3(b), which shows 

that the winding B1-B4 is the most loaded, and 

winding B5-B13 is the least loaded.  
Thus, there is a clear problem of uneven 

distribution of pulsating current. To solve this 

problem is possible, if the uniform “eight” rotation 

relative to the rotor is provided. For this, it’s 

necessary to comply with the condition ω / Ω ≠ n, 

where n - integer.  
According to [15], the economic loading 

mode of induction motors with pulsating current can 

be achieved while forming the power supply voltage 

by the law  

Uп =U0 sin ωt(k + m  sin Ωt)  

where: k, m are experiment coefficients, Ωt is the 

circuit change rate of the coefficient m.  
In order to understand the processes occurring 

in induction motors in case of pulsating loading from 

the perspective of mechanical loading it is necessary 

to determine the analytical expression of the 

developing induction motor torque.   
It is known, that while inducing the threephase 

system of currents changing according to the form of 

the applied voltage, the induction vectors created by 

the currents have a similar direction and form. The 

created magnetic flux is the vector density of the 

magnetic induction and is determined by the 

expression  
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
s

BdSΦ  

In accordance to the above mentioned it is fair 

to say that while changing the power supply voltage 

under the law  
U=U1 sint+U2 sint sint the flux 

induced is determined by:  

Ф=Ф1 cos t+Ф2 cos t sint  

where Ф1  is the rotating magnetic flux from the 

system of currents induced by the power-

frequency voltage (the basic flux), Ф2 is the 

rotating flux of the system of currents induced by 

the pulsating voltage (U2sinωt). Thus, it is clear 

that two fluxes are induced – the basic flux Ф1 

rotating with the constant speed and the flux Ф2 , 

the flux pulsating with the frequency Ωt.  

As a result of crossing the rotor circuit by 

the magnetic flux Ф, EMF Е2 is induced and, 

consequently, the current occurs. The analytical 

expression of the current can be as follows:   

/ZEl 2r  , where Z is the full resistance of the 

rotor circuit. While 
dt

dΦ
CE2   , where С is the 

proportionality coefficient. 

Thus, in order to find the rotor current form it 

is necessary to take the flux derivative with respect to 

time accepting the equation С=1 for computational 

convenience is necessary to take the flux derivative 

with respect to time accepting the equation С=1 for 

computational convenience. 
proportionality coefficient.  

Thus, in order to find the rotor current form it 

is necessary to take the flux derivative with respect to 

 time accepting the equation С=1 for computational 

convenience. 

 

 

Considering the above dependency dФ 

Z
lr dt

dΦ

 , we can write the expression to 

determine the rotor current form:   

Ir = I1 sint + I2 cos(+)t + I3 cos(-)t  

If the flux and the rotor current expressions are 

evaluated, one can determine the developing 

induction motor torque using the equation  

2rcosψlkΦM  , 

where Ψ2 –is the angle between the vectors rI  and 

rE , k is the proportionality coefficient.  
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As the parameters k and Ψ2 are fixed, let us 

take 1cosψk 2    to avoid excessive complexity of 

calculations. In this case, the torque is etermined as 

follows:  
М=ФI2 = (Ф1 cost +Ф2costsint) = 
(I1  sint + I2cos(+)t + 
+I3 cos(-)t) = 
= Ф1 I1 cost sint + 
+ Ф1 I2 cost cos(+)t + 
Ф1 I3 cost cos(-)t + 
+ Ф2 I1cost sint sin t + 
+ Ф2 I2 cost sint cos(+)t + 
+ Ф2 I3 cost sint  cos(-)t = 

/4sin2ΩM/4sin2ΩM

Ω)/4sin2(ωM)tΩcos(2ω2M
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The obtained dependency indicates that the 

torque consists of seven components, the amplitudes 

of which depend on the parameters ω and Ω.  
In order to make the essence of the 

mechanical loading simple let us consider the speed 

of the rotor rotation and that of the basic magnetic 

flux being equal, that is when ω=0.  

On substituting ω=0 into the expression 

determining the torque, we obtain  

 

where the expressions М12=Ф1І2; М13=Ф1І3; М22=Ф2І2; 

М23=Ф2І3 indicate the interaction of the basic and the 

pulsating fluxes according to the pulsating rotor 

current.  

The correctness of the above calculations can 

be proven by obtaining the last expression in another 

way. Thus, if we initially accept the speeds of the 

rotor rotation and the basic flux as equal, the 

expression of the flux crossing the rotor circuit will be 

as follows 

tΩsinΦΦΦ 21   

Thus, the rotor current is determined as follows 

(С=1)  
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Fig.4. Vector diagram of the developing  

torque calculation 

 

 

 

The induction motor torque in this case is (kcos 

2 =1) 

t,Ωsin
2

M
ΩcosM

tΩctΩsinIΦtΩcosIΦ

tΩct)IΩsinΦ(ΦΦIM

*
2*

1

m22m21

2m21r







t

os

os

 

corresponding the equations 2312
*
1 MMM  ; 

2322
*
2 MMM    while determining the torque by 

simplifying the expression for a general case. 

The approximate form of the induction motor 

torque is shown in Fig. 5. 

The approximate form of the induction motor 

torque is shown in Fig. 5. 

 

Fig. 5. Approximate form of induction motor torque during loading 

 

Having analyzed the last expression, we can 

conclude that the interaction of the rotor current and 

the basic flux result in the alternating first harmonic 

torque, that is, the alternating capacity, while the 

interaction of the rotor current and the pulsating flux 

result in the alternating component of the basic 

frequency.. 

Conclusions and further investigation. The 

analysis allows to conclude that forming the power 

supply voltage in a certain way we can achieve both 

the current and the mechanical loading of the 

induction motor circuits, which can vary on a large 

scale. This method of loading an “accidental” motor 

can be applied to estimate the further efficiency of a 

motor. The development of loading devices for 

induction motors is valid for further investigation. 
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