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ANALYSIS OF ACTIVE POWER LOSSES 

IN AN INDUCTION MOTOR UNDER  

THE INFLUENCE OF CURRENT LOAD 
 

The conversion of energy in an induction motor (IM) is accompanied by irreversible losses, 

which are manifested in the form of heat, which is released in the structural elements. The sources 

of heat in an induction motor are mainly active parts (windings, core) and bearings. 

When studying the thermal processes of induction motors, many works [1-4] pay great 

attention to determining the active power losses and their distribution in individual components 

and active elements of the motor. However, they do not fully take into account the influence of 

current changes in the stator and rotor windings when determining heat losses. 

Therefore, the study and determination of active power losses in the components and active 

elements of an induction motor under the influence of a current load is important in determining 

its thermal state. 

The accuracy of determining the thermal state of an induction motor as a result of a thermal 

calculation largely depends on the accuracy of accounting for all heat losses. The distribution of 

heat losses in individual components and active elements of the motor is of great importance. For 

example, the losses in the stator winding ΔP12 are distributed between bodies 1 (ΔP1) and 2 (ΔP2), 

the power ΔP5 is the sum of the electrical losses in the rotor winding ΔP el.2 and half of the pre-

load losses ΔP add [2, 5, 6]. 

The active power losses in an induction motor will be calculated based on its Г- shaped 

replacement circuit. 

Electrical losses in the stator winding [2] 
 

𝛥Р12 = 𝛥Р𝑒𝑙.1 = 3 ⋅ 𝑟1𝜃 ⋅ 𝐼1
2,                  (1) 

 

wherе r1 - active resistance of the stator winding phase at temperature θ, Ω ; 

         І1 - current value of the current in the stator winding, А. 

 

Additional active power losses in an induction motor [2] 
 

𝛥Р𝑎𝑑𝑑 = 0,005Р1Н,                   (2) 
 

wherе         ΔР1Н  - nominal power consumption, W. 
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Losses in the rotor [2] 
𝛥Р5 = 𝛥Р𝑒𝑙.2 + 0,5𝛥Р𝑎𝑑𝑑,                    (3) 

 

wherе ΔРel.2  - electrical losses of active power in the rotor winding, Ω. 
 

𝛥Р𝑒𝑙.2 = 3 ⋅ 𝑟2𝜃
′′ ⋅ (𝐼2

′′)2,                               (4) 
 

wherе r2θ'' - is the reduced active resistance of the rotor winding phase at temperature θ, Ω; 
          І2'' - reduced current of the electric motor, А. 

 
Of practical interest are the dependences of active power losses in the active elements of the 

electric motor as a function of the design temperature at different values of the current multiplicity. 
An asynchronous electric motor 4AM112M4U3 was chosen for the research. 

The graphical dependences of active power losses in the stator winding and rotor of the 
4AM112M4U3 induction motor as a function of the design temperature at different current 
multiplicity are shown in Figure 1 and Figure 2. 
 

 
Fig. 1. Dependences of active power losses in the stator winding  

of the 4AM112M4U3 induction motor as a function of the calculated  
temperature at different multiplicities of current strength 

 
Fig. 2. Dependences of active power losses in the rotor of an induction  

motor 4AM112M4U3 as a function of the calculated temperature  
at different multiplicity of current strength 
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The active resistances  rθ at a temperature that differs from the design temperature are 

determined by the formula [2] 

1

1
P

r r ,







 
 

  
  
 

 (5) 

wherе  r - active resistance at the design temperature, Ω; 

           θР - calculated temperature, °С; 

           α - temperature coefficient of resistance of the material 

 

The analysis of the results shows that the active power losses in the stator winding and rotor 

of an induction motor are linearly dependent on the operating temperature and increase 

significantly with an increase in the current multiplicity. 
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