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Relevance and statement of the problem. Today, the main drive element of working
machines is asynchronous electric motors with a short-circuited rotor due to their
significant structural reliability [1]. But during their operation, the reliability of these
electric motors decreases due to various influences that cannot be fully taken into
account during design and manufacture [2, 3]. Most of such operating influences lead
to significant heating of the electric motor and, as a result, to sharp wear of its insulation
[4]. In order to prevent the significant consequences of head effects on electric motors,
various protection devices are used in practice, which are based on the control of its
thermal state. To set up these devices, operating engineers perform certain thermal
calculations based on the corresponding thermal schemes of replacing the
asynchronous electric motor. Equivalent thermal schemes, which are intended for the
analysis of its steady state during design, provide from 50 to 100 input parameters [5-
7]. Therefore, their use in operation to control the thermal condition of the electric
motor is not possible without the creation of a corresponding database. Equivalent
thermal circuits used to analyze the thermal state of an electric motor in operation
(single-element, two-element) [8-10], do not allow to fully control the thermal state of
individual components of an asynchronous electric motor. Therefore, the task was set
in the paper to obtain a method of determining the steady excess temperature of the
electric motor, based on a complex three-element thermal model.

An induction motor in heat terms is considered as a system of three objects: 1)
stator winding; 2) rotor winding; 3) steel (magnetic core, mechanical part and housing)
and it is assumed that the heat capacity of the environment around the motor is equal
to infinity, and the ambient temperature is nominal and constant (Fig. 1).
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Ci,n,P1 Co, o, P

Cavg = oo ; Javg = const

Figure 1. The heat substitution scheme of an asynchronous electric motor

This is quite sufficient for the analysis of operational processes in it. The scheme
(Fig. 1) shows the following notations:
C1, C,, C3 - heat capacities of the corresponding bodies, J/C;
n, T, 73 - temperature excess of the corresponding bodies over the ambient
temperature, C;
P1, P,, Ps - active power losses in the corresponding bodies, W,
A1, A1, A2z - thermal conductivity between the corresponding bodies, W/ °C;
A - thermal conductivity between the third body and the environment, W/ °C;
Cavg - the heat capacity of the environment, W/ <C;
Javg - the ambient temperature, °C .
The system of heat balance equations for the scheme shown in Fig. 1 has the
following form:

Cidr, + A (7, —75)dt— A, (r, — 7, )dt = Bdt,
C,dt, + Ay (7, — 73 )dt + A, (z, — 7, )dt = Pydt; (1)
Cydts + Arydt— A (7, — 73 )dt — A 5 (z, — 75 )dt = Pdt.

The solution of the system of equations (1) with respect to z; for the steady mode
of operation of an asynchronous electric motor (z,) is as follows

le:a'P1+b'P2+C-P3, (2)
where  a - is the coefficient of influence of losses P1 on the heating of the stator
winding, C/W;

b - is the coefficient of influence of losses P2 on the heating of the stator winding,
C/W;

505



TECHNICAL SCIENCES
THEORETICAL ASPECTS OF EDUCATION DEVELOPMENT

¢ - is the coefficient of influence of losses P3 on the heating of the stator winding,
CW.

Coefficients a, b, ¢ are a complex function of thermal conductivities. In order to
determine these coefficients through other parameters of the thermal state of the exciter
electrode, the excess of the stator winding temperature over the ambient temperature
in the short circuit (z,) and no-load (z,), experiments, as well as in the nominal
operating mode (z,) was used. Based on these parameters, a system of three equations
Is compiled, each of which is an expression (2) for the experiments of rated load, short
circuit and no-load. It is assumed that these coefficients are the same in all these modes.
The specified system of equations for the coefficients a, b, c is finally solved as follows:

oo Tt T, )
Plx ’
P,
TlK - .(T].K + z-1)6 _Tlu)
b= L . > (3)
P2H ’
T. T.
c= 1n 1k .
P, J

Conclusion. The article proposes a method for determining the steady-state excess

temperature of an electric motor, based on a composite three-element heat model.
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