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Abstract. The article gives a mathematical description of an
asynchronous motor with a device of indirect control of the
electromagnetic torque and the angular velocity of the asynchronous motor
in the electric drive that allows to prove on its basis the method of
monitoring the output variables of the asynchronous electric motor. The
simulation model of an asynchronous motor with a device of indirect
control of the output variables of the asynchronous motor and the main
results of the study have been given.

1 Introduction

A modern asynchronous electric drive for industrial mechanisms occupies a leading position in
all industries. When using modern electric drives, such pump units in the liquid transmission
systems [1], there is a constant need to control the output variables of the asynchronous motor
(AM), which allows to have the information about the technological output parameters of pump
units, to monitor the engines’ workload, and maintain the speed within predetermined limits.
With the development of semiconductor technology there is a real possibility of regulating the
rotation frequency of the AM to provide the required technological parameters of the liquid
transmission systems. The use of static frequency converters allows to control the AM of the
pumping station in accordance with the specified rate of the technological process of the liquid
transmission systems. In addition, knowing the current parameter values and conditions of
asynchronous motors enables to provide the monitoring of the technological process of the
liquid transmission systems and the behavior of the AM, to control its technical condition, to
carry out diagnostics in identifying at the early stages the emerging defects in time to fix them.
However, not in all technological processes of the liquid transmission systems it is possible to
use pump units regulated by the electric drive with frequency converters because of the high cost
and complexity of the applied equipment, performed at full capacity of the AM. Therefore, the
most appropriate for the liquid transmission systems is the use of the functional diagram shown
in Fig. 1, in which to control the output variables of AM of pump units in normal conditions or
in case of failure of the main frequency converter, the indirect control device of the output
variables of AM (DIC) is used.

* Corresponding author: dementev@tpu.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 91, 01039 (2017) DOI: 10.1051/mateccont/20179101039
Smart Grids 2016

In the functional scheme of the liquid transmission systems 7 is logically connected to
centrifugal pump units ( CP;), where H; — pressure of i-th pump unit (i =1,2,...,n), Q; —
feed and flow rate of i-th pumping unit (i =1,2,...,n), L — distance.

The most common devices for measuring and controlling the speed are not pulse and
tachogenerator sensors, but torque [3, 4] balanced and transmission dynamometers, torsion devices
and converter installation. With the help of these devices one may control the output variables of
the electric motor in the electric drive, but they have a complex design and require careful
installation in conjunction with their rotating parts of the electric drive, which results in low
reliability and significantly degrades the performance of the electric drive. In addition, their use
may not be possible under the terms of the functioning of the electric drive. In this regard,
industrial enterprises need the devices, circuit design and methods that allow to monitor the
technological output parameters of the operating units through the output variables of the
asynchronous motor, to maintain the speed within predetermined limits in the absence of speed and
torque sensors when the necessary information is controlled by indirect methods, for example, the
indirect control device.

Electrical network

Fig. 1. A Functional Scheme of the Liquid Transmission Systems with One Frequency Converter.

Thus, the development and research of the asynchronous electric drive with the indirect control
device of the output variables of the AM is relevant and allows to control the output variables, providing
the specified technological parameters.

2 Mathematical model

For the mathematical description of the indirect control of the electromagnetic torque and
angular velocity, one can use the expressions given in [5].

The mathematical expressions for the indirect determination of the output variables of
the asynchronous motor of electromagnetic torque and angular velocity [7-11] can be
represented with the following system of equations (1)

M(t) = \ﬁpn (ia (t).”:ub (t)_Rsib (t)]dt —ip (t)_”:ua (t)_Rsia (t)]dt);

)
o(t) = @, (1)[ 1+ Amyy (1) + Aeogir (2) ],
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Where @, (1)= 77 -

I (R [z +21b ] [u +2ub )])dt—Lﬂ [ia (t)—i—ib (t)]
0
measured the instantaneous value of the angular velocity;

j[u —Ryi, (t)]dt
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Awyy ( )— — the dynamic integral component of the relative

i (1)
dt
Uy (t)_(RS +R;ﬂa )ia (t)

differential component of the relative value of the angular velocity; R/, = R« — the active

the dynamic

value of the angular velocity; Awgy ()=

reduced resistance of the rotor winding, taking into account & coefficient; R, —the active

. L . .
reduced resistance of the rotor; o =—- — the coefficient equal to the ratio of the total
r

inductance of the stator winding L, to the reduced total inductance of the rotor winding L,

; Lg=L,B—L, — the inductance with account of S coefficient; L, — the mutual

L
inductance of the stator and rotor windings; [ = L—"f — the coefficient equal to the ratio of
r
the mutual inductance L, to the reduced total inductance of the rotor winding L;;
’

T, = — — the rotor time constant.

r
According to the above equations of the system (1) one can determine the output
variables of the asynchronous motor by measuring the voltage, currents of stator phases and
data of the electric motor to control their current values.

3 Mathematical modeling

On the basis of the abovementioned mathematical description in Fig. 2 in the software
package MatLab the simulation model of an asynchronous motor with the indirect control
device of the output variables of the asynchronous motor has been made, it allows to carry
out studies of the asynchronous electric drive during frequent scalar control excluding
PWM of motor supply voltage.
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Fig. 2. Simulation model of an asynchronous motor with the indirect control device.

The structure of the simulation model includes superblocks: a model of the asynchronous
motor is made based on the mathematical description of the asynchronous motor (AM); phase
voltage generator stator windings in a three phase coordinate system (U); inertial mass
(In_massa); the indirect control device (DIC) of the electromagnetic torque of the asynchronous
motor; a comparator of values obtained of the electromagnetic torque of an asynchronous motor
with indirect control devices (CV).

Fig. 3 show the results of simulation studies of the asynchronous motor (AIR90L4) for
various values of load, as dependences, respectively, current, speed and torque of time

I(t), M(t), o(t), which are obtained from an asynchronous motor and indirect control

device during frequent scalar control of an asynchronous motor excluding PWM motor
supply voltage.
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Fig. 3. Dependences 1(¢), M(t), o(t),,a—f=50Hz, M; =10 Nm; b - f =50Hz, M; =2 Nm;
c— f=25Hz, M;=15Nm.

From the above-mentioned characteristics, it follows that dependences of the
electromagnetic torque and the angular velocity obtained from the output of the
asynchronous motor and indirect control device have the convergence permissible in
engineering designs.

4 Results

To estimate the results of the control of the output variables of the AM in the comparison
unit of the simulation model, the absolute and relative inaccuracies of control of the
electromagnetic torque and the angular velocity obtained from the AM and the indirect
control device are determined, and their values are summarized in Table 1.

Table 1. Absolute and relative inaccuracies of the control of electromagnetic torque and the angular

velocity.
Absolute inaccuracy Relative inaccuracy, %
AM , 10, Nm Aw, rad/s Sy - 107 S,
—0,004...0,003 -12...12 —0,1...0.1 -8...+8

As seen from the table, the relative inaccuracy of control of the electromagnetic torque is
less than 1%, and the angular velocity is not more than 10% because of the correction link in the
speed calculation unit.

5 Conclusions

The results of modeling obtained in the study of the asynchronous electric drive with the
indirect control device, confirm the correctness of the mathematical description of the
asynchronous motor with a device of indirect control of output variables.

According to the studies conducted on the models of the asynchronous motor with the
device of indirect control, it has been found that the use of the indirect control device in an
asynchronous electric drive allows to conduct the continuous monitoring of electromagnetic
torque and angular velocity, and confirms the high efficiency of the indirect control device
for electric drives of general-purpose machinery carrying out the technological process and
requiring the control of its parameters.
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