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Introduction

Any mechatronic system is provided by electric drive
or actuator for changing of electric energy to mechanical.
All types of motors can be used as electromechanical
converters. Employment of linear induction motors reduces
size and mass of electric drive, used for translation and
results in developing new equipment with the linear motor
asintegrated part of that.

Application of linear induction motors (LIM) for
trandation has some advantages and disadvantages which
are presented below [1].

Advantages:

Direct electromagnetic force (no mechanical
elements, no limitations for speed).

Economical and cheap maintenance.

Easy expansion for any linear motion of system
topology.

Exact positioning in closed loop systems.
Possibility to provide inductor and windings
separate cooling. The power factor developed by
naturally cooling LIM is 1 N/cm? Almost 2
N/cm? can be obtained with an air cooling and
from 2.5-3 N/cm? with liquids.

All electro-mechanical controlled systems used
for an induction motors can be adopted for aLIM
without any bigger changes.

Disadvantages:

Power factor and efficiency are less than of rotary
motors because of aratio of large air gap between
inductors and pole pitch(g/ t) >1/250.

The longitudinal end effect reduces power factor
and efficiency. This can be noticed only with fast
speed and small pole number motors. Influence of
the longitudinal end effect can be reduced with
special motor design methods.
Extra vibrations with distortions can be noticed
because of uncompensated normal force.
Nowadays, drives with linear induction motors are
used in these areas: rapid transport systems and catapults,
systems of industrial transport, industry of semiconductors
and electronics, explosion localizing systems, industrial
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robots and machine-tools, protection and control systems
of power energeticc medical instruments, computer
engineering. Carried out analysis of LIM application areas
indicate problems of developing and investigation of linear
drives being topical and important [2].

Breaking of linear induction motors composes
separate research and engineering problem [3, 4]. Linear
motors usually operate in short time duty or intermittent
periodic duty with electric breaking. Both duties are
characterized by transients. Developed computer models
for investigation into starting transients of linear
inductiondrive [5, 6] and non-symmetrica breaking
modes [7, 8,9, 10] meet difficulties with changing of
motor parameters or winding connection way. This paper
deals with control environ-ment of dynamic models of
linear induction drives for controlling of model and
processing of simulation results.

M odeling softwar e of linear induction motor

Linear induction drives are applied in different
equipment; in which LIM operate in both motoring and
breaking modes. At breaking, voltage may be attached to
linear induction motor windings connected at different way
[3]. Developed model on the base of software Matlab
Simulink permit to investigate both motoring and non-
symmetrical breaking modes of linear drive and evaluate
the influence of the motor windings connection way to
dynamic breaking characteristics and investigate LIM with
different parameters. Nevertheless, changing of motor
parameters, windings connection mode or evaluation of
influence upon dynamic characteristics requires calculating
and changing a lot of model parameters. Therefore the
integrated model control environment, shown in Fig. 1,
was developed. It comprises motor model, active program
window and programs to process simulation results and to
display them graphically.

Model of linear motor, supplied by unbalanced
voltage, was developed in synchronous reference and
comprises three LIM models, elaborated for direct, reverse
and zero components of voltage [7].

Result of the model, developed for direct component,
is force, developed by the motor and speed. Model,



developed for reverse component gives force of opposite
direction. Forces, developed by both models, are summed
algebraically and this total force acts the secondary
element forcing it to move with speed v. Zero component
does not develop force and this model is used just for
calculation of currents.

Entering parameters
Simulink

Active program window model of LIM

Model results

Graphical output Model results

Program for model

Characteristics .
results processing

Graphical output

Fig.1. Integrated environment of modeling

The integrated environment of modeling alows
choosing a windings connection type, operation mode,
motor construction parameters, acceleration and braking
time. For results program uses a specia Matlab arrays.
Then they are used to plot braking time dependences
against secondary element resistance or static load by
braking with continuous and alternating current.

Created software gives possibility to control model
and investigate various non-symmetrical modes as
breaking with direct current, single phase breaking, to
compare obtained characteristics and consider influence of
motor parameters to dynamic characteristics [10]. Fig. 2
shows the main program active window for all input
parameters of the LIM construction.
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Fig. 2. Active window of developed program

In a lower part of the program window these
parameters can be entered:

e inductor phase resistance, Ry;

* resistance of the secondary element, R,;

e the main magnetizing reactance, X, ;

e |eakage reactance of inductor, Xj;

e |eakage reactance of the secondary eIement,X'z;

e secondary element weight , m;

e polepitch, t;

e |oad force, F;.

Input parameters can be saved and again displayed
and changed. That results to quick change of motor
parameters permit to compare dynamic characteristics of
motors with different parameters. Algorithm of the
programis shownin Fig. 3.

Opening/Inserting LIM parameters
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Fig. 3. Program execution agorithm

Parameters of motor are calculated after button
“Calculate” is pressed: all input parameters, such as phase



voltage, frequency, duration of starting and operating in
non-symmetrical mode as well as windings connection
way during breaking. Then the button “Modeling “is
pressed and the motor model is opened and parameters of
model blocks are being set up, as well as simulation is
started. Results of simulation are sent to arrays. Thenin the
right hand side of control window the required
characteristic can be chosen and results will appear in
graphical form. As the parameters of the motor can be
changed and the simulation repeated, dynamic
characteristics of different motors or motors operating in
different breaking mode can be compared.

The program alows calculation of speed, force,
displacement, inductor phase currents and secondary
element phase current transient dependences.

Enter LIM and model parameters, define
LIM winding connections

‘ Calculate motor model parameters ‘

Define range of parameters:
R, =10..10..100Q,U , = 30..10..220V

‘ R, =R,
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Fig. 4. Results processing program algorithm
Simulation results

Single phase breaking and breaking with direct
current were examined using developed mathematical and
computer models at different supply of voltage, i.e. to one
winding, to two windings, connected in series and parallel
and three series-parallel connected windings. Software for
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processing of results allowed getting dependences of
transient duration upon motor parameters (voltage,
resistance of the secondary and load).

Research of the motor parameters influence to the
dynamic characteristics requires making alot of simulation
and all the time measure the LIM steady-state. In order to
shorten time of simulation the program for an automatic
parameters change and LIM transition time measurement
was developed. The integrated modeling interface is
created for easy exchange of parameters and comparing of
different dynamic characteristics of the drive. The
algorithm of program for processing obtained results is
shown in Fig. 4. Array of results can be presented in
graphical form.

Breaking time with the change of resistance of the
secondary element gets the minimal value at the same
braking voltage (Fig. 5). Fig. 5 indicates that the minimum
value of breaking time can be achieved by changing
resistance of the secondary element.
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Fig. 5. Dependence of breaking time against resistance of the
secondary at applied breaking voltage of 100 V

Fig. 6 shows dependence of breaking time on the
breaking voltage and resistance of secondary element when
breaking voltage attached to two phase windings,
connected in series. At small voltage breaking time
dependence on resistance of secondary element is grater.

Fig. 6. Breaking time dependence upon breaking voltage attached
to series connected two phase windings and resistance of the
secondary element
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Developed dynamic models of linear induction drives allow examining various dynamic characteristics of linear induction drives
according to results of simulation. Nevertheless, changes in motor windings connection way or motor parameters require recalculating
and renewing set up of model parameters. The integrated control environmental of model is discussed. Developed software alows
controlling model and investigating non-symmetrical modes of single phase breaking and breaking by direct current, compare obtained
characteristics and examine influence of motor parameters on that. Active program window is presented, where the motor parameters,
winding connection way, operation mode and desired simulation results can be set up. Algorithm of simulation program and algorithm
for processing of simulation results are presented. Breaking time dependence on the resistance of the secondary element has minimum
value. Presented dependence of breaking time against resistance of the secondary element and the breaking voltage alows choosing
these parameters for obtaining of desirable braking time. 1ll. 6, bibl. 10 (in English, summaries in English, Russian and Lithuanian).

P. Punxasuyene, C. Jlucayckac. Ynpapasiomas cpeia JUHAMHYECKHMH MOJEISMH PeJICHHOr0 acCHHXPOHHOIO
3jiekTponpuBoaa // JiekTpoHuka u diekTporexuuka. — Kaynac: Texnosorus, 2007. — Ne 8(80). — C. 63-66.

JluHaMHYeCKHEe MOJENH JIMHEHHBIX AaCHHXPOHHBIX 3JIEKTPONPHBOJIOB IO3BOJSIIOT HCCIEAOBAaTh pa3Hble IMHAMHUYECKHUE
XapaKTePUCTUKU HAa OCHOBE Pe3yJbTaToB CymMMupoBaHMs. Ho mpu m3MeHeHMM BHIA COeIMHEHMS OOMOTOK M MapaMeTpOB ABUTaTelNs,
NIPUXOJUTCS TIEPEYNCIATh M 3aHOBO HACTpaWBaTh MHOTO IIapaMeTpOB MoJeNH. B craThe paccMarpuBaercs pa3paboTaHHas
HMHTETPHUPOBAaHHAS CHCTEMa YIPABICHUS MOJCIHPOBAHUEM THHAMUYECKHX pEKUMOB TOPMOXKCHUS JIMHEHHOTO aCHHXPOHHOTO
nsurarens. PaspaboranHast mporpaMma Mo3BoJIsieT KOHTPOJIMPOBATH MO U UCCIEN0BATh HECUMETPHUIHNCKHIE PEXUMBI OJTHO(DA3HOTO
TOPMOJKEHHUSI U TOPMOXKCHHS HOCTOSHHBIM TOKOM, CPAaBHHMBATh IIOJIydE€HHBIC XapaKTEPUCTHKUA M HCCIIENOBATh BIMSHUE MapaMeTpoB
nasuratens. PazpaboTaHHble TPOrpaMMBbI MTO3BOJISIIOT YCTAHOBUTD MAPAMETPHI JIBUTATENs], BUI COEUHEHUS] OOMOTOK, PEXKUM JIBUTaTEls
U BBIOMpPATh JKelaeMble Pe3ylabTaThl CUMynupoBaHus. IIpuBeneH anropuTM NporpamMMbl CUMYIHPOBAHUS U alrOpUTM 0OpabOTKH
JaHHbIX cuMynupoBaHus. IlpencraBiena momydeHHasl 3aBUCHMOCTh BPEMEHH TOPMOXKEHHUSI OT COMPOTHUBIEHHS BTOPUYHOIO 3JI€MEHTa
umeeT MuHMMYM. IlomydeHHas 3aBHCHMOCTb BpPEMEHHM TOPMOXKEHHUSI OT COMNPOTHBIEHUS BTOPUYHOTO 3JIE€MEHTAa M HANpsDKEHUS
TOPMOJKEHHUS TTO3BOJISIET BBIOPATH 3TH IapaMeTpsl I IOJIyYeHHs KeIaeMoro BpeMeHH TopMoskeHus. 1.6, 6n6n. 10 (ma aHrmmickoMm
S3bIKe; pedepaThl Ha aHTTIMHCKOM, PYCCKOM M JIUTOBCKOM 513.).

R. Rinkevidien¢, S. Lisauskas. Tiesiaeigés elektros pavaros dinaminiy modeliy valdymo aplinka // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 8(80). — P. 63-66.

Tiesiaeigiy elektros pavary dinaminiai modeliai leidzia tirti jvairias dinamines charakteristikas pagal imitacijos rezultatus. Bet,
kei¢iant apviju jungimo bida ar variklio parametrus, reikia perskaiciuoti ir i$ naujo nustatyti daug modelio parametry. Straipsnyje
nagrinégjama sukurta tiesiaeigio asinchroninio variklio dinaminiy stabdymo rezimy integruotoji modeliavimo aplinka. Sudarytgji
modelio valdymo programiné jranga leidzia valdyti modelj ir tirti vienfazio stabdymo ir stabdymo nuolatine srove nesimetrinius
dinaminius rezimus, palyginti gautas charakteristikas ir istirti variklio parametry jtaka joms. Pateiktas programos aktyvusis langas,
kuriame nustatomi variklio parametrai, apviju jungimo badas, darbo rezimai, ir pasirenkami norimi gauti imitacijos rezultatai. Pateiktas
imitacijos programos algoritmas ir imitacijos rezultaty apdorojimo algoritmas. Pateikta Sia programa gauta stabdymo trukmes
priklausomybé nuo antrinio elemento varzos turi minimuma. Gauta stabdymo trukmes priklausomybé nuo antrinio elemento varzos ir
stabdymo jtampos leidzia parinkti siuos parametrus norimai stabdymo trukmei gauti. 1. 6, bibl. 10 (anglu kalba; santraukos angly, rusy
ir lietuviy k.).
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