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Introduction

Advanced electric drive is a mechatronic system,
which contains both mechanical and electronic units.
Induction drives operate at transients when the amplitude
and frequency of electric variables or speed vary in time.
The typical examples of induction motor transients are:
direct staring after turn off, sudden mechanical loading
sudden short circuit, reconnection after a short supply
fault, behaviour during short intervals of supply voltage
reduction, performance with PWM converter fed.

The investigation of transients may be carried out
directly by circuit models or by coupled finite element
method (FEM) circuit models of different degrees of
complexity. Usually the powerful tool Matlab is used for
the simulation of AC induction drives [1 — 4]. However
when drive includes such a complex electronic unit as
frequency converter, the electronic circuit simulation
programs offer an advantage against the Matlab software.
Unfortunately, as a rule the electronic circuit simulation
programs do not include the suitable model of the AC
induction motor. Because of this, the development of AC
induction motor models adopted for the simulation using
electronic circuit simulation software becomes important.
The article deals with the model of the induction motor
developed for electronic circuit simulation program
PSpice. The results of simulation of performance
characteristics of the mechatronic system with AC
induction motor using program PSpice are presented as
well.

Mathematical model of AC induction motor

The induction motor can be observed as a system of
electric and magnetic circuits, which are coupled
magnetically and electrically. Therefore the three phase
induction motor is represented by six circuits (one per
phase). Each of them includes self inductance and 5 mutual
inductances. The stator and rotor inductances as well as
mutual inductances between stator or rotor phases do not
depend on rotor position. The mutual inductance between
stator and rotor phases depends on rotor position. So the 8"
order nonlinear model with time variable coefficients
describes the transients in the induction motor. To reduce
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number of equations, determining performance of
induction motor, the complex variable model is used,
where the complex variables of stator and rotor currents
are introduced as space phasors [5, 6].

Applied voltage should be balanced by voltage drop
across the resistance and rate of flux linkages space
phasors as:
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where Vs

and 7‘/—’}{ are phasor flux linkages of stator and rotor,

us and uj are voltage space phasors;

expressed as:
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where rotor position 6, = p,8, ; p, is number of pole
pairs, 6, is actual rotor position; L, is inductance of stator,
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So
inductance of stator and rotor windings Mg, L,

composed from inductance and mutual

is
inductance of rotor, L ro 18 TOtOr self inductance.

The stator variables in Eq. (3) are presented in stator
coordinates, in Eq. (4) — in rotor coordinates.
Using rotation of stator and rotor coordinates at speed ¢, ,

the equations of flux linkages obtain the form:
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Rs, Ry are phase resistances of stator and rotor and
a is speed of rotor.

The complex variables (state phasors) can be
decomposed in plane along two orthogonal axes, rotating
with speed , . Substituting equations (3, 4) to (7, 8) gives
equations of motor variables decomposed along x axis:
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In the same way is derived system of equations for

variables, aligned along y axis:
di dig, di
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Using program PSpice, the expressions of equation
sets (9) and (10) can be presented as closed loops with
appropriate electric elements. Each equation corresponds
to one loop.

The loops aligned along x axes are modelled
according to Eq. (9), and aligned along y axis — according
to Eq. (10). The first loop describes the stator, the second —
the rotor circuits. The last terms in the equations, which
include the magnetic flux, can be modelled by voltage
sources connected to the corresponding loops. The sources
take into account the influence of loops presented on the
different axis to each other, e.g. influence of loops on x
axis to the loops on y axis.

Magnetic fluxes ¥, %y Ws, and g, are modelled
by two connected in series current controlled voltage
sources, whose gain is equal to corresponding inductance.

Mechanical part is described by equation:

1) :LJ.Temdt =
Jr
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where Ji— inertia of the motor and drive [kg:m?];
T, — developed electromagnetic torque [N-m].

The PSpice is program specialized for the simulation
of electronic circuits, therefore, all mechanical variables,
such as speed and torque must be replaced by electrical
those [7]. 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.l. Each node has its number, which is
presented in oval label.

The labels of nodes serve for creating of motor
model. The further explanation uses node labels.

A lot of software for analyzing of electrical circuits is
developed on the base of PSpice. They are different by
their possibilities, price, convenience of interface and other
parameters. Nevertheless they have common properties —
description of electrical circuits is more so less matched
with original PSpice. Here only standard PSpice
possibilities were used for developing of induction motor
model, therefore carried out model should operate in the
any software developed on PSpice base. Gnucap program,
running in Linux operational system was used for
elaborating of motor model. This program is not based on
PSpice, but many commands used to describe electrical
circuit fully match PSpice syntaxes.

The parameters of modelled
4A100L2 are presented in Table 1.

induction motor

Table 1. Parameters of modelled motor
Para- U P n Rg Lg
meter
Units \% kW | rpm Q mH| mH| Q mH
Value | 220 | 5.5 | 3000 | 1.05| 3.6 | 253 | 0.754| 7.3

MSR RR LR

Inertia of the motor is J, = 0.0075 kg-m? .

Description of electrical circuit, presented in Fig. 1,
for Gnucap program is carried out for stationary reference
frame at «, =0 as:

* Circuit along x axis

V_sx 1 0 sin Amplitude=310 Frequency=50 IOffset=0.005
R s x121.05

L s ro x233.6mIC=0

E sx341600

L sr x4 0253m IC=0

Erx541901

Lrrox5673mIC=0

R r x670.754

V_rx700

* Circuit along y axis

V_sy 8 0 sin Amplitude=310 Frequency=50
R s y981.05

L s ro y1093.6m IC=0

E sy11101800

L sr y 11 0253m IC=0

Eryl1122401
Lrroyl121373mIC=0

R r y13140.754

Vryl400

* Flux Psi_sy (10)
H1 Psi sy 150 V_ry 253m
H2 Psi sy 16 15V _sy 257m
R Psi sy 16 0 100

*Flux Psi_sx

H1 Psi sx 170 V_rx 253m
H2 Psi sx 18 17 V_sx 257m
R_Psi_sx 18 0 100

* Flux Psi_ry

H1 Psi ry200V_sy 253m
H2 Psi ry 2120 V_ry 260m
R_Psi_ry 21 0 100



f\
U@
My & ) Uk,

R L, ¥, o ¥ log — ot
z f\\ /\
U,
E My Uy
i.‘,!,=‘f"sy = ‘f’&, @ u=", @
i Poe L g Ly
€E3) @ £, @ e
M L Mg
‘F
@ "
\Pﬁyﬂ ak h \}/Kw
X, —to ¥

Fig. 1. Equivalent circuit of the induction motor model

* Flux Psi_rx

H1 Psi rx22 0V _sx 253m
H2 Psi rx23 22V _rx 260m
R Psi_rx 23 0 100

* Calculation of electromagnetic torque
Gl mom2501601

.VCRR Psi 1x2502301

G2 mom260180 1

.VCRR Psi 1y2602101
G_momentas 27 0 25 26 76

C J2700.051C=0

* Calculation of speed and feedback
G1 ger190270poly01
.VCRRI ggr1902101
G2 ggr240270poly 01
.VCRR2 ggr2402301

Simulation of transients at sine voltage supply

Simulation results showing transients of motor
starting at no-load are presented in Fig. 2 and Fig. 3.
According to Fig. 2 the starting stator current 8 times
exceeds the rated that, which is equal about 10 A. After
transients period finished, the no-load current flows in the
stator winding.

Transients of rotor speed are presented in Fig. 4. To
avoid oscillations of rotor speed, the double value of motor
inertia was assumed. This assumption matches better the
transients in the motor, operating at real engineering
equipment which is also characterized by its own inertia.
The transient period of speed lasts about 1 sec. Steady state
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of speed is equal to synchronous speed, which is 1007z
rad/sec.
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Fig. 3. Transients of rotor speed at starting of no-load motor
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Transients of electromagnetic torque at starting are
presented in Fig. 4. Torque transient period can be divided



into two stages: the first one — oscillating and the second
one — without oscillations. The amplitude of torque at
oscillations exceeds more than twice the steady state value
of rated torque. At this period the negative value of torque
is also observed. After oscillating period the torque rises

3. Starting current exceeds 6.5 times the rated that at
starting.

4. Carried out model allows to investigate transients at
drive operation motoring, breaking and generating modes.
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allows representing the mechatronic system comprising
power electronic devices and AC induction motor with its
electrical and mechanical parts, as unified model that can
be realized using program PSpice.

2. Developed electromagnetic torque in the initial period of
motor starting 2.2 times exceeds the rated that.
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Problems of modelling of AC induction drive in PSpice are analyzed. Mathematical model of the motor is referred as to system of
electric and magnetic circuits, which are coupled magnetically and electrically. Two systems of equations with decomposed motor
variables along x and y axis are used to develop model of induction motor in PSpice. The program in Gnucap, running in Linux
operational system was carried out for developing control of induction motor model. The equivalent circuit of the induction motor
model in PSpice is presented. Simulation results of stator and rotor current, speed and torque at starting motor at no-load are presented
and considered. Developed electromagnetic torque at the initial period of motor starting exceeds 2.2 the rated value. Stator starting
current exceeds 6.5 times the rated that. Carried out model in PSpice allows to investigate transients at drive operation in motoring,
breaking and generating modes. I1l. 4, bibl. 7 (in Lithuanian, summaries in English, Russian and Lithuanian).

P. PunkaBuuene, A. IlerpoBac. MoaennpoBanue aCHHXPOHHOI0 NPHUBOJA ¢ NMOMOIIBLI0 nporpamMmMsl PSpice // DinekTpoHuka u
snexkTpoTrexHuka. — Kaynac: Texnonorus, 2007. — Ne 1(73). — C. 29-32.

OOCyXIal0Tcs BONPOCHI, CBSI3aHHBIE C MOJEIHPOBAHMEM ACHHXPOHHOHW MaIIMHBI C HMOMONIBbI0 mporpamMmel PSpice. B monenn
HCTIONB3YIOTCS TOJBKO 3JIEKTPUUECKUe IIENH U IeNM ¢ B3aUMHON MHIYKIWeH, a caMa MOJeNb MOCTPOeHA 110 TPaHC(HOPMUPOBAHHBIM
YpaBHEHHSIM aCHHXPOHHOrO JBHrarelisi. MoJenupoBaHHe IPOBOAMIOCH B ONEpaloHHON cucreMme Linux npu nomomm PSpice —
nono6noit mporpammbl GnuCAP. Taxoke s nporpammMbl PSpice paspaborana cxema 3aMeIlIeHHs aCHHXPOHHOTO ABHUrartelis. B crathe
MPUBOIATCA PE3YNbTaThl MOJCTUPOBAHUS: INEPEXOAHBIE IPOLECCH TOKA CTaTopa, CKOPOCTH U BIEKTPOMArHUTHOTO MOMEHTAa MpH
XOJIOCTOM IyCKe ABUrateis. MakcumaiabHOE 3HAueHHE IIyCKOBOTO MOMEHTa 2,2, a ToKa 6,5 pa3 mpeBblIaeT HOMHHAIbHBIC 3HAYCHUSL.
[Ipennaraemas MoaeIb MPUMEHHUMA TIPH aHAJHM3E JBUTATEIbHOTO, TOPMO3HOTO M T€HEPATOPHOTO PEKUMOB paboThl aBurareis. M. 4,
0ubI1. 7 (Ha aHTIMHACKOM SI3bIKE; pedepaThl Ha aHTIHMHCKOM, PyCCKOM M JIATOBCKOM $I3.).

R. Rinkevi¢iené, A. Petrovas. Kintamosios srovés asinchroninés pavaros modeliavimas naudojantis programa PSpice //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 1(73) . — P. 29-32.

Nagrin¢jamos kintamosios srovés asinchroninés pavaros modelio sudarymo, naudojantis PSpice programine iranga, problemos.
Pateiktas asinchroninés pavaros matematinis modelis, sudarytas i§ elektriniy ir magnetiniy grandiniy, turin¢iy abipusi magnetini rysi.
Asinchroninio variklio modeliui sudaryti panaudotos dvi lyg¢iy sistemos, kuriose variklio kintamieji yra projektuojami i x ir y asis.
Modeliui valdyti panaudota Linux operacinéje sistemoje veikianti Gnucap terpéje paraSyta programa. Pateikta ekvivalentiné
asinchroninés pavaros modelio schema PSpice. Pateikti ir iSanalizuoti imitacijos rezultatai: statoriaus srovés, greicio, elektromagnetinio
momento pereinamieji procesai paleidziant neapkrauta varikli. Variklio sukuriamo momento maksimali verté 2,2 karto vir§ija variklio
nominalyji momentg, statoriaus srové paleidimo metu 6,5 karto didesné uz nominaligja. Sudarytas PSpice kintamosios srovés
asinchroninés pavaros modelis leidZia tirti variklinio, stabdymo ir generatorinio rezimo pereinamuosius procesus. Il. 4, bibl. 7 (lietuviy
kalba; santraukos angly, rusy ir lietuviy k.).
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