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Introduction
Problem under Investigation

One of the most efficient investigations of variable speed drives is
computer modelling. Development and optimization of frequency converters
take place under disturbances that result from inaccurate measurements of
system parameters, change of object properties or for any other reason.
Therefore, development of specific drives used for fan or pump application
requires performing a research of a variety controllers working under load
conditions.

In the doctoral thesis problems related to the variable frequency drive
operating by the different types of controllers and loads are solved and
analyzed.

Synergy of induction motor drive model created in a transformed
coordinate system together with a variable frequency drive is analyzed.
Development of frequency drive model, synthesis of controllers and approval of
created models adequacy are problems, solved in this work.

Topicality of the Research Work

Recently the induction motors are replacing the DC motors in the industry
because of their reliability and the price. For example USA in 1995 have
installed about 100 million of induction motors, in 2004 USA have sold about
2-3 million of pieces of frequency converters. Around 75 % of produced
electric energy is consumed by electric motors used for ventilation or pump
drives because of this, most popular are frequency converters with scalar
control induction drive methods. Vector control frequency converters are
mostly used with drive with more than 10 kW.

The development of frequency converters requires large infrastructure,
materials, power and other recourses therefore during the last time, scientists
problems related with control or design of the drives solved by means of
computer modelling of variable frequency drives. One of the most popular
simulation programs is MathWorks Matlab® Simulink®. It operates under finite
element methods and can solve different types of electrical tasks. Therefore it is
used for analysis and development of variable frequency drive prototype;
however models of worldwide drive producers are confidential. The purpose of
this work is to create motor control models for variable frequency drive
simulation. It will provide new knowledge to the scientists in one of the world's
scientific priority areas — analysis of variable frequency electrical drives.



Research Object

Variable frequency electric drives and their computer models are the
objects of this research.

The Aim of the Work

The aim of this work is to create models of the variable frequency electric
drives controlled by scalar and vector control methods and verify adequacy of
created models.

Tasks of the Work

To achieve the aim of the work these tasks have to be solved:

1. To develop a mathematical and computer model of induction electric
drive. To construct induction motor model with different types of
regulators for easier investigation of electric drives.

2. To develop and investigate the models with vector control and scalar
control method with PI and PD fuzzy controllers.

3. To develop sensorless AC electric drive models with speed observers.

4. To make the experimental investigation of proposed control method
with prototype of AC frequency converter. To investigate the adequacy
of created models.

Applied Methods

Analytical, numerical, experimental methods and fuzzy logic methods were
applied. Imitation models were realized numerically in Matlab® Simulink®
environment; verifications were carried out with frequency converters
experimental stand in Semiconductor Physics Institute (now Semiconductor
Physics Institute of Center for Physical Sciences and Technology).

Scientific Novelty

The following research results were obtained, that are relevant in the area
of electrical engineering and electronics:



1. New computer model of variable current induction drive in stationary
reference frame is developed which can be adapted to different motor power
imitations.

2. Frequency converter and controller models together with induction
motor model enables to perform analysis of dynamic processes, also to assess a
number of important parameters of the inverter output: modulated output
voltage amplitude, transition process time, induction motor winding currents,
rotation speed of the rotor, load characteristics with precise indication of
physical parameters of used motor.

3. Applied and tested variable frequency scalar control drive with pulse
with modulation and increased boost voltage, model allows increasing torque,
developed by motor.

4. Best drive control results are obtained while using vector control
methods in rotor flux reference frame.

5. Computer models of observers for speed estimation on the base of
motor current and voltage are developed.

Practical Value of the Work Results

The research results can be used for development of various automatic
control systems, synthesis of the optimal controller structures, control laws,
control influence, parameters of control equipment at unknown random load
characteristics.

Proposed simulation models are easy to improve, adjust, replace and apply
for different tasks encountered in the development of frequency drives.

The experimental investigation of frequency controlled induction drive by
the converter, developed in Semiconductor Physics Institute, indicates good
adequacy of models. Drive has been tested at different loads and ramp
conditions.

Statements Presented for Defence

1. Scalar control method with correct selection of starting voltage boost
for the specialized drive with pulse width modulation can reduce
settling time up to 10 %.

2. Created closed loop speed control systems with different PI and PD
fuzzy controllers for a specialized drive used when a fast dynamic
transients and exact rotor positioning is required.



3. Sensorless drives with an advanced speed observers can replace
mechanical sensors and improve speed estimation in design of closed
loop control system.

Approval of the Work Results

The results of this work were carried out at Vilniaus Gedimino technical
university and Semiconductor physics institute. Eleven scientific articles have
been published on the topics of this work: four of which are published in
journals of Thomson ISI Web of Science list, two in journals quoted in Thomson
ISI Proceedings database, five in other local and international conference
materials. The research results were reported at the following eleven scientific
conferences also:

1. The Annual International Conferences Elektronika (Kaunas, Vilnius
2007, 2008, 2009 m.);

2. The Annual International Conferences Mechatronic Systems and
Materials (Kaunas, Vilnius 2007, 2009 m.);

3. International conference Electromagnetic disturbances (Vilnius,
Bialystoc 2008, 2009 m.);

4. International conference Doctoral school of energy and geo-
technology (Estonia, Kuressaare 2007-2008 m.);

5. The conferences of Lithuanian junior scientists Science — future of
Lithuania (Vilnius 2007, 2008 m.).

Some materials of this work were gathered by assisting to the scientific
project No. B/13/2008 and B/13/2009 “The investigation and development of
frequency converters and their introduction into the serial production”.

The Scope of the Scientific Work
The dissertation is written in Lithuanian. The dissertation layout consists
of four main chapters, list of references and list of author’s publications on the

subject of dissertation. The work covers 111 pages, 55 figures, 4 tables, 85
numbered formulas and 91 bibliographic sources.

1. Control Methods of Variable Speed Electric Drives

Chapter 1 present a brief review of variable frequency drive control
methods. Different types of inverter output voltage forming algorithms and
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rotor load characteristics are analyzed. Scalar control methods: when the ration
of voltage and frequency is kept constant, stator current kept constant to the slip
and independent flux and torque control algorithms of the drive are presented.
For the vector control the three phase coordinate conversion into two phase
coordinates are explained with the help of vector diagrams. Direct vector
control with rotor flux orientation and indirect voltage vector control model in
rotor flux coordinates are given. Additionally the stator flux—oriented vector
controlled drive is explained. Further on, overviews of different types, of
sensorless drive speed estimation methods for control algorithms are discussed.
Frequency drive computer modelling and its parameters optimization problems
and various approaches are introduced in the last section.

2. Computer Models of Variable Speed Drives

In this chapter model of induction motor in stationary stator reference
frame is designed to obtain the dynamic characteristics of speed, torque and
current transients of specialized frequency drive. Scalar control algorithm with
voltage boost and pulse width modulation method and vector control algorithm
in rotor flux coordinates has been created and analyzed. Simulation of
developed computer models is presented. Closed loop speed control system
with different PI and PD fuzzy controllers for a specialized drive is applied.
Matlab® Simulink® model of the induction motor with the fuzzy logic regulator
presented in Fig. 1.

Speed

fuzzy
regulator

Torque

Fig. 1. Model of closed loop speed control system with fuzzy logic regulator



Induction motor speed regulation, based on Proportional Integral (PI),
Proportional Derivative (PD) and fuzzy logic regulators are presented in Fig. 2.
The simulation results of motor speed control show large overshoot and long
settling time when using traditional PI or PD controller. These dynamic
characteristics can be substantially improved with the use of fuzzy logic
controller. Best results achieved when using fuzzy PI controller.

150 - e s

5 100

3-1"

8" fuzzy PI

50 F-i--fmom ] e fuzzy PD
without controller
0 i 11 §
2 4 6 8 10
t.s

Fig. 2. Dynamic characteristics of drive speed

Dynamic speed and torque characteristics can be analyzed with developed
models. Speed response with fuzzy PI controller indicates smaller steady-state
error and shorter settling time than fuzzy PD as indicated Fig. 2.

3. Dynamic Models of Induction Electric Drives with Speed
Observers

The dynamic d’ - ¢* frame state equation of a machine can be manipulated
to compute the speed signal directly. Speed estimation derived from (1) allows
accurate and smooth tracing of reference speed of the motor at different
frequencies and loads. Based on mathematical model (1), MATLAB/Simulink
model has been created in order to verify the results of analysis.

1 K . s " Lm KRN KN
(Dr = ? (Wdr qu_ \Ijqr \derj - T (Wdrlqs - qulds) : (1)
VY

r
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Motor currents and fluxes in transformed stationary reference frame can be
taken directly from the motor model. Block diagram of algorithm of speed
estimation by direct synthesis from state equation presented in Fig. 3.
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Fig. 3. Speed estimation model by direct synthesis from state equation in
Matlab® Simulink® environment

The stepwise load torque impact on the speed estimation is analyzed under
different level of load variations. The reference torque is initially set to O N-m,
at 0,2 s it is changed to the rated value 13 N-m stepwise, and at 0,3 s it is set to
6 N-m. Then at 0,4 s the torque reference is changed again to 0 N-m. Fig. 4 and
5 shows simultaneously the estimated and real speeds.
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Fig. 4. Estimated (dashed) and reference Fig. 5. Estimated (dashed) and reference
(solid), when f,, = 10 Hz (solid), when f, = 50 Hz

Fig. 4. results show higher distortions of estimated and measured speed
especially in the region when the load is applied. Error of speed estimation at
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low frequencies can be neglected. When the rotor reference speed is higher,
small errors between estimated and measured speed occurs only at starting
process. Absence of error at steady state is most important in fan and pump
applications.

The Model Reference Adaptive Systems (MRAS) approach uses two
models. The model that does not involve the quantity to be estimated is
considered as the reference model and model that has the quantity to be
estimated involved, is considered as the adaptive model (or adjustable model).
The output of the adaptive model is compared with that of the reference model,
and the difference is used to drive a suitable adaptive mechanism whose output
is the quantity to be estimated (rotor speed in our case). Reference and
adjustable models can be expressed as:

Reference model:

v, = [ [y, =Ry e - chqu}
2
W;r |:J.(u;[s - Rslz;s)dt - Glez;si|
Adjustable model:
d\l/ r 1 s s Lm :5
dtd _F Wdr - (’or\vqr + lds;
r r (3)
dw‘{r 1 Lm ;s
dt = _F “Vqr + (’Or\vdr T lqs'

Block diagram of MRAS based speed estimation method is presented in Fig. 6.

Calculated speed trace the measured speed with small distortions over all
transient process (Fig. 7.). All the errors in the speed estimation occur due to the
variations in the stator resistance R, which influences the calculation of
adjustable model accuracy.
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Fig. 7. Transients of rotor speed of starting motor

Estimated steady state speed value is equal to reference speed. The absence
of speed error is important for most of the industry applications with controlled

induction motors.
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4. Verification and Application of Research Results

To confirm the adequacy of created models the experimental investigation
of AC motor powered by the frequency converter should be used. A special
experimental stand with possibility to adjust a mechanical load also
measurement equipment of speed, current and voltage values is essential. This
equipment is adapted for displaying the steady state and transient processes.
Experimental stand of frequency converter elaborated by Semiconductors
physics institute presented in Fig. 8.

TORQUE SENSOR GENERATOR

INDUCTION MOTOR SPEED SENSOR

Fig. 8. Experimental stand of frequency controlled drive

Stand of frequency controlled drive is used to investigate motor and
frequency converter characteristics and performance of scalar and vector
control algorithms under different motor shaft loads. Dynamic characteristics of
drive starting transients when the motor is powered by the 30 Hz phase
frequency and motor shaft load is 5 N-m are presented in Fig 9. and 10. It is
observed that experimentally obtained speed value when the drive is started to
the 1800 rpm, corresponds to the results obtained by the computer simulation
model with error of 1 %.
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Fig. 9. Simulation and experimental results of rotor speed, at f, = 30 Hz

7, N-m

Fig. 10. Simulation and experimental results of torque, at f, = 30 Hz

Rotor torque reaches steady state value after 1,5 s. Experimentally
measured motor produces an average of 13 N-m torque which does not exceed
rated value and corresponds the simulation results from the computer model.

General Conclusions

1. Induction motor model based on stator stationary reference frame has
been applied for complex analysis of dynamic processes of the drive. New
scalar control model with voltage boost based on the stator current component
control allow increasing dynamic transient time by 10 %.

2. Results of vector control model, created in rotor flux reference frame are
compared with the simulation results of model based on scalar control method.
In case of scalar control method at motor starting with 2 N-m load, greater
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oscillations can be observed, therefore dynamic transient settles down only after
0,2 s. At vector control, loaded motor speed settling time is 2,5 s times shorter.
Vector control model allows achieving small static error, short settling time and
smaller torque oscillations.

3. New rotor speed observers for induction motor are created. High
accuracy of the calculated speed is achieved. All calculated speed results
compared with real speed signal. Error between measured and calculated speed
do not exceed 0,5 %. Good performance of speed observer based on direct
synthesis from state equations achieved only when the speed is over 10 Hz.
There for it can’t be used at low frequencies. Observer based on model
reference adaptation (MRAS) with fuzzy controller can be created only by
measuring currents and voltage of the motor. Error between calculated and
measured results does not exceed 5 % at steady-state speed.

4. The scalar control method experimental investigation has been made
with a 4 kW induction motor. Results of simulation and experimental dynamic
transients when the motor shaft is loaded with 5 N-m static load are measured at
7 Hz and 30 Hz supply frequency. When the supply frequency is 7 Hz steady
state speed error do not increase over 3,1 % and the maximum dynamic steady
state torque error do not pass 4 %. When the motor is started with 30 Hz power
supply frequency, dynamic speed steady state error do not exceed 1 %, however
dynamic torque maximum value measured by experimental stand overpass the
simulation results by 14,2 %.
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DAZNINIU ELEKTROS PAVARU
DINAMINIAI MODELIAI

Problemos formulavimas

Vienas veiksmingiausiy daZniniy elektros pavary tyrimo biudy yra ju
skaitmeniniy kompiuteriniy modeliy sudarymas naudojant juos pereinamuyjy
vyksmy tyrimui. DaZnio keitikliy kirimas ir optimizavimas vyksta veikiant
trukdZiams, kurie atsiranda dél matavimo sistemos specifiniy savybiy,
nezinomy faktoriy itakos objekto funkcionavimo rodikliams ir dél kity
priezasCiy. Todél kuriant daZniniy pavary prototipus, skirtus nesudétingy
ventiliatoriniy ir siurbliniy automatizavimo uzdaviniams spresti, biitina atlikti
sistemos, veikiancios {vairiomis reguliavimo ir trukdziy salygomis, tyrimus.

Darbe analizuojamos ir sprendZiamos kintamosios srovés dazniniy pavary,
valdomy skirtingais metodais ir gebanciy veikti, esant ventiliatorinéms ir
kitokioms, i§ anksto neZinomu désniu kintanc¢ioms apkrovoms, modeliy kiirimo
problemos.

Transformuotoje koordinaciy sistemoje sudarytas asinchroninio variklio
modelis tiriamas kartu su daZznio keitiklio modeliu. DaZniniy elektros pavary
modeliy sudarymas, reguliatoriy sintezé ir modeliy adekvatumo tyrimas yra
problema, sprendZiama Siame darbe.

Darbo aktualumas

Pastaruoju metu pramonéje nuolatinés srovés variklius keicia
asinchroniniai kaip pigesni ir patikimesni. Pavyzdziui, JAV 1995 m. buvo apie
100 mln. instaliuoty asinchroniniy varikliy, ten pat 2004 m. daznio keitikliy
parduota apie 2-3 mln. vienety. Apie 75% visos elektros energijos, kurig
sunaudoja elektros varikliai, tenka siurbliy ir ventiliatoriy pavaroms, todél $iuo
metu populiariausi yra daZnio keitikliai, skirti skaliariniam asinchroninio
variklio valdymui. Vektorinio valdymo daznio keitikliai taip pat yra populiaris
ta¢iau daZniau naudojami didesnés galios (> 10 kW) pavarose.

Daznio keitikliy kiirimui reikia infrastruktiiros, medZiagu, energetiniy ir
kity istekliy, todél paskutiniu metu mokslininkai daugeli problemy, susijusiy su
pavary reguliavimu ir tobulinimu, sprendZia pasinaudodami kompiuterine
kintamosios srovés dazniniy pavary analize. Paplite komerciniai programiniai
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paketai (pvz., Matlab® Simulink®), sudaryti baigtiniy elementy pagrindu, gali
spresti daugeli inZineriniy uZdaviniy, todél sékmingai taikomi jau sukurty
daznio keitikliy prototipy tobulinimui ir analizei, tafiau daugelis didZiyju
pasaulio pavary gamintoju sukurti imitaciniai modeliai néra platinami. Siame
darbe sudaryti varikliy reguliavimo imitaciniai modeliai, skirti kintamosios
srovés daznio elektros pavary dinaminiy vyksmy tyrimui ir skaiiavimui,
padésiantys Vilniaus Gedimino technikos universiteto mokslininkams vienoje i§
pasaulyje prioritetiniy mokslo sri¢iy — tyrimams dazninése elektros pavarose.

Tyrimy objektas

Darbo tyrimy objektas — kintamosios srovés daZzninés elektros pavaros ir ju
kompiuteriniai modeliai.

Darbo tikslas

Sio darbo pagrindinis tikslas — sukurti kintamosios srovés skaliariniu ir
vektoriniu biidu valdomy dazniniy elektros pavary kompiuterinius modelius ir
istirti juy adekvatuma.

Darbo uZdaviniai
Darbo tikslui pasiekti reikia spresti Siuos uzdavinius:

1. Sudaryti imitacinji asinchroninio variklio pavaros dinaminiy reZimy tyrimo
modeli ir sukurti programing iranga modeliui valdyti, kuri leisty tirti
elektros pavary savybes su skirtingais reguliatoriais, dinamines
charakteristikas.

2. Sukurti ir iStirti vektorinio valdymo ir skaliarinio valdymo daZniniy
elektros pavary modelj su PI ir PD neraiskiosios logikos reguliatoriais.

3. Sudaryti daZniniy elektros pavary modelius su veleno sukimosi grei¢io
stebikliu.

4. Atlikti valdomos pavaros su daZnio Keitiklio prototipu eksperimentinius
tyrimus ir patikrinti pasiiilyty metody adekvatuma.

Tyrimy metodika
Darbe naudojami analiziniai, skaitmeniniai ir eksperimentinio tyrimo bei

neraiSkiosios logikos metodai, objektinis kompiuteriniy modeliy sudarymas ir
imitacijos. Analiziniai matematiniai modeliai sudaryti Marlab® Simulink®
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aplinkoje. Eksperimentiniai tyrimai atlikti Fiziniy ir technologijos moksly
centro (FTMC) puslaidininkiy fizikos instituto Mikroelektronikos laboratorijoje.

Darbo mokslinis naujumas

SprendZiant darbo uZdavinius, gauti Sie elektros ir elektronikos inZinerijos
mokslui nauji rezultatai:

1. Sudarytas naujas kintamosios srovés asinchroninis variklio modelis
stacionarioje  koordinaliy sistemoje, kuris gali buti pritaikytas
specializuotiems, {vairios galios varikliy pereinamiesiems vyksmames tirti.

2. Sudaryti nauji daZnio keitiklio ir reguliatoriy modeliai kartu su
asinchroninio variklio modeliu leidZia atlikti variklio paleidimo dinaminiy
vyksmy analizg, jvertinti daugeli svarbiy daznio keitiklio i§éjimo
parametry: i$¢jimo jtampos amplitudg, impulsy formas, pereinamojo
vyksmo trukme, asinchroninio variklio apvijy sroves, veleno sukimosi
greit], apkrovos momento charakteristikas, Zinant naudojamy varikliy
vardinius parametrus.

3. Pritaikytas ir iStirtas skaliarinio daZninés pavaros modelis, naudoja kintama
impulsy plo¢io moduliacija ir padidinta pradine jtampa, kompensuoja
itampos sumaz¢jima statoriaus varZoje, kai jtampos tinklo daznis
f, <10 Hz

4. MaZiausios dinaminés ir statinés paklaidos gaunamos, kai valdomas
erdvinis rotoriaus srauto vektorius.

5. Sudaryti daZniniy elektros pavary kompiuteriniai modeliai, leidZiantys
vertinti pavaros greit{, nenaudojant papildomos techninés jrangos greiciui
matuoti.

Darbo rezultaty praktiné reikSmé

Tyrimy rezultatai gali buti naudojami automatinio valdymo sistemoms
projektuoti, imitacijos metu rasti optimalias reguliatoriy strukttras, kitimo
désnius, valdymo poveikius, valdymo jtaisy parametrus, kai yra neZinomos
atsitiktiniy, sistemg veikian¢iy apkrovy charakteristikos arba jos kinta laike, kai
valdymo objekto (asinchroninio variklio) matematinis modelis yra sudétingas.
Sudarytus modelius nesunkiai galima tobulinti, derinti, keisti, pritaikyti
skirtingiems ar daliniams uzdaviniams, su kuriais susiduriama, kuriant daZnines
pavaras, spresti.
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Darbo rezultatai leido iStirti Puslaidininkiy fizikos institute sukurto
specializuoto daZnio keitiklio, naudojamo skaliariniu valdymo désniu
reguliuojamose pavarose, charakteristikas ir sudaryti imitacijos modelius
skirtingiems pavary reguliavimo metodams tirti. Sukurta programiné jranga
naudojama Vilniaus Gedimino technikos universiteto Automatiniy sistemy
mokomojoje laboratorijoje.

Ginamieji teiginiai

1. Skaliarinio valdymo daZninés pavaros modelis naudojantis kintama
impulsy ploc¢io moduliacija ir padidinta prading jtampa, leidzia iki 10 %
sumazinti pavaros pereinamojo vyksmo trukmg¢, nurodZius prading
statoriaus  itampos vert¢ pagal specializuotai pavarai keliamus
reikalavimus.

2. Sukurti nauji uZdarosios greifio reguliavimo sistemos su specializuotu
daznio keitikliu PI ir PD neraiSkiosios logikos kompiuteriniai modeliai,
taikomi, kai biitinas trumpas pereinamojo vyksmo laikas ar tikslus
rotoriaus padéties nustatymas.

3. Sukurti specializuotai asinchroninei pavarai skirti grei¢io stebikliai gali
pakeisti elektromechaninius grei€io jutiklius. Sie stebikliai naudojami
sudarant uZdarasias variklio grei¢io valdymo sistemas.

Darbo rezultaty aprobavimas

Tyrimai atlikti Vilniaus Gedimino technikos universitete ir Puslaidininkiy
fizikos institute. Disertacijos tema yra atspausdinta 11 moksliniy straipsniy.
Keturi — mokslo Zurnaluose, itrauktuose i ISI Web of Science duomenuy bazg;
du — leidinyje, itrauktame i ISI Proceedings; du — recenzuojamoje tarptautinés
konferencijos medZiagoje, trys — kitose tarptautiniy ir respublikiniy
konferencijuy medziagose.

Disertacijoje atlikty tyrimy rezultatai pristatyti vienuolikoje moksliniy
konferencijy Lietuvoje ir uZsienyje:

1. Tarptautinése konferencijose Elektronika 2007, 2008, 2009 m.,
ivykusiose Kaune ir Vilniuje.

2. Tarptautinése konferencijose Mechatronic Systems and Materials
2007, 2009 m., ivykusiose Kaune ir Vilniuje.

3. Tarptautinése konferencijose Electromagnetic disturbances 2008, 2009
m., ivykusiose Vilniuje ir Balstogéje, Lenkijoje.
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4. Tarptautinése konferencijose Doctoral school of energy and geo-
technology 2007, 2008 m., {vykusiose Kuresarés mieste, Estijoje.

5. Lietuvos jaunyjy mokslininky konferencijose Mokslas — Lietuvos
ateitis 2007, 2008 m., ivykusiose Vilniuje.

Taip pat autorius dalyvavo ir jo darbais remtasi Siuose remiamuose
moksliniuose ir kvalifikaciniuose darbuose:

Daznio keitikliy tyrimas, kiirimas ir idiegimas { serijing gamyba. Aukstuyju
technologijy plétros programos projektas, sutarties Nr.: B/13/2008 ir B/13/2009
uzsakovas: Lietuvos valstybinis mokslo ir studiju fondas — Puslaidininkiy
fizikos institutas.

Disertacijos struktiira

Disertacijos aiSkinamaji rasta sudaro keturi skyriai. Pirmajame skyriuje
pateikiami daZniniy pavary valdymo biidy apZvalga ir analizé. Antrajame
skyriuje nagrinéjami skaliarinio ir vektorinio valdymo metodai, sudarytas
asinchroninio variklio modelis su skirtingomis reguliatoriy konstrukcijomis.
Treciajame skyriuje nagrinéjami bejutikliniy pavary grei¢io jvertinimo metodai
pasitelkiant tik matuojamas variklio maitinimo {tampas ir sroviy vertes bei
variklio charakteristikas. Ketvirtajame skyriuje aprasoma gauty rezultaty
eksperimenting patikra modeliuojant daZnines pavaras Matlab® Simulink®
aplinkoje, pateikiamas eksperimentinio stendo, skirto dinaminéms pavary
charakteristikoms modeliuoti, charakteristikos. Darbo apimtis 111 puslapiy
teksto, kuriuose pateiktos: 85 formulés, 55 paveikslai ir 4 lentelés. Disertacijoje
remtasi 91 literattiros Saltiniu.

Bendrosios iSvados

1. Sukurtas apibendrintas asinchroninés elektros pavaros dinaminiy rezZimy
tyrimo modelis stacionarioje statoriaus koordinaciy sistemoje, kuris pritaikytas
kompleksinei dazninés pavaros dinaminiy vyksmy analizei. Sudarytas naujas
skaliarinio valdymo pavaros modelis, naudojantis padidinta prading statoriaus
maitinimo jtampa paleidimo pradZioje, pagristas asinchroninio variklio
statoriaus sroviy dedamyjy valdymu, leidZia iki 10 % sutrumpinti paleidimo
proceso pereinamyjy vyksmy trukmeg.

2. Sukurtas vektorinio valdymo kompiuterinis pavaros modelis rotoriaus
srauto koordinaiy sistemoje, modelio rezultatai palyginti su skaliariniu
valdymo metodu. PaleidZiant varikli su 2 N-m Suoline apkrova, pastebimi
didesni pavaros dinaminio momento virpesiai, esant skaliariniam valdymui,
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todél momento nusistovéjusi verté pasiekiama tik po 0,2 s. Vektorinio valdymo
metu pereinamojo greiio proceso trukmé yra 2,5 karto maZesné. Vektorinio
valdymo modelyje pasiekiama maZa statiné paklaida, pereinamojo proceso
trukme, sukimo momento §vytavimai.

3. Sukurti nauji stebikliai dazniniy pavary asinchroniniy varikliy veleno
grei¢iui apskaiCiuoti. Pasiektas didelis kampinio grei¢io apskai¢iavimo
tikslumas, kuris palygintas su imitacijos metu gautu grei¢io signalu. Paklaida
tarp iSmatuoto ir apskaiCiuoto greiio nevirSija 0,5 %. GreiCio signalo
ivertinimo metodas, naudojantis sistemos biisenos kintamuosius, tiksliau seka
pavaros greitj, pereinamojo vyksmo metu tik esant maitinimo itampos dazniui,
didesniam negu 10 Hz. Todél Sis greicio stebiklis netinka naudoti mazy greiciy
srityje. Sukurtas MRAS greicio stebiklis su neraiskiosios logikos reguliatoriumi
apskaiciuoja veleno sukimosi greiti pagal matuojamas variklio sroves ir
itampas. Paklaida tarp apskaiCiuoto ir imitacijos metu gauto veleno greicio
nevir$ija 5 % esant nusistovéjusiam reZimui.

4 Sukurto  skaliarinio  valdymo modelio  adekvatumas  iStirtas
eksperimenti§kai, naudojant stenda su 4 kW asinchroniniu varikliu. Gautos
imitacinés ir eksperimentinés grei¢iy, momenty ir sroviy dinamings
charakteristikos, apkrovus variklio veleng 5 N-m statine apkrova ir esant 7 Hz ir
30 Hz tinklo itampy daZniams. Esant 7 Hz tinklo jtampai, nusistovéjusi veleno
sukimosi grei¢io paklaida nevirSija 3,1 %, o maksimali dinaminio ir
nusistovéjusio momento — 4 %. Prijungiant varikli prie 30 Hz tinklo {tampos,
dinaminé nusistovéjusio greiio paklaida nevirSija 1 %, taciau dinaminio
momento maksimali vert¢ iSmatuota eksperimentiskai 14,2 % virSija gauta
imitacijos metu. Esant didesniam sukimosi greiio nuostatui, nusistovéjusi
greicio paklaida yra mazesné.
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