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Introduction

The paper discuses modeling and simulation of the
AC induction motor drive supplied by the frequency
converter with output voltage formed using specia-
purpose agorithm called SVPFM (Space Vector Pulse
Frequency Modulation) [1]. Using this agorithm motor
rotation speed is controlled by a scalar control method
where ratio U/f, (output voltage/phase frequency) is kept
constant. Set of differential equations of the AC induction
motor for development of the model is derived. The motor
model is developed in a stationary reference frame. The
obtained simulation results of motor speed and currents are
presented and analyzed. The experimental investigation
results of current spectrum of AC induction motor supplied
by the frequency converter, which generates output voltage
using the SVPFM method, are presented as well.

Space vector pulse frequency modulation

The output voltage of frequency converter, which
supplies AC induction motor, must be changed within wide
ranges. The best form of output voltage would be sinus but
output switches of converter are able to provide the series
of pulses with constant amplitude Upc only. The proper
choice of pulse parameters eliminates or minimizes
amplitudes of harmonics in initial part of the spectrum.
The frequency of fundamental harmonic is named as phase
frequency f, and frequency of pulses - as carrier frequency
fe.

The usage of different zero vectors in space vector
modulation methods gives different algorithms of inverter
switches commutation [1]. In those definitions modulation

index m may changes from 0 up to2/ V3. Interval

l1<m< 2/\@ means the over modulation mode. In

interval 0<mM<1 the modulation index provides the
variation of length of frequency converter output voltage
vector Vg in regions from zero (m=0) to nominal value
(m=1).
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where fom — nominal phase frequency (usualy f.om
=50H2).

The carrier freguency in the SVPFM method is
proportional with phase frequency f. / f, = M. The
algorithms of switches commutation and maximum value
of first harmonic amplitude using SVPFM method are the
same as in case of widely used Space Vector Pulse Width
Modulation (SVPWM) method. The voltage of SVPFM
method with ratio M and voltage of SVPWM method with
fc = M fum coincide at the point f, = fum Voltage
generated by SVPFM method has discrete spectrum and
enough stabile level of high harmonics in wide range of
frequency f,, but spectrum characteristics are worse than
ones of SYPWM for f, < fom[1].

Simple and easy generation of signals and
consequently, low requirements for units of converter is
the main advantage of SVPFM method over the SVPWM
method. The pulses are generated for V,« at fixed values of
agleg:¢; =2nj/M,j=1,2 ..., M, therefore isn't
necessary to calculate trigonometric functions using
SVPFM method. In situation when M is divisible by 6 the
angles ¢ are situated equally in all sectors, therefore only
M/6 values of sinus must be stored in the data memory of
microcontroller [1].

m= fp ! froms

Mode of the induction motor drive in stationary
reference frame

Dynamic performance of an AC induction motor 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 motor model is
described by differential equations with time varying
mutual inductances. To simplify the problem solution, any
three phase induction motor can be represented by an



equivalent two phase motor, where d° — g°— stator direct

and quadrature axes as well as d" —q" — 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 all 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
equations of an induction motor 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 [2].

The paper presents a mathematical model of the
induction motor in a dstationary 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 as[4]:
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where yig, Wie igs and ig— stator flux linkages and

currents aligned with the direct axis; ygs, Wes, igs:igs —

rotor voltages. In the dationary reference frame
Ugs = Ugmax COS®0t , Ugs = Uy SNt Where Uy, —
amplitude of voltage and w, =2af — angular frequency.
L, — magnetizing inductance, Lg=L, +L, — stator
inductance, L,, — stator leakage inductance; L, =L, +L,,
L, — rotor leakage inductance referred to stator and
ki=L,/Ls.
Torque delivered by motor is calculated as:

3 . .
T=E p’(‘//c?s'lgs_‘//c?s'lc?s), (3)

where p — number of pole pairs.

The simulation model of the induction motor is
presented in Fig. 1. The model consists of models for
power supply, PWM inverter, induction motor drive in the
stationary reference frame and space vector pulse
frequency modulation block.

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

Table 1. Parameters of the induction motor

Parameter| U P n Rg Ls Rr Lr
Units [VI | [KW] | [rom] | [Q] | [mH] | [Q2] | [mH]
Vaue | 380 4 2890 | 155 | 52 | 1,04 | 93

The developed model of the induction motor can be
used with various motor parameters in order to analyze
different transients in the motor with desired load on the
shaft [4].

The simulation and experimental investigation were
performed for the carrier and phase frequencies listed in
the Table 2.

Table 2. Vaues of carrier frequency fc and phase frequency f,,

stator flux linkages and currents aligned with quadrature fe 960 | 960 | 960 | 1920 | 2880 | 3840
axis, Ry —stator phase resistance, R, — rotor phase f, 5 7 10 20 30 40
: . S S r r
resistance, referred to stator; Ugg, Ugs, Ugs, Ugs — Stator and
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Fig. 1. The Simulink model of the induction motor supplied by the frequency converter
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Experimental investigation results of motor steady- The following instruments were used for the
state speed at no-load at different f, are presented in Fig. 2. experimental ~ investigation: ~ Tektronix =~ TPS2024B

Fig. 3 presents simulated currents of motor at starting. oscilloscope; current clamps; torque sensor DR-2212-R
o produced by the Lorens Messtecknik GMBH; optical
¥ I sensor for motor rotation speed measurement; PC with
sol oo I N R R R R Open Choice Desktop software installed. The picture of the

! ! ! ! ! ! ! laboratory setup for investigation is presented in Fig. 4.
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Fig. 2. Experimental results of motor steady-state speed at no-

load at different f, givenin Table 2 0.5
. )
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20 Fig. 5. Motor current spectrum at f, = 10 Hz
< The frequency converter developed in the
g 0 Microelectronics Laboratory has been used for
3 investigation. Main specifications of frequency converter

-20 listed below:

40 e Supply voltage: 3 phase 380 V, 50 Hz;
¢ Qutput voltage: 5to0 380 V;
60 ¢ Phase frequency of output voltage 0 — 50 Hz;
Time 5] o Output power: 4 KW.
Fig. 3. Starting transients of motor current at no load at f. = 4320
Hz, f,=45Hz 8
The experimental investigation of the motor current 25
spectrum
2
The experimental investigation was carried out in <
order to obtain the current spectrum of the motor supplied T 5
by the voltage formed using SVPFM method discussed in 35
this paper. < 1
Induction Torque Speed 05
sensor sensor , | H |
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Fig. 6. Motor current spectrum at f, = 40 Hz

The transient and steady-state values of current of
AC induction motor supplied by the frequency converter
were recorded at f. and f, listed in table 2. Fast Fourier
transform was applied for current to analyze spectrum of
phase current. The current spectrum at f, = 10 Hz is
presented in Fig. 5. Two dominant groups of higher
harmonics can be seen in the graph at 960 Hz and in
surrounding of 2 kHz. The fundamental harmonic has
Fig. 4. The laboratory setup for experimental investigation frequency 10 Hz and it develops rotating magnetic field.
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Results of modeling and simulation of the AC induction motor drive supplied by the frequency converter with output voltage formed
using special-purpose algorithm called SVPFM (Space Vector Pulse Frequency Modulation) are presented, where the carrier frequency
in this method is proportiona to the phase frequency. Simple and easy generation of the signals and consequently, the possibility to
employ in frequency converter relatively simple and cheap microcontrollers is the main advantage of the SVPFM method over the
commonly used SVPWM (Space Vector Pulse Width Modulation) method. Set of differential equations of the induction motor for
simulation of AC motor — frequency converter interaction is derived. The motor model is developed in a stationary reference frame.
Simulation results of motor speed and current transient are obtained and analyzed. The results of experimental investigation of the motor
current spectrum are presented. l1l. 6, bibl. 4 (in English; summaries in English, Russian and Lithuanian).

A. IlerpoBac, C. JIucayckac, B. Barkayckac, A. Bamkuc. Jj1eKTponpuBoj ¢ NepeMeHHOii CKOPOCThI0, MUTAeMblii HANIPSZKEHHeM
c¢()OpMUPOBAHHBIM NPHU MOMOIIH CHENUATBLHOI0 AJITOPUTMA // DIeKTPOHMKA M dIeKTpoTexHuka. — Kaynac: Texnosorus, 2008.
—Ne 7(87). — C. 53-56.

IIpencraBieHsl pe3yinbTaThl MOJEIMPOBAHHS ACHHXPOHHOTO OJIEKTPOABUTATENS, NUTAEMOro MHpeoOpaszoBaTeneM dacTOTHL. I
(hopMHUpPOBaHUS BEIXOJHOTO HAIpsDKEHMS B MpeoOpa3zoBaTese MCIONB30BaH CIEHAIBHEIN MeTox, HasBaH SV PFM (meron momymsiunu
YacTOTHl MMITYJIbCOB IPOCTPAHCTBEHHOTO BEKTOpA), COTIIACHO KOTOPOMY HECYINash JacTOoTa MEHSETCS HMPONOPIHOHAIBHO (a30BOM.
IpeumymectBo SVPFM Merona mo cpaBHEHHIO ¢ MIHPOKO pactpoctpanéHHbiM SWPWM (MeToa MOIyJSIMH MIHPUHBI UMITYJIECOB
MPOCTPAHCTBEHHOTO BEKTOPA) B TOM, UTO €r0 pealn3aLys ABISETCS MEHEe CI0KHOM, M03TOMy B IIpeoOpa3zoBaTese 4aCTOTH MOTYT ObITh
IpUMEHEHbl 0ojiee MPOCThIE MMKPOKOHTpOJUIepbl. BeiBeneHa cucrema auddepeHUMANbHBIX — YPaBHCHHUH aCHMHXPOHHOTO
SNEKTPOABUTATENS AT HEMOJBHKHONW CHCTEMbI KOOPIHMHAT, MPH MOMOILU KOTOPOH MOCTpOEHa MaTeMaTuueckas MOJENb MOTOpa Ui
HCCIIEOBAaHMS B3aMOJCHCTBUSI MOTOpa C IpeoOpa3oBarenieM 4acTOThl. [IpHBOmATCS M 0OCYKIAIOTCS PE3yiIbTaThl MOJACIHPOBAHUS
NIEPEXOAHBIX NPOIECCOB CKOPOCTH BpANIEHHs M TOKa MOTOpa. TakKe IPHBOIATCS PE3yIbTaThl SKCIEPUMEHTAIFHOTO MCCIIeIOBaHUS
criektpa Toka Motopa. M. 6, 6ubi. 4 (Ha aHrIIHICKOM s3bIKe; pedyepaThl Ha AHTITMHCKOM, PYCCKOM M JINTOBCKOM $13.)

A. Petrovas, S. Lisauskas, V. Batkauskas, A. Baskys. Kintamojo grei¢io elektros pavara maitinama jtampa suformuota
specialiuoju algoritmu // Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 7(87). — P. 53-56.

itampos formavimo metodas, vadinamas SVPFM (erdvinio vektoriaus impulsy daznio moduliavimo metodas), kuri taikant kartu su
faziniu dazniu keicias ir neslio daznis. SWPFM metodas palyginti su visuotinai taikomu SWPWM (erdvinio vektoriaus impulsy
trukmés moduliavimo metodu), yra pranasesnis tuo, kad ji paprastiau realizuoti, tode¢l reikalavimai daznio Kkeitiklyje naudojamiems
mikrovaldikliams yra mazesni. Sudaryta asinchronini varikli aprasanti diferencialiniy lygéiy sistema, kuria sukurtas variklio Simulink
modelis, skirtas variklio saveikai su daznio keitikliu tirti. Variklio modelis sudarytas nejudancioje koordinagiy sistemoje. Pateikiami ir
analizuojami variklio greicio ir srovés pereinamyjy procesy modeliavimo rezultatai. Atliktas eksperimentinis variklio srovés spektro
tyrimas 1l. 6, bibl. 4 (anglu kalba; santraukos angly, rusy ir lietuviy k.).
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