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Abstract. At the moment, the country's electromechanical equipment fleet mainly
consists of objects that were put into operation several decades ago, and their
current technical condition and residual service life are of great interest, since
mass equipment renewal is associated with large material costs. In Soviet times,
that is, 15-20 years ago, determining the technical condition of electromechanical
equipment was carried out using a system of planned and preventive works, which
consisted in inspecting and testing the studied objects at certain intervals,
which was associated with their decommissioning and did not guarantee trouble-
free operation during the repair intervals.
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Recently, intensive work has been carried out to create
various systems for monitoring the condition of
electromechanical equipment, the purpose of which is to remove
the studied object for repair according to its current
technical condition. One of the most important elements of
the fleet of electromechanical equipment of enterprises is
electrical machines. It is known [1l, 2] that the majority of
electric motors failures are associated with various types of
damage to the insulation of its windings. Therefore, the issue
of determining the current technical condition of the
insulation of an electrical machine is relevant.

With the widespread use of electrical machines, the issue
of controlling the reliability of their operation in general,
and of certain units in particular, arose . The system of
planned and preventive work provided for periodic tests of
the reliability of insulation operation, the most common of
which were tests with increased voltage of industrial
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frequency, tests of insulation with rectified voltage, and
measurements of insulation resistance with a megohmmeter.

Along with insulation testing methods, mathematical
models of its reliability (methods for ©predicting the
probability of failure-free operation) were developed [3, 4].
They were based on the analysis of statistical data on the
performance of certain groups of engines, on the basis of
which certain empirical coefficients were calculated, and the
probability of failure-free operation for a certain type of
machine was calculated.

Such methods did not take into account the current
operational parameters of an individual machine, required a
fairly large amount of statistical information for each type
of machine, as well as large-scale experiments, so their
effectiveness is also not high enough, and the reliability of
the forecast for a specific machine is not accurate enough.

More effective methods of assessing the current technical
condition of insulation are monitoring - specially organized
observation of an object, phenomenon, or process for the
purpose of its assessment, control, or forecast.

In [5], a method and device for controlling, monitoring
and predicting the residual life of insulation of electric
motors with voltage up to 0.4 kV are proposed. The method of
assessing the state of insulation is based on the analysis of
the magnitude and shape of switching overvoltage’s, which was
the basis for the development of insulation control and
diagnostic equipment.

The developed methodology for evaluating diagnostic
parameters and establishing their relationship with objective
indicators of the condition of winding insulation allows,
based on the analysis of the transient process, to diagnose
emerging defects and to a large extent determine the degree
of their development, and when organizing systematic control,
to predict the residual life of electric motor insulation.

Thus, 1t is obvious that there is a need to create a
method for monitoring the insulation condition of the windings
of an electric machine that would meet the following
requirements:

— taking into account all operational parameters of the
electric machine;

- taking into account the influence of environmental
parameters;

- taking into account the pre-start state of the electric
machine;
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- taking into account the impact of the start-up process
on the insulation;

- taking into account energy conversion indicators during
the operation of an electric machine;

- taking into account external influences during the
operation of the electric machine;

— providing reliable information about the current state
of insulation;

— providing a forecast of the remaining service life of
the insulation.

Existing approaches to determining the reduction in
insulation service life depending on the winding temperature
are not correct, since they do not take into account the
actual insulation temperature.

The service 1life of the insulation of an electrical
machine at its constant temperature is described by the Van't
Hoff - Arrhenius equation:

_b-®
=Ty-e
T=Tb , (1)

where Tb is the basic service life at ®:0°C; b is a
coefficient that depends on the properties of the insulation,
corresponding to a reduction in service life by half for every
10 °C increase in temperature (for class B insulation, the

b=0.069"C™"
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t

Reduction in insulation 1life during operation at a

@ .

temperature that varies over time
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Of greatest interest for practical application is the

relative reduction in resource: ARB__Tb'AR .

To calculate the copper temperature, you need to know the
instantaneous power loss at a given time:

Instantaneous losses in copper are equal to:
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APM (t) = 3(I(t)) R , (3)
relative instantaneous losses in steel:
2.0 _ 5,061+ 0,039k, (1) KOs

Apc,nom (t) k( )f ( 4 )

() = f(t) (D), = u(t)
where , umm.lS the ratio of the current value

of frequen01es and voltages to the nominal value,
respectively.

The average temperature of the cooling air inside the
electric machine at a given time is calculated by the formula

[ 6 1:

5,0 =8, + 2%
’ ( 5)
where:
k-SPt
26, () = ()~ 90 () = K 220
1100-Q,()) o
9.9

in?Yout _

the value of the air flow temperature at the inlet
and outlet of the machine, respectively, B_ g coefficient
that takes into account the share of losses 1n the machine

that are removed by the main cooling flow QBdepending on the

t
cooling system, 2: h()— total heating losses (in steel and

Qs _

copper) at a given time, current air flow rate through

1100 D

3
the machine, m*- K _ specific volumetric heat capacity of
air under normal conditions. It should be noted that when the
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operating mode of the machine (load, speed, etc.) changes,
its cooling conditions also change.

Thus, to accurately calculate the current residual life
of the insulation of the windings of an electric machine, it
is necessary to know the exact temperature excess of the
insulation (and not the entire winding) above the permissible
one.

Therefore, to obtain an accurate reduction 1in the
insulation life per unit of time in formula (1), instead of
the current winding temperature, it is necessary to take the
current insulation temperature, which will be different
during the heating process. In addition, the insulation
temperature during a sudden short-term increase in load can
significantly exceed the temperature of the entire winding.

Therefore, the current residual operating life of an
electric machine at a given moment in time is calculated as

base

the difference between the initial life and its current

decrease AR :

R(t) - Rbase (t) ) (1_ AR@ (t)) (7

Thus, taking into account the processes and factors of
starting and operating mode of an electric machine, it is
possible to determine the current residual 1life of its
insulation, which will allow controlling the operability of
the electrical machines in operating mode. The creation of a
system for monitoring the life of the resource is necessary
in view of the possible material costs associated with repairs
in the event of failure.

Conclusions. The paper reviews existing methods for
monitoring the condition of the insulation of electric machine
windings and classifies them. It is shown that existing
methods have certain drawbacks - taking into account some
operational parameters and neglecting others, analyzing
certain processes during the operation of an electric machine
and neglecting others, the complexity of diagnostic
equipment, the need to remove the diagnosed machine from the
production process, etc. It is concluded that it is necessary
to create a method that would take into account all the
current parameters of the operation of an electric machine

This work is distributed under the terms of the Creative 1 9 9
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 5th International
Scientific and Practical Conference
«Society and Science: Interconnection» NO

(February 16-18, 2025). 235

Porto, Portugal

INTERCONF

SoenTIF PubLiHNG CenTe

ENERGETICS

and the transformation processes occurring in it, and an
example of such a method is considered.
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