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Excessive loads and frequent start-ups of electric motors driving production
machinery lead to an increase in electricity consumption from the grid, an increase in
winding currents and their heating. Any deviation from the motor's rated parameters
disrupts the technological process, reduces its service life, and in some cases leads to a
complete shutdown.

At the stage of designing electric drives, the main stage is the selection of the
motor and its heating test, which determines the reliability of the electromechanical
system. It should be noted that motor heating does not depend only on the value of the
current flowing in its windings, but also depends on power losses in structural
elements, ambient temperature, cooling conditions, etc., thus, when studying thermal
processes, it is necessary to apply mathematical modelling methods. Dynamic models
for describing thermal processes in electric motors are generally based on unsteady
differential equations with partial differentials of high orders, the solution of which is
a complex computational task, especially when the model is ‘embedded’ in existing
control and monitoring systems and must take into account the need for real-time
operation. An effective approach to overcome these difficulties is to build
macromodels of objects that meet the conditions of adequacy and simplify the process
of computer implementation with the required accuracy of results [1].

The temperature distribution in an electric motor can be described using the one-
dimensional Fourier equation [2]

i St P A A R Ay 1
ox? A or A D

where 9(x, 7) —material temperature; x — spatial coordinate; c 1 4 — specific volumetric

heat capacity and thermal conductivity of the material, respectively; w — density of heat
sources
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)

w,e“; mpu t=0,
=
0; mpu ¢ <0.

The material is heated at zero initial $(x,0)=4, =0 and boundary conditions

corresponding to heat transfer according to Newton's law 619(80, 0 = 90, 7).
X
@, a+f )%
O(x, p) =———| exp(~ax) - exp(-x),| 2 |. (3)
A (p — azj Pip a
a a 1
where a = A thermal conductivity of the material.
c
The amount of heat delivered per unit surface area of a material
0=[wdx="2, 4)
0 a

where o — attenuation coefficient.
Transfer function linking material temperature to power s(x, t) = s(x, p) per unit

surface area

Wiy Q0p)_aa | arf )
7 S(xh,p) Mp-a’-a) P g '
L a i

k
W(p)= ! , 6
AT 5 TN ©
1

where £, :L, T :Lz, T,=——.
AP pa a‘a
Neglecting heat loss from the material surface (=0, k, — 0,7, — ),
k
W(p)= : ; (7
Jp(+pT)

Ja 1

where k, =—= :
VNP
When the depth of penetration of the electromagnetic field tends to zero, which
corresponds to only surface heating of the material (¢ — 0,7 — 0)

k
W(p)=—=". (8)
\/; +1
Disregarding losses (5 = 0)

W(p)=% ©)
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The resulting irrational expressions (8) and (9) are transfer functions W(p) semi-
inertial and semi-integrating links, respectively, which have the original k(¢) [3], that
allows you to switch to an integral macro model to obtain a simulation result in the real
domain

t
x(6) = [k(t =) p(2)dT + y(1,), (10)
)
where y(¢) — inbound, x(¢) — output signals of the object.

An integral macromodel of the temperature distribution of electric motors in
electric drive systems is obtained, which consists in applying the Laplace transform in
time to the original non-stationary partial differential equations and obtaining the
transfer function of the object in the form of an image of an approximate impulse
transition function, which can be used to move to the integral macromodel.
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