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The asynchronous electric drive is the most widespread kind of a drive of units and
mechanisms. This type of drive is applied in the most various industries in developed
countries. The electromechanical systems created on the basis of three-phase induction motors
are the most widespread both in the industry and in municipal and agriculture. Now the given
systems actively take root in transport, in machine-tool construction and robotics. These
systems make the basic share power consumption, about 50 % of all electric power produced
in the world. At studying the processes occurring in complex electromechanical systems,
there is a necessity for development of dynamic models of these systems adequately
displaying a real condition [1-3].

The most difficult object from the point of view of mathematical descriptions is the induction
motor (IM) [4]. The IM is essentially nonlinear part and represents itself as an object of
regulation and management at automation of manufacturing processes. Therefore definition of
static and dynamic parameters of a mode is required. In this connection there is a necessity for
accessible programs development means which would not demand special preparation in the
field of programming and, simultaneously, would enable to carry out researches of work the
IM in transitive modes.

Research of dynamic operating modes the IM in view of the electromagnetic transitive
phenomena caused by sharp change of a condition of the motor is pressing question of
modern practice of use of quick-response asynchronous drives. Necessity of the account of
interference of mechanical and electromagnetic processes is obvious. The statements on
insignificant influence on the IM behavior from electromagnetic transients and their
insignificant duration in comparison with course of mechanical transitive modes met in the
literature are incorrect and can lead to undesirable consequences.

In the given article results of calculation of IM starting-up processes or faults (step down a
voltage) and self-start after fault are resulted, repeated inclusion for various power electric
motors, thus the mechanical time constant and a kind of fault are varied.

For the decision of the specified problems the program has been developed on the basis of
computer language FORTRAN in which basis the biphase mathematical model of the electric
machine in coordinate axes d, g, 0 has been put. The great value for modeling has a choice of
system of coordinate axes and forms of record of the equations as accuracy and stability of the
decision depends on it.

At research of dynamic operating modes the IM when a feed is carried out from the infinite
power network, the Park — Gorev’s equations, which have been written down in coordinate
axes, rotating synchronously with a stator field are rather convenient. Then stator voltage U,
and U, are set at the decision as constants. The fifth order of the equations and nonlinearity of
this system results in the fact that the analytical decision is practically impossible.
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For the basic operating mode the impellent mode [4] is accepted. After transformations the
system of the differential equations for the induction motor becomes:
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The equation of rotor’s movement:
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Where T), - a time constant of the machine in electric radians;
M, =X, (i2 by — g d) - the electromagnetic torque.

Expressions for flux linkages, included in (1), we shall write down in the way where flux
linkage for all machines’ contours in axes d, g, 0 contain only the constants independent in
time inductances:

V= Xy + X yihy;
Wy, = Xy, + X iy,
Voo = Xohhy + X iy | @)
‘qu :X2i2q+Xadilq;

The system of the equations (1) is necessary to resolve in the equation concerning derivatives
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Let’s transform (4) to a matrix type:
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The algebraic equations (3) connecting flux linkage with currents we shall present as:
v, X, 0 Xx, 07 [is]
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The algebraic equations (3) connecting flux linkage with currents we shall present as:
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The algebraic equations (3) connecting flux linkage with currents we shall present as:
d
—[w]=[UE], ®)
dr
where [w]=[x]*[1]. 9)
Having substituted the equation (9) in (8), we shall receive:
d
——[x]+l1]=[uE], (10)
dr

As [X]= const , we shall transform (10) to a kind:
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T
Having resolved system (11) concerning derivative currents, we shall receive:
[ [xT = [uE] (1)
T

where [X]" - a inverse matrix [X].

Thus the received mathematical model of the induction motor represents the matrix equation
(12), described transitive electromagnetic processes in the IM and the equation of movement
of the rotor (5), reflecting mechanical transients. For model of the induction motor with a

squirrel-cage rotor it is accepted Usa also Vs equal to zero. The major operational transitive
mode providing a continuity of technological process, self-start of the induction motor [5,6] -
a mode at which the electric motors which were not stopped at a significant voltage reduction,
are not disconnected from a network is, and at restoration of a feed are capable to move at a
speed up to nominal rotation frequency. For the analysis of such mode the program is
developed, allowing modeling a starting-up mode of the IM, voltage reductions and the
subsequent restoration of a voltage, that as a matter of fact and reflects process of self-
starting. Using the above mentioned equations, modeling a mode of starting-up of the
induction motor with fan load Ms=0.8*n2 has been carried out. For research of an operating
mode of the induction motor at step down a voltage as a result of fault in a network, the data
of the induction motor with the following parameters have been used:

Paiom =30kW; ny=3000min™; X ,=3,8; R, =0,030; X, =0,073; X,=3,873; R, =0,018;
X, =0l1; X, =013; R,, =0,024; R, , =0,054.

In fig. 1-3 characteristics of change of the current, electromagnetic torque and rotation
frequency of the induction motor are submitted depending on time at step down the voltage
up to 0,9; 0,8; 0,7; 0,6 from rating value as a result of fault. The analysis of modeling results
has shown that at step down a voltage up to 0,6 from U,,, the induction motor passes in a
generating mode (at the moment of time =0,6s.) then there is a self-starting process of the
induction motor after voltage restoration.
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Fig. 1. The characteristic of change of a current of the induction motor from time at step down of the
voltage up to 0,9; 0,8; 0,7; 0,6 from rating value as a result of fault and after a feed restoration.
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Fig. 2. The characteristic of change of the electromagnetic torque of the induction motor from time at
step down of the voltage up to 0,9; 0,8; 0,7; 0,6 from rating value as a result of fault and after feed

restoration.
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Fig. 3. The characteristic of change of rotation frequency of the induction motor from time at step
down of the voltage up to 0,9; 0,8; 0,7; 0,6 from rating value as a result of fault and after a feed
restoration.

CONCLUSIONS

The offered simulation program for transient processes in the IM allows investigating the
dynamic modes essentially distinguished from a nominal mode. The analysis of the lead
calculations allows to allocate mode’s characteristic parameters and to determine a range of
their change. In particular for a mode resulted on fig. 1-3 at step down of the voltage up to
0,6Uy transition of the motor in a generating mode and additional charging of a fault point
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takes place. It is essential for maintenance of reliable selective work of protection devices of
the researched electromechanical system.
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Ketners K., Ketnere E., Klujevska S., Konuhova M. Asinhrond dzinéja paSpalaides reZima izpéte.

Darba tiek aplitkoti asinhrona dzinéja parejas procesu matematiskas modelesanas jautajumi, kurus apraksta
diferencialvienadojumi d,q,0 koordinatu sistema. Asinhrona dzinéja (AD) dinamisko darba rezimu izpéte ar
elektromagnétisko parejas procesu ievérosanu, ko izraisa dzinéja darba rezima izmaina, ir aktuals jautajums
mazinerces asinhronas piedzinas izmantoSanda. Tapéc ir nepiecieSami noteikt statiskos un dinamiskos rezima
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parametrus. Asinhrond dzinéja matematiskais modelis ir dots matricu forma, kas liela mera atvieglo tas
diferencialvienadojumu sistemu parveidojumu KoSi forma risinasanai ar skaitliskajam metodéem. Izstradata
modela pamatd veikta asinhrond dzinéja palaides procesa, issleguma (sprieguma pazeminasanas), paspalaides
un atkartotas pieslégsanas procesa analizi péc sprieguma atjaunosanos dazadas jaudas dzinéjiem, turklat
mainijas laika mehaniska konstante un issleguma veids. Veikto aprékinu analize [auj noteikt raksturigakus
rezima parametrus un to izmainas diapazonu, kas ir svarigi pétamas elektromehaniskas sistemas aizsardzibas
aparaturas selektiva drosa darba nodrosinasanai.

Ketners K., Ketnere E., Klujevska S., Konuhova M.. The research of the induction motor’s self-starting
modes.

In the present work the questions of mathematical simulation of transients of the induction motor, described by
the differential equations in system of coordinates d, q, 0 are considered. Research of dynamic operating modes
the IM in view of the electromagnetic transitive phenomena caused by sharp change of a condition of the motor
is pressing question of modern practice of use of quick-response asynchronous drives. Therefore definition of
static and dynamic parameters of a mode is required. The induction motor’s model is submitted in the matrix
form, which substantially facilitates reduction of its system of the differential equations form Coshie for the
decision numerical methods. On the basis of the developed model the analysis results of calculation of IM
starting-up processes or faults (step down a voltage) and self-start after fault are resulted, repeated inclusion for
various power electric motors, thus the mechanical time constant and a kind of fault are varied. The analysis of
the lead calculations allows to allocate mode’s characteristic parameters and to determine a range of their
change. It is essential for maintenance of reliable selective work of protection devices of the researched
electromechanical system.

Kemuep K., Kemnepe 3., Knesckaa C., Kontoxoea M. Hccnedosanue pexcuma camo3anycka aCUHXPOHHO20
oguzamens.

B nacmosaweii pabome paccmompugaiomcs 60ONpoCvl MAMEMAMUYECKO20 MOOCTUPOBAHUSL NEPEXOOHbIX
npoyeccos acunxponnozo osueamensi (A/l), onucvieaemvie OoupghepenyuanvublMu YpasHeHUAMU 6 cucmeme
xoopounam d,q,0. Hccredosanue ounamuueckux pesicumos pabomvi AJl ¢ yuemom 21eKMpoMASHUMHBIX
NepexoOHbIX SGNEHUL, 6bI36AHHBIX PE3KUM UMEHEHUeM COCMOSHUAL O0gueamens, SIGISemcs: aKmyaibHbLM
B0NPOCOM COBPEMEHHOU NPAKMUKU UCNOIb306AHUSL MATOUHEPYUOHHBIX ACUHXPOHHBIX npueodos. Ilosmomy
mpebyemcsi onpedeienue CMAmMu4eckux U OUHAMUYECKUX napamempos pexcuma. Modenv acunxponnozo
ogueamensi nPeoCmasiena 6 MampuyHou gopme, Ymo 6 3HAUUMENbHOU cmenenu obaecuaem NpugedeHue e2o
cucmemvl ouppepenyuanvuolx ypasuenuii k popme Kowu ons pewenus yucnrennvimu memooamu. Ha ocnosanuu
paspabomanuoll Modenu npogedex ananus npoyecca nycka AJll, xopomxoeo zamvikanus (K.3.) (ROHUNCEHUs.
HANpsICeHUsl) U Ccamo3anyckda nocie K.3., NOGMOPHO20 6KIIOYEHUs OAsl 91eKmpoosuzameneti pasiuiHou
MOWHOCIU, NPU IMOM BAPLUPOBANACL MEXAHUYECKAS, NOCMOAHHASA 6peMeHU U U0 K.3. AHAIU3 NPOBEOEHHbIX
pacuemos no3eousiem GblOeUumb XapaKmepHvle napamempsl pexrcuma U onpedenums OUand3on ux usMeHeHus,
Ymo cywecmeenHo 0asi obecneuenusi Ha0eNCHOU CeleKMUSHOU pabomuvl YCMpPoUucme 3auumsl UCCIe0yemMoll
INEKMPOMEXAHUYECKOU CUCTHEMDL.
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