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Introduction

An advanced electric drive is a mechatronic system,
which contains both mechanical and electronic units. The
frequency converter acts as an electronic unit in drives
based on the AC induction motors. The software Matlab is
typicaly used for the simulation of electric drives.
However, in case when the drive includes such a complex
electronic unit as a frequency converter, the electronic
circuit simulation programs offer an advantage over the
program Matlab. Unfortunately, as a rule the electronic
circuit simulation programs do not include a suitable
model of the AC induction motor. Therefore, the
development of AC induction motor models adapted for
the simulation using the electronic circuit simulation
software becomes important. The model of the induction
motor and frequency converter developed for electronic
circuit simulation program PSpice is considered in the
work. The results of simulation of performance
characteristics of the mechatronic system frequency
converter — AC induction motor using the program PSpice
are presented as well.

Model of the Mechatronic
Converter —AC Induction M otor

System  Frequency

An induction motor is a complex electromechanical
system with both electromagnetic and mechanical
processes to be considered. The mathematical model of the
induction motor includes differential equations, ascribing
both electromagnetical and mechanical processes|[1, 2, 3].
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where Ug, Ug — the supply phasor voltages of stator and
rotor windings; ig, i — phasor currents of stator and rotor
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windings; are phasor flux linkages of stator and rotor
windings; Rs, Rr — resistances of stator and rotor windings;
Ls, Lr — inductances of stator and rotor windings, M — the
mutual inductance between stator and rotor windings; w —
the angular speed of the rotor; a — the angular speed of
reference frame.

Windings of the stator and rotor are coupled by the
mutual inductance. To develop a model of the induction
motor for the program PSpice, the inductances of stator
and rotor windings should be expressed in terms of self-
induction, which is related to the flux, linking the winding
and mutual inductances as:

Ls=Llss +Mx, Lg=Lgs + M, 2
where Lg,, Lg, — the self inductance of stator and rotor
windings.

Substituting (2) into (1) and expressing phasors by their
projections give a set of motor equations for the x axis:
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In the same way is derived system of equations for
variables, aligned along y axis:
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The expressions of eguation sets (3) and (4) can be
presented as closed loops with appropriate electric
elements using the program PSpice. Each equation
corresponds to one loop.

The loops presenting the x axis are modeled according
to (3), and those presenting the y axis — according to (4).
One loop corresponds to the stator, the other — to rotor
circuits. The last terms in the equations, which include the
magnetic flux, can be presented using voltage sources
connected to the corresponding loops. The sources take
into account the influence of loops presented on a different
axis to each other, e.g. the influence of loops on the x axis
to theloops on they axis.

Magnetic fluxes ys, ¥ro Ws and yg, are modeled by
two current controlled voltage sources connected in series,
the gain of which isequal to the corresponding inductance.

Mechanical part is described by equation:
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where Jg — the inertia of the motor and drive; Ta, — the
developed electromagnetic torque.

The PSpice is a program specialized for the simulation
of electronic circuits [4], therefore, all mechanical
variables, such as speed and torque must be replaced by
electrical variables. The current in the developed model
replaces the torque, the capacity — inertia and the voltage —
Speed.

The equivalent circuit of the induction motor model is
shown in Fig.1 [7]. Each nod has its number, which is
presented in oval label. The labels of nodes are required for
creating of motor model. The further explanation uses node
label.
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Fig. 1. Equivalent circuit of the induction motor model

The part of the circuit with nodes 1 — 7 corresponds to
the set of equations (3) and the part of the circuit with
nodes 8 — 14 to the set of equations (4). Sources ugr, and
Ugy are used to establish currents of the rotor.

As it was mentioned, magnetic flux linkages are
calculated using the circuit with two current controlled
voltage sources connected in series and choosing the gains,
equal to the corresponding inductances. This connection
produces voltages at nodes 16, 18, 21 and 23 (Fig.1) equal
to the corresponding fluxes. The resistance Ra between

nodes 16, 18, 21, 23 and ground has any influence on the
operation of the circuit and is used only to create closed
loops.

The torque is calculated according to magnetic fluxes
using (5), multiplying it by the adjustable current source.
The current of the voltage controlled current source is
equal to one component of flux, voltage controlled
resistance — to the other. In this way the voltage drop
across the adjustable resistance is equal to the product of
both components. The controlled current source and



resistance connected between node 25 and ground (Fig.1)
generate the product wgww. AN anaogous Ccircuit
connected between 26 and ground gives the product
Wsdvry- The torque is equal to the current of the source,
connected between node 27 and ground. This source is
controlled by the voltage difference between 25 and 26
nodes.

The rotor inertia is modeled using the circuit that
contains capacitance connected to node 27 and the current
source, which corresponds to the torque. The voltage of
node 27 by its numerical value is equa to the angular
speed of the rotor.

Voltages of nodes 19 and 24 are equal to the product of
magnetic flux and difference in the speed of reference
frame and the rotor angular speed. These products are
formed in the same way as for calculation of the torque.

The agorithm for creating the frequency converter
output voltage is selected according to the requirements of
the drive performance parameters, for example, allowed
pulsation of the speed, simplicity of the algorithm, contents
of harmonics [5]. Let us analyze the frequency converter
operating according to the well-known six-step algorithm.
Following this algorithm the period of the voltage is
divided into six intervals and the voltage is constant inside
of each interval.

The developed model of the motor contains just two
phases, therefore the three-phase supply source should be
changed by the two-phase one.

The phasor of supply voltage is calculated as:

§|:UA+uBeXp(JZ_)+UC exp(— J%ﬂﬂ , (6)

where u,, Ug, Uc — instantaneous phase voltages.
Supply voltages of the two-phase equivalent electrical
machine are calculated using expressions:

Us =

The values of three-phase motor phase voltages and
corresponding two-phase motor voltages for each of 6

intervalsare givenin Table 1.

Table 1. The values of three-phase motor phase voltages and
corresponding two-phase motor voltages for each of 6 intervals

Time Ua U Uc Usy Us,
0-—T/6 | Upx | Umx| O Umd3 | UnadV3
T/6-T/3 0 |Umx| 0 | -Ume3 | UmdV3
TI3=T/2 0 | Unax | Unex | -2Umad3 0
T2-2T/3 | 0O 0 | Unex| “Unad3 | -Unad V3
2T/3=5T/6 | Upex | O | Unax | Uma3 | -Umad V3
5T/6-T |Umx| O 0 | 2U/3 0

The pulse voltage generator of the PSpice component
library is used to create the values written in the lasts two
rows of Table 1, used for the case of two-phase voltage. As
the standard PSpice generator gives a constant level signal
during the period, the three generators connected in series
are used to create the voltage ug, and two generators — to
create ug,.
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Results of Simulation

By employing the developed models on the basis of the
program PSpice, the simulation of the mechatronic system
frequency converter — AC induction motor type 4A100L2
was provided. The results are presented in Fig. 2—4.
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Fig. 2. Current in the stator winding of phase A at starting
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The frequency converter produces the pulse output voltage
created by the output switches. The change in the state of
switches causes the transient. It is seen in Fig. 2 that during
the transient the instantaneous values of the current in the
motor windings and, consequently, in the switches
increase. The increased value of the instantaneous stator
current causes a larger torque. This fact induces the ripples
(pulsations) of the developed torque (Fig. 3).
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Fig. 3. Starting transients of the motor torque
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Model of system frequency converter — induction motor and its dynamic characteristics is analyzed. The model of variable —
frequency electric drive in PSpice is elaborated. Three phase induction motor is modelled as equivaent two-phase motor in stationary
reference frame. Frequency converter is modelled by replacement it by two voltage sources, used to supply phase windings of equivalent
two — phase motor. Results of simulation: starting transients of current, speed and torque of motor at no load are presented and analysed.
In the motor, supplied by frequency converter, active communicating processes in the windings cause pulsations of electromagnetic
torque of high amplitude, what do not decay even after transient time is over. Analysis of speed starting transients shows, that in the
motor, supplied by frequency converter, they 20% longer, than at three-phase supply. Ill. 4, bibl. 7 (in English; summaries in English,
Russian and Lithuanian).

P. PunksaBuyene, A. bamxkuc, A. IlerpoBac. JluHaMu4ecKkasi Mo/JeJIb CHCTeMBbl «Ipeofpa3oBaTe/ib YaCTOThI — ACHHXPOHHBII
JABHTraTelIb» // JJIeKTPOHUKA M dJIeKTpoTexHuKa. — Kaynac: Texnosorus, 2008. — Ne 2(82). — C. 65-68.

OOCyxmatoTcsi BOIPOCHI, CBSI3aHHBIE C MOJEIMPOBAHUEM CHCTEMBI Ipeo0pa3oBaTellb 4YacTOTHl — ACHHXPOHHBIN [BHTATENb,
paccMaTpHUBalOTCS €€ JMHAMHYECKME XapaKTePUCTUKH. MoJenupoBaHHE HPOBOAUTCA CPEACTBaMH IporpamMmel  PSpice. s
MOJICJIMPOBaHUs ACHMHXPOHHOTO JIBUIATENsl HCIOJIB3YETCS MOJENb SKBUBAICHTHOW IBYX(a3HOW MaIIMHBI B TPaHC(HOPMHUPOBAHHOM
cucTeMe KoopauHaT. Mojens npeoOdpa3oBarelist 4aCTOTH COCTOUT U3 JBYX MCTOYHUKOB HANPSDKEHUS, MUTAIOLMIMX Pa3JIMYHbIE OOMOTKH
nByxdassoro npurarens. I[IpuBoaMTCs pe3ysnbTaThl MOJICIMPOBAHMA: HEPEXOAHBIE IPOLECCHI TOKA CTaTOpa, CKOPOCTH U
9JICKTPOMAarHUTHOTO MOMEHTa IIPU XOJIOCTOM ITycke asuratens. [Ipm muranmm aBurarens ¢ mpeoOpa3oBaTelsi 4acTOTHI B OOMOTKax
NIPOTEKAIOT AKTHBHBIE KOMMYTAI[MOHHBIE TIpOIecCHl. IIpu TakoM XapakTepe HW3MEHEHHsS TOKOB IIPOSIBISIIOTCS —IyJIbCAIlUU
9JICKTPOMAarHUTHOTO MOMEHTa, HEWCUe3alolie Aake II0CIe OKOHYAHHMS MEePEeXOJHOTO Ipolecca CKOPOCTH. AHAIM3 IIEPEeXOTHOTO
Iporecca CKOPOCTH MOKa3bIBAET, YTO P IMHUTAHUK OT IpeoOpa3oBaTellss 4acTOTHI IepeXxoHbIH mponece anurcs Ha 20 % xoiblie 4eM
IIpY IUTaHUU ¢ TpexdasHoi cetu. 1. 4, 6ubin. 7 (Ha aHIIMIICKOM A3bIKe; pedepaThl Ha aHIIIMHCKOM, PYCCKOM U JIMTOBCKOM $3.).

R. Rinkevi¢iené¢, A. Baskys, A. Petrovas. Daznio keitiklio ir asinchroninio variklio sistemos dinaminis modelis // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 2(82) . — P. 65-68.

Nagrinéjamas daznio keitiklio ir variklis sistemos modelis ir jos dinaminés charakteristikos. Sudarytas PSpice programai pritaikytas
dazninés pavaros modelis. Trifaziam asinchroniniam varikliui imituoti panaudotas ekvivalentinio dvifazio variklio modelis
transformuotoje koordinagiy sistemoje. Daznio keitiklis imituojamas pakeiciant ji dviem jtampos satiniais, maitinanciais skirtingas
ekvivalentinio dvifazio variklio apvijas. Pateikti ir isanalizuoti imitacijos rezultatai: statoriaus srovés, greicio, elektromagnetinio
momento pereinamigji procesai paleidziant neapkrauta varikli. Variklio, maitinamo i$ daznio keitiklio, apvijose vyksta aktyviis
komutaciniai procesai. Kintant srovei, atsiranda elektromagnetinio momento smaginés pulsacijos, kurios nedingsta net pasibaigus
grei¢io pereinamiesiems procesams. Grei¢io pereinamuju procesy analizé rodo, kad is daznio keitiklio maitinamo variklio greicio
pereinamasis procesas uztrunka 20 % ilgiau nei maitinamo is trifazio tinklo. I11. 4, bibl. 7 (anglu kalba; santraukos angluy, rusy ir lietuviy
k.).
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