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Equivalent thermal schemes of an induction motor, which are designed to analyze 

its thermal regime, include up to 15 bodies and provide from 50 to 100 input parameters 

[1-3]. When using these schemes in operation to control the functional state of an 

induction motor, the steady-state temperature excess of the stator winding will differ 

from each other, so it is necessary to compare the methods for determining the specified 

stator winding temperature excess in order to determine the rational one for the purpose 

of its practical use in operation. 

Existing equivalent thermal schemes of an induction motor can be conditionally 

divided into those used in the design of an induction motor and those used in its 

operation. The operational equivalent thermal diagrams that exist at the present time 

include one, two, or three bodies [4-6]. 

We will analyze the methods for determining the steady-state temperature excess 

of the stator winding of an induction motor based on existing operational equivalent 

thermal schemes in order to numerically compare the methods, which will allow 

determining the stator winding temperature excess in operation for diagnostic purposes 

with sufficient accuracy for practice. 

We consider an induction motor in thermal terms as a system consisting of a single 

body in which the sum of active power losses is allocated (РН or Р  depending on 

the load of the induction motor). In this case, the steady-state excess temperature of the 

stator windings of an induction motor will be equal to [2]: 

 

,     (1) 

 

where  1n – steady-state excess of the stator winding temperature at off-nominal 

load, С; 

1 1n l

l

Р

Р
  
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
=
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1l – steady-state temperature exceedance of the stator windings at rated load 

equal to the long-term permissible temperature exceedance of the stator 

windings, С; 

Р – is the sum of active power losses in the electric motor at an undervoltage 

load in steady-state operation, W; 

Рl – the sum of active power losses in the motor at rated load in steady-state 

operation, W. 

Introduce the following notation: 

 

,      (2) 

 

where kР – is the thermal load factor of the induction motor, and rewrite 

equation (1) in the following form: 

 

.     (3) 

 

Let  consider an induction motor in thermal terms as a system consisting of two 

bodies: in one body, variable active power losses are distinguished (РVAR), in the 

second body - constant losses of active power (РCONST). In this case, the steady-state 

temperature excess of the motor stator windings will be equal to [3]: 
 

,   (4) 

 

where а – power loss coefficient in an induction motor; 

k – current multiplicity in the stator windings; 

  – temperature coefficient of resistance of stator windings, 1/С. 

Let us consider an induction motor in thermal terms as a system consisting of three 

bodies: in one body, there are active power losses in the stator windings and additional 

active power losses (Р1), in the second body - active power losses in the rotor winding 

(Р2), in the third body - constant losses of active power (РCONST). In this case, the 

steady-state temperature excess of the motor stator windings will be equal to [4]: 

1n = к1Р1 + к2Р2 + к3РCONST ,   (5) 

 

where к1 – coefficient of influence of active power losses in stator windings and 

additional active power losses on heating of an induction motor, С/W; 

 к2 – coefficient of influence of active power losses in the rotor windings on the 

heating of an induction motor, С/W; 

 к3 – coefficient of influence of constant active power losses on the heating of an 

induction motor, С/W. 
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A method for determining these coefficients is given in [4], where it is proposed to 

determine them using steady-state temperature exceedances of the stator windings in 

no-load, short-circuit, and rated load experiments. 

Introduce the following notation: 

 

;  ;  ,  (6) 

 

where kР1 – coefficient of thermal load of the first body, 

 Р1l – active power losses in stator windings and additional active power losses 

at rated load, W; 

 kР2 – coefficient of thermal load of the second body, 

 Р2l – active power losses in the rotor winding at rated load, W; 

 kР3 – coefficient of heat load of the third body, 

 РCONST.L – constant losses of active power at rated load, W, 

and rewrite equation (5) in the following form: 

 

1n = к1Р1lkp1 + к2Р2lkp2 + к3РCONST.lkp3 .  (7) 

 

 Let's make the following assumptions: 

 

kP = k = kP1 = kP2 =  ;  kP3 = 1 ,   (8) 

 

where  – load factor of an induction motor, 

and rewrite equations (3), (4) and (7) in the following form: 
 

;      (9) 

 

;    (10) 

 

1n = к1Р1l + к2Р2l + к3РCONST.l .   (11) 

 

 Using (9)-(11), we will analytically compare the methods for determining the 

steady-state overload of the stator windings of an induction motor in operation. We 

will do this on the example АИР90L4У3 of the induction motor, for which we will use 

the method of calculating the losses and efficiency of induction motors according to 

the passport data [8], as well as the above methods of determining the coefficients of 

the influence of active power losses on the heating of an induction motor [4]. For 

the specified motor 1l = 90 С ;  = 0,004 1/С and the active power losses in this 

motor at rated load according to [8] are equal to: 
 

Рl = 516 W ; Р1l = 246,1 W; Р2l = 161,9 W ; Р3l = 66,4 W ; Р4l = 41,3 W . 
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Based on this, we find: 
 

РVAR.l = 246,1 + 161,9 = 408 W ;  РCONST.н = 66,7 + 41,3 = 108 W . 
 

Determine the loss rate: 
 

. 

 

Using the obtained values, we rewrite (12) and (13) in the following form: 
 

;     (12) 

 

                   ;                    (13) 

 

where  11У_(1) – steady-state excess of the stator winding temperature in a one-

element thermal model of an induction motor, С; 

 11У_(2) – Steady-state excess of the stator winding temperature in a two-element 

thermal model of an induction motor, С. 

At the nominal load ( = 1) , we get: 
 

1n_(1) = 1n_(2) = 90С. 
 

To analytically determine the individual components of the coefficients of 

influence of active power losses in (11), namely, the excess temperatures of the stator 

windings in short-circuit and no-load tests, we use (1): 
 

;  ,   (14) 

 

where  1s – steady-state excess of the stator winding temperature in the short 

circuit experiment, С; 

Р1s - sum of active power losses in the short circuit test, W; 

 1i – steady-state excess of the stator winding temperature in the no-load test, С; 

Р1i – the sum of active power losses in the idling experiment, W. 

We determine the temperature excess in the short-circuit and idling experiments 

according to (14): ; . 

Based on this, we find the coefficients of the impact of losses: 

к1 = 0,06
°С

𝑊
;  к2 = 0,35

°С

𝑊
;  к3 = 0,28

°С

𝑊
. 

Using the obtained values, we rewrite (11) in the following form: 
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1n_(3) = 14,8 + 56,7 + 30,2,               (15) 
 

where  1n_(3) - steady-state excess of the stator winding temperature in a three-

element thermal model of an induction motor, С. 

At the nominal load ( = 1) we get : 
 

1n_(3) = 101,7С. 
 

The difference between the result and the nominal value is 11,7С, that is, a one-

element thermal model does not allow to obtain a correct result. Therefore, using 

numerical analysis, to determine the numbers in (15), we will reduce them by a factor 

of 101.7 / 90 times, as a result of which we will get: 
 

1n_(3) = 13,1 + 50,2 + 26,7.           (16) 
 

At the nominal load ( = 1) 
 

1n_(3) = 90С, 
 

that is, the obtained equation (16) is true. 

Using equations (12), (13), and (16), we investigate the steady-state temperature 

excess of the stator windings in different thermal models of an induction motor with 

different numbers of bodies: one, two, and three. The results of the study are shown in 

Figure 1. 

 

 
Fig. 1. Dependence 1n = f (). 

Thus, based on the research, the following conclusions can be drawn: first, 

assumption (8) with respect to (4) is not correct; second, with the increase of bodies in 

the thermal model of the electric motor, the steady-state temperature excess of the 

stator windings, which is determined by the model, decreases; third, when the induction 

motor is overloaded by 15 % above the rated value ( = 1,15), when the protection 

device (e.g., thermal relay) does not operate, the steady-state temperature excess of the 

motor stator windings when using the single-body thermal model is  
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99 С, when using the three-body thermal model, it is 96,33 С, which must be taken 

into account when designing diagnostic and protection devices. 
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