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ABSTRACT
The paper presents the results of research aimed at identifying the asynchronous
mode of excited syn- chronous electric motors and their safety and stability. It is
proposed to identify the asynchronous mode using a power polynomial from the ratio
of the degrees of active and reactive power, determined from measured instantaneous
values of currents and stator voltages of a synchronous electric motor. It is proposed to
control the excitation system of a syn- chronous motor by cyclically switching the
excitation winding to an additional resistance or an exciter based on a crite- rion
representing the derivative of the power polynomial from the ratio of the active and
reactive powers of the syn- chronous motor.
Keywords: synchronous motor, asynchronous mode, excitation feed,
resynchronization.

Having a number of advantages over other electric motors, synchronous motors
have become quite widespread in power supply systems of large industrial enterprises.
Short-term disturbances in the external power supply system of industrial enterprises,
caused by short circuits and the action of emergency automatics, can lead to the
occurrence of an asynchronous mode of an excited synchronous electric motor. The
appearance of an asynchronous mode poses a danger to the electric motor, since in this
mode pulsations of torque and currents occur in the motor, the values of which can
significantly exceed the nominal values, which is a common cause of failure of salient-
pole synchronous electric motors, used as a drive for ball mills [1]. When an
asynchronous mode occurs on synchronous electric motors, protection must be
provided that detects its occurrence and acts on damping the rotor field with subsequent
resynchronization [2, 3]. In known protections against the occurrence of asynchronous
mode, the currents of the rotor and stator windings, the angle between the current and
the stator voltage, direction of reactive power, as well as resistance at the stator
terminals [2, 4].

However, these starting elements are capable of detecting only the loss of
excitation of a synchronous electric m otor and are not able to provide protection in the
event of instability. To carry out successful resynchronization in self-starting modes, it
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IS necessary to unload the driven unit [5, 6], which is impossible under continuous
production conditions. One of the ways to ensure successful self-starting is cyclic
control of the excitation system of a synchronous electric motor [7—9]. However, the
above methods either require the installation of additional sensors on electric motors
[7, 8] or are not effective in the area of small slips [9].

Using a mathematical model of a network section, which is a two-transformer
substation feeding the motor load in the form of synchronous and asynchronous electric
motors, we will perform modeling of the asynchronous mode of a synchronous motor.
that an excited synchronous electric motor at rated load can switch to an asynchronous
mode with small slip values and a long duration of rotor rotation, equal to several
seconds, and significant current surges with each rotation of the rotor,

In connection with the above, the block diagram of protection against the
appearance of an asynchronous mode of an excited synchronous electric motor has the
form shown in Fig.1
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Fig. 3. Structural diagram of protection against the asynchronous mode of an
excited synchronous motor

The proposed criterion for identifying the asynchronous mode of an excited
synchronous electric motor most accurately describes the nature of the change in the
rotor angle, which makes it possible to use it for cyclic excitation control of a
synchronous electric motor in resynchronization modes.
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