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ABSTRACT 

Thi s  paper  p r e s e n t s  a  complete  d i g i t a l  simul- 
a t i o n  of a  three-phase v o l t a g e  c o n t r o l l e r  f e d  ind- 
u c t i o n  motor. The model l ing  o f  t h e  machine avoids 
numerical  i n v e r s i o n  of t h e  i nduc t ance  m a t r i x  even 
when t h e  s t a t o r  c u r r e n t s  a r e  i n t e r r u p t e d .  The 
s imu la t i on  program i s  developed u s i n g  a  u n i f i e d  
method f o r  t h e  model l ing o f  system i n c l u d i n g  s w i t -  
ch ing  d e v i c e s  a s  w e l l  a s  p r e d i c t i o n  o f  t h e  system 
behaviour .  S imula t ion  r e s u l t s  f o r  bo th  s t a r t i n g -  
up and s t e a d y - s t a t e  o p e r a t i o n  a r e  r e p o r t e d  and 
proved t o  y i e l d  good agreement when compared w i t h  
t h e  r e l e v a n t  exper imenta l  r e s u l t s .  

L I S T  OF M A I N  SYMBOLS 

[ i ]  : 
[Ll : 
[ R l  : 
[VI : 
f : 
J : 
Lr : 
L, : 
Mo : 

Mr : 
M, : 
P : 
2P : 
R? : 
R e  

2 * 

c u r r e n t  v e c t o r  
induc tance  ma t r ix  
r e s i s t a n c e  ma t r ix  
v o l t a g e  v e c t o r  
f r i c t i o n  c o e f f i c i e n t  
moment of  i n e r t i a  
ro tor -phase  i nduc t ance  
s t a t o r - p h a s e  i nduc t ance  
maximum mutual i nduc t ance  between s t a t o r  - 
r o t o r  phase 
mutual induc tance  between two r o t o r  phases  
mutual induc tance  between two s t a t o r  phases 
d i f f e r e n t i a l  o p e r a t o r  ( d / d t )  
number of  p o l e s  
s t a to r -phase  r e s i s t a n c e  
ro tor -phase  r e s i s t a n c e  



S1 : r o t o r  s l i p  
T  : e l ec t romagne t i c  t o r q u e  o f  t h e  motor 
TL : l oad  t o r q u e  
0 : e l e c t r i c a l  ang le  between s t a t o r  and r o t o r  
B : a e / d t  
n : motor speed 
L1 : L s - M s r M = I . S M o   MI=)/^ M 

L2 : Lr-Mr , M2=  MI^ , Lo = Ls + 2  Ms 

For t h e  three-phase v o l t a g e  c o n t r o l l e r  : 
i n d i c e s  i [ i e ( l , 3 ) 1 ,  J [ J ~ ( 1 , 6 ) 1  and K [ K ~ ( 1 , 3 ) 1 .  

1, INTRODUCTION 

When an induc t ion  machine i s  ope ra t ed  w i t h  
s t a t i c  c o n v e r t e r ,  it always o p e r a t e s  under t r a n s i e n t  
cond i t i ons  and g e n e r a l l y  w i t h  unbalanced s t a t o r  v o l t -  
ages  and c u r r e n t s .  Whereas many a n a l y t i c a l  s t u d i e s  
have been done on t h i s  s u b j e c t  [1 ,21,  t h e  d i g i t a l  
s imu la t i on  i s  probably t h e  most powerful t o o l .  

The d i g i t a l  s imu la t i on  o f  s t a t i c  c o n v e r t e r  - 
r o t a t i n g  machine system i s  a  compl ica ted  problem 
concerning many papers  [3-91. For t h i s  purpose,  
t h e  method g e n e r a l l y  used [31 i s  t o  cons ide r  t h e  
whole system a s  a  network whose topology v a r i e s  acc- 
o rd ing  t o  t h e  s t a t e  of  conduct ion  of t h e  c o n v e r t e r s .  
T h i s  method g i v e s  a  good r e s u l t s  f o r  s t e a d y - s t a t e  
i n v e s t i g a t i o n ,  b u t  it i s  n o t  s u i t a b l e  f o r  machine 
t r a n s i e n t .  

The t r a n s i e n t  behaviour  i s  g e n e r a l l y  i n v e s t i g -  
a t e d  by s o l v i n g  a  s e t  of  n o n l i n e a r  d i f f e r e n t i a l  
equa t ions ,  which a r e  convenient  t o  be d e a l t  w i t h  i n  
a  s e p a r a t e  way. Consequently,  it seems i n t e r e s t i n g  
t o  f i n d  a  s u i t a b l e  model a l l owing  s tudy  of t h e  beh- 
av iour  of whole system ( sou rce ,  c o n v e r t e r ,  machine 
and c o n t r o l l e r s )  . 

The p r e s e n t  paper  deve lopes  a  complete  d i g i t a l  
s imu la t i on  of three-phase v o l t a g e  c o n t r o l l e r  f e d  ind- 
u c t i o n  motor. The method o f  s imu la t i on  used a l l ows  
t h e  u s e r  o f  such s imu la t i on  t o  t a k e  e a s i l y  i n t o  acc- 
oun t  a l l  p a r t s  o f  t h e  whole system I6,81. The mod- 
e l  of  t h e  th ree-phase  v o l t a g e  c o n t r o l l e r  has  been 
e a s t a b l i s h e d  us ing  t h e  connec t ion  m a t r i c e s  [ 4 ] ,  and 
the ,model  o f  t h e  machine has  been developed such  
t h a t  t o  reduce  l a r g e  computation t i m e  o f  t h e  d i g i t a l  
s imu la t i on  [ 7,91 . 



The system under c o n s i d e r a t i o n  c o n s i s t s  o f  a 
th ree-phase  i nduc t ion  motor f ed  by a th ree-phase  vo l -  
t a g e  c o n t r o l l e r  composed of s i x  t h y r i s t o r s ,  two of  
them a r e  connected i n  a n t i p a r a l l e l  t o  t h e  same l o a d  
phase a s  shown i n  Fig.  ( 1 ) .  The s t a t o r  phases  a s  
w e l l  a s  t h e  sou rce  phases  a r e  s t a r - connec t ed ,  3-wire 

F ig .  ( 1 ) :  I nduc t ion  motor f e d  by a three-phase  
v o l t a g e  c o n t r o l l e r .  

2.1 F i r i n g  Devices 

Each t h y r i s t o r  i s  t r i g g e r e d  by a so -ca l l ed  
"Coincidence p u l s e  g e n e r a t o r " ,  i . e .  a p u l s e  i s  gen- 
e r a t e d  on T ~ J ( T ~ ~  i s  t h e  t h y r i s t o r  of number J conn- 
e c t e d  t o  t h e  sou rce  phase number i) when t h e  c o n t r o l  
v o l t a g e  denoted FCR c r o s s e s  t h e  f i r i n g  curve  T V ~ J  
synchronized on t h e  i t h  source  v o l t a g e  as shown I n  
Fig.  ( 2 ) .  

2.2 Bas ic  Assumptions . 

The fo l lowing  main assumptions a r e  t aken  i n t o  
c o n s i d e r a t i o n :  
The space  harmonic, s a t u r a t i o n  and i r o n  l o s s e s  a r e  
neglec ted .  Also t h e  m.m.f. i s  s i n u s o i d a l  distributed. 
t he t h y r i s t o r  a r e  cons idered  a s  i d e a l  sw i t ches  q@: 
the commutation phenomenon between t h e  sou rce  ph+ses 
are negllgable. 
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Fig .  ( 2 )  : P r i n c i p l e  of p u l s e  gene ra to r .  

3 ,  MODELLING OF THE SYSTEM 

I n  o r d e r  t o  c a r r y o u t  t h e  s i m u l a t i o n ,  t h e  var-  
i ous  dev ices  involved i n  t h e  system a r e  modelled a s  
fo l l ows  : 

3.1 Vol tage  C o n t r o l l e r  Model 

The t h r e e  phase v o l t a g e  c o n t r o l l e r  may be  rep-  
r e s e n t e d  by a connect ion m a t r i x  [ c l .  Denoting one 
element of t h e  ma t r ix  [ c ]  by Cik where, Cik=l  i f  t h e  
phase " i "  of t h e  source  i s  connec ted  t o  t h e  phasenK" 
of t h e  Motor, equa l  ze ro  o therwise .  
Th i s  model l ing a l lows  a s imple computation f o r  v o l t -  
ages  of  t h e  motor phases  when t h e y  a r e  f e d  by t h e  
v o l t a q e  c o n t r o l l e r :  

where, [V,] and [Vs] a r e  respectively t h e  machine and 
t h e  source  v o l t a g e s .  Furthermore,  t h e  sou rce  curren-  
t s  may be g iven  by: 

... ... ... [ I ~ I  = [CI [ I ~ I  ... ( 2 )  

where, [Is] and [Ic] a r e  t h e  sou rce  and motor phase  
c u r r e n t s  r e s p e c t i v e l y .  

3 . 2  F i r i n g  Devices Model ( P u l s e  Genera tors )  
- - - 

I t  may be cons idered  that, e a c h  p u l s e  gener-  
a t o r  has a model depending on t h e  v a l u e  of  t h e  con- 
t r o l  v o l t a g e  (FCR). The g e n e r a t o r s  can be modelled 
by a " F i r i n g  Funct ion" (FALi J) . 
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The p u l s e  i s  genera ted  on t h e  t h y r i s t o r  number J('PhJ) 
when t h e  c o n t r o l  v o l t a g e  FCR 2 t h e  timming v o l t a g e  
( T V ~ ~ )  j 

3.3 Machine Model 

The g e n e r a l  v o l t a g e  e q u a t i o n  of  an i n d u c t i o n  
machine may be w r i t t e n  i n  t h e  fo l l owing  m a t r i c a l  form: 

d d 
[ V J = [ L l d t [ i l + ( [ R l + 6 ~ [ L l )  [ i l  ... . .. ( 4 )  

To so lve  t h i s  equa t ion  by a  numerical  way, it should 
be a r ranged  i n  a  s t a t e  form a s  fo l l ows :  

S ince  [L] i s  a f u n c t i o n  o f  0 ,  t h e n  it i s  t ime-varying 
and t h u s  [L] has  t o  be computed i n  a  r e p e t i t i v e  way 
( t h r e e  t i m e s  i n  each computation s t e p  when us ing  a  
f o u r t h  o r d e r  Runge-Kutta method) .  T h i s  way has  two 
main d i sadvantages :  f i r s t l y ,  it i s  a  l a r g e l y  t ime  
consuming and secondly,  it may a f f e c t  t h e  p r e c i s i o n  
of t h e  computation because [Ll may found t o  be  ill 
condi t ionned  . 

The u s u a l  method used t o  avoid  t h e  m a t r i x  
i n v e r s i o n  i s  t h e  Park's O,d,q t r a n s f o r m a t i o n ,  which 
l e a d s  t o  a  c o n s t a n t  mat r ix .  However, it i s  n o t  
always p o s s i b l e  t o  use t h i s  method when t h e  machine 
i s  f ed  by a  s t a t i c  conve r t e r  and e s p e c i a l l y  by a  
th ree-phase  v o l t a g e  c o n t r o l l e r .  Th i s  i s  because t h e  
th ree-phases  a r e  no t  always s u p p l i e d  ( i . e .  one-phase 
o r  two-phases a r e  d i sconnec ted  f o r  a  c e r t a i n  t i m e ) .  

I n  o r d e r  t o  so lve  t h i s  problem, a  new t r a n s -  
formation has  been used [8 ,91 l e a d i n g  t o  a  c o n s t a n t  
m a t r i c e s  even when one o r  two s t a t o r  phases  a r e  
switched o f f .  

Le t  u s  deno te  1 , 2  and 3 t o  t h e  s t a t o r  phases ,  
phase 1 being t h e  " d i s s y m e t r i c  one" (when one phase 
i s  n o t  supp l i ed ,  it denoted by " 1 "  and when two ph- 
a s e s  a r e  switched o f f ,  " 1 "  i n  t h i s  c a s e  denoted t h e  
t h i r d  p h a s e ) .  The r o t o r  phases ,  a r e  s h o r t - c i r c u i t e d ,  
and it i s  always p o s s i b l e  t o  use  t h e  p a r k ' s  O,d,q 
t r ans fo rma t ion ,  t h e n 7 , t h e  t ransformed r o t o r  c u r r e n t s  
a r e  t hen  denoted by ld and i 

9 ' 

When t h e  three-phase v o l t a g e  c o n t r o l l e r  f e d  
i nduc t ion  motor w i t h  n e u t r a l ,  f o r  such a  system, 
t h e r e  a r e  f o u r  models: 



- A l l  t h e  t h r e e  phases  a r e  connected 
t o  t h e  source .  Model ( 3 )  

- Two-phases a r e  connected t o  t h e  source .  Model ( 2 )  
- One-phase is  connected t o  t h e  source .  Model (1) - A l l  t h e  t h r e e  phases  a r e  d i s connec t ed  

from t h e  source.  Model (0 )  

These models a r e  e a s i l y  deduced from t h e  connec t ion  
m a t r i x  [cl as g iven  below: 

Th i s  model i s  cor responding  t o  t h e  presence  of 
t h r e e  e lements  equa l  one i n  t h e  connec t ion  m a t r i x  [ c ] .  
The convent iona l  d.q.  t r ans fo rma t ion  i s  used w i t h  
a x i s  l i n k e d  t o  t h e  s t a t o r .  The t ransformed v o l t a g e s  
and c u r r e n t s  of  s t a t o r  a r e  r e s p e c t i v e l y ,  denoted by 
(Va , V 6  ) and (i, , i g  1 . The c u r r e n t  equa t ions  
pu t  i n  t h e  fo l l owing  form: 

The homopolar equa t ion  i s  d e f i n e d  by: 

The motor t o rque  i s  given by: - - - 
T = P.M (i i - i .ia) 

d . 0  q 
* a .  ... 

can be 

. . . ( 6 )  

. . . ( 7 )  

.. . ( 8 )  

- I f  t h e  s t a t o r  i s  s ta r -connec ted  wi thout  n e u t r a l ,  
t h e  homopular equa t ion  ( 7 )  i s  d i sapea red  and t h e  
motor equa t ion  i s  r e p r e s e n t e d  by e q u a t i o n s ( 6 ) .  

' This  model is oxresponding t o  t h e  presence  of  
two e lements  equa l  one i n  t h e  connec t fon  m a t r i x [ c l .  
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When one motor phase is & i s m  
transformation on the stator variables are made[4,9]: 1:  =.. jwhere [.]= & : $.7 (9) 

This transformation leads to the following equations, 
which in trun gives the currents in the other phases: 

L 
The voltage of the disconnected phases may be given 
by: 

[[i;] ... V, = (M3 , M1 1 dt ... (1 1) 

The motor troque is given by: 
- - 

- If the motor has a star-connected stator with its 
neutral is disconnected and only one-phase is 
opened, the machine currents can be computed 
(using the transformation of Equations 9) from 
the following form, 



The voltage of the disconnected phases may be given 
by: 

L .-I 
In this case, the motor torque is given by: 

For this model, only one slement equal one is 
presence in the connection matrix Icl. Using the 
previous transformation (Eqs. 9 ) ,  t h e  currents are 
computed by the following equations: 

and 
by: 

are given 



~~--[:o~~qF[::]p~-p-- B i , d . . . (17) 

The motor torque is given by: 

This model corresponds to a connection matrix 
having its elements equal to zero, the electrical 
equations are reduced to: 

and the voltage of the stator phases are computed by: 

Obviously, the torque of the motor becomes zero 
(i.e. T = 0 ) .  

4, METHOD OF SIMULATION 

To simulate the above-mentioned system, the 
whole system is divided into two subsystems[6,8]: 
"a completed analogical subsystem" which is the whole 
set of models of each different parts of the system, 
and "a finite state automata", whose function is for 
choosing the right models at any moment. The anal- 
ogical subsystem and the automate are linked by an 
"interface", which associates the logical inputs of 
the automata to analogical variable. 

The general flow-chart of the simulation is 
shown in Fig. ( 3 ) .  



Step 1 .  

Step 2. 

step 3 .  

Step 4. 

s tep 5. 

Step 6. 

Step 7. 

s t a t e  v a r i a b l e s  of  s u i t a b l e  model 

.L YES 

Re s e a r c h  of  t h e  f i r s t  even t  a t  
t + 6 t  and upda t ing  a t  t h i s  i n s -  
t a n t  i f  any,  
- E x t i n c t i o n  of a  l oad  c u r r e n t .  
- F i r i n g  Pu l se .  

Computation o f  6 E  and updat ing  of  
t h e  s t a t g  a n a l o g i c a l  v a r i a b l e s  f o  
t ~ [ t  , 6 t l .  

Computation o f  t h e  equa t ion  of t h  
automata g i v i n g  t h e  new models 
and t h e  connec t ion  m a t r i x .  

Choice of t h e  new s t e p  

of the simulation -h 
Fig. (3)  : General F l w  Chart of the Simulation. 

- - 



S t e p  1 ,  i n  which a l l  t h e  c o n s t a n t s  ( t h e  a n a l o g i c a l  
anbTogTcaIvX1XEEe~-)-arei;rriM-~i!ed-* 
t h e  main pzogram. 

S t e p  2, i s  achieved  w i t h  independent  s u b r o u t i n e s ,  
s o  t h a t  a  change i n  t h e  load  o r  i n  t h e  cont -  
r o l l e r  should l ead  t o  modify on ly  one 

, 3 

sub rou t ine .  A f o u r t h  o r d e r  Runge-Kutta 
4 'method i s  used t o  i n t e g r a t e  t h e  d i f f e r e n t i a l  

equa t ion .  
* * 

S t e p s  3 t o  7, a r e  achieved by a  s i n g l e  s u b r o u t i n e  narred 
"GRAD". T h i s  s u b r o u t i n e  r e p r e s e n t s  t h e  ch- 
a r a c t e r i s t i c  of  t h e  th ree-phase  v o l t a g e  con- 
t r o l l e r ,  and h e l p s  t o  choose t h e  s u i t a b l e  
model f o r  t h e  s imu la t i on .  

5 ,  COMPUTED AND E X P E R I M E N T A L  RESULTS: 
, . 

The fo l lowing  r e s u l t s  of  t h e  s imu la t i on  have 
been o b t a i n e d  us ing  an XTIBM computer.  The s t a r t i n g -  
up and s t e a d y - s t a t e  behaviour  of  t h e  th ree-phase  
v o l t a g e  c o n t r o l l e r  f e d  i nduc t ion  motor a r e  s e l e c t e d  
i n  o r d e r  t o  show t h e  advantages ,  f l e x i b i l i t y  and acc- 
uracy  o f  t h e  developed s imu la t i on .  The parameters  
of t h e  motor a s  w e l l  a s  t h e  system c o n d i t i o n s  a r e  
giver. i n  t h e  Appendix. The r e s u l t s  a r e  based on 

2 s t a r t i n g - u p  p e r i o d  w i t h  a  load  t o r q u e  of TL=5.5 (1-S,) . 
Figs .  ( 4 ,12 )  and (5,131 show t h e  computed 

v o l t a g e  and c u r r e n t  f o r  one phase o f  t h e  motor during 
s t a r t i n g - u p  pe r iod .  Also d u r i n g  t h i s  pe r iod  t h e  
e l ec t romagne t i c  t o r q u e  of t h e  motor i s  i n d i c a t e d  by 
F igs .  ( 6 , 1 4 ) .  I t  should be no ted  t h a t  t h e  maximum 
v a l u e  of  c u r r e n t  and to rque  f o r  t h e  motor w i thou t  
n e u t r a l  a r e  s m a l l e r  t han  t h a t  of t h e  motor w i t h  
n e u t r a l .  Th i s  i s  due t o  t h e  p re sence  of  t h e  t h i r d  
harmonic i n  t h e  l a t e r  c a s e .  F igs .  (7 ,15)  i l l u s t r a t e  
t h e  speed v a r i a t i o n  when t h e  motor s t a r t e d  f r o m r e s t .  
I t  can be d e t e c t e d  from t h e  F igu re s  t h a t  f o r  same run- 
up t i m e  t h e  motor speed w i t h  n e u t r a l  connected i s  
h ighe r  t han  t h a t  wi thout  n e u t r a l .  T h i s  i s  due t o  
t h e  h igh  r a t e  of  change of speed and t h e  i n c r e a s e  of  
t h e  developed e l ec t romagne t i c  t o rque .  

F igs .  [ ( 2 1-A) , (22-A) , 8,16 I show t h e  comput- 
ed and exper imenta l  s t e a d y - s t a t e  r e s u l t s  o f  s t a t o r  
phase vo l t ages .  F ig s .  [ (21 -B) , (22-B) , 9 ,  171 show 
t h e  same r e s u l t s  f o r  s t a t o r  phase c u r r e n t s .  I t  can  
be no ted  t h a t  t h e  maximum and e f f e c t i v e  v a l u e  o f  
c u r r e n t s  . - of t h e  machine wi th  n e u t r a l  are h i g h e r  . t 



t h a n  t h a t  of  t h e  machine w i t h o u t  n e u t r a l .  A l s o  it 
can b e  conc luded  t h a t  t h e  computed r e s u l t s  a r e  i n  
c-ovd c o r r e l a t i o n  w i t h  t h e  r e s u l t s  obtained experimentaly. 

F i g s .  ( 1  0 ,18 )  show t h e '  s t e a d y - s t a t e  deve loped  
to rque .  Theaverage deve loped  t o r q u e  f o r  machine w i t h -  
ocit n e u t r a l  i s  l e s s  t h a n  t h a t  of  machine w i t h  n e u t r a l .  
T h i s  i s  due t o  t h e  d e c r e a s e d  s t a t o r  c u r r e n t s .  F i g s .  
i 1 I 1 1 9 )  show t h e  s t e a d y - s t a t e  s p e e d .  The machine 
speed  w i t h o u t  n e u t r a l  i s  l e s s  t h a n  t h a t  w i t h  n e u t r a l .  
T h i s  i s  because  t h e  v o l t a g e  i s  d e c r e a s e d  i n  t h e  c a s e  
c f  machine w i t h o u t  n e u t r a l  f o r  t h e  same v a l u e  o f  
; i r i n g  a n g l e .  I n  o r d e r  t o  show t h e  a c c u r a c y  of t h e  
s i n u l a t i o n  program,  t h e  e x p e r i m e n t a l  s e t - u p  i s  u s e d  
:or r e c o r d i n g  t h e  v o l t - s p e e d  c h a r a c t e r i s t i c s  of  t h e  
motor, These  r e s u l t s  a r e  compared w i t h  t h e  s i m u l a t -  
Lori z e s u l t s  f o r  two f i r i n g  a n g i e s  [ a = 7 6 . 2 '  and a=83.4'] 
a s  ahown i n  F i g .  ( 2 0 ) .  

5 .1 Computed R e s u l t s :  
----.-.-..--------- 

5 . .  Machine i s  S ta r -Connec ted  With N e u t r a l :  

q 0  4 ,  : ;:oitaqe of Stator Thase A 

I. ( A m p e r e ) .  
: i; . .. 

Fig. ( 5 )  : C u r r e n t  of S t a t o r  ?hase A. 
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Fis. ( 6 )  : Motor Developed Torque. 
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(Sec.) 

F ig .  ( 7 )  : Motor Speed. 
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- fi 

Fig .  ( 8 )  : Voltage of S t a t o r  Phase A.  
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1- (Ampere) 

. Fiq. (9) : Current of S ta tor  Phase A .  

Torque ( N . m . ) .  

w 

'L Time 0 - I 

3 (Sec.) 
3.04 3.08 3.12 

Fig. ( 1 0 ) :  Motor Developed Torque. 

5.1.2 Machine Is Star-Connected Without Neutral: 

(a) gu~&x-2tarthpqSyp : 

1480 
146'2 
1440 
142C. 

VA (Volt) . 

; 

Time 

320 

160 Time 

0 (Sec. ) 

- 160 

1 

3.04 
(Sec.) . 

3.08 3.12 
Fig .  1 : Motor Speed. 
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Fig.  (13) : Current of S ta tor  Phase A .  

Torque ( N . m . )  . 
t 

Fig. (14) : Motor Developed Torque. 
Speed ( r . p  .m.  ) 

Fig. ( 1 5 )  : Motor Speed. 

F i g .  ( 1 6 ) :  Voltage of S t a to r  Phase A .  
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Fig. (18) : Motor Deveioped Torque 

"Speed (r.p.m.) 

144 

14 1 
Time 
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F i g .  (19) : Motor Speed. 



4- Speed 

t , .  l v l l l s l *  

Speed 
(r.p.m) 

1350 1370. 1390 1410 1430 1450 1470 1490 . 
(b) 

Fig. (20): Volt-Speed Characteristics for  Induction Motor. 
a. Without neutral. b . With neutral. - Ccrrputed results .  . 000 E%primental Results. 



Fig .  (21)  : Voltage and Curren t  of S t a t o r  Phase A.  

( a )  VA ( t h e  maximum peak va lue  i s  311  V . ) .  
(b) IA ( t h e  maximum peak va lue  i s  4 . 7  A.) . 

5 . 2 . 2  Machine i s  Star-Connected Without Neutral: ............................................. 

Fig.  ( 2 2 ) :  Voltage and Curren t  of  S t a t o r  Phase A.  

( a )  VA ( t h e  maximum peak va lue  i s  3 1 1 V.  ) . 
(l5) IA ( t h e  maximum peak va lue  i s  3 . 6  A.  ) . 



The present paper developes a complete digital 
simulation of a three-phase voltage controller fed 
induction motor. The new modelling approach of the 
motor, yields to avoid the numerical inversion of the 
inductance and exhibit a large saving in computation 
time. Also the method of simulation leads to modular 
structure of the program, which make it well suited 
to study dynamic behaviour, starting and steady-state 
of an induction motor. 

The computed results which are obtained from 
the simulation for steady-state condition are proved 
to yield good agreement when compared with the relev- 
ant experimental results. 
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8, APPENDIX: 

The test machine having the following 
particulars: 
squirrel - cage, three - phase, 2-horse - power, 
4-poles, 380/220 volt, 3.6/6.2 ampere, star - delta 
connected induction machine. 

The measured parameters are: 
R, = 4.7 ohm , Ls = 0.228 H , Ms = - 0.112 H 

M~ = 0.212 H , R2 = 4.1 ohm , Lr = 0.228 H 

Mr = -0.114 H , J = 0.009kg.m2 and f = 50 He. 

The control voltage is adjusted to give a 
firing angle of [~=83.4~] for the induction motor 
with and without neutral. 




