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IMPROVEMENT OF THE THERMAL STATE OF THE
INDUCTION MOTOR DURING ITS OPERATION

During the operation of an induction motor, its functional state deteriorates due to the
occurrence of certain faults caused by the combined influence of design and operational factors

[1].

Existing methods and devices make it possible to monitor the functional state of an induction
motor, signal its deterioration, or turn off the motor [1-4]. The latter leads to significant material
costs associated with the loss of products that were not produced as a result of the motor shutdown
during the technological process.

In order to analyze the functioning of an induction motor in operation and determine its
current thermal state in comparison with the nominal one, it is necessary to consider the
consumption of active power by an induction motor, which will allow developing a controlling
effect on the motor in order to reduce its thermal load in case of deterioration of the motor's
functional state during the end of the technological process (or its completed part).

During the operation of an induction motor, its functional state changes, which is confirmed
during its diagnostics.

At the beginning of operation, a serviceable induction motor has a nominal functional state,
a certain quality, which is confirmed by the relevant warranties of the manufacturer and the
commissioning organization [5-8].

The specified functional state is the basic state of the induction motor. During operation, the
functional state of the induction motor will change due to the occurrence and development of a
defect or the natural aging of the motor and become non-nominal. At the end of operation, the
induction motor will reach a non-functional state, i.e., it will fail, due to the motor being in a finite
number of functional states during operation. Thus, during the operation of an induction motor,
there may be n control intervals to determine its functional state.

A change in the functional state of an induction motor is accompanied by a change in its
parameters due to thermal processes in the active parts of the motor [9-11]. One of the indicators
of a change in the thermal state of an electric motor is a change in its active power losses. If the
basic functional state corresponds to the nominal amount of active power losses, then the current
functional state corresponds to the current amount of active power losses [7].
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That is, the change in active power losses in an induction motor can be taken into account
by an appropriate coefficient:

AP
O, =— 1
PTAP, @)
where or — coefficient of change in total active power losses;

APn —current amount of active power losses, W;
APy —nominal amount of active power losses, W.

If 6r > 1, the induction motor will be thermally overloaded and its operating mode will
change. Therefore, it is necessary to adjust the motor operating mode in order to reduce the rate
of its wear, for which it is necessary to reduce the amount of active power losses to the nominal
value so that the coefficient of change in total active power losses is equal to one (d» = 1).

Let us determine the value of the correction correction for the operation mode of the electric
motor by considering the active power consumption by the motor at different time intervals.

At the beginning of operation, when the motor has a basic functional state, the active power
consumed by the motor is equal to:

Piu = Pou + APn, (2
where P1y— rated active power consumed by the electric motor, W;
P2y — rated active power at the motor shaft, W.

After a certain period of time (when the motor has the current functional state), the active
power consumed by the motor is equal to:
Pin = Pou + APn, (3)
where P1n — current active power consumed by the motor, W.

Find the difference between the equations (3) and (2):

Pin — Pia = APn — APy, 4)
Thus, the value of the active power correction is equal to:
Ap = P1n — P1y, (5)
or
Ap = APn— APy, (6)

where A — active power correction, W.
Let us determine the relationship between 6, and A, for which we divide both parts of
equation (6) by APu, and, taking into account (1), we obtain:
A, =AP,(6,-1). @)

Thus, reducing the consumption of active power by the electric motor by the amount of A,
will reduce the amount of active power losses to the rated value. That is, in order to reduce the
sum of active power losses to the nominal value, it is necessary to adjust the operation of the motor
by the amount of active power correction, then equation (3) will have the following form:

P1in— Ap = Pon + APn — Ap, (8)
or
P1u = Pou + APn — Ap, 9)

Reducing active power consumption is possible only by reducing the shaft load. For
example, the load on the shaft of a fan drive motor can be adjusted by changing the opening angle
of the damper. The same can be done with a pump drive motor. Thus, equation (9) will have the
form:

P1u = Pon + APy, (10)
where P2n— current active power on the motor shaft, W.

88



April 7, 2023 | Pisa, Italian Republic | Collection of scientific papers «SCIENTIA»

In turn,
Pon=Pou—A»r. (11)
Thus, in order to diagnose and correct the thermal state of an induction motor, the following

operations must be performed:

1) determine the active power consumed by the motor;
2) determining the difference between the current value of the active power consumed by

the motor and the rated value (Ar = P1n — P1n);

3) if A >0, reduce the active power at the motor shaft (load) by the value of A».
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