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ABSTRACT - This paper describes the simulation
approaches employed for a vector comtrol system of
induction motor drive using SIMNON for windows
program. SIMNON program tool can solve differential
and difference equations for nonlinear dynamical
control system., One powerful feature is its ability of
allowing integration of individual program modules
after each individual module is programed and tested
independently. This particular feature is exploited here
for an SVPWM inverter drive by real-time modeling
and simulation. The suggested programs are provided a
simple and complete simulation for induction molor
vector drive system.

1, INTRODUCTION

This paper describes the simulation approaches
employed for a induction motor drive system by space
vector pulse width modulation (SVPWM) using
SIMNON simulation program [1]-[5]. SIMNON that
can be help many researcher to solve differential and
difference equations is a tool for nonlinear dynamics
simulation. It features state space represemtation for
dynamic  systems, hybrid linear and nonlinear,
continuous and discrele, fast and slow time constants,
and interactive graphics [6]. The program can also
describe more complicated nonlinear systems, which
are interconnections of subsystems. The subsystems can
be continuous time systems described by differential
equations, ie., dx/dt = f(x, u, t), or discrete Ume
systems described by difference equations, ie.. x(ten)
= f (X(&), uk), t). Moreover, a complex syslem
modeling and simulation can be broken down into
several subsystems for individual testing first and later
for system integration. In parlicularly, the new window
version of SIMNON/PCW2.0 includes a feature for
real-tim¢ sinmlation which offers with a DLL(Dynamic
Linked Library) and Matlab function capable of
translating a lincar, time-invariant dynamic system into
its SIMNON equivalent. This particular feature 1is
exploited here for a genmerally vector control drive
simulation of induction motor using SVPWM inverter.
Fig.1 shows the typically block diagram of the
proposed induction motor vector comtrol system. For
ease of simulation programming, the system is divided
into several modules: (1) Induction motor meodeling,
(2) Vector control system, (3) Modeling of SVPWM
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inverter, (4) Combined drive system.

There are many papers describing the simulation
and modeling for each module. In the [7][8],
SIMNON Program was illustrated for the simulation of
high frequency resonani DC link inverter induction
motor, and of AC/DC/AC converter that thyristor-
rectifier modeling with harmonic equation and DC link
modeling by PWM inverter. A induction motor drive
system using SVPWM inverter that typicaily contains
switching logic circnits, comtrol circuitry, an induction
machine modeling, presents comprehensive features in
the field of simulation for non-linear dynamic system
with up-to-date user interface [9][10].

In this paper, the proposed a vector control system
for induction motor drive by SVPWM inverter was
then real-time modeled and simulated using SIMNON
Program. Fig.2 shows the simulation block diagram of
the drive sysiem. The suggested program lists are

provided a simple and complete simulation in a
induction motor drive system. | | |
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Fig. 1. A schemalic diagram of vector control system
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Fig. 2. Simulation block diagram of the dnve system
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2. INDUCTION MOTOR MODELING

Induction motor modeling are well developed in
[1][2]. SIMNON simulation of induction motor drive
using d-q model in synchronous rotating frame is
llustrated in [3]-[5]. The voltage and motion equations
of the induction motor in the reference frame rotating
are expressed as the (1)-(3).

Vs R.+L,P -o.L, MP o M [Is
el — wl, R, +LP oM MP - (1)
Ve MP waM  Re+LP —wgLl | |Ls
\/vur o M MPF wgl, R, +L.P I
T. = (3/2)(9/2)M(Id51m —Talgs
—J% ontBaontTe @
W = We— W= (l/Tr)(Iqs/Ids) (3)

Where, w. @: and wgq is flux, rotor and slip angular
speed, M is mutual inductance per phase, P is
differential operator, p is mumber of poles, ] is initial
moment of motor, Tr is rotor time constant. The input
voltages for ac machine drive are three phase voltage
(Va, Vb Vo), generally the outputs are three phase
current values (i, i, i) and rotor speed (w.). In order
to obtain the easy modeling of dynamic systems in
the simulation program, the state space differential
equations model of induction machine can be derived
from the machine model in the d-q stationary
reference frame, as modified by (1). The Program List
1 shows a modeling of induction motor (2.2kw, 220V)
with included two coordinate transformation(voltage 3/2
and current 2/3) using the Continuous System. The
step size, time interval for computation, to solve the
differential equations is to set 1 usec. The load torque
T, is in proportion to mechanical rotor speed @m, and
considered fluctuating load for observing a response
characteristics of operating iransient stale.

Program List 1. Modeling of Induction motor

CONTINUOUS SYSTEM IMACH
"Modeling Induction motor (2.2ZKkw, 220V)
INPUT Va Vb Ve
OUTPUT Ia Ib Ie wr
STATE Igs Ids Igr Idr x w
DER Digs DIds DIgr Didr Dx Dw
TIME 1
pi = 3.141393
[ Voltage Transformations to 3/2 -—-
Vass = (2/3)70.5%sqri(3y*(vb-ve)  "va
Vdss = (2/3)%(va-0.5%vb-0.5%vc)  "(ve-vb)/sqrt(3)
Vds = Vgss*sinref + Vdss*cosref
= Vass*cosref - Vdss*sinref
" State-Space Differential Equations of IMu-snn---
Digs = (Lr*(Vqs-Rs*igs)-fse*ids+L.m*Rr*iqr-Lrm*w¥idr)/kk
Dids = (fse*igs+Lr*(Vds-Rs*ids)+Lrm*w*igr+Lm*Rr*idr)kk
Digr = {Lm*(Rs*Iqs-Vgs)+w* Lsm*ids-iqr* Rr* Ls+re*idr)/kk
Didr = (-w*Lsm*Iqs+Lm*(ids*Rs-Vds)-fre*igr-Ls*Rr*idry/kk
dw = -(Bm/T)*w + (Te-TL)/J*pole/2
" oeen Relationships of Induction Machine ----
wsl = (U/Tr)*(iqs/Ids)  "Slip calculation
we = wsl + wr
fse = lsr*we-wsl*lmm
fre = we*Imm-wsli*lsr

Irm = Lr¥*Lm
lsmm = Le*Lm
lsr = Ls*Lr

Imm = Lm*Lm

kk = lsr-lmm

j— Generaljon of Flux Angular Reference Speed -----
Dx = we

thet = mod(x, 2¥pi)

cosref = cos(thet)

sinref = sin(thet)

"---- Blectromechanical Equations -------
Te = 0.75*pole*Lm*(1dr*Igs-Iqr*Ids)

TL, = KL*Wm "Proportion of mechanical rotor speed
KL = 0.05 +0.01*sqw(t/0.012) "Fluctuation of load torque
W = w "Electrical rotor speed

wm = pole*wr/2 "Mechanical rotor speed
mm = 60*wr/pole*pi "Calculation of RPM
—————— Inverse Current Transformations to 2/3 ----
Idss = 1ids*cosref -iqs*sinref

= igs*cosref +ids*sinref
12 = idss "1ss
1b = 0.5%(-idss +sqrt(3)*igss ) "0.5%(-igss -sqrt(3)*idss)
ic = 0.5%(-idss -sqrt(3)*igss)  "0.5*(-igss +sqrt(3)*idss)
"--- Motor parameters and Initial values ---------
Rs = 0.7138 "Ohm / Rr = 0.7732 "Ohm
Ls = 00791356 "H / Lr = 0.079156 "H
Lm = 0.07501 "H /[ Tr = 0.102
J = 0.025 "Jm=0.013, Jg=0.010
Bm = 0.003 "[Kg m"2/sec]
pole = 4/ Igs:0 / Ids:0.00001 / Iqr:0 / Idr:0 / x:0 / w:0
END

3. VECTOR CONTROL SYSTEM

The Field Orientated Control (Vector Control)
consists in controlling the components of the motor
stator currents, represented by a vector, in a rotating
reference frame d-q aligned with the rotor flux. The
control system requires the dynamic model equations
of the induction motor and returns to the instantaneous
currents and voltages in order to calculate and control
the vanables. This control is based on projections
which transform a three-phase time and speed
dependent system inlo a two coordinate time invariant
system. The vector controlled machines need two
constants as input reference, the torque component and
the flux component. By maintaining the amplitude of
the rotor f[lux al fixed value we have a linear
relationship between torque and torque component (Ig).
We can then control the torque by comntrolling the
torque component of stator curremt vector. The simply
model as the fig.] is utilizing to the simulation.

The Program List 2 shows a speed conirolier by
the Discrete System for the more ease setting
sampling time. The reference speed command wrr 1S
to sel a square wave, amplitnde 63 rad/sec and
frequency 1.0 sec. There are using PI controller and
speed sampling period is to set 1 msec. The Program
List 3 shows PI cumemt controller by the Discrete
System. The cumrent sampling time interval is to set
10 usec such as similarly a implementation system.
The Program List 4 show the calculation of slip wa
and reference rotor flux angular speed «. by the
Continuous Systern. The Program List 5 shows the
vector rotation due to coordinate 2/3 reference voltage
and 3/2 actual current inverse transformation by the
Continuous System.

Program List 2. Speed Controller

DISCRETE SYSTEM ISC
INPUT wr

"Speed Controller
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OUTPUT idref igref wref

STATE y

NEW ny

TIME 1

TSAMP is

pi = 3.14159

ts=t+h

----- Speed comnmand --—-------—--

wref = if t< 0.05 then 0 else comd "Starting time at 0.038ec
comd = 63 *sqw(t/1.0)  "Wref=2*pi*f, at 10 Hz wref=63 [rad/sec]
————— Speed loop in electncal [rad/s] -----

Ew = wref - wr

ny = Ew

wd = kps*Ew + wes*y

Menen Limiter implementation -----------==-=us=evoe-

Igref = IF wd<Iglim THEN -Iqlim ELSE IF wd>Iqlim THEN
Iqlimm ELSE wd

Idref = if t<0.05 then O else 42 "Value of No-Load current

"e--m- Parameters and Inintial Valued --—---r-

Iglim : 20 "This limit comes from Israted*sqrt(2)
Kps : 5 "P-Gamn

Wes : 8 "I-Gain

h: le-3 "Speed Sampling time : 1 msec

END

Program List 3. Current Controller

DISCRETE SYSTEM ICC "Current Controller

INPUT Idrel Igref Idsact Iqsact

OUTPUT Uds Ugs

STATE x1 x2

NEW  nxl nx2

TIME 1t

TSAMP ts

ts=t+h

e Computer voltage errors and Control Signals --—
Eid = Idref - Idsact

Eiq = Igref - Igsact
Zero — ko
nx!l = Eid
nx2 = Eiq

Vd = Kpd*Eid + Wed*X1

Vq = Kpg*Eig + Weq*X2

Uds =IF Vd<.vdlim THEN -vdlim ELSE [F Vd>vdlin THEN vdlim
ELSE Vd

Ugs =IF Vg<-vglim THEN -vqlim ELSE IF Vg»vqlim THEN vglim

----------- Parameters and Imitial values s-----seommmem-
vdlim : 220 "Voltage Limil in d-axes
vglim : 220 "Voltage Limit in g-axes
Kpd : 5 "P-Gain in d-axes
Wed : 8 "[-Gain in d-axes
{pq : 5§ "P-gain in g-axes
Weq @ 8 "I-Gain in g-axes
X1: 0/ X2: 0/ ko 0
hi le-3 "Current Sampling time :
END

10 usce

Program List 4. Slip Calculation

CONTINUOUS SYSTEM IWSL
INPUT Ids Igs Wr

OUTPUT We theta fdr

STATE x fd

DER dx dfd

TIME t

pi = 3.141519265

dfd = -(1/Toy*fd +(M/Tr)*ids
wsl = (M*Lgs)/(Tr*(em-fd))
we — Wr + Wsl

fdr = £d

Memean Generation of Angular Reference
Dx = we

thetaa = mod(x, 2¥p1)

theta = thelaa

Mamme Parameters and Initial values-----—-

M: 0.07501 / Tr: 0.1024 / err: 0.00001 / fd: 0.3148% / x: 0 7 END

"Slip and Theta Calculation

"Calculation of rotor flux
“Wsl = (1/Tr)*(Igs/Ids)

Program List 5. Vector Rotation

CONTINUOQUS SYSTEM IVR "Vevior Rotation

INPUT 1ia ib ic vds vgs theta

OUTPUT Vdssr Vgssr Ids iqgs

TIME t

thet = Theta

cosref = cos(thet)

sinref = sin(thet)

----- Current 3/2 Tmasformation and Inverse VR -—
idss = (2/3)*(ia -0.5%ib -0.5%ic)

igss = (2/3y0.5%sqrt(3y*(ib -ic)

Ids = igss*sinref + idss*cosref

Igs = igss*cosref - idss*sinref

Maeen Voliage 2/3 Transformations and VR -
vdssr = Vds*cosref - Vgs*sinref

vassr = Vqs*cosrel + Vds*sinref

4. MODELING OF SVPWM INVERTER

Pulse width modnlation (PWM) techmique is used
10 generate the required voltage or current to feed the
motor or phase signals. A space vector PWM method
is increasingly used for AC drives with the condition
of the desired phase voltages that the harmmonic current
is as small as possible, and the maximum output
voltage based on the space vector theory is 1.155
times as large as the conventional sinusoidal
modulation [9]. Taking into consideration the two
constraints, three of the switches must always be ON
and three always OFF, the upper and the lower
switches of same leg are driven with two
complementary pulsed signals, there are eight possible
combinations for the switch commands. These eight
combinations determine eight phase voltage
configurations. The diagram in the fig3 depicts these
combinations.
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Fig. 3. Space vectors switching pattern for SVPWM

The wvectors divide the plan imto six sectors.
Depending on the sector that the voltage reference Vi
is in, two adjacent vectors are chosen. The two
vectors are time weighted in sample period T. to
produce the desired output voltage. The complex
reference voltage is processed as a whole. The
reference vector Vs is sampled at the fixed clock
frequency 2F.; The sampled value VedTs) is then
used to solve the equations. Where Vo and Vo are
the two switching-state vectors adjacent in space to
the reference vector. The solutions of equation are the
respective  on-durations Ty, Ty and Te of the
switching-state vectors Vo, Voz and Voo, respectively.
The time imtervals Ty; and T, which define the
switching instants, are simply computed in real time
from the respective sampled value Ve(T.) using the
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geometrical relationships.

Assuming that the reference vector Ve is in the #
sector, we have the situation where Ty and Ty are
times during which the veclors Vg, Vo are applied,
and Ty the time during which the zero vector are
applied. When the reference voltage and sample
periods are kmown, it is possible to determine the
uncertainties Tii, T and Ty in the (4), where the
angle alpha in these equations is the phase angle
between the reference vector Vi and Vo

Vit = Vo + Vg
= (1/T I (T V(100) + T2V (110) + Ty V(G00))

Tss = 1/F55= Tll +T22+T00

Ty = |Vl (Tss)\/-g Sl'-ﬂ(ﬂ'/3 —a)
Ta = | Vi | (TeV3 Sin ¢ @
The input for the SVPWM are the reference vector

components (Vai, V) and the outputs are the times
to apply each of the relevant sector limiting vectors.
The binary representations of two adjacent basic
vectors differ in only one bit, so that only one of the
upper switches when the switching pattern moves from
one vector to the adjacent ome. Under these constraints
the locus of the reference vector is the inside of a
hexagon whose vertices are formed by the tips of the
eight vectors. The generated SVPWM waveforms are
symmetrical with respect to the middle of each PWM
period. The fig.4 shows threc phase waveforms of
swilching pattern (S., Sy, Sc) in the example presemted
above. A section method of the sector (I-VI) and
switching-state vectors Vi, Vo can be chosen and
calculated by the table 1. The output phase voltages
of SVPWM inverter can be calculated by the (5). The
Program List 6 is shown the generating three phase

voltage v., vy and v, into SVPWM inverter by the
Discrete System. The time interval for computation is
using 1 usec. The fig.5 shows the expanded operating
waveforms of SVPWM inverter by the Program List
6: (1) Selecting sector expanded m0, (2) Reference
fixed time for current sampling, 2*Ts (= 20 usec), (3)
Supplied voltage vectors Vo, Voz and Vo during time
interval T, Tw and Te, (4) Sat+ switching ON time,
(5) Sb+ switching ON time, (6) Sc+ switching ON

time.
" Va 1 2 —1 —1]175a
Vb} =3 Vde | =1 2 —1} {Sb] (5
Ve -1 -1 2 Sc
Table 1. Condition of Selected Sector
Sector Condition Voi Vo
I Vds>0. Vgs>0, aVds> aVgs3 | Vds-Vgs3| 2Vgs3
I Vgs=0, aVds< aVgs3 Vds+Vqs3 |Vds+2Vqgs3
i |Vds<0, Vgs>0, aVds> aVgs3 | 2Vgs3 ~Vds-Vgs3
IV |Vds<Q, Vqs<0, aVds>aVgs3 |-Vd+Vgs3 | -2Vgs3
v Vas<0, aVds< aVqs3 -Vds-Vgs3 | -2Vqs3
VI  |Vds»0, Vgs<0, aVds> aVgs3 | -2Vgs3 d+Vgs3
aVds = | Vds |, aVqs3 = | Vgs | /v/3, Vqs3 = Vas//3

2 Tss -;i
Switching| Tec ° Toe Tec T Teo
Interval | 3 ; 28 [ TBb = Tob  Taa ==
Sa . : : . :
(U-Phase) I , : I t,
Sb : : H ; ) : :
(V-Phase) ’ I . : . | ot
Se : ' : : : :
(W-Phase) ; : ’ I - t
Switching | VO VI .V2 Sy7 (V7 (V2 [Vl VO :
Patierns |(000);(100) (110):(111); (111) (110): (100) (000)

Fig. 4. A symmetric SVPWM switching pattern.

Program List 6. SVPWM Inverter

DISCRETE SYSTEM SVPWM
INPUT Vdssr Vgssr

OUTPUT Vaa Vbb Vce

Time t

Tsamp 1s

ts =t +h

pi = 3.14259

Vdsf = Vdssr

Vagsf = Vqssr

aVgs3 = abs(vqsf)/sqrt(3)

vgs3 = Vqsf/aqr(3)

Mammeee Selectional Sector # (Calculation M) «----

"Space Vector PWM Inverter

811 = if (vdsf>0) and (Vqst>0) and (abs(vdsf)>avqs3) then 1 clse 0
§22 = if (Vgsf>0) and (abs(vdsf)<avqs3) then 2 else 0
833 = if (vdsf<0) and (Vqsf>0) and (abs(vdsf)>avqs3) then 3 else 0
844 = if (vdsf<0) and (Vqsf<0) and (abs(vds)»avqs3) then 4 else 0
8§55 = if (Vgsf<0) and (abs(vdsf)<avqs3) then 5 else 0
866 = if (vdsf>0) and (Vqsf=<0) and (abs(vdsf)>avqs3) then 6 else 0

md = 811 + 822 +~ 833 + 544 + 8§55 + 866

R Switching ON-OFF Time calculation -—-—

Gamma = ATAN2(Vqsf,Vdsf)

Avdsf = sqr(vds()

Avgst = sqr(vgsl)

Avdq = Avdsf +Avgsf

Vampl = sqrt (Avdq)

Tss = 1 /fss)

Tsss = 2%Tss

Trep = mod(t, Tsss)

Alp = gamma -(m0-1)*pi/3

alpha =if alp>Q then alp else (if alp <0 then (2*pi+alp) else 0)
Vamp2 = (Tss*sqrt(3) *Vampl/Vde)

Taa = Vamp2 *sin(p/3-alpha)

Thbh = Vamp2 *sin(alpha)

Tee = Tss-(Taa+Tbb)

Taal = Tss¥*Taa/(Taa+Thb)
Tbbl = Tss*Tbb/(Taa+Thb)
T11 = if Tec>0 then Taa else (if Tec<( then Taal else 0)
T22 = if Tec=>0 then Tbb else (if Toc<Q then Thbl else 0)
TOO = if Tec=0 then Tec clse 0

----- Switching Patterns --——

TTa = T00/2

TTb = T00/2 + T11

TTe = TOO/2 + T22

TTd = TOD/2Z + T11 + T22

TTe = T0O + T11 + T22

Kal = if Trep< TTa then 1 else 0

Ka2 = if Trep< TTb then 1 else 0

"Calculation for overmodulation

Ka3 = if Trep< TTd then 1 else 0
ka4 = if Trep< TTe then 1 else 0
Ka5 = if Trep< (TTe+TTa) then 1 else O
Ka6 = if Trep< (TTe+TTc) then 1 else 0
Ka7 = if Trep< (TTe+TTd) then 1 else 0
Ka8 = if Trep< (TTe+TTe) then 1 else O
Ka9 = if Trep< TTc Then 1 else 0

Kal0 =if Trep< (TTe+TTb) then 1 else 0
e Table of VOl & VOI werr-

V11 = Vdsf - Vgs3
V12 = 2*¥Vgs3

V21 = Vdsf + Vgs3
V22 = -vdsf + Vqs3
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V3l = 2*Vgs3

V32 = -vdsf - Vqgs3
V41 = -Vdsf + Vgs3
V42 = -2*Vgs3

V51 = -Vdsf - Vgs3
V52 = vdsf - Vs3

V61 = -2*Vgs3

V62 = Vdsf + Vags3
V77 =0

Mameee Calculation of va. vb & vec by V01 V02 -—-
KTI1 = (not Kal and Ka2) or (not Ka6 and ka7)

KT22 = (not Ka5 and Kaé) or (not Ka2 and Ka3)

KT33 = kal or (not Ka3 and Ka5) or (not ka7 and kaf)
Yal = not kal and ka7

ybl = not ka2 and ka6

yel = not ka3 and ka5

Vaall = if (811>0 and KT11 »0) then 1 else -1 "VI11
Vaal2 = if (811>0 and KT22 >0) then 1 else -1 "V12
Vaa2 = if (822>0 and KT11 >0) then 1 else -1 "V21
Vaas = if (85520 and KT22 >0) then 1 else -1 "V32
Vaabl = if (866>0 and KT11 >0) then 1 else -1 "Vél
Vaa62 = if (866>0 and KT22 =0) then 1 else -1 "Vé2

Va = Vaall or Vaal2 or vaa2 or Vaa5 or Vaabl or Vaa62

Vbbl = if (811>0 and KT22 >0) then 1 else -1 "VI2
Vbb21 = if (822>0 and KT11 =0) then 1 else -1 "V21
Vbb22 = if (822>0 and KT22 >0) then 1 clse -1 "V22
Vbb31 = if (833=0 and KT11 >»0) then 1 else -1 “V31
Vbb32 = if (833>0 and KT22 =0) then 1 else -1 "V32
Vbb4 = if (844>0 and KT11 =0) then 1 else -1 “V4l

Vb = Vbbl or Vbb21 or Vbb22 or Vbb31 or Vbb32 or Vbb4

Veed = if (83320 and KT22 »0) then 1 else -1 "V32
Veedl = if (844>0 and KTI11 =0) then 1 else -1 "V41
Vecd2 = if (8440 and KT22 >0) then 1 else -1 "V42
Vee51 = if (85550 and KT11 »0) then 1 clse -1 "V5I
Vee32 = if (85520 and KT22 >0) then 1 else -1 "V52
Veeb = if (86670 and KT11 =0) then | else -1 "V6l

Ve = Veed or Veedl or Vecd2 or Veedl or Vee52 or Veet
vaa = (Vde/3)*(2*va -vb -vc)  "Phase Voltage

Vbb = (vde/3)*(-va +2*vb -vc)

Vee = (vdo/3)*(-va -vb +2*ve)

----- Parameter values -----

h: le-6 "Step size (Interval time) 1 usec
fss = 10000  "Current sampling fequency. 10KHz
Vde = 310 " Bus Voltage

END

5. COMPLETE DRIVE SIMULATION

Many systems can often viewed as interconnections
of subsystems, which are represented by differential
and difference equations. To represent subsvstems
declarations of inputs and outputs are added t the
system descriptions. The system descriptions are
otherwise the same as the Continuous System and the
Discrete System described previously in the Program
Lists. The interconnections between the systerns are
described by a Connecting System as a Macro. The
Program List 7 shows the Connecting System for this
simulation, where "/" symbols mean ‘“starting the
statement at the next line".

After the individual module is tested and proven to
be working, it is not necessary to reorganize each
module for combined simulation. SIMNON program
provides a featurc that allows individual program
modules to be commected together and run under a
Macro. The following Marco shows the linking among
all the modules presented. As shown in the Macro.
paramelers for different simulation scenario can be
defined here as well. In addition, a Macro defining
programs to be run, variables to be stored, simulation
interval, integration step size, plots to be displayed,
etc. can be written accordingly. The Program list 8
shows Marco program of this simulation in order to
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Fig. 5. Operating result of SVPWM

obtain the operating results as the fig.5 and fig.6. The
fig.6 shows the simulation results for the vector
control drive system during a transient state: (1)
Response charactenistics of speed control, Wyr and W;
[rad/sec]. (2) Fluctuation load torque waveform, Ty
[kg-m], (3) Response waveforms of rotor flux and slip
angwlar speed, We and Wy [rad/sec], (4) Computing
Theta for vector rotation, (3) Command and actual
current at d-axes, luer and lae, (6) Command and
actual curent at g-axes, Ly and Ipe, (7) Output
voltage waveform of A-phase, v, (8) Output current
waveform of A-phase, i., (9) Expanded three phase
current waveforms, i, i, and i, (10) Expanded v.
waveform, (11) Expanded vy waveform, (12) Expanded
ve waveform,

Program List 7. Connection ICONN

CONNECTING SYSTEM ICONN "IPCE98 Paper Connecting
wrlisc] = wr[imach] / idreflicc] = idreffisc] / igrefice] = iqreffisc]
Idsact[icc] = Ids[tvr] / Igsactfice] = Igs[ivr] / fdr[ice] = fdrfiws]
weficc] = we[iwsl] / Ids[iwsl] = Idreflisc] / Igs[iwsl] = IqgrefTisc]
wrliwsl] = wr[imach] / theta[ivr] = theta[iwsl] / Vds[ivr] = Uds[icc]
Vgs[ivr] = Ugs]ice] / ialivr] — la[imach] / iblivr] = Ib[imach]
icfivr] = Icfmmach] / Vdssr[svpwm] = Vdssr[ivr]

Vassr[svpwm| = Vgssrfivr] / va[imach] = Vaa[svpwm

vblimach] = Vbb|svpwm] / vc[imach] = Vec[svpwm] / END

Program List 8. Macro ICPE

" ICPE'98 Paper

"Author: Min-Iuei Kim

"Created: 98-07-01

SYST ISC ICC IVR IWSL SVPWM IMACH ICONN

STORE wreflisc] wr[Imach] Tl[imach] Zero[icc]

STORE ia[lmach] ib[Imach] ic[Imach] -add

STORE Idrefliccj Igreflice] Idsaci[icc] Igsactficc] -add

STORE we[iwsl] wsl[iws]] thetaliws]] Trep[svpwm] mO[svpwm] -add
STORE Vaa[svpwm] Vbb[svpwm] Vce[svpwm] -add

STORE wval[svpwm] ybl[svpwm] yci{svpwm] -add

STORE kill[svpwm] kt22{svpwm] kt33[svpwm] -add

split 3 2

sumu 0 0.8 le-6

MACRO ICPE

"Step size 1 usec

"Simulalion time is from 0 to 0.8 sec
disp (Ip) -state "make the Simnon.log File

axes H O 0.8 V -80 80 / show Wref Wr



text '1. Speed Control, wref & wr [rad/sec]'

axes HO 0.8 V -8 8 / show TL

text "2. Fluctuation Load Torque TL [Kg-m]'

ashow we wsl / text '3. Rotor flux and slip speed We & Wsl'
ashow 0.3 0.6 Theta / text '4 Expanded Theta '

ashow Idref Idsact zero / text '3. d-axes current, Idref & Idsact (Al
ashow Igref Igsact / text '6. g-axes current, Iqref & Igsact [A]
Newplot / split 3 2

ashow vaa / text '7. Voltage wave of A-phase, va '/ ashow ia
text '8. Cument wave of A-phase, ia ' / ashow 0.4 0.6 ja ib ic /
text '9. Expanded 3-phase Current ia,ib & ic' / ashow 0.4 0.6 vaa
text '10. Expanded voltage of A-phase, va' / ashow 0.4 0.6 vbb
text '11. Expanded Voltage of B-phase, vb' / ashow 0.4 0.6 vec
text '12. Expanded voltage of C-phase, ve'

Newplot / split 3 2

ashow 0.35 0.6 m0 zere / lext 'l. Selecting sector m0 expanded’
ashow 0.1 0.1004 Trep / text '2. Reference current sampling, 2*TS88’
ashow 0.1 0.1002 KT11 KT22 KT33

text '3. Supplied Vectors V01,V02 & V00 '

ashow 0.1 0.1002 val / text '4. Sa+ Switching ON interval [sec] '
ashow 0.1 0.1002 ybl / text '5. Sb+ Switching ON interval {sec] ’
ashow 0.1 0.1002 Yel / text '6, Sct+ Switching ON interval [sec] '
END
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6. CONCLUSION

In concluston, this paper provides a simple and
complete simulation program of SYPWM inverier for
induction motor vector drive system. The semp using
SIMNON is an excellent tool for studying and
understanding  the dypamics involved with the
non-linear drive system. The drive system considered
is not onmly suitable for performance evaluation, but
also suitable for dynamic motor control System design.
Any  complicated control algorithm can be easily
incorporated into the system as a secparate module for
further study of speed, current and torque control in a
vector control drive system for induction motor. The
suggested program lists are provided a simple and
complete real-time modeling and simulation using
SIMNON Program in a induction motor vector drve
system. It will be expected in some simulation that
more complicated induction motor drve sysicm
technology.
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