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Introduction

According to normative documents calculations of short-circuit currents and self-start of
induction motors (IM) are necessary for carrying out as at designing, and while in service power
industry objects, for example, on a voltage 6 and 0,4 kV short circuit currents are necessary for
making check of the equipment annually. Definition of short-circuit currents is necessary for a
electric devices choice and current-carrying wires, calculation of relay protection of electric
connections circuit’s elements of power station.

Now wide experiences of calculation of short-circuit currents and induction motors’ self-starting
is saved up.

The theory of self-start now is developed up to a level, allowing solving the problems showed by
practice. As self-start understand a normal operating mode’s automatic restoration process for
non-disconnected electric motors after short-term power supply breakdown caused by
disappearance or step-down of the feed voltage.

The feed short-term break of electric motors is observed at working feed switching-off and
switching to the reserve power supply.The short-term deep voltage reduction appears at short
distances short-circuit in the power supply system for the IM.

At switching-off of a feed and deep voltage step-down occur decreases of motors’ rotation
frequency under the influence of the restoring torque of mechanisms.

For the solving of various automation problems often prefers to the controllable induction electric
drive. In this connection significant interest is represented with development of effective
approaches to the analysis and synthesis of systems of the controllable electric drive, which basic
and main element is the induction electric motor.

Research is carried out on models, therefore it is expedient to have well organized model of the
induction machine, allowing modeling the basic operating modes of such drive, connecting
model of the induction motor with models of various automatics devices.
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Figure 1. Structural scheme of induction motor model

Induction motors till now are widely used on power plants as the electric drive of the basic

mechanisms. But, despite of long-term experience of these electric motors application, their

opportunities aren’t always completely used. It is connected with a number of restrictions

concerning conditions of start-up and especially self-start of motors [1, 5]. To liquidate the

reasons of such restrictions, it is necessary to specify and give the quantitative characteristic of

the basic operational processes in electric motors at deviations from normal modes. The analysis

of transitive modes of start-up, run-out and self-start of motors enables:

o Correctly to estimate circuits of start-up, control and protection of induction motors;

e To determine an admissibility of self-start and its maintenance with corresponding devices of
protection and automatics;

o To increase the reliability of electric drives work.

For research of switching’s modes of the motors working from one power supply, the

mathematical model which is based on the Park — Gorev’s equations has been used. The system

of the algebraic-differential equations describing electromechanical processes in induction

machines is received. Use of such model allows analyzing electromagnetic, mechanical and

power parameters, both the induction motor and all electric drive as a whole.
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Where T, - a time constant of the machine in electric radians,
and flux linkages are determined as
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Where u,,, u,,, u,,, u,, are components of stator and rotor voltage;
Wia> V1> Waa» Vo, are components of flux linkages;
Laslys bys1p, are components of stator and rotor currents;

X, X,, X4, 1;, 1, are parameters of induction motor drive;

M, , M, are electromagnetic moment and driving mechanism’s resistance moment.

em?

Having resolved system of the equations concerning derivative currents, we receive mathematical
model with which help the estimation of process is carried out at which non-disconnected electric
motors at restoration of a feed are capable to gain momentum up to nominal rotation frequency.
At submission of a feed the mode actually self-start of electric motors of own needs when
rotation frequency grows is carried out. Self-start will be successful if the units of own needs
participating in this mode, to be developed up to working rotation frequency for allowable time.
Success of self-start depends on time of a feed break, parameters of a power line, total power of
non-disconnected motors and their load, mechanical characteristics of mechanisms and other
factors.

Self-start is considered executed if after restoration of power supply under the working or
emergency circuit the induction motor was dispersed till normal rotation frequency and continues
long to work with normal productivity of the resulted mechanism and loading of the motor. Self-
start allows using the automation system means of power supply most full.

If the fault caused step-down of voltage is quickly liquidated by action of relay protection and
automatics devices at the executed self-start it is not failure or a reject in work of power supply
system. The fault practically does not arise.

If self-start is not carried out, the induction motor stops, and though automatics devices have
worked, the fault can be significant, is especial at frustration of a complex work cycle.

The program is developed, allowing to model modes of start-up the IM, voltage reductions and
the subsequent restoration of a voltage, that as a matter of fact and reflects process of self-start.
As modeling object was used the induction motor with the following parameters: P»,,, =110kW;
2p=4; 55=0,035; GD’=205 Nm’; R;=0,01; R*,2=0,015; X;=0,1; X*»=0,12; X,4=4,5.

On fig. 2 are submitted curves of change of a current, the electromagnetic moment and rotation
speed of the induction motor with step-down of a feed voltage up to 0,6U. In the beginning of
this mode the induction motor passes in a generating mode. After a voltage restoration there is a
self-start mode.
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Figure 2. Curves of change of a current, the electromagnetic moment and speed of rotation of the
induction motor with step-down of a feed voltage up to 0,6Ux.

Other case is self-start after a short-term break of power supply at operation of devices of
automatic turn on to the reverse (ATR) or automatic repeated turn on (ART). Here in self-start
participates motor which at disappearance of a voltage was disconnected from a feed and has
been again connected to them after action of automatics.

Switches of electric motors with voltage higher than 1000B, subject to self-start; in most cases
during a break of power supply remain included. Motors, which self-start cannot be executed or it
is not required in production criterions, should be disconnected before restoration of a feed from
a network by the switches with the help of the minimal relay of a voltage, frequency relays, etc.
All process of self-start can be divided into two stages.

The first stage — run-out of the electric motor. Single refers to run-out at which one electric motor
appears disconnected from a network and from other motors, or such when other motors,
electrically connected with it, do not render appreciable influence on run-out process. Usually it
occurs, if between the considered motor and others the reactor or the transformer is included. Any
motor which has been switched - off from the power supply, develops at run-out EMF in a
stator’s winding. At induction motors EMF it is insignificant, at synchronous it is significant. The
more EMF, the current of turn on there is more at restoration of a voltage (at an adverse phase of
turn on). From this point of view it is desirable to have enough big time intervals before
restoration of a voltage, which is increase of action time ATR or ART devices to provide
sufficient decrease EMF.

The second stage - dispersal and restoration of operating conditions. Dispersal occurs at the
reduced voltage which value depends on parameters of the network, dispersed motor and other
attached loads.

The induction moment developed by the motor during dispersal, is proportional to a square of a
voltage. Self-start can be counted executed if at the lowered voltage the superfluous moment of
the motor is sufficient for finishing the mechanism up to rated angular speed and if during
dispersal the temperature of heating of windings will not exceed allowable value. From this point
of view time of a break of power supply should be as it is possible smaller.

For modeling such mode start-up the IM (fig. 3) is carried out, run-out (fig. 4.) on the basis of
modeling process run-out the IM can be received hodographs of a rotor current and a voltage on
stators terminals (fig. 5).
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Fig.5. hodographs of a rotor current and a voltage on stators terminals
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Fig.7 Self-start mode. The curves of rotation
F1g6 Self-start mode. The curves of rotation Speed, current and moment in time.
speed, current and moment in time. Process is successful.
Process is unsuccessful.
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Simulation of a self-start mode depending on position of a vector of a IM residual stator’s
voltage, allows to judge success of self-start and correctly to pick up an operating time
automatic repeated switch on (after sufficient attenuation of a field of a rotor’s winding) (fig.
6 and 7)

On fig.7 is shown the mode at restoration of a voltage conterminous on a phase with EMF on
the IM stator’s terminals. And on fig. 6. is shown the mode at restoration of a voltage taking
place in an antiphase with EMF on the IM stator’s terminals. Thus with the help of the
enclosed model there is an opportunity to limit an area when it is allowable without the
control of phase EMF the IM to carry out restoration of a feed.

Conclusions

The offered mathematical model of the induction motor allows at designing systems of the
power supply including a drive of crucial mechanisms to make calculation of parameters of a
short circuit and self-start mode.

The analysis of the carried out research of a mode of self-start has shown, that in case of
short-term infringement of the power supply caused by deep step-down of the feed voltage, at
restoration of a voltage self-start currents do not exceed usual IM starting currents. In that
case when there is a short-term break of a feed to switching-off of a working feed and
transition to a reserve source or restoration of a voltage to having trunks, self-start process at
presence of a field of a rotor the IM can be dangerous if restoration of a voltage occurs
quickly enough.
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Ketnere E., K. Ketners, Klujevska S., Konuhova M. Asinhrona dzinéja paSpalaides reZima ipatnibas.
Miisdiends paspalaides teorijas izstradeé ir sasniegts limenis, kas |auj risinat praktiskus jautajumus. Issleguma
stravu praktiskie aprékini un ar? asinhrono dzinéju paspalaisanas aprékini ir javeic elektroenergétiskajos
objektos. Saja darba tiek aplitkoti asinhrond dzinéja paspalaides procesa matematiskas modeléSanas jautajumi,
kurus apraksta diferencialvienadojumi d,q,0 koordindtu sistemd. Paspalaides reZima pétijuma rezultata var
secinat, ka 1islaiciga elektroapgades traucéjuma gadijumd, ja to izraisijis dzilS barojosa sprieguma
samazindjums, atjaunojot sprieguma padevi, pasSpalaides stravas neparsniedz parastds palaisanas stravas.
Gadijuma, kad notiek islaicigs barosSanas partraukums ar darba barosanas atslégSanu un pareju uz rezerves
avotu vai sprieguma atjaunoSanu barosSanas kopnés, paspalaiSanas process asinhrond dzinéja rotora lauka
esamibas gadijuma var bit bistamaks, ja sprieguma padeve tiek atjaunota diezgan atri.

Ketnere E., Ketners K., Klujevska S., Konuhova M., The research into the self-starting mode of the induction
motor.

The theory of self-start has now been developed up to the level allowing for solving the problems that arise in
practice. Feasible calculations of short- circuit currents and self-start processes in induction motors (IMs) are
necessary for their designing and for functioning of the power industry objects including non-stop electric
motors. The present work considers the mathematical modeling of self-start transients. A mathematical model of
the induction motor is described by the algebraic-differential system of Park-Gorev’s equations in the d, ¢q, 0
coordinate system. The analysis of the research results on the self-start mode has shown that in the case of short-
term interruption of power supply caused by a deep step-down of feed voltage the self-start currents at voltage
recovery do not exceed usual IM starting currents. In the case of a short-term feeding interruption with the
working voltage switched off and the transition to a reserve source or the voltage recovery on the power line,
the self-start process in the presence of the IM rotor field can be dangerous if the voltage recovery proceeds
quickly enough.

Kemmuep 3., Kemnep K., Knesckaa C., Kontoxoea M., Ocobennocmu npoyecca camo3anycka acCUHXpoOHHO20
oguzamens.

Teopuss camosanycka 6 nacmosujee @pems paspabomana 00 YPOGHs, NO36ONAIOUE20 peuams 3a0ay,
npeodvsensiemvle npakmukou. IIpakmuueckue pacuemvl MOKO8 KOPOMKO20 3AMbIKAHUSL U CAMO3ANYCK
ACUHXPOHHBIX ~ O8uU2amenetl HeoOX0O0UMO GbINOJHAMb KAK HpU NPOeKMUpOBAHUU, MAK U 6 npoyecce
IKCHILYamayuy dNeKMpOIHEPEMULECKUX 00bEKNO8, GKAIOYAIOUWUX 8 Ce0sl HEOMKIOUAeMble INEKMPOOSULAMENU.
B nacmosweii pabome paccmampugaiomcst 8ONPOCHl MAMEMAMUUECKO20 MOOETUPOBAHUSL NEPEXOOHIX
npoyeccos camosanycka. Mamemamuyeckas Mmo0enb ACUHXPOHHO20 O8ucamens NpedcmaeieHd CUCMEMOU
aneebpo - oupgepenyuanvrvix ypasnenui Iapka - I'opesa 6 cucmeme xoopounam d,q,0. Ananuz npogedennozo
UCCIe008AHUL  PedCUMa  CAMO3aNycKa — NOKA3AL, 4Mo 6  Cayude  KPAMKOBPEMEHHO20 — HapYUuleHUs.
INEKMPOCHADICEHUS, BbIZAHHO20 2TYOOKUM CHUJMCEHUEM NUMAIOWe20 HANPANCEHUs, NpU B0CCMAHOBIEHUU
HANPsICeHUsi MOKU CAMO3ANYCKA He Npesblluaionm O0bIYHbIX NYCcKoeblx mokos AJl. B mom ciyuae, xozoa
NPOUCXOOUM  KPAMKOBPEMEHHbIL Nepepble NUMAanus ¢ OMKIOYeHueM paboyeco RUMAnusi u nepexooe Ha
Pe3epEHbLIL UCMOYHUK UL BOCCHAHOGIEHUE HANPSICEHUS. HA NUMAIOWUX WUHAX, NPOYECC CAMO3ANYCKA Npu
Hanuyuu noisi pomopa AJl mooicem 6vimb ONACHVIM, €CU BOCCMAHOGIEHUE HANPSIICEHUS NPOUCXOOUM
docmamoyro ovlcmpo.
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