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General Characteristic of the Dissertation

Scientific problem. Development of controlled induction drives requires to
elaborating dynamic model of induction motor. For modelling of
unconventional motors, such as linear motors or motors with saturated magnetic
circuit the electrodynamic motor model can be used, but it requires a lot of
computer resources. Therefore the model, describing asymmetrical motor
dynamics adequately is required. The calculations speediness of that model
should not be much greater than that of motor model in transformed linear
frame,

Aim and tasks of the work. The am of dissertation is to develop
mathematical and computer models of induction motor in phase coordinate
system at various ways of stator windings connection, transform this model for
investigation of dynamics of linear induction motor, and carry out computer
models for investigation of frequency-controlled induction motors.

Thetasks for achieving the aim:

1. Ascribe a motor by system of ordinary differential equations, with no
requirements for symmetry of electric circuits.

2. Derive differential equations for all stator windings connection modes
of induction motor.

3. Elaborate computer models according to derived differential equations.

4. Investigate transients at motoring and generating modes of induction
motor with carried out model.

5. Develop computer model of scalar controlled electric drive on the base
of carried out induction motor model, simulate performance of that
drive.

6. Develop model of induction drive controlled by current channel on the
base of elaborated induction motor model in phase coordinate system;
examine operation modes of that drive.

Scientific novelty of the work

1. Elaborated mathematica and computer models of asymmetrical
induction motor in phase coordinate system.

2. Carried out mathematical and computer model in phase coordinate
system of symmetrical induction motor, witch are applicable to
investigate motors with non-symmetrical.

3. Carried out induction motor model at various motor windings
connection way.

4. Elaborated computer model of non-symmetrical induction motor



matched with Smulink system witch can be easily used for
investigation of complex mechatronic systems.

5. Developed universal program model of induction motor, witch is
applicable for specialized mathematical software.

6. Developed model of non-symmetrical linear induction drive.

Methods of investigation. Methods of mathematical and computer
modeling, numerical solution of ordinary differential equations and functional
as well as object programming methods are used.

Practical value of the work. Developed model of induction motor can be
used at designing ad investigating controlled induction drives, where
consideration of non-symmetrical electric circuit is desirable.

Dissertation proposes

1. Mathematical and computer modelsin phase coordinate system of non-
symmetrical induction motors with all possible connections ways of
stator windings.

2. Results of simulation of non-symmetrical linear induction motor.

3. Model of scalar control of linear induction drive and results of
simulations.

4. Simulations results of overvoltages in the direct current bus of
frequency converter.

5. Model of induction drive controlled by “current channel” method and
results of simulation.

The scope of the scientific work. Dissertation comprises introduction, for
chapters and conclusions. Reference consists of 122 sources. The volume of
dissertation is 103 pages.

Introduction

The first induction motor was designed in 1888 and since that time process
of their investigation and improvement continuously moved forward. It is
possible to state, that conventional induction motor is investigated quite well.
Application of obtained knowledge results in successfully design, control and
modeling. Therefore since 1888 construction of motors and control methods
also were in progress. Linear induction motor with non-symmetrical electric
circuit was designed and modern control methods with frequency commutating
processes often cause saturation of their magnetic circuit. Therefore at



investigation of dynamics of linear induction motors many non-solved problems
appear.

Some kinds of dynamic models of non-symmetrical induction motors at
present are used. The most popular are models in transformed reference frame
and electrodynamic models. The first of them employs Kirchhoff's laws, the
second one — Maxwell equations. The main shortcoming of model in
transformed reference frame — it can not be used for simulation of motors with
non-symmetrical electrical circuits. In this case the number of differentia
equations becomes so large that specialized methods and a lot of computer
resources should be used.

Therefore it is desirable to have model of induction motors, witch could be
used to investigate dynamics of non-linear or non-symmetrical induction motor
and more effectively use computer recourses, than electrodynamic model, i.e. it
should be free of the main shortcoming of electrodynamic model.

The dissertation discusses with such mathematical and computer model. On
the base of this model, the computer models for investigation of controlled
drives are devel oped.

1. Models of Induction M otor

The simplest and the oldest model of induction motor is so called “T”
model. The main his drawback — it is inapplicable to simulate dynamic modes.
Just models in transformed reference frame and electrodynamic model are
applicable to ssimulate dynamic modes.

Model in transformed reference frame is based on electric circuits.
Differential equations of composing model are being derived with application
Kirchhoff’s laws for motor windings. Assumptions about symmetry of electric
and magnetic circuits allows to simplify equations and get a set of non-linear
first order differential equations, which can be solved by applicable numerical
methods.

Models in transformed reference frame are widely used to investigate
transients of induction motors. The many control methods, for example, vector
control, are employing these models. The set of model equations comprise three
first order differential equations, and the methods, used to solve that are not
complex, therefore simulation is speedy.

The main imperfectness of transformed reference frame modd — it is
inapplicable for non-symmetrical motors. This shortcoming matches the
assumption of symmetry of motor electric and magnetic circuits.

Electrodynamical model is based on electromagnetic field theory; witch
mathematical background is Maxwell equations. In order to carry out



electrodynamic model, all electromagnetic processes are described by
Maxwell’s equations. This way of problem solution has some advantages and
disadvantages.

The main shortcoming is related with Maxwell’s equations mathematical
nature. From a view of mathematic, they are nonlinear partial difference
equations. Analytical solution of these equations is possible just for simplest
cases where used assumptions simplify the problem. In most cases finite
element methods or finite difference methods are used. It should be noted, that
solution of this type of equations by numerical methods requires a lot of
computer resources.

The main advantage of electrodynamical mode is its universality. It is
applicable to investigate dynamic processes in symmetrica and non-
symmetrical aswell as saturated motor.

One of advanced model is neurons network model of induction motor. It is
applicable to investigate dynamic processes in symmetrical and non-
symmetrical motors with great speediness. The main shortcoming of this model
— it isdeveloped on the empirical links, not deterministic.

2. Model of Induction Motor in Phase Coordinate System

Proposed in the dissertation model of induction motor in phase coordinate
system is applicable to solve discussed problems. Comparison of elaborated
model with models in transformed reference frame or with electrodinamic
model gives possibility to form model directly according to non-linear
differential equations of induction motor with assumption about non-symmetry
of electric circuits. From the view of mathematics, mathematical model in phase
coordinate system comprise nonlinear differential equations. Numerical
methods, such as Runge-Kutt, Adams and other can be applied to solve that.

These methods do not require great calculation resources, as finite
difference or finite elements methods. Therefore elaborated model is free of
transformed reference frame or el ectrodinamic model shortcomings.

The windings of simple pole pair induction motor are shown in Fig 1.
Electrical parameters, characteristic a winding, such as inductance of winding L
and resistance R are denoted at each winding. Each parameter of phase winding
is supplied by indices, showing its dependence to proper phase winding. Stator
phase windings are denoted with indices A, B, C and rotor — with a, b, c. All
motor windings, shown in Fig 1, are coupled magneticaly. Influence of
developed magnetic field to other windingsis denoted by mutual inductance.

Mutual inductance of windings x and y is denoted as M,y, where x and y are
indices of windings. As M,y = My, therefore further in formulas indices are



written in order with Latin alphabet and the capital letters will be written before
uppercase that.

Fig 1. Windings of three-phase single pole pair motor

Mathematical model in phase coordinate system comprises these sets of
equations:

1. KVL for motor windings;

2. Equations of entire magnetic flux;

3. Equations, describing mechanical rotational movement of rotor or

trandational for linear motors.

Equations of the first and second items depend on connections way of motor
windings and have the different form for each connections.

Dissertation proves that developed electromagnetic torque does not depend
on way of windings connection. It can be calculated by expression, derived by
author:

Mem =—(M pai pla + Mgpigiy + Mcicic)sing —

(MAbIAIb+MBc|B|c+MCa|C|a)5m((P+?j— (1)

i A i LN 2r
(MACIAIC+MBE1|B|E1+MCbICIb)Sn((p_?j;

where Mq, is electromagnetic torque.



Expression of equations of movement or the Newton’s law depends on type
of motor. Movement of revolving motor rotor is ascribed by main low of
rotational movement. For linear induction motor conventional form of
Newton's low is applied. In the dissertation is presented the system of
equations, derived for induction motor at star connected stator windings with
neutral wire asthis:

i Up —Raia

i Ug — Rgig

ic Uc — Reic

i u, - Rii

M| @ =] Ve e @)

I Up — Rylp

ié uc_F\)cic

¢’ 9]

o) Mg+ M

where o is angular speed of rotor; M(t) is matrix of 8x8 elements of time
depending coefficients; > M is sum of external torques, applied to rotor; up, Ug,
Uc, U,, Uy, U, @re instantaneous values of phase voltages.

Coefficients, entering matrix M(t) in Eg. 2 are harmonic time functions,
resulting to consider set of equations (2) as set of first order nonlinear
differential equations and requiring to solve that by numerical methods.
Expression of matrix M(t) and equations of model in extended form are
presented in dissertation.

Model, described above, is applicable to consider non-symmetry of motor,
because no assumptions about symmetry of electrical circuit were made and any
parameter of motor, for example, as winding resistance, inductance can be
chosen individually and independently from others.

3. Computer M odels of Induction M otor

Equations of induction motor, derived in phase coordinate system, can not
be solved analytically, therefore computer models are requested, where those
equations being solved by numerical methods.

In dissertation development of computer model is shown in Matlab
software. Universal algorithm of computer model is presented in Fig 2.

Developed and presented in Fig 2 algorithm is applicable to solve equations
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of induction motor, derived in phase coordinate system, by numerical methods
integrated in Matlab system. Algorithm for calculation derivates of state space
equations is proposed. All equations, mentioned in Fig 2, are given in
dissertation.

START

INPI T DATA

) instantaneous time value;
2) instantaneous value of x;
3) motor parameters.

2
Finding M(¢) according to (25)‘ (2.19) being solved
(2.21) being solved
Iinding % acording to (2.20)
yes no
) y © Y
y « right hand side of (2.6) ‘ ‘ y « right hand side of (2.27)

0y ¥
‘ X—y M) ‘

A J $

OUTPUT DATA:

Fig 2. Universal agorithm of programmed motor model

According to differential equations of discussed mathematical model,
objective Smulink motor model is developed. It is not universal and change
with different way of windings connection. Models, developed for symmetrical
motor are presented in dissertation.



4. Models of Controlled Electric Drives

Adequacy of model is verified by simulation of controlled and non-
controlled performance of symmetrical induction motor. Possibility to model
electric motor with non-symmetrical electric circuit is verified by simulation of
operation of linear induction motor.

Construction of linear induction motor, as non-symmetrical kind of
induction motors is considered. Consideration of non-symmetrical of electric
circuit is assumed by reducing values of mutual inductance of windings placed
at different ends of induction motors is considered. Considerations of non-
symmetry of magnetic circuit is assumed by reducing values of mutual
inductance of windings placed at different ends of inductor and secondary
element, i.e. Mac = aMag; My = Mca = aMa; My = aMg, where a = [0,5, 0,6;
1]

Developed motor model in phase coordinate system is applied at designing
of motor, controlled by frequency converter model, i.e., smulation of system
frequency inverter — motor simulation. For simulation of motor is used in
Matlab programmed model, and frequency converter is modeled by program
changing of motor phase voltages according to control low.

Because stepwise changing of motor supply voltages model is nonlinear,
therefore ssimulation time is divided into short intervals, during which values of
voltages of frequency converter are constant and simulation of motor
performance in each interval is fulfilled separately. Algorithm of this program
isgiveninFig 3.

START

INPUT DATA:

1) Simulation time;

2) Initial conditions xg, n=0;
3) Motor parameters.

tip1 =t +T/6

OUTPUT DATA: Xn(0) = %1 (T/6)

Solutions of cquations s, up, ue from table 4.3

Solution of motor
END equations at
t € [tn tn +T/6]

Fig 3. Program al gorithm to simulate system inverter-motor
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Simulation of system inverter-motor is fulfilled for frequency inverter,
controlled by 180° algorithm at control law U/f =const., giving constant
breakdown torque.

500
14350
N ——
n 400
= a0 /
O
= 300 [N oo
[}
2 250 7
2200 T P
e S
= 150 7
0 100 PN
E
< 50 o f=30Hz Uc=300V -
0 o f-50 Uz Us—510V |
+  F=70 Hz, Uc=T60 V
= ! i
0 01 0.2 03 04 05

Time, s

Fig 4. Starting transients of rotor angular speed
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Electromagnetic torque, N - m

0 005 01 015 02 02 03 035 04
Time, s

T T | T
o =30 Hz, Up=300 V

50 JAWA A o =50 Hz, Uo=510 V
;

A
W

| v

Electromagnetic torque, N - m
=
]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
] ) ) Time. s )
Fig 5. Starting transients of electromagnetic torque

Figures 4 and 5 indicate the control law U/f=const resulting constant
breakdown torque and possihility to change speed continuously.

13



Elaborated model in phase coordinate system is applied in developing of
system rectifier-inverter-motor model. While rectifier does not transfer current
back to supply network, in this system at operating of motor in regenerative
mode, current charges on filter capacitor.

Model of system rectifier-inverter-motor has changeable structure and
differs and discussed model inverter-motor, in which, during short intervals of
simulation time, voltages of frequency converter had constant values, here the
conditions of switching on or off rectifier diodes should be considered, which
are not determined in advance. Algorithm of this program is presented in Fig 6.
Speed transients at different rotor speed are presented in Fig 7.

START

H\PUT DATA:

) Simulation time;
2) Initial conditions xq, n=0;
3) Motor parameters.

ty=t,1 +T/6

A

OUTPUT DATA: %n(0) = %1 (7/6)
Solutions of cquations ua, up, e from table 4.3

—

Solution of motor
END equation at

t € [t ta + T/6)

— no yes
[ VD switching on/off @

Fig 6. Algorithm of program to simulate system rectifier-inverter-motor

500

150 T
w400
T~
— 350 \
'8 300 \/
(5] -
X250
> Ve
5 200
-EO 150
0 100
< 50
o wp—0 i
U o w1501
50 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Time, s

Fig 7. Transients of speed at regenerative mode



Starting transients of filter capacitor voltage at different rotor speed are
presented in Fig 8.

900
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500
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Time, s

Fig 8. Transients of voltage across capacitor

Results of simulation of system rectifier-inverter-motor gives possibility to
observe overvoltages across filter capacitor appeared at regenerative mode of
motor. The most dangerous situation happens at starting motor with initial rotor

speed exceeding synchronous. At this situation overvoltages exceed about 40 %
the rated voltage.

Elaborated objective Smulink model is applied at developing model of drive
controlled by current channel method. The block diagram of that model is

presented in Fig 9.
@—‘ £:|i > u_A i A—
i A _ref. Reg A
Ao O-{ie et
i C ref. Reg C Motor model

Fig 9. Block diagram of model if drive, controlled by current channel

The subsystem Mot or nodel in Fig 9 comprises a model of induction
motor in phase coordinate system. It is formed to use phase voltages as input
signals and phase currents as outputs. Three reference blocks asi _A ref,
i _B ref andi _C ref determine changing stator phase currents by sine law,
and nonlinear regulators Rer _A, Reg_B and Reg_C whose hysteresis loop
width corresponds to current channel width. The main results of simulation are
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presented in Fig 10 and Fig 11. Stator current at the beginning of transient
process is shown by solid line. The limits of channel are presented by dash
lines.

0<t<0.04 0.96<t<1
40— g 40— yay
N i A [
30 W NN 30 ’,’,\\ foy
‘()" \\\ A// \ AN AN
20 WA ) 20 [ A
i Y \\| 1" H " 1y
T ol - < gl .Y
- 1 i h - \ i Y
= \ ] 1 Y i 1
=R ; i 2 o AL A
0 TN L ) A
/ g
& e ; [ Wi SR e i
i \ [ @) 1 1" X} i
20 e AT IR R .
\l \i\‘ i W N
-30 A % -30 M AL
v Wi \/ Vi
-40 h) 40 Vi \
0 001 002 003 0.04 096 097 098 099 1
Time, s Time, s

Fig 10. Stator current at the beginning of transient
process (0<t<0.04) and end of that (0.96<t<1)
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Time, s

Electromagnetic torque, N - m

Fig 11. Transients of electromagnetic torque at control
by current channel method

Results of simulation of frequency converter controlled by “current channel
method” indicate, that block diagram of drive, given in Fig 9 limits just
maximum value of stator current, therefore at the end of transients process the
current of non-load motor decreases and is not hold inside the channel.

Anaysis of rotor speed transients shows that control by current channel
method effectively limits overshoot of speed in the beginning, nevertheless at
the end of process, when the current is not hold inside channel and non-
controlled process of current begins, the speed overshoot reaches about 50 % of
rated value. Therefore current channel method is recommended to apply
together with other methods, for example, vector control.
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General Conclusions

1.  Analyss of commonly used mathematical models of induction motor
indicate that at present there is lack of elaborated effective model to
investigate dynamics of asymmetrical induction motor

2. Developed model of induction motor is phase coordinate system on the
basis of generalized differential equations of motor without assumption
of linearity and symmetry electrical circuits is applicable to investigate
dynamic modes and performance of motor, controlled by frequency
converter.

3.  Mathematical models developed in phase coordinate system for the
motor comprise the set of ordinary nonlinear first order differential
equations; therefore they could be solved by numerical methods with
elaborated computer model.

4.  Number of state-space variables of the motor model in phase
coordinate system depends on motor winding connection way and is
equal to six, a Y connection without neutral wire and eight, at A
connection or Y connection with neutral wire.

5. Non-symmetry of electrical circuit is described by different parameters
of stator or rotor windings. Developed model allows setting up
parameters of each winding individually, therefore elaborated model is
applicable to simulate non-symmetrical motors.

6. On the base of developed motor model, models of controlled by
frequency converter drive were carried out. Motor controlled by
frequency converter operates in transient mode. Steady-state current
amplitude at no load 4.7 times exceeds the amplitude of rated current.

7. Elaborated model to control frequency converter by current channel
method indicate reduction of torque and speed overshoot of starting
transients. Limitation of current amplitude at 40 A resultsin increasing
of speed transient time about twice.

8. Developed model witch changeable structure of system “rectifier-
inverter-motor” gives possibility to simulate filter capacitor
overvoltages appeared at starting or regenerative breaking mode. An
overvoltage exceeds 40 % the rated voltage at set up lower value of
speed, while rotor rotates with speed exceeding synchronous speed.
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TRIFAZIY ASINCHRONINIU VARIKLIU DINAMINIAI MODELIAI

Mokslo problema. Konstruojant valdomas asinchronines pavaras batina
turéti dinaminj asinchroninio variklio modeli. Netradicinés konstrukcijos, tokiy
kaip tiesiagigio, arba isotintos magnetinés grandinés asinchroniniy varikliy
dinamikai modeliuoti gerai tinka tik elektrodinaminis variklio modelis, tagiau
pastarasis labai reiklus skai¢iavimo masiny resursams. Todél batinas modelis,
kuris netik adekvatiai apraso nesimetrisky asinchroniniy varikliy dinamika, bet
ir kurio greitaveika nebuty daug mazesne uz tradicinio transformuoty
koordina¢iy modelio greitaveika.

Darbo tikdai ir uzdaviniai

Darbo tikslai: sudaryti trifazio asinchroninio variklio matematini ir
kompiuterini modelius fazinéje koordinaciy sistemoje esant jvairiems variklio
apviju jungimo atvejams, adaptuoti gauta modeli tiesiaeigio asinchroninio
variklio dinamikos tyrimui, sudaryti modelius tirti dazniu valdomiems
asinchroniniams varikliams.

Siekiant sio tikslo reikiaisspresti uzdavinius.

1. Aprasyti varikli tokia paprastuyjy diferencialiniy lygciu sistema, kuriai
nebity taikomi elektriniy grandiniy simetriskumo reikalavimai.

2. Uzrasyti diferenciaines lygtis visiems trifazio variklio apvijy jungimo
badams.

3. Pagal diferencialines lygtis sudaryti variklio kompiuterinius modelius.

4. Sudarytus modelius pritaikyti tiesiaeigio variklio modeliavimui.

5. Naudojant asinchroninio variklio modeli fazinéje koordinagiy
sistemoje, istirti variklini, generatorini bei reversini variklio darbo
rezimus.

6. Naudojant asinchroninio variklio modeli fazinéje koordinagiy
sistemoje, sudaryti skaliariskai valdomos asinchroninés pavaros
kompiuterini modelj, istirti tokios pavaros darbo rezimus.

7. Naudojant asinchroninio variklio modeli fazingje koordinatiy
sistemoje, sudaryti srovés kanalu valdomos asinchroninés pavaros
kompiuterini modelj, istirti tokios pavaros darbo rezimus.

Mokdlinis naujumas

1. Sudaryti nesimetrisko asinchroninio variklio dinamikos tyrimams
tinkami  asinchroninio variklio fazinéje koordinaciy sistemoje
matematinis bel kompiuterinis modeliai.
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Sudaryti simetrisko asinchroninio variklio fazingje koordinatiy
sistemoje matematinis bei kompiuterinis modeliai, kuriuos tikslinga
taikyti tiriant simetriskos bet netiesiskos elektrinés grandinés variklius.
Sudarytas variklio modelis pritaikytas visiems nesimetrisko
asinchroninio variklio apvijy sujungimo badams.

Sudarytas Smulink sistemai tinkamas kompiuterinis nesimetrisko
asinchroninio variklio modelis, kuri paprasta naudoti modeliuojant
sudétingas mechatronines pavaras.

Sudarytas universalus programinis nesimetrisko asinchroninio variklio
modelis, kuris taikytinas darbui matematiniams skaiciavimams
specializuotuose paketuose.

Sudarytas nesimetriskas asinchroninio variklio modelis pritaikytas
tiesiaeigio variklio modeliavimui.

Tyrimg metodai. Darbe taikomi matematinio ir kompiuterinio modeliavimo,
skaitiniai paprastyjy diferencialiniy lygeiy sprendimo ir funkcinio bei objektinio
programavimo metodai.

Praktiné verté. Sudarytas asinchroninio variklio modelis gali buti
naudojamas projektuojant ir tiriant tokias valdomas asinchronines pavaras,
kuriose jvertinami variklio elektrines grandinés nesimetriskumai.

Ginamigji teiginiai

1.

Matematiniai ir kompiuteriniai visiems trifazio variklio apvijy jungimo
atvejams pritaikyti nesimetrisko asinchroninio variklio modeliai
fazingje koordinatiy sistemoje.

Matematiniai ir kompiuteriniai visiems trifazio variklio jungimo
atvejams pritaikyti simetrisko variklio modeliai fazinéje koordinaciy
sistemoje.

Tiesiaeigio nesimetriskos elektrinés grandinés variklio imitavimo
rezultatai.

Skaliariskai valdomos asinchroninés pavaros modelis ir imitavimo
rezultatai.

Virsitampiy, atsirandanciu daznio keitiklio nuolatinés jtampos
grandinése, imitavimo rezultatai.

»Sroves kanalo* metodu valdomos asinchroninés pavaros modelis ir
imitavimo rezultatai.

Disertacijos struktiara
Disertacija sudaro jvadas, keturi skyriai ir isvados. Disertacijoje remiamasi

21



122 galtiniy. Darbo apimtis 103 pudapiai.

Pirmgjame skyriuje analizuojami dazniausiai naudojami  dinaminiai
asinchroninio variklio modeliai, ju privalumai ir trakumai.

Antrajame skyriuje isvedamos asinchroninio variklio matematinio modelio
fazinéje koordinatiy sistemoje lygtys visiems variklio apviju jungimo badams.
I$vestos lygtys uzrasomos skaitiniams metodams tinkama forma.

Trecigjame skyriuje pateikti pagal matematini modeli sukurti kompiuteriniai
modeliai. Sudarytas Matlab programai pritaikytas universalus, t.y. tinkamas
visiems apvijuy jungimo atvejams, asinchroninio variklio kompiuterinis modelis.
Variklio modelis pritaikytas ir dinaminiy procesy modeliavimui skirtam
Smulink paketui.

Ketvirtgjame skyriuje asinchroninio variklio kompiuterinis modelis fazinéje
koordinagiy sistemoje pritaikytas nevaldomy ir valdomy pavary imitavimui.
Taipogi pateikti nesimetrisko asinchroninio variklio paleidimo imitavimo
rezultatai.

Darbo isvados

1. Dazniausiai naudojamy asinchroninio variklio matematiniy modeliy
analizé rodo, kad siuo metu néra efektyvaus modelio nesimetrisko
asinchroninio variklio imitavimui.

2. Pagal apibendrintasias asinchronini varikli aprasancias netiesines
diferencialines lygtis, nepriémus jokiy elektriniy grandiniy simetriskumo
salyguy, sudarytas asinchroninio variklio fazinéje koordinagiy sistemoje
modelis, tinkamas asinchroniniy varikliy dinamikos ir darbo rezimy,
valdant ji i§ daznio keitiklio, tyrimams.

3. Variklio modeli fazinéje koordinaciy sistemoje sudaro pirmosios eilés
netiesiniy diferencialiniy lygeiy sistema, todél ji sprendziama tik
skaitiniais metodais, sudarant kompiuterini variklio model;.

4. Variklio modelio, sudaryto fazinéje koordinatiy sistemoje diferen-
cialiniy lygeiu basenos kintamujy skaic¢ius priklauso nuo variklio apviju
jungimo schemos ir lygus 6, kai apvijos sujungtos zvaigzde be nulinio
laido, ir 8 — kai apvijos sujungtos zvaigzde su nuliniu laidu arba
trikampiu.

5. Variklio elektrinés grandinés nesimetriskumai apibiadinami skirtingais
atskiry statoriaus (rotoriaus) apviju parametrais. Sudarytame modelyje
kiekvienos apvijos parametrai nustatomi individualiai, todél gauta
modeli galima pritaikyti nesimetriskiems varikliams modeliuoti.

6. Asinchroninio variklio modelio fazin¢je koordinaciy sistemoje pagrindu
sudaryti valdomy elektros pavary su daznio keitikliais kompiuteriniai
modeliai. Imitavimo rezultatai rodo, kad maitinamas i§ daznio keitiklio
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variklis visa laika dirba pereinamuyju procesy rezimu. Variklio tuséiosios
veikos fazinés srovés amplitudiné verté 4,7 kartus virsija nominaliosios
srovés amplituding verte.

7. Sudarytas srovés kanalo metodu valdomos asinchroninés pavaros
modelis. Taip valdant Kkeitikli, apribojamos statoriaus srovés bei
momento vertés paleidimo metu. Apribojus srovés amplituding verte
40 A, greicio pereinamasis procesas tgsiasi dvigubai ilgiau.

8. Sudarytas  kintamos  struktaros  ,lygintuvo-inverterio-variklio®
kompiuterinis  modelis, leidziantis  tirti  virsjtampius  filtro
kondensatoriuje. Imitavimo rezultatai rodo, kad paleidziant varikli
vir§sinchroniniu grei¢iu visitampis siekia 40 %.
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