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Are considered ways of perfection of systems of the asynchronous electric drive with the frequency management, in-
tended for conveyors and mechanisms of moving of cargoes, by development and application of new circuit decisions
and algorithms of the management, making possible optimum suepeonompetnenue. The virtual objective model based
on preliminary constructed mathematical model and the Model constructed in software package VisSim is offered for
use as an element of system of automatic control. It allows to model inclusion, shutdown and a reverser of the asyn-
chronous engine, as well as scalar continuous management of frequency of rotation of a shaft in a range from a minus
of 50 % up to plus of 20 % of nominal frequency of rotation of a shaft. References 7, figures 4, table.
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Introduction. The most used widely asynchronous electric drives with scalar control to
drive the compressors, fans, pumps and other mechanisms - which must be kept at a certain level or
the motor rotation speed (effective speed sensor) or of a process parameter for example, the pres-
sure in the pipeline, using an appropriate sensor [1,3,7]. The operating principle of an induction mo-
tor scalar control - amplitude and frequency of the supply voltage are changed according to the law
iﬂ = const , when n>=1. It will be look like this relationship in a particular case depends on the re-
quirements imposed load electric drive. As a rule, acts as an independent impact frequency and
voltage at a particular frequency is determined by the views of the mechanical characteristics as
well as the critical values and starting points. Due to the scalar control it provides a constant over-
load capacity induction motor, voltage independent of frequency, and still at a fairly low frequen-
cies can occur a significant reduction in torque generated by the motor. The maximum value of sca-
lar control range at which the values of possible implementation of control of the motor rotor speed,
torque resistance without loss does not exceed 1:10.

Continuous frequency control rotor speed of an induction motor is very important and urgent
task. Frequency regulation is carried out with the use of electronic voltage transducers and the
mains frequency in two basic types.

Scalar regulation advantage is ease regulatory organization is quite wide range: in two - three
times lower than the nominal frequency and a half - twice the nominal rate. Disadvantage - relatively
low accuracy of maintaining the frequency of the desired value, determined by the slope of the work-
ing area of natural mechanical stiffness characteristics [6, 7, 8] Note that the use of relatively simple
automatic control systems (ACS) management by allowing deviation is essential for one . Two order
to increase the accuracy of control of the induction motor speed (BP). Vector control allows you to
adjust the rotor speed in a very wide range, from almost zero to a value twice the nominal. At the
same time the torque is almost equal to the rated critical.

Materials and methods of research. The material for the study are asynchronous electric
drive system designed for continuous transport facilities. Such facilities require a sophisticated con-
trol system to analyze the condition of the engine, the disturbance coming to him, and simulate the
real-time engine to produce a three-phase voltage, phase voltage whose magnitude, frequency and ini-
tial phase line voltage network must strictly correspond to the current and desired behavior motor.

We used the methods of structural transformation of automatic control theory, methods of
mathematical modeling of nonlinear dynamic systems on digital computers using numerical meth-
ods for solving.
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Also discussed new systems of frequency control induction motor using the correction and
direct torque control blocks. The control system maintains the motor torque at a critical level, i.e.
engine as the control object is in an unstable state, and the control system it must have time to keep
it unstable state. The main models used mechanical dynamic model proposed below. These models
take into account the main, the mechanical inertia of the induction motor, ignoring their relatively
small electromagnetic inertia. Scalar AC motor control systems are widely used in those cases
where the actuator is relatively low requirements imposed on the range of adjustment of speed and
dynamic characteristics of [2,5].

The static mechanical characteristics with scalar frequency electric control may be calcu-
lated using, for example, Kloss formula [6]. When using scalar control systems in the frequency
drive is possible to note a few significant drawbacks: in the absence of speed sensor can not be con-
trolled rotational speed due to its dependence on the load; it is impossible to produce a torque con-
trol. This problem is solved by installing a torque sensor, but it is irrelevant because of the relatively
high cost of installation, often exceeding the cost of the drive. In this case, the torque control proc-
ess is highly inertial; it is impossible to perform simultaneous control of torque and speed. Recently,
we have developed many systems of scalar frequency control induction motor units with frequency
correction control laws [4].

Analytical description mechanical dynamic model is very simple and is based on the follow-
ing equation [2]. The equation of the rotor angular acceleration (rad / s%):

o= (M -M,), 1)
where M — electromagnetic torque of the motor; M, — moment of resistance (braking) load, reduced
blood pressure to the shaft. The equation of angular velocity (rad / s (braking) load, reduced blood
pressure to the shaft. The equation of angular velocity (rad / s):

o= [y . @)
0

Modified expression Kloss formula, which takes into account the effect of the voltage U and
frequency f of the network, as well as the speed » of the rotor and the critical frequency ncr on
electromagnetic torque (N,,) of the motor rotation:

szl(nsf’U)’ (3)

60 . . .
where n= S M- revolutions per minute (RPM). Let us note that the angular acceleration of the
T

rotor affects the time derivative of the moment of inertia J, but many technical problems this time
constant, that allows the use of formula (1) in the above input. The influence of the time derivative
of the moment of inertia, reduced to the shaft in a continuous transport mechanisms is shown below.
In order not to overload the details set forth in equation (1) it is necessary, that the moment of iner-
tia of the shaft influences the angular acceleration only at the time when the amount of torque and
braking torque is not zero. This model takes into account the changes in the dynamics of the torque
during the motor acceleration and deceleration. But on the shaft speed can affect and change the
moment of inertia in the dynamic equilibrium of the accelerating electromagnetic torque of blood
pressure and braking torque on its shaft. Indeed, let the blood pressure drives the conveyor belt or
the mill. In this case, the tape or material supplied to the drum, and if the power is uneven, the mo-
ment of inertia, the shaft shown AD, will vary.

When adding material by virtue of the law of conservation of momentum (or angular mo-
mentum) belt speed or the drum speed will decrease at first, and then the engine as far as possible
(the rigidity of the working area — natural mechanical characteristics) will restore the operating fre-
quency. When adding inertia is taken into account the law of conservation of angular momentum:

J-@=const. 4)

Then

In(J-Q)=C,; ln(J)Jrln(Q):Cl; —Q=———J. (5)
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Since transport problems only increase the moment of inertia results in a decrease in rotational
speed and moment of inertia reduction does not affect the speed, the acceleration of the shaft to obtain
the expression:

i[(MsM _Mm)_‘]Q] ,J>0

e(t) = Jl : (6)
7[(M6’M _Mm)_J'Q]’ J<0
where M, — rotational moment ( N-m), M,, —braking moment (N-m), Q - shaft speed (RPM).
Shaft speed:
t
Q= [g(r)dt+Q, 7
0
and torque movement
2 2
An_, (no —n)2M[UU J (ffj
M (n’ f, U) — nom nom (8)

(nO - n)2 +An,,
Formula (8) takes into account the effect of the voltage U, and frequency f nomof the network, as
well as the rotational speed n of the rotor and the critical frequency n., on electromagnetic torque
M (Nm) of the motor rotation.

Note, that the change of moment of inertia reduced to the shaft and is accompanied in prac-
tice the moment of resistance change (deceleration) on the shaft motor which compensates by
changing torque. In the simulation, it is the moment of resistance change was taken into account.
The above-described scalar control system was investigated on a virtual object model based on the
above formulas built in VisSim. In the circuit model used asynchronous motor 4A250S4¥Y3 within
the parameters given in the table. The complete circuit model for the study of scalar proposed sys-
tem is shown in fig. 1. In the model studied trigger modes with rated torque, load shedding and im-

pingement. Fig. 1 shows plots of transients in the drive in the start mode with nominal torque up to
50 Hz.

Type Pm Ny, MNn, COs @, Mmax/ Mp/ Mmin/ Ip/
of engine |kilowatt RPM | % M, M, M, 1,
4A80B4VY3 1,5 |1415| 77 0,83 2,2 2 1,6 5

The total control of the model presented in fig. 1 with continuous control variables: fc, Hz and Uc,V.
The model in fig. 2 is considered with braking bearings. The moment of inertia of the shaft significantly
manifested at portions start, reverse and

braking, H of ) .
raking, Horm stop the induction motor, and when the

Indignation 1. Moment

braking, H* m Guided size , load increases. Mechanical dynamic
Tension - | Mtorm | 4—{ Vozmi |« E;Tg:e“a?ostf/rﬁ’i;gon model of asynchronous motor control
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. AD (AC) Motor torque in motor tasks (increase the mo-
azg;ztiﬁg Cont@_ ment of inertia decreases engine speed,
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1 - HELL is included Rotary-type moment does not affect it)-
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tem with block correction voltage gen-
erating issuing corrective-incoming
Fig. 1 signal as a function of the estimated
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parameter — the tangent of the
angle between current and elec-
tromotive force of the stator is
determined from the measured
instantaneous stator phase current
values and setpoints stator phase
voltages [6].

The functional diagram of
the system scalar control fre-
quency electric drive with a block
on the basis of an asynchronous
motor with squirrel-cage rotor
correction is shown in fig. 3.
Typical scheme of frequency sca-
lar control frequency converter,
formed on the basis of the voltage
inverter, complemented by blocks
10-13 correction vector control
law on the fig. 4.

Functional diagram of the
asynchronous motor with a scalar
control system is shown in fig. 4.
Asynchronous motor control sys-
tem works as follows.

Inverter 1, two power outputs of which are connected through current sensors 2 and 3 with
two stator windings of the induction motor 4, voltage feeds the stator windings of the induction mo-
tor pulse-modulated voltage ripple of power. The duration of the voltage pulses is determined by
controlling pulsations coming from the output of the PWM control unit performing PWM modula-
tion and voltage regulation. Formation of the sinusoidal phase reference signals on the block 5 is
made block 6 forming the harmonic signal instantaneous voltage setting values generate signals

U*14,U"B,U"i1c. Block of task of management signals 7, the control signal setting unit generates

the reference signal to the frequency m; *, arriving at the frequency input unit 6, and the amplitude
of the reference signal voltage U * entering through the adder 8 to the input unit 6 the amplitude.
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Blocks the correction vector control law are 10,11,12, 13, and input adder 9 for phase rotor currents.
At starting of engine and adjusting of his frequency of rotation block of task of management signals
7 will realize the change of signals of task under the law of frequency management programed in
this bloc U*| =f (0*, ). Reference signals are generated in accordance with equations (9)

U, =0’ szn( t)
U,=U/ ~sin((o]* ~t—(2n/3)); 9)
U =U, -sin(w," -t +(2r/3)),

where U;* — generalized stress vector unit U,” .

If there is a change in load on the motor shaft or the speed control is performed, then to pro-
vide a minimal stator current value for a given value of the static torque on the shaft of the engine is
necessary to change the amplitude of the voltage U, * so that the angle between stator current and
magnetizing current ¢, (Fig. 4) was close to 45°, for a given condition angle 6 * between the stator
current vector and the stator will strive to 45°, then tg * = 1. Based on the vector diagram can de-
termine the tangent of the angle between the current vector and the stator electromotive force. As a
result of the research, it was found that the corrective signal is scalar voltage AU can be formed as
an integral function of the previously determined signal A tg6:

lend
AU = [aU,, Aig6-dt , (10)

0
where t.,q— end time of the drive; U}, — nominal phase voltage of the stator; o — normalizing factor,
which in the electric study on computer model adopted 0,01 <a <0,1. As a result of the research it
found that the system voltage correction reduces the stator current of up to 6% lower in relation to
the nominal values of the static moment, that provides improved energy performance, however, the
correction unit does not provide stabilization of the engine torque in the starting mode, and does not

affect the nature of the transients at the start of the drive.

Conclusions. The model is valid for engines operating in vehicles as a drive device (con-
veyor, drum mills, etc.). If the moment of inertia changes with no loss of the rotating (moving)
mass, then the change in torque as the upward and downward will be accompanied by a correspond-
ing inverse change in the rotational speed, and in the equation (3) the acceleration will be deter-
mined by the upper equality both in the positive, and at negative rates of change of torque. There-
fore, in the model of fig. 3 will need to remove the stopper from the bottom of the derivative of the
total torque. The influence of rate of change of the moment of inertia, reduced to the shaft to deter-
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mine the changes arising from this torque. Changes in the moment of inertia relatively little effect
on the speed of the shaft. When hard scalar control speed value approximately, but with good accu-
racy is given by the frequency f. (¢) network. . () = (0,6 — 1,2) f,,». The model is designed for use
as part of an automatic control system. It allows you to simulate the start, stop and reverse the in-
duction motor, and the ongoing management of the inner shaft speed in the range from minus 50%
to + 20% of the rated shaft speed.
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HccienoBanne MeXaHOAMHAMHYECKOH MOeIN ACHHXPOHHOTO IBUraTe/isl B CHCTeMaxX HeNPepbIBHOI0 TPAHCIOPTa
Paccmompenvt cnocodvl cosepuieHcmeos8anus cucmem ACUHXPOHHOZ0 I1EKMpPONpUBooa ¢ 4ACMOMHbIM YRPABGIEHUEM,
NPeOHA3HAYEeHNbIX OJil KOHGEUepo8 U MEeXAHU3MO8 NepeMewerus epy308, nymém papabomxu i NpumMeHeHus HOBbiX
CXEeMHBIX peuleHutl U aicopummos YAPAsleHus, HO360JAWUX OCYUecmeIams ONMmuMAalbHoe dHepeonompebieHtue.
Ilpeonosicena supmyanvHas 00vbeKMHAL MOOelb, OCHOBAHHAS HA NPeOd8apumenbHO NOCMPOEHHOU MaAmeMamuiecKkot
Mmodenu u nocmpoenuas 6 VisSim. Moodenv npednasHauena 051 UCNONb308AHUs 8 KaUecmae deMeHma CUCHeMbl A8mo-
Mamuyeckoeo pezynuposanus. Ona no3eonsem Mo0eiuposams eKIloUeHue, 8bIKI0UeHUe U Pedepc ACUHXPOHHO20 O8U-
eameis, a makxice CKAIApHoe HenpepuvlHoe YnpasieHue 4acmomoll epaujeHus eaia 6 ouanaszone om -50% oo +20%
HOMUHATLHOU Yacmomsl epaujenus éana. buoin. 8, puc. 4, Tabnuna.

KioueBble c10Ba: aCHHXPOHHBIN JIBUraTellb, CKAISIPHOE YIIPABJICHUE, TUHAMUYECKHAE XaPAKTEPUCTUKH, MaTeMaTHye-
CKO€ MOJICJIUPOBaHHE.
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JocaigkeHHsT MeXaHOIMHAMIYHOI MoOJeJi ACHHXPOHHOIO [IBHUIYHa B cHcTeMax Oe3lepepBHOIO TPAHCHOPTY
Hasedeno cnocobu e0ockonanenus cucmem acUHXPOHHOZO eeKMPOnpUsooy 3 YaCMOMHUM KePYBAHHAM, NPUSHAYEHUX
0151 KOHBEEPIB | MeXaHi3Mi6 nepemiljeHHs 6AHMANCI8, UWIAXOM PO3POOKU i 3ACMOCYBAHHA HOBUX CXEMHUX pilleHb i a-
20pUMMIB Kepy8aHHs, W0 0aioms 3M02y 30iLCHIO8AMU ONMUMANbHE eHEeP2OCHONCUBAHHS. 3aNpONOHOB8AHO BiPIMYATbHY
00'ekmmy MoOeb, 3aCHO8AHY HA NONEPeOHbO NOOYOOSAHI Mamemamuyrii mooeiui, i nobyodosano ¢ VisSim. Mooens
npusHavena 0Jis UKOPUCMAHHS 8 IKOCMI eeMeHMa CUCMeEMU a8MOMAMUYHO20 pe2yniogants. Bona dossonsie mooenio-
6amu 6GIMKHEHHSl, BUMKHEHHsL I pesepc ACUHXPOHHO20 O8USYHA, 4 MAKOJIC CKANApHe be3nepepsHe YNpAaeiinHs 4acmo-
mor obepmanns eana 6 dianazoHi i -50% 0o +20% HominareHoi vacmomu obepmanns eana. bion. 8, puc. 4, Tabnuns.
Kuaro4oBi c10Ba: acCHHXpPOHHUIA BUTYH, CKaJspHE YIPaBIiHHSI, TUHAMIYHI XapaKTCPUCTHUKU, MATEMATUIHE MOJICITIO-
BaHHS.
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