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Introduction

The cage induction motor is the most popular
machine for industrial applications. It is aso the most
complex from the viewpoint of drive control. Computer
simulation is widely applied in various system studies. For
developments of the power electronic and control system
simulation provides numerous advantages such as concept
proof of the circuit topology, development of the control
algorithm, study of efficiency and performance. These
computer based simulation techniques save costs before
developing the unit. Vector (or “field-oriented”) control
algorithms are widely used in high-performance drives,
providing precise and responsive speed control, and
guaranteeing optimized efficiency during transient
operations [1, 2]. In industrial applications, vector drives
are often required to operate from zero speed (including
zero speed start-up). Therefore we propose a model of the
AC motor drive based on the low-speed region where rotor
flux components can be synthesized more easily with the
help of speed and current signals.

Development of model of induction motor

Dynamic performance of an AC machine is complex
problem taking into account three phase rotor windings
moving with respect to three-phase stator windings. The
coupling coefficient changes continuously with the change
of rotor position 6, and machine model is described by

differential  eguations with time varying mutual
inductances. To simplify the problem solution, any three
phase induction machine can be represented by an

equivalent two phase machine, where d,— g are stator

direct and quadrature axes as well as d" — " are rotor

direct and quadrature axes. The problem becomes simple,
but problem of time varying parameters still remains. Park
transformation refers the stator variables to a synchronous
reference frame, fixed on the rotor. It results to al time
varying inductances being eliminated. The other kind of
transformation widely used is G. Kron transformation,
relating both stator and rotor variables to a synchronously
rotating reference frame that moves with the rotating
magnetic field. Time-varying inductances in the voltage
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equations of an induction machine also can be eliminated
by transforming rotor variables to variables associated with
fictitious stationary windings. In this case, the rotor
variables are transformed to a stationary reference frame
fixed on the stator. This method was proposed by H. S.
Stanley [1]. The paper presents a mathematical model of
the induction motor in a stationary reference frame. A
mathematical model of the linear induction motor in
stationary reference framea,  developed for the linear
motor is presented in [3]. For revolving induction motor it

can be written in terms of variables along quadrature and
direct axes as:
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where v, v, — stator flux linkages aligned with the
direct axis; (//js,wgs — stator flux linkages aligned with
quadrature axis, Ry — stator phase resistance, R, — rotor
phase resistance, referred to stator; U, U, Ug, Uy, — stator
and rotor voltages. In the dationary reference frame
U =U e COSaRt,  Ug =U, . Sinat  where U is
amplitude of voltage and w, =27 f is angular frequency.
L, is magnetizing inductance, L, =L, +Lis stator
inductance, L, is stator leakage inductance; L, =L, +L,
L,is rotor leskage inductance referred to stator and
k,=L,/L.
Torque, delivered by motor, is calculated as:
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where p is number of pole pairs.



The Simulink model of the induction motor is
presented in Fig. 1.

The model has been realized using the actua
parameters of the induction motor presented in the Table 1.

Tablel. Parameters of the induction motor

Parameter [ U | P n Rs |[Ls [Re |[Lgr
Units (V1 | kW] | [rpm] | [Q2] | [mH] | [Q] | [mH]
Value 220 (1,1 | 1415 [ 512 [ 479 | 143 | 49

The developed model of the induction motor can be
used with various motor parameters in order to anayze
different transients in the motor with desired load on the
shaft.

The vector control model with the torque-generated
stator current component

The vector control method of the induction motor
drive is presented in Fig. 2. [4]. The inverter is simplified
and shown without the power conversion control circuit.
Stator currents and motor shaft speed are used in the vector
control system. The speed control loop generates the

torque component of currenths, the flux component of

current i, for desired rotor flux is maintained

W
constant for simplicity. If the rotor flux is constant in
indirect vector control, which is usualy the case, then it is
directly proportional to steady state current i .

Magnitude of the estimated rotor flux linkage is
caculated as:

_ _—m ds , 3
|Wr| l+z.s @)

where 7, istime constant of the rotor electrical circuit.

The direct component of current is found as:

o=l @

The quadrature component of stator current is:

. 22 L T
i =S5 e (5)
T 3p Ll

where T. is electromagnetic torque.

The angle between  thed®and d® axes,
correspondingly in stationary and synchronous reference
framesiscalculated as[1]:

0, = [ (o, +o, ), (6)

where w, isrotor speed, w, isdlip frequency.
Slip frequency is found from the stator current
component i ;S and other motor parameters:

L, R .
—_—m ¥ 7
s |l//r| I-r ® ()

According to the model, presented in Fig. 1 and
equations (3, 4, 5, 6 and 7) the computer model of the
vector-controlled drive, presented in Fig. 2, is developed.
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Fig. 1. The induction motor mode! in d°- g°stationary reference frame
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Fig. 2. The Simulink model for the inverter controlled induction motor drive
For comparison of simulation results, scalar control 160 T ‘ ‘ ‘ ‘
and vector control of induction motor Simulink models has 1401 ———— - i,,,,,,},,, I i,,,,,,; ,,,,,,
been elaborated. Simulation of scalar or VV/Hz control has ! ! ! ! !
been made with the same induction motor model shown in ot b A b .
Fig. 1 without the speed feedback. Also a part of the 100 -~ - - - AR re-o-- oo IR
Simulink model devoted for vector control, shown in Fig. T VAN [ L ]
2, is replaced with the standard PWM (Pulse Width 3 | | | | |
Modulation) function block adjusted to three-phase PVM &% A P B P
control [5, 6]. 40F - -7~ oo i Feoooe oo it
The Simulink model of vector control induction 2ol - e e U I oo ]
motor drive consists of models for power supply, PWM l l l l l
inverter, induction motor drive in the stationary reference ° ! ! ! ! !
frame and vector controlled algorithm. W0 oos o008 oz oi6 02 o
Time, s

Simulation results of induction motor drive

For comparison simulations are made with two
different motor control methods. Fig. 3, and Fig. 4, present
the dynamic motor transients of rotor speed simulated with
indirect vector control and with the scalar (V/Hz) control
method respectively. Rotor speed increases from 0 to 150
rpm in both control methods.
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Fig. 3. Starting transients of speed at the vector control model
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Fig. 4. Starting transients of speed at the scalar control model

From Fig. 3 we can observe speed response with
constant acceleration and steady state speed value is
achieved in 0.065 sec. With the scalar control method
without the speed feedback steady state speed is achieved
only in 012 sec. Respectively torque transient
characteristics of different motor control methods can be
analyzed in figures 5 and 6.

rorque, NM

Fig. 5. Dynamic torque characteristic with the vector control
model



nominal motor torque value. That results in transients of
12

| | | | | ! ! drive speed at constant acceleration for the vector control.
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Modeling and simulation of the AC induction motor drive controlled by the vector or field-oriented method and comparison results
with scalar control is discussed. Motor speed is controlled by a torque-generated stator current component while maintaining the flux-
generated current component steady. The torque-generated current component is corrected to track it set point in the current controller
using its own dedicated Pl controller. Set of differential equations of the induction motor for development of the model is derived. The
motor model is developed in a stationary reference frame. Simulation results of two models, one with vector control and other with
scalar control, are presented and analyzed. lll. 6, bibl. 6 (in English; summaries in English, Russian and Lithuanian).

P. PunksiBuyene, B. Barkayckac. MofequpoBaHie W HMCC/Ie0BaHHE ACHHXPOHHOIO NMPHBOAA C BEKTOPHBIM ymnpaBiienueMm //
DJIeKTPOHHUKA U JIeKTpoTexHuka. — Kaynac: Texnosorusi, 2008. — Ne 1(81). — C. 53-56.

PaccmarpuBaeTcst paszpaboTka Momeneil M Pe3yabTaThl MOICIHPOBAHHS aCHHXPOHHOTO JJIEKTPOIPHBOAA C BEKTOPHBIM
yIOpaBJICHUEM, a TaKKe CPAaBHGHHE pE3yJIbTaTOB CKAIAPHOIO M BEKTOPHOTrO ympasieHus. CKOpOCTh [BUrareis YIpaBIsieTcs
COCTaBIISIIOLICI TOKa CTaropa, NPONMOPLHMOHAILHOW MOMEHTY MABHrareis, a COCTABISIIOIIAs TOKA, IMPOIOPIHOHANBHAS IIOTOKY,
MOAJCPKUBACTCS NOCTOSHHOM. IIM peryisrop TOKa HCHOJIb30BaH [UIsl MOAJCPKUBAHMS M CICKCHUS 3aIaHHOIl BEIMYMHBI ITOU
cocrapisitonieil Toka. BeiBeneHa cucTeMa auddepeHInaNbHbIX YpaBHEHHIl aCHHXPOHHOTO JIBUTaTellsl B CTAlMOHAPHON CHCTEME
KOODAHMHAT, Ha OCHOBE KOTOPOi pa3paboTaHa MOAEIb aCHHXPOHHOTO IBUIraTels. [IpHBOAKUTCS CpaBHEHHE PE3yIbTaTOB MOACTUPOBAHHUS
IBYX MOJENCH: BEKTOPHOTO M CKALIPHOTO yrnpasieHus. Wi, 6, 6ubi. 6 (Ha aHrIniicKoM si3bIke; pedeparsl Ha aHTIHHCKOM, PYCCKOM H
JIMTOBCKOM 513.).

R. Rinkevi¢iené, V. Batkauskas. Vektorinio valdymo asinchroninés pavaros modeliavimas ir tyrimas // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 1(81). — P. 53-56.

Pateikti vektoriniu badu valdomo asinchroninio variklio modeliavimo rezultatai. Jie lyginami su skaliariskai valdomo asinchroninio
variklio modeliavimo rezultatais. Pavaros greitis reguliuojamas statoriaus srovés dedamaja, proporcinga sukimo momentui, palaikant
srauto srovés dedamaja pastovia. Nustatytoji srovés dedamosios, proporcingos momentui, verté palaikoma naudojant Pl valdikli. 1svesta
asinchroninio variklio diferenciainiu lygciy sistema, kuria remiantis sudarytas variklio modelis Simuliuok programoje. Variklio modelis
sudarytas ngjudamoje koordinliy sistemoje. Pateikiami dvigy tipu pavary modeliy imitavimo rezultatai; palygintas skaliarinis ir
vektorinis pavaros valdymas. Il. 6, bibl. 6 (angly kalba; santraukos lietuviy, anglu ir rusu k.).
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