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MATHEMATICAL DESCRIPTION OF AN ASYNCHRONOUS MOTOR WITH THE
INDIRECT CONTROL OF THE OUTPUT MECHANICAL VARIABLES
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Abstract. The article gives the mathematical description of an asynchronous motor with the indirect control of the output
mechanical variables of an asynchronous motor in the electric drive. To determine the electromagnetic torque and angular
velocity of the asynchronous motor in the electric drive the mathematical description is used in which the values are determined
by the readings of the motor and easily measured values by means of known in practice devices. The proposed in the article the
mathematical description for the indirect measuring the electromagnetic torque and angular velocity of the asynchronous motor
in the electric drive does not contain the integral components that introduce the great error into the value of the controlled
electromagnetic torque and angular velocity.

1 Introduction

Nowadays, in all branches of industry the leading position takes a modern asynchronous electric drive of general purpose industrial
mechanisms.

In conveyor drives, carriers, feeders, lift mechanisms when transporting liquid for water supply and sewage system of
settlements and industrial enterprises [1, 2], the transportation of oil and oil products from the fields to the processing plants [3],
etc. The implementation of high-speed control of the electromagnetic torque of the actuating motor and the continuous control of
its speed is required.

In the majority of cases the most common speed measurement devices are impulse and tachometer sensors [4-6], cradle and transmission
dynamometers, torsion devices, converting apparatus for measuring the torque [4, 7, 8]. These devices can be implemented on the basis of
the additional, built-in into the electric motor or mechanically attached to it micromachines of direct or alternating current, as well as other
special devices.

These sensors allow to control the mechanical variables of the electric drive with the necessary accuracy, but they have a
complicated construction and require careful installation of the sensors for coupling with the rotating parts of the drive, which
leads to a low reliability operation. It should be noted that the use of rotor speed sensors provides a high quality and relatively
simple control of the asynchronous motor. However, the presence of these sensors significantly worsens the performance of the
electric drive, and their use may not be possible under the terms of the functioning of the drive.

In this regard, the industrial enterprises widely demand the devices and methods that allow to carry out the continuous control of the
electromagnetic torque and angular velocity of the general-purpose industrial mechanisms in the technological process, the monitoring of the
workload of actuating motors, to maintain the motor speed within specified limits or the process variable in accordance with the technical
and technological requirements, when the necessary information is calculated by indirect methods.

2 Setting of the task and the objective

And unlike the existing ones [9-16] the proposed in the article the mathematical description to reduce the error in determining the
variable of the electromagnetic torque and angular velocity does not contain the integral components
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3 Mathematical description of the asynchronous motor

To determine the electromagnetic torque and the angular velocity of the asynchronous motor the mathematical description is used
[14], wherein their values are determined according to the readings of the motor and easily measurable values using the known in
practice devices.
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4 Research methods

The presence of the integral components available in the mathematical description of the asynchronous motor with the indirect
control of the system of equations (1), leads to the errors, when determining the values of the currents and voltages, and can lead
to the accumulation of significant errors in the values of the controlled electromagnetic torque and angular velocity of the
asynchronous motor. Therefore, in the calculation of the integral components of the equation system (1) we use the known
mathematical expressions for the analytic signals
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Next, using Euler's formula we can pass from the trigonometric functions to exponential ones [17-20].
In general view, the integrand has the following form.
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Then in general terms, we get that the integrand has the form
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Since the function is defined only for £ > 0, it is also possible to use sine and cosine of Fourier transform.Fourier integral
approach is usually written in the form of
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Thus, finally the integral component transfers into its orthogonal pair, representing the sum of the series.The calculations of
C J coefficients are made according to the formulas presented in [17, 19].
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5 Results

Thus, in its final form with account of the above-mentioned the mathematical description of the asynchronous motor with the
indirect control of the electromagnetic torque and angular velocity can be written as follows
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6 Conclusion

As a result of the foregoing, the following conclusions can be made:
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1. It is determined that the proposed analytical dependencies of the mathematical description of the asynchronous motor
(AM) with the indirect control of the output mechanical variables allow to calculate the values and continuous monitoring
of the electromagnetic torque and angular velocity in the electric drive.

2. To improve the quality of control of the output mechanical variables it is proposed to eliminate the integral component by
the transition to an orthogonal pair using Fourier, Euler and Parseval transformation in the mathematical description of
the asynchronous motor with the indirect control of the electromagnetic torque and angular velocity of the asynchronous
motor.

The research has been performed as a part of the government assignment “Nauka”, project Ne3852.
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