ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392-1215

2007. No. 3(75)

ELEKTRONIKA IR ELEKTROTECHNIKA

ELECTRICAL ENGINEERING

T 190

ELEKTROS INZINERIJA

Computer Modelling of the Starting Processes of Induction Motor

J. Karalituniené, L. KrikStaponis, D. LukoSiené
Department of Electrical Engineering, Vilnius Technical College,
Olandu st. 16, LT-01100 Vilnius, Lithuania, tel.: +370 261 03 40, e-mail: dalia.lukosiene@vtk.lt

Introduction

Contemporary computer hardware and software
technology enables to simulate any regime of work of
induction motor and to obtain its characteristics. Therefore
science articles are recently being published, examining
regimes of work of induction motor and drives, and
transient processes, using the special models substantiated
by digital methods and iterative calculations.

Article [1] examines physical processes of the salient
pole electrical machines of alternating current, taking into
account the discrete arrangement of windings, and also the
primary and secondary asymmetry of such machines. It is
shown that in such machines the higher harmonics of new
frequencies are generated, since the parameters of
inductive machines change during time. Therefore
machines in the mathematical model occurs elementary
component both with the positive and with the negative
frequencies. The author asserts that in this case the sign of
frequency shows the harmonics of magnetomotive force,
which creates the current of rectilinear and reverse priority,
direction the rotation.

Problems of control of the frequency of three-phase
induction motors are examined in article [2]. The obtained
diagrams show that, having correctly selected the structure
of system control, it is possible to obtain the transient
processes of drive which are close to being optimum.

The starting procedure of induction motor, with
estimation of change of inductive reactances of equivalent
circuit, is examined in article [3]. Software bundle of the
company ANSYS is used for simulation of magnetic field
and transient launch procedures of engine.

Conditions of work and feed circuit effect on
characteristics of the functioning of induction motors in
deep bore holes are examined in article [4]. Calculation
algorithm and computer software is comprised by taking
into account the change in the parameters of temperature of
bore hole, pressure and feed cable. In scientific works [5,6]
the electromagnetic processes of inverter and vector
control of induction motors in the real time are examined,
using the software bundle Matlab/Simulink.

The purpose of this work is to construct a computer
model of the starting processes of induction motor and to
present the results of a study.
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Basic equations and their transformation

For the computer simulation we select the system
connected with the fixed stator «, £, 0. In this case the

differential vector equations of induction motor are as
follows:
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where u,, i — vector of voltage and current of stator; u

i, — vector of voltage and current of rotor; R, R — active
stator winding resistance and rotor winding resistance
respectively; L , L — inductance of the windings of stator

— rotor unit; M — mutual inductance of windings; @ - rotor
angular velocity; M, — motor electromagnetic torque; p —
pole — pairs of motor; j=+/-1.

It should be noted that the system (1) contains
complex coefficients, which have to be eliminated before

simulations. The best way to do it is to find the projections
of all vectors on the axes of engine « and £, for example:
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equation system, this system is changed so:
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Equations of simulation system (2) are being modeled
with the fundamental equation of the drive:
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where J,,— the reduced moment of the inertia of rotor;
XM, — the sum of the acting moments of resistances in

the drive.

Equations (2) and (3) enable all delivery functions,
which are necessary for creating the computer model. But
first, all equations are written in the operator form:
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where s :di — the operator Laplace.
t

Dependence between input and output variables of
stator chain is as follows:

Delivery function describing rotor circuit has more
input variables. Output variables are components of the
rotor current:
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Equations (5) and (6) indicate that in order to compose
the block diagram of the motor model, basic delivery
functions are aperiodic inertia chains.

Structure of the model of starting processes

The computer model of the starting procedures of
motor and its block diagram are constructed by applying
system of equations (4) (6). Software bundle
Matlab/Simulink is used for this purpose. The block
diagram of the model of the cage rotor is shown in Fig. 1.

In Simulink environment, after connecting separate
models into one, we obtain the computer model of the
process of motor starting, the overall structure diagram of
which is shown in Fig. 2. This model of induction motor
which is suitable for investigating the transient processes
of the stator and rotor currents, speed and electromagnetic
torque. After a simple modification of block diagram we
can simulate magnetic fluxes.

u,, —Msi,, For the simulation of starting procedures into the
b = "R +Ls programs compulsorily are assigned the parameters of
o 5) circuit of the substitution of concrete motor, the method of
P Uy = Msi,, solving the equations, accuracy, step of integration and etc.
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Fig. 1. Block diagram of the model of squirrel-cage rotor of induction motor
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Results of simulation

For investigating the starting procedures were
introduced such parameters of equivalent circuit of

induction motor with cage rotor: R, =6 Q; X 1 =0,4Q;
X,=4Q; R =12,5Q; X,=0,60Q; J,, =0,05kgm’;
U, = V2 220 V. Fig.3 shows the transient process of the

speed with the direct starting of idle motor. The transient
processes of electromagnetic torque they are indicated in
Fig. 4: a) — motor starting at the idling; b) — static load
moment is M, =5 Nm. Changing the current of rotor with

the starting is shown in Fig. 5.
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Fig. 3. Transient process of the speed with the direct starting

of idle motor
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Fig. 4. Transient processes of electomagnetic torque: a) — motor
starting at the idling; b) — static load moment is M, =5 Nm
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Fig. 5. Changing the starting current of rotor
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3. Results of simulation it shows that to the processes of Mode Control of Sensorless Induction Machine // Journal of
motor starting are characteristic the jumps of currents Electrical Engineering. — Slovak Centre of IEE, 2006. —
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Hccnenyrorcss BONPOCH! KOMITBIOTEPHOTO MOJICIMPOBAHMS ITyCKOBBIX PEXKHMOB aCHHXPOHHOrO MoTopa. ubdepeHunanbHbe
YPaBHEHHsI MOTOpA 3allCAHBl B CHCTEME KOODIAMHAT «, [5, 0, CBS3aHHOM C HENOBMXKHBIM CTATOPOM. KOMIbIOTEpHAs MOJEIb

MPOLIECCOB MycKa cocTaBieHa B cucteme Matlab/Simulink, koTtopast mMpoko nmpuMeHsieTcss B HaydHOH M MHXeHepHo mpaktuke. [Ipu
CO3/IaHMM MOJEJIM HCIOJb30BaH NMPUHIMI OOBEKTHOrO IporpaMmupoBanus. IIpencTaBiieHHas MOJIEb MMPUTOAHA Ul HCCICIOBAHUS
HEPEXOAHBIX MPOLECCOB MPSIMOTr0 MyCKa MOTOpa ¢ KOPOTKO3aMKHYTHIM U (Da3HBIM POTOPOM, a TAKXKE IPOLIECCOB PEOCTAaTHOTO MycCKa.
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B3aMMOJICHCTBUS KOTOPBIX CO3/AI0TCS yAapHbIE COCTAaBISIIOMINE HIIEKTPOMAarHUTHOro MoMeHra. M. 5, 6ubi. 6 (Ha aHTTIHHCKOM SI3BIKE;
pedepathl Ha aHTIIMHCKOM, PYCCKOM ¥ JINTOBCKOM 513.)
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Nagrinéjami asinchroninio variklio paleidimo procesy kompiuterinio modeliavimo klausimai. Variklio diferencialinés lygtys
uzra§ytos su nejudanciu statoriumi susietoje koordinaliy sistemoje «, £, 0. Paleidimo procesy modelis sudarytas modernioje

Matlab/Simulink sistemoje, kuri placiai taikoma mokslinéje bei inzinerinéje praktikoje. Modeliui sudaryti panaudotas objektinio
programavimo principas. Pateiktas modelis tinka varikliy su narveliniu ir faziniu rotoriumi tiesioginio paleidimo, taip pat ir reostatinio
paleidimo pereinamiesiems procesams tirti. Gauti modeliavimo rezultatai rodo, kad pacioje pereinamojo proceso pradzioje atsiranda
smiiginés paleidimo srovés, dél kuriy saveikos sukuriamos ir elektromagnetinio momento smiiginés dedamosios. Siuos procesus
salygoja energijos mainai tarp variklio ir tinklo. Il. 5, bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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