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APPENDIX 1

DERIVATION OF INDUCTION MOTOR 
STEADY STATE CHARACTERISTIC

I n  s t e a d y  s t a t e  c o n d i t i o n ,  t h e  e l e c t r i c a l  t o r q u e  
Te a n d  m e c h a n i c a l  t o r q u e  Tm i s  e q u a l .  T h u s  we c a n  w r i t e

Te  -  Tm = 0 ( A l . l )

w h e r e

( A 1 . 2 )

Tm = a + b*Wr + c * W r * * 2  ( A 1 . 3 )

o r  i n  t e r m s  o f  s l i p

Tm = a + b M l - s )  + c * ( l - s ) * * 2  ( A 1 . 4 )

S u b s t i t u t e  ( A 1 . 2 )  a n d  ( A 1 . 4 )  i n t o  ( A l . l )  a n d  
s o l v i n g  ( A l . l )  we c a n  d e r i v e  o p e r a t i n g  s l i p  a t  g i v e n  
v o l t a g e  a n d  f r e q u e n c y .  Th e  m e t h o d  u s e d  h e r e  f o r  s o l v i n g  
( A l . l )  i s  F a l s e  P o s i t i o n  M e t h o d .  T h i s  m e t h o d  i s  u s e d  t o  
f i n d  a r e a l  r o o t  o f  a n  e q u a t i o n  w r i t t e n  i n  t h e  f o r m  ’

f ( x )  = 0 ( A 1 . 5 )

F i r s t  we m u s t  f i n d  x l  a n d  x 2  t h a t  g i v e  o p p o s i t e
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s i g n  o f  f ( x l )  a n d  f ( x 2 ) ,  t h e n  c a l c u l a t e  x 3  w h i c h  i s  c l o s e r  
t o  t h e  r o o t  b y  ะ

x 3  = x l  + f ( x l ) / ( f ( x l ) - f ( x 2 ) ) * ( x 2 - x l )  ( A 1 . 6 )

E q u a t i o n  ( A l . 6 )  i s  t h e n  a p p l i e d  a g a i n  w i t h  x 3  
s u b s t i t u t i n g  e i t h e r  x l  o r  x 2  w h i c h  g i v e  f ( x )  t h a t  i s  t h e  
s a me  s i g n  a s  f ( x 3 ) .  R e p e a t i n g  u n t i l  f ( x 3 )  i s  l e s s  e n o u g h ,  
t h u s  x 3  i s  a a p p r o x i m a t e  r o o t  o f  ( A 1 . 5 ) .

To a p p l y  t h i s  m e t h o d  t o  ( A l . l ) ,  we u s e  t h e  s l i p  a t  
maximum t o r q u e  Sm a n d  s l i p  = 0 ,  w h i c h  w i l l  g i v e  o p p o s i t e  
s i g n  o f  ( A l . l ) .

T h e  s l i p  a t  maximum t o r q u e  c a n  b e  w r i t t e n  a s  ะ
รท, =  ท 0

ท ( œ j a > by 2r j  +  x l

-  X J t r r f  ( ร ู) 2 +

O n c e  a s l i p  a t  g i v e n  v o l t a g e  a n d  f r e q u e n c y  i s  
d e r i v e d ,  we c a n  c a l c u l a t e  t h e  i n p u t  i m p e d a n c e  o f  t h e  
e q u i v a l e n t  c i r c u i t  s h o w n  i n  F i g u r e  A l . l  b y  t h e  f o l l o w i n g  
e q u a t i o n  ะ

z  =

F i n a l l y ,  t h e  a c t i v e  a n d  r e a c t i v e  p o w e r  c a n  b e  
c a l c u l a t e d  a s  ะ

p = Re [ ( V* * 2 / Z * ) ]

Q = Im [ ( V* * 2 / Z * ) ]



APPENDIX 2

DERIVATION OF INDUCTION MOTOR 
DYNAMIC CHARACTERISTIC

N e g l e c t i n g  s t a t o r  t r a n s i e n t s  t h e  p e r  u n i t  v o l t a g e  
e q u a t i o n s  i n  d ,  q - a x i s  a r e  ะ

Vqs = R s*X rr /D *F q s  + We/Wb*Fds -  Rs *Xm/D*Fq r ( A 2 . 1 )

Vd ร = R s*X rr /D *F d s  -  We/wb*Fqs -  Rs*Xm/D*Fdr ( A 2 . 2 )

Vqr = R r* X s s /D * F q r  + pFqr/Wb -  Rr*Xm/D*Fqs
+ (We “ Wr ) /wb *Fd r ( A 2 . 3 )

Vd r = R r* X s s /D * F d r  + pFdr/wb -  Rr*Xm/D*Fds
-  (We -Wr ) /Wb *Fq r ( A 2 . 4 )

w h e r e

X s s  = Xs + Xm

X r r  = Xr + Xm

D = X s s * X r r  -  Xm**2

The  e q u a t i o n  o f  m o t i o n  i s  ะ

2 * H* p w r / Wb = Te  -  Tm ( A 2 . 5 )
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w h e r e

Te = Xm/D* ( Fq s * Fd r -  Fqr *Fd ร )

Tm = a + b * Wr + c * Wr * *2

The c o r r e s p o n d i n g  e q u a t i o n s  a r e :

Fq ร = X s * i q s  + XmM iqs  + i q r ) ( A 2 . 6 )

Fd ร = X s * i d s  + XmM ids  + i d r ) ( A 2 . 7 )

Fq r = Xr * iq r + Xm M iq s + i q r ) ( A 2 . 8 )

Fd r = X r * id r  + XmM ids  + i d r ) ( A 2 . 9 )

and

Vq ร = Rs*iq  ร + We /Wb *Fd ร ( A 2 . 1 0 )

Vd ร = R s*id  s — We/ Wb * Fq ร ( A 2 . l l )

Vq r - R r* iq r  + (We -Wr ) /Wb *Fd r + pFq r /Wb ( A 2 . 1 2 )

Vd r _ R r* id r  -  (We -Wr ) /Wb *Fq r + pFd r /Wb (A 2 . 1 3 )

To d e v e l o p  i n d u c t i o n  m o t o r  m o d e l  we a s s u m e  t h a t
-  s t a t o r  t r a n s i e n t s  a r e  n e g l i g i b l e
-  r o t o r  i s  s h o r t  c i r c u i t ,  t h u s  Vdr  = Vq r  = 0
-  r e s i s t a n c e s  a n d  r e a c t a n c e s  a r e  c o n s t a n t .

The  d i f f e r e n t i a l  e q u a t i o n s  o f  t h e  r o t o r  c i r c u i t s  
a n d  t h e  d i f f e r e n t i a l  e q u a t i o n  o f  m o t i o n  a r e  s o l v e d  i n  t h e
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p r e s e n t  w o r k  b y  n u m e r i c a l  m e t h o d  b a s e d  o n  t h e  t r a p e z o i d a l  
r u l e .  At  e a c h  t i m e  i n t e r v a l  t h e s e  e q u a t i o n s  t o g e t h e r  w i t h  
t h e  s t a t o r  v o l t a g e  e q u a t i o n s  c a n  b e  s o l v e d  i t e r a t i v e l y  
b e g i n n i n g  w i t h  k n o w n  i n i t i a l  c o n d i t i o n  i n  t h e  s t e a d y  
s t a t e .  N o t e  t h a t  t h e  z e r o  p o s i t i o n  o f  t h e  r e f e r e n c e  f r a m e  
i s  s e l e c t e d  s o  t h a t  Vdร = 0 .

I n i t i a l  c o n d i t i o n  c a n  b e  d e r i v e d  f r o m  a c t i v e  a n d  
r e a c t i v e  p o w e r  w h i c h  c a n  b e  c a l c u l a t e d  b y  t h e  m e t h o d  
p r e s e n t e d  i n  A p p e n d i x  1 .  B e g i n n i n g  w i t h  t h e  a c t i v e  a n d  
r e a c t i v e  p o w e r  i n  t h e  s t e a d y  s t a t e  P o ,  Qo t h e  f o l l o w i n g  
i n i t i a l  v a l u e s  c a n  b e  d e r i v e  ะ

iq ร 0 = (Po — Vd ร 0 * id s 0 ) / Vq ร 0 ( A 2 . 1 4 )

id ร 0 = (Qo + Vd s 0 * i q s o )  /Vq ร 0 ( A 2 . 1 5 )

From ( A 2 . 1 4 ) -  ( A 2 . 1 5 )  an d  ( A 2 . 1 )  - ( A 2 . 9 )  w i t h
n e g l e c t i n g  t h e  d i f f e r e n t i a l  t e r m s  d u e  t o  s t e a d y  s t a t e  
c o n d i t i o n  o n e  c a n  f i n d  t h e  i n i t i a l  v a l u e s  o f  Fqร 0 , Fdร 0 , 
Fq r 0 , Fd r 0 1 a n d  Wr 0 .

At  e a c h  t i m e  s t e p  i d s  a n d  i q ร a r e  c a l c u l a t e d  b y  
( A 2 . 1 0 )  a n d  ( A 2 . l l )  a n d  t h e n  t h e  a c t i v e  a n d  r e a c t i v e  p o w e r  

c a n  b e  c a l c u l a t e d  a s  ะ

p = V q s * i q s + V d s * i d s  ( A 2 . 1 6 )

Q Vq ร * i d  ร Vd ร *  i q  ร (A2.17)



APPENDIX 3

MOTOR PARAMETERS APPROXIMATION

T h e  m e t h o d  u s e d  h e r e  i s  s i m i l a r  t o  t h a t  u s e d  i n  r e f .  
[ 1 5 ] .  H o w e v e r ,  i t  i s  d i f f e r e n t  i n  f i n d i n g  l e a k a g e  
r e a c t a n c e s .  T h e  p u r p o s e  i s  t o  make  t h e  m e t h o d  s i m p l e  a s  
p o s s i b l e .

T h e  i n p u t  a n d  o u t p u t  p o w e r  o f  a n  i n d u c t i o n  m o t o r  
i n  p e r  u n i t  i s  ะ

Pi a Vs * I s  *COS ( A 3 . 1 )

Po T ( l - s ) ( A 3 . 2 )

T (Ir * * 2 ) * R r / s ( A 3 . 3 )

A c c o r d i n g
t h a t  ะ

t o  r e f . [ 1 5 ] ,  we make  t h e  a p p r o x i m a t i o n

IIM Is * c o s  ^ ( A 3 . 4 )

I n p u t  a n d  
f o l l o w i n g  e q u a t i o n

o u t p u t  p o w e r  p o w e r  a r e  r e l a t e d b y  t h e

(Is * * 2 )  * ( c o s Z‘p) * ( R r / s  ) * ( 1 - s  ) / n  = Vs *Is * c o s  <j> ( A 3 . 5 )

I n  s t e a d y s t a t e ,  we a s s u m e  t h a t  Vs =1.0 p u .  a n d
Is = 1 . 0  p u .
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From t h e s e  e q u a t i o n s  we can  o b t a i n  ะ 

Rr = r j * s / [ ( 1 - s  ) * c o s  p ]

Xm = T } /  [ {1 - s ) * s i n  <j>]

Rs = ( c o s  <f>) *  [ 1 - I j / ( 1 - s )  ]

To f i n d  Xs and Xr we assume t h a t  t h e  two v a l u e s  
a r e  e q u a l .  The s t a r t i n g  c u r r e n t  1st  i s  a s s u m e d  by  ะ

1st = Vs /  (Xs+Xr)

w h ere  1 s t  i s  o b t a i n e d  from, m a n u f a c t u r e r  d a t a .  Thus  

Xs = Xr = Vs /  (2*Is  t )

The i n e r t i a  c o n s t a n t  i s  ะ 

H = ( 0 . 5 * J * W s * * 2 ) / P b

w h e r e

J i s m o m e n t  o f  i n e r t i a
พร i s s y n c h r o n o u s  s p e e d
P b i s b a s e  p o w e r



APPENDIX 4

COMPUTER SIMULATION RESULTS



ACTIVE POWER (kW>

VOLTAGE <v)

REACTIVE POWER (kVAR)

VOLTAGE (V>

F i g .  A4.1 S t e a d y  s t a t e  v o l t a g e  c h a r a c t e r i s t i c  o f

l o a d  c a s e  1



ACTIVE POWER (kW)

REACTIVE POWER (kVAR)

F i g .  A4.2 s t e a d y  s t a t e  f r e q u e n c y  c h a r a c t e r i s t i c
o f  l o a d  c a s e  1



FREQUENCY (Hz)

i g .  A4.3 V o l t a g e  a n d  f r e q u e n c y  a t  b u s  3 d u r i n g
g e n 2 d i s c o n n e c t e d



ACTIVE POWER (kill)

ACTIVE POWER (kw)

F i g .

a .
๖ .

A 4 .4 A c t i v e  p ow er  o f  l o a d  c a s e  1 d u r i n g  
g e n .  2 d i s c o n n e c t e d

from SIMPOW
from  d e v e l o p e d  programme



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

F i g .  A4.5  R e a c t i v e  p ow er  o f  l o a d  c a s e  1 d u r i n g  
g e n .  2 d i s c o n n e c t e d  

a .  f r o m  SIMPOW
๖ from  d e v e l o p e d  programme



VOLTAGE (V)

FREQUENCY <hz)

F i g .  A4.6 V o l t a g e  and f r e q u e n c y  a t  b u s  3 d u r i n g
l o a d  a t  b u s  2 d i s c o n n e c t e d



ACTIVE POWER (kW)

ACTIVE POWER (kW)

F i g .  A4.7 A c t i v e  p ow er  a t  b us  3 d u r i n g  l o a d  
a t  b u s  2 d i s c o n n e c t e d

a . from SIMPOW
b . from d e v e l o p e d  programme



REACTIVE POWER <kVAR>

REACTIVE POWER (kVAR)

F i g .  A4. 8 R e a c t i v e  p ow er  a t  b u s  3 d u r i n g  l o a d  
a t  b us  2 d i s c o n n e c t e d

a .  f r o m  SIMPOW
b .  fr o m  d e v e l o p e d  programme



ACTIVE POWER (kw)

VOLTAGE (V)

REACTIVE POWER (kVAR)

VOLTAGE <V)

F i g .  A4.9 S t e a d y  s t a t e  v o l t a g e  c h a r a c t e r i s t i c  o f
u s e d  a g g r e g a t e  m o d e ll o a d  c a s e  2
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ACTIVE POWER <kw)

VOLTAGE (V)

REACTIVE POWER (kVAR)

VOLTAGE (V)

F i g . A4. 10 s t e a d y  s t a t e  v o l t a g e  c h a r a c t e r i s t i c  o f
l o a d  c a s e  2 u s e d  c o n s t a n t  i m p e d a n c e  m o d e l



ACTIVE POWER (vu)

REACTIVE POWER (kVAR)

F i g .  A4.11  S t e a d y  s t a t e  f r e q u e n c y  c h a r a c t e r i s t i c  
o f  l o a d  c a s e  2 u s e d  a g g r e g a t e  m o d e l
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ACTIVE POWER (MW)

1.000-
0 . 9 9 9 -

0 .9 9 5 - 1 -------- 1--------- 1------ 1— - า --------1------ 1----------1------ 1---------- 1------ 1----------1------- 1---------1------- 1--------- 1-------1---------- I--------1--------- 1

3 9 . 0 0  4 2 . 0 0  4 5 . 0 0  4 8 . 0 0  5 1 . 0 0  5 4 . 0 0  5 7 . 0 0  6 0 . 0 0  6 3 . 0 0  6 6 . 0 0

FREQUENCY (Hz)

REACTIVE POWER (kVAR)

7 0 1 . 0 0 -

7 0 0 . 0 0 -  ----------------------------------— --------------------------------------------------------------------------------------------------------------

6 9 9 . 0 0 -

6 9 8 . 0 0 -

6 9 7 . 0 0 -

6 9 6 . 0 0 -

6 9 5 .  0 0 - | ----------1------------1-------- 1---------1----------- 1--------- 1-----------1--------1------------ 1--------1------------1-------- 1------------ 1-------- 1------------ 1--------- 1----------- 1---------1------------1

3 9 . 0 0  4 2 . 0 0  4 5 . 0 0  4 8 . 0 0  5 1 . 0 0  5 4 . 0 0  5 7 . 0 0  6 0 . 0 0  6 3 . 0 0  6 6 . 0 0

FREQUENCY (Hz)

F i g .  A4..12 S t e a d y  s t a t e  f r e q u e n c y  c h a r a c t e r i s t i c
o f  l o a d  c a s e  2 u s e d  c o n s t a n t  i m p e d a n c e
m odel
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VOLTAGE (V)

FREQUENCY (Hz)

F i g .  A4.13 V o l t a g e  
. 2

and f r e q u e n c y  a t  b u s  3 d u r i n g
d i s c o n n e c t e dg en
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ACTIVE POWER <kw)

ACTIVE POWER (พ,!)

F i g .  A4.14 A c t i v e  power  a t  b u s  3 d u r i n g  g e n .  2 
d i s c o n n e c t e d

a .  f r o m  SIMPOW b a s e d  on i n d i v i d u a l  r e p r e s e n t a t i o n
b .  f r o m  d e v e l o p e d  programme b a s e d  on a g g r e g a t e  m o d e l
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REACTIVE POWER OtVAR)

REACTIVE POWER (kVAR)

F i g .  A4.15 R e a c t i v e  p o w er  a t  b u s  3 d u r i n g  
g e n .  2 d i s c o n n e c t e d

a .  from  SIMPOW b a s e d  on i n d i v i d u a l  r e p r e s e n t a t i o n
b .  from  d e v e l o p e d  programme b a s e d  on a g g r e g a t e  m o d e l
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ACTIVE POWER (kw)

REACTIVE POWER (kVAR)

F i g .  A4.16 A c t i v e  and r e a c t i v e  p ow er  d u r i n g  g e n .  2
d i s c o n n e c t e d  u s e d  c o n s t a n t  i m p e d a n c e  m ode l



FREQUENCY (Hz)

F i g .  A4.17 V o l t a g e  and f r e q u e n c y  a t  b u s  3 d u r i n g
l o a d  b u s  2 d i s c o n n e c t e d
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ACTIVE POWER (kW)

ACTIVE POWER <kw)

F i g .  A4.18 A c t i v e  power  a t  b u s  3 d u r i n g  l o a d  bus  2 
d i s c o n n e c t e d
a .  f r o m  SIMPOW b a s e d  on i n d i v i d u a l  r e p r e s e n t a t i o n
b .  from  d e v e l o p e d  programme b a s e d  on a g g r e g a t e  m o d e l



79

REACTIVE POWER (kVAR)

F i g .  A4.19 R e a c t i v e  p ow er  a t  b u s  3 d u r i n g  l o a d  b u s  2
d i s c o n n e c t e d

a .  from SIMPOW b a s e d  on i n d i v i d u a l  r e p r e s e n t a t i o n
b .  from d e v e l o p e d  programme b a s e d  on a g g r e g a t e  m o d e l
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ACTIVE POWER (kw)

REACTIVE POWER (kVAR)

F i g .  A4.20 A c t i v e  and r e a c t i v e  power d u r i n g  l o a d  b u s  2 
d i s c o n n e c t e d  u s e d  c o n s t a n t  i m p e d a n c e  m o d e l



ACTIVE POWER (MW)

VOLTAGE (V)

REACTIVE POWER (KVAR)

VOLTAGE (V>

F i g .  A4. 21 s t e a d y  s t a t e  v o l t a g e  c h a r a c t e r i s t i c  o f
l o a d  c a s e  3 u s e d  a g g r e g a t e  m o d e l



ACTIVE POWER (MU)

REACTIVE POWER (MVAR)

g.  A4.22 s t e a d y  s t a t e  f r e q u e n c y  c h a r a c t e r i s t i c  o f  
l o a d  c a s e  3 u s e d  a g g r e g a t e  m ode l



VOLTAGE (V)
3 8 1 . 0 0 -  

3 8 0 .  0 0 - -

3 7 9 . 0 0 -

3 7 8 . 0 0 -

3 7 6 . 0 0 -

3 7 5 . 0 0 •ๆ I I I I I I ๅ I I I I I I 1 I-------- 1-------- 1-------- 1-------- 1

0 . 0 0  0 . 3 0  0 . 6 0  0 . 9 0  1 . 2 0  1 . 5 0  1 . 8 0  2 . 1 0  2 . 4 0  2 . 7 0

TIME SECONDS

FREQUENCY (Hz)

TIME SECONDS

Fig .  A4.23 V o l t a g e  and f r e q u e n c y  a t  b us  3 d u r i n g
f r e q u e n c y  d i p



ACTIVE POWER (MW)

84

2.998-

2.996-

ACTIVE POWER (MW)

2- 9951 I I I I i I I 1----1---1--- 1---1----1---1-
0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00

TIME SECONDS

F i g .  A4.24  A c t i v e  p ow er  a t  b u s  3 d u r i n g  f r e q u e n c y  d i p
a. used aggrega te  model
๖ - used co n s ta n t MVA model
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REACTIVE POWER (MVAR)

2.401 “1
REACTIVE POWER (MVAR)

2. 398-

2.396-

2.395- I I I ! I I I I 1 I----1---1----1---1---- 1--- 1----1---1---- 1O.OÛ 3.00 6 00 9.00 12.00 15.00 18.00 21.00 24.00 27.00
TIME SECONDS

F i g -  A4. 25 R e a c t i v e  power a t  b us  3 d u r i n g  f r e q u e n c y  d i p  
a .  u s e d  a g g r e g a t e  m odel
๖. used con s ta n t MVA model
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VOLTAGE (V)

382.00-1

365.00-

348.00-

831.00-

314 .CO-

297. 00-

280.00 i-- 1----1---1---1--- \---1---1---1---1---1--- 1--- 1---1---1--- 1--- J---1--- 1---1
0.00 0.50 1.00 1.50 2 .00  2 .50 ร .00 3 .50  4 .00  4.50

TIME SECONDS

51.00-ๅ

50.00-

49.00-

FREQUENCY (Hz)

48 .00-

47.00-

46.00-

45' 00“1 I I I I I I I 1 I ■ ' ■ I I--- 1--- 1--- r0.00 0.30 0.60 0.90 1.20 1.50 1.80
TIME SECONDS

"ๆ  I ใ-------- 1-------- 12.10 2.40 2.70

F i g .  A4. 26 V o l t a g e  and f r e q u e n c y  a t  b u s  3 d u r i n g
v o l t a g e  d i p



ACTIVE POWER (MW)

๖

ACTIVE POWER (MW)

3.00-เ---  --------------------------------------

2.87-

2.75-

2.62-

2.50-

2.37-

2. 24--------1---1---1---1 I I I I I I I 1--- 1--- 1--- 1---1---1---10.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
TIME SECONDS

F i g .  A4.27 A c t i v e  power a t  b u s  3 d u r i n g  v o l t a g e  d i p  
a .  u s e d  a g g r e g a t e  m o d e l
๖. used co n s ta n t c u r r e n t  model



88

a

REACTIVE POWER (MVAR)

TIME SECONDS

๖

REACTIVE POWER (MVAR)

2.40-J---  -------------------------------------

2.30-

2.20-

2.10-

2 .00-

1.90-

79 I I I I I I I I I I I I I--- 1--- 1---1--- !--- 1--- 10.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
TIME SECONDS

F i g .  A 4.28 R e a c t i v e  power  a t  bus  3 d u r i n g  v o l t a g e  d i p
a .  u s e d  a g g r e g a t e  m ode l
b .  u s e d  c o n s t a n t  c u r r e n t  m odel



ACTIVE POWER (kU>

ACTIVE POWER (kw)

VOLTAGE (V)

F i g .  A4.29 s t e a d y  s t a t e  p - v  c h a r a c t e r i s t i c  o f  
l o a d  c a s e  1

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
b .  u s e d  i n d i v i d u a l  m o to r  m o de l



REACTIVE POWER (kVAR)

VOLTAGE <V)

REACTIVE POWER (kVAR)

VOLTAGE (V)

F i g .  A4.30  s t e a d y  s t a t e  Q-V c h a r a c t e r i s t i c  o f  
l o a d  c a s e  1

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
b .  u s e d  i n d i v i d u a l  m o to r  m odel



ACTIVE POWER (kW)

ACTIVE POWER (kw>

F i g .  A4. 3 1

a .  u s e d
b .  u s e d

S t e a d y  s t a t e  p - f  c h a r a c t e r i s t i c  o f  
l o a d  c a s e  1

a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l  
i n d i v i d u a l  m o t o r  m o d e l



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

577 .50 -

543.50-

509 .50-

475 .50 -

441 .50-

407.50-

373 .50 -  | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 139.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00
FREQUENCY (Kz)

F i g .  A4.32 s t e a d y  s t a t e  Q - f  c h a r a c t e r i s t i c  o f  
l o a d  c a s e  1

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
b .  u s e d  i n d i v i d u a l  m o t o r  m o d e l
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FREQUENCY (แะ)

F i g .  A 4 .3 3  V o l t a g e  and f r e q u e n c y  a t  b u s  4 d u r i n g  
3 p h a s e  f a u l t  a t  b u s  3
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a

ACTIVE POVER (kw>

ACTIVE POUER (ku)

F i g .  A 4 .3 4  A c t i v e  p ow er  a t  b u s  4 d u r i n g  3 p h a s e  f a u l t  
a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o to r  m ode l
๖. u s e d  i n d i v i d u a l  m o to r  m ode l



REACTIVE POWER CkVAR)

REACTIVE POWER (kVAR)

F i g .  A4.35 R e a c t i v e  p ow er  a t  b u s  4 d u r i n g  3 p h a s e  
f a u l t

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o to r  m o d e l
b .  u s e d  i n d i v i d u a l  m o t o r  m odel
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ACTIVE POWER (kw)

VOLTAGE (V)

REACTIVE POWER (kVAR)

F i g .  A 4 . 3 6 s t e a d y  s t a t e  v o l t a g e  c h a r a c t e r i s t i c  o f
lo a d  ca se  1 u sed  c o n s t a n t  im p eda n ce  m ode l
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ACTIVE POWER (kw)

752.50-

751.50- 

750. 50-

749.50-

748.50-

747.50-

746. 50—I I I I I I I I I I-------- 1--------- 1-------1--------- 1------- 1---------1--------1---------1--------1---------139.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00
FREQUENCY (Hz)

402. 50ๅ

401.50-

400. 50-

399.50-

REACTIVE POWER (kVAR)

398.50-

397.50-

396. 50 H---1---1----1---1----1---1----I---1--- 1---1--- 1---1----1---1--- 1---1--- 1---1----139.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00
FREQUENCY (Hz)

F i g .  A4.37 s t e a d y  s t a t e  f r e q u e n c y  c h a r a c t e r i s t i c  o f  
l o a d  c a s e  1  u s e d  c o n s t a n t  i m p e d a n c e  m o d e l
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ACTIVE POWER <kw>

TIME SECONDS

REACTIVE POWER (kVAR)

F i g .  A4.38 A c t i v e  and r e a c t i v e  p ow er  a t  b us  4 d u r i n g
3 phase  f a u l t  u sed  c o n s t a n t  im p e d a n ce  m ode l



VOLTAGE (V)'

FREQUENCY <Hz)

TIME SECONDS

F i g .  A439 V o l t a g e  and f r e q u e n c y  a t  b u s  4 d u r i n g
g e n .  2 d i s c o n n e c t e d



ACTIVE POWER (kW)

ACTIVE POWER (kW)

F i g .  A4.40 A c t i v e  p ow er  a t  b us  4 d u r i n g  g e n .  2 
d i s c o n n e c t e d

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o to r  m o d e l
b .  u s e d  i n d i v i d u a l  m o t o r  m odel



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

F i g .  A4.41 R e a c t i v e  power a t  b u s  4 d u r i n g  g e n .  
d i s c o n n e c t e d

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
b .  u s e d  i n d i v i d u a l  m o t o r  m o d e l



ACTIVE POWER (kw>

TIME SECONDS

REACTIVE POWER (kVAR)

F i g .  A4.42 A c t i v e  and r e a c t i v e  p ow er  d u r i n g  g e n .  2 
d i s c o n n e c t e d  u s e d  c o n s t a n t  c u r r e n t  m o d e l



ACTIVE POWER (MW)

VOLTAGE (V)

ACTIVE POWER (kw>

VOLTAGE (V)

F i g . A4. 43  s t e a d y  s t a t e  p - v  c h a r a c t e r i s t i c  o f  l o a d  
c a s e  2

a . u sed  a g g re g a te  i n d u c t io n  m o to r  m ode l

b • u sed  c o n s ta n t  im p e d a n ce  m ode l



REACTIVE POWER (kVAR)

VOLTAGE (V)

REACTIVE POWER (kVAR)

VOLTAGE (V)

F i g .  A444 s t e a d y  s t a t e  Q-V c h a r a c t e r i s t i c  o f  l o a d  
c a s e  2

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o to r  m o d e l  
u s e d  c o n s t a n t  im p e d a n c e  m odel๖



ACTIVE POUER (kU)

ACTIVE POWER (MW)

1.148-

1.147- _________________________________

1.146-

1.145-

1.144-

1.143-

1.141-1--- I----1---1---1----1--1----1---1--- I--1----1---1--- I---1----1---I----1---I----139.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00
FREQUENCY (Hz)

F i g .  A4.45 S t e a d y  s t a t e  p - f  c h a r a c t e r i s t i c  o f  l o a d  
c a s e  2

a . u se d  a g g re g a te  i n d u c t io n  m o to r  m ode l
๖ . u se d  c o n s ta n t  im pedance  m ode l



REACTIVE POUER (kVAR)

๖

REACTIVE POWER (kVAR)

588.50-

587.50-

586.50-

585.50-

584.50-

583.50-

532 •30 I I I I I I r~ I I I I I----1--- 1---1--- 1--1----1---1----1
39.00 42.00 45.00 48.00 51 .00  54.00 57.00 60.00 63.00 66.00

FREQUENCY (Hz)

F i g . A4. 46 s t e a d y  s t a t e  Q-V c h a r a c t e r i s t i c  o f  l o a d  
c a s e  2

a .  u s e d  a g g r e g a t e  i n d u c t i o n  m o to r  m odel
b .  u s e d  c o n s t a n t  i m p e d a n c e  m o de l



FREQUENCY (Hz)

51. 001

50. 00- --------------------------------------------------------------------------------------------------

49 .0 0 -

4 8 .0 0 -

4 7 .0 0 -

46 .00 -

4 5 ‘ 0 0  I I i I I I I I I I I ;--------1--------1-------- 1-------- 1-------- 1-------- 1-------- 1-------- 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1 .40 1 .60  1.80

TIME SECONDS

F i g .  A4.47 V o l t a g e  and f r e q u e n c y  a t  b u s  4 when
g e n .  1 d i s c o n n e c t e d  f o r  0 . 0 5  ร



ACTIVE POWER <kw)

ACTIVE POWER (ku)

F i g . 

a .

A4.48 A c t i v e  p ow er  a t  b u s  4 when g e n .  1  

d i s c o n n e c t e d
u s e d  a g g r e g a t e  i n d u c t i o n  m o t o r  m ode l

b u s e d  i n d i v i d u a l  m o t o r  m o de l



1 0 9

b

REACTIVE POWER (kVAR)

F i g .

a .
b .

A4.49 R e a c t i v e  p o w e r  a t  b u s  4 when g e n .  1 
d i s c o n n e c t e d

used  a g g re g a te  i n d u c t i o n  m o to r  m ode l
used  i n d i v i d u a l  m o to r  m ode l



ACTIVE POWER (vw)

REACTIVE POWER (kVAR>

F i g .  A 4 .  5 0  A c t i v e  a n d  r e a c t i v e  p o w e r  w h e n  g e n .  1  

d i s c o n n e c t e d  u s e d  c o n s t a n t  i m p e d a n c e  
m o d e l



ACTIVE POWER (kU)

VOLTAGE (V)

ACTIVE POWER (kw)

VOLTAGE (V)

F i g .  A 4 . 5 1  S t e a d y  s t a t e  p - v  c h a r a c t e r i s t i c  o f  

c o m p o s i t e  l o a d  c a s e  1  
a .  u s e d  c o m p o s i t e  m o d e l

๖ .  u s e d  c o n s t a n t  p o w e r  m o d e l  f o r  m o t o r s  a n d  

c o n s t a n t  i m p e d a n c e  m o d e l  f o r  o t h e r  l o a d s



REACTIVE POWER (kVAR)

VOLTAGE (V)

REACTIVE POWER (kVAR)

VOLTAGE (V)

F i g . A 4 .  52  S t e a d y  S t a t e  Q-V c h a r a c t e r i s t i c  o f  
c o m p o s i t e  l o a d  c a s e  1

a .  u s e d  c o m p o s i t e  m o d e l

b .  u s e d  c o n s t a n t  p o w e r  m o d e l  f o r  m o t o r s  a n d  

c o n s t a n t  i m p e d a n c e  m o d e l  f o r  o t h e r  l o a d s



ACTIVE POWER <kw)

ACTIVE POWER (kW)

931.00-

930.00-

929.00-

928.00-

927.00-

926.00-

925. 00-|---1----1---1---1----1---1----1---1--- 1---1--- 1--1----1---1--- 1--1----1-- 1----1
39.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00

FREQUENCY (Hz)

F i g . A 4 .  5 3  s t e a d y  s t a t e  p - f  c h a r a c t e r i s t i c  o f  

c o m p o s i t e  l o a d  c a s e  1

a .  u s e d  c o m p o s i t e  m o d e l

b .  u s e d  c o n s t a n t  p o w e r  m o d e l  f o r  m o t o r s  a n d  

c o n s t a n t  i m p e d a n c e  m o d e l  f o r  o t h e r  l o a d s



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

531. 50-1

530.50- ------------- --- ----------------------------------

529.50- 

528. 50-

527.50- 

526. 50-

525.50---- 1---1 I I I I 1 I 1 I I I I I 1 I I I I39.00 42.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00
FREQUENCY (Hz)

F i g . A 4 .  5 4  s t e a d y  s t a t e  Q - f  c h a r a c t e r i s t i c  o f  

c o m p o s i t e  l o a d  c a s e  1

a .  u s e d  c o m p o s i t e  m o d e l
b .  u s e d  c o n s t a n t  p o w e r  m o d e l  f o r  m o t o r s  a n d  

c o n s t a n t  i m p e d a n c e  m o d e l  f o r  o t h e r  l o a d s ,



1 า 5

FREQUENCY (Hz)

F i g .  A4.Î55 V o l t a g e  and f r e q u e n c y  a t  b u s  4 d u r i n g  
g e n .  2 d i s c o n n e c t e d
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a

ACTIVE POWER (kw>

ACTIVE POWER (kw)

F i g . A4. 56 A c t i v e  power  a t  b us  4 d u r i n g  g e n .  2 
d i s c o n n e c t e d

a .  u s e d  c o m p o s i t e  m ode l
๖ .  u s e d  c o n s t a n t  power  m odel  f o r  m o t o r s  and  

c o n s t a n t  im p e d a n c e  m o d e l  f o r  o t h e r  l o a d s



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

F i g .  A4.57 R e a c t i v e  p ow er  a t  bus  4 d u r i n g  g e n .  2 
d i s c o n n e c t e d

a .  u s e d  c o m p o s i t e  m ode l
b .  u s e d  c o n s t a n t  p ow er  model  f o r  m o t o r s  a n d  

c o n s t a n t  i m p e d a n c e  model  f o r  o t h e r  l o a d s
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VOLTAGE (V)

FREQUENCY (Hz)

F i g . A4. 58 V o l t a g e  and f r e q u e n c y  a t  b u s  4 when 3
phase  f a u l t  o c c u r e d  a t  bu s  3 ( l o a d  c a se  2)



ACTIVE POWER (พ)

ACTIVE POWER ( พ )

F i g . A4 .  59 A c t i v e  p ow er  a t  bus  4 when 3 p h a s e  
f a u l t  o c c u r e d  a t  b us  3

a .  u s e d  c o m p o s i t e  m o d e l
b .  u s e d  c o n s t a n t  p ow er  m odel  f o r  m o t o r s  and  

c o n s t a n t  im p e d a n c e  m odel  f o r  o t h e r  l o a d s



REACTIVE POWER (kVAR)

REACTIVE POWER (kVAR)

F i g .  A4. 60 R e a c t i v e  p o w e r  a t  b u s  4 when 3 p h a s e  
f a u l t  o c c u r e d  a t  b u s  3

a .  u s e d  c o m p o s i t e  m o d e l
b .  u s e d  c o n s t a n t  p o w e r  m o d e l  f o r  m o t o r s  and  

c o n s t a n t  im p e d a n c e  m o d e l  f o r  o t h e r  l o a d s



APPENDIX โ)

E F F E C T  OF LOAD MODEL ON S T A B I L I T Y  S T UDY

To i l l u s t r a t e  e f f e c t  o f  l o a d  m o d e l  on  s t a b i l i t y  
s t u d y ,  t h e  m o d i f i e d  EGAT s y s t e m  l i a s  u s e d  t o  make  s t a b i l i t y  
t e s t  u n d e r  t wo  c o n d i t i o n s  o f  l o a d  m o d e l .  Th e  c a s e  s t u d i e d  
i s  t h r e e  p h a s e  f a u l t  on  l i n e .  The  t wo  l o a d  m o d e l s  u s e d  a r e

1 ) c o n s t a n t  i m p e d a n c e
2) 20% c o n s t a n t  c u r r e n t ,  20% c o n s t a n t  i m p e d a n c e ,  

60% c o n s t a n t  p o w e r .

The r e s u l t s  u s e d  t h e  a b o v e  t wo  m o d e l s  a r e  c o m p a r e d  
a n d  s hown  i n  t h e  f i g u r e s  on  t h e  f o l l o w i n g  p a g e s .
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CASE . 3PSG ON THE UNE BETWEEN MM3-230 4 PL2-230 (NEAR MM3-230 ) . FAULT CLEAREDBY DISCONNECTED THE FAULT LINE AT oil 19 SEU AFTER FAULT. WITHOUT SVC AT TTK-230LOAD MOOEL: CONSTANT IMPEDANCE.
NODE TTK-230 บ POS. KV

SIMPOW

CASE. 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 (NEAR MM3-230 ! . FAULT CLEARED 
BY DISCONNECTED THE FAULT LINE AT oT119 S EU AFTER FAULT. WITHOUT SVC AT TTK-230 
LOAD MODEL; 20'/. CONSTANT CURRENT, 20Z CONSTANT IMPEDANCE. SOY. CONSTANT POWER.
NODE TTK-230 บ POS. KV

SIMPOW

F ig u re  A5 .1 Comparison o f  v o l t a g e  when used the
two d i f f e r e n t  l o a d  m o d e l



CASE. 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 INEAR MM3-230I-FAULT CLEAREDBY DISCONNECTED THE FAULT LINE AT 0-119 SEC. AFTER FAULT. WITHOUT SVC AT TTK-230LOAO MOOEL: CONSTANT IMPEDANCE. ___
LINE TTK-230 MM3-230 0 PI  POWER MW

F igu re  A5 .2 Comparison o f  a c t i v e  power
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CASE. 3PSG ON THE LINE BETWEEN MM3-230 i, PL2-230 I NEAR MM3-230) .  FAULT CLEARED BY DISCONNECTED THE FAULT LINE AT 0 U 1 9  SEC. AFTER FAULT. WITHOUT SVC AT TTK-230 
LOAD MODEL I 202. CONSTANT CURRENT. 202 CONSTANT IMPEDANCE. 60'/. CONSTANT POWER.
LINE TTK-230 MM3-230 0 Q1 POWER MVAR

ร I MPOW

F igu re  A5 .3 Comparison o f  r e a c t i v e  power



1 25

CASE- 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 (NEAR MM3-230). FAULT CLEAREDBY DISCONNECTED THE FAULT LINE AT oTI 19 SEcT AFTER FAULT. WITHOUT SVC AT TTK-230LOAD MODEL! CONSTANT IMPEDANCE.
»:SYNC GBPK-CI TETA 
+=SYNC GBPK-GI TETAK +

DEGREES RELATIVE TO GBPK-S1 
OEGREES RELATIVE TO GBPK-S1

SIMPON

CASE- 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 (NEAR หM3-2301 . FAULT CLEARED BY DISCONNECTED THE FAULT LINE AT oT1 1 9 SEcT AFTER FAULT. WITHOUT SVC AT TTK-230 
LOAD MODEL: 202 CONSTANT CURRENT. 202 CONSTANT IMPEDANCE. S02 CONSTANT POWER.
*=SYNC GBPK-CI TETA DEGREES RELATIVE TO GBPK-S1
+ะรYNC GBPK-GI TETA DEGREES RELATIVE TO GBPK-S19* 9*

RBB JOB EG-B-F DATE 08 MAR 1989 TIME 1 1 . 2 1 : 2 3  DIAGRAM 6 SIMPOW

F igu re  AS . 4 R e la t i v e  ang le  o f  g e n e ra to r s  i n  the  system.
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CRSE. 3PSG ON THE LINE BETWEEN MM3-230 A PL2-230  (NEAR MM3-230I .FAULT CLEARED 
BY DISCONNECTED THE FAULT LINE AT 0 . 1 1 9  SEC. AFTER FAULT. WITHOUT SVC AT TTK-230 
LOAD HOOELi CONSTANT IHPEDANCE • ____________________________________________________
*=SYNC GMM2-S1 TETA 
+ะรYNC GMH3-S4 TETA

DEGREES RELATIVE TO GBPK-S1 
DEGREES RELATIVE TO GBPK-Sl

_ * _ +p po o

SIMPOW

CASE- 3PSG ON THE LINE BETWEEN MM3-230 A PL2-230 (NEAR MM3-230).  FAULT CLEARED 
BY DISCONNECTED THE FAULT LINE AT 0 . 1 1 9  SEC. AFTER FAULT. WITHOUT SVC AT TTK-230 
LOAD HOOELI 2 0 /  CONSTANT CURRENT. 20'/. CONSTANT IMPEDANCE. 60'/. CONSTANT POWER.
*=SYNC GMM2-S1 TETA DEGREES RELATIVE TO GBPK-SI
+=SYNC GMM3-S4 TETA DEGREES RELATIVE TO GBPK-Sl

ABB JOB EG-B-F_____________DATE 08 MAR 1989 TIME 1 1 . 2 1 : 2 3  DIAGRAM 8 SIMPOW

F igu re  A5 .5 R e la t i v e  ang le  o f  gene ra to rs in  the  system



F ig u re  A5 .6 R e la t i v e  ang le  o f  g e n e ra to r s  in  the system
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CASE. 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 [NEAR MM3-2301. FAULT CLEAREDBY DISCONNECTED THE FAULT LINE AT 0.119 SEC. AFTER FAULT. WITHOUT SVC AT TTK-230LOAD MODEL: CONSTANT IMPEDANCE.
■ =SYNC GUR-H1 TETA DEGREES RELATIVE TO GBPK-S1
+=SYNC GCLB-H1 TETA DEGREES RELATIVE TO GBPK-S1

_ * +oÔ

RBB JOB EG-B-E DATE 28 FEB 1989 TIME 1 7 . 0 6 : 5 8  DIAGRAM 11 SIMPOW

F igu re  A5 .7 R e l a t i v e  ang le  o f  g ene ra to rs  i n  the  system
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CASE. 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 (NEAR MM3-230). FAULT CLEARED8T DISCONNECTED THE FAULT LINE AT 0U19 SEcT AFTER FAULT. HITHOUT SVC AT TTK-230LOAD MODEL: CONSTANT IMPEDANCE.
*=SYNC CSRO-H1 TETA DECREES RELATIVE TO GBPK-S1
+=SYNC GNM-H1 TETA DEGREES RELATIVE TO GBPK-S1

o  *  o  +o <5

CASE. 3PSG ON THE LINE BETWEEN MM3-230 4 PL2-230 (NEAR MM3-2301 ■ FAULT CLEARED 
BY DISCONNECTED THE FAULT LINE AT o T 1 1 9 SEcT AFTER FAULT. WITHOUT SVC AT TTK-230 
LORD MODEL: 20'/. CONSTANT CURRENT. 20/. CONSTANT IMPEDANCE. 60/. CONSTANT POWER.
*=SYNC GSRD-H1 TETA DEGREES RELATIVE TO GBPK-S1
+ะรYNC GNM-HI TETA DEGREES RELATIVE TO GBPK-S1

o o 
. ๐

RBB JOB EG-B-F OATE 08 MAR 1989 TIME 1 1 . 2 1 : 2 3  DIAGRAM 12 SIMPOW

F igu re  A5 .8 R e la t i v e  ang le  o f  g e n e ra to r s  i n  the  system
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Fr om t h e  s i m u l a t i o n  r e s u l t s  ( e . g .  F i g .  A 5 . 5 ,  A 5 . 8 )  
i t  c a n  b e  s e e n  t h a t  when l o a d s  a r e  m o d e l l e d  b y  c o n s t a n t  
i m p e d a n c e  t h e  s y s t e m  i s  s t a b l e  a n d  w h e n  l o a d s  a r e  m o d e l l e d  
b y  20% c o n s t a n t  c u r r e n t ,  20% c o n s t a n t  i m p e d a n c e  a n d  60% 
c o n s t a n t  p o w e r  t h e  s y s t e m  i s  u n s t a b l e .

From t h i s  e x a m p l e  i t  i s  c l e a r  t h a t  l o a d  m o d e l  
a f f e c t s  t h e  s t a b i l i t y  r e s u l t s ,  s o  p r o p e r  r e p r e s e n t a t i o n  o f  
l o a d s  i s  n e c e s s a r y .



APPENDIX 6

LOAD MODEL SIMULATION RESULTS OF A 91 BUSES SYSTEM



f i g u r e

l a r g e  
m o t o r s  
i n d u c t  
i n  f i g

1 32

The  s t u d i e d  s y s t e m  a n d  i t s  d a t a  a r e  s h o w n  i n  
A 6 .1 a n d  t a b l e  A 6 .1 r e s p e c t i v e l y .

Bus  MADRAS i s  s e l e c t e d  f o r  s i m u l a t i o n  s t u d y  w i t h  3 
m o t o r s  c o n n e c t e d  t o  i t .  D y n a m i c  r e s p o n s e s  o f  t h e  

w h e n  3 p h a s e  f a u l t  o c c u r e d  a t  b u s  CHNPR4 u s e d  
i o n  m o t o r  m o d e l  a n d  c o n s t a n t  c u r r e n t  m o d e l  a r e  s h o w n  
u r e s  on  t h e  f 0 1 l o w i n g p a g e s .
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NRDPR4
WHKBR1 WNK8R2 “ T “  WNKBRG’ GH—œH—CS)—I KS>f0J. J. WNKBR4

Single line diagram of 
studied system

F i g .  A 6 .1 S t u d i e d  s y s t e m



Table  A 6 . 1  System Data 1 34

STUDIED SYSTEM DATA

NAGS-G UB 1 3 .8 0 AREA 1KLND-G UB 1 1 .0 0 AREA 1K0RBA3 UB- 1 3 .8 0 AREA=1KORBAW UB- 1 5 .7 5 AREA=1STPRA1 UB- 1 5 .7 5 AREA=1STPRA2 UB- 1 5 .7 5 AREA“ 1KRB 2G UB- 1 5 .7 5 AREA=1KRB_ 5G UB- 2 1 .0 0 AREA=1VNDHL2 UB= 1 5 .7 5 AREA=1KRB WG UB= 1 5 .7 5 AREA=1KHPRKG UB= 1 5 .7 5 AREA=1KORDl UB= 1 4 .3 0 AREA=1KORD2 UB- 1 5 .7 5 AREA=1
BNGLORR UB- 1 3 .8 AREA—1KLWAA UB- 1 3 .8 AREA=1
CNDRPR UB — 1 5 .7 5 AREA=1CHNDP3 UB- 1 5 .7 5 AREA=1WNKBR1 UB= 1 5 .7 5 AREA=1
WNKBRG UB= 1 5 .7 5 AREA=1UKAIHG UB= 1 1 .0 0 AREA=1UKAI3 UB= 1 5 .7 5 AREA=1UKAI4G UB- 1 5 .7 5 AREA=1VIJW-G UB- 1 5 .7 0 AREA=1SHRT-G UB= 1 1 .0 0 AREA=1NEY2-G UB= 1 5 .7 0 AREA=1NEY1-G UB- 1 1 .0 0 AREA=1RMG5-G UB- 21.. 00 AREA=1RMG2-G UB 1 6 .5 0 AREA 1PARLI2 UB 1 5 .7 5 AREA 1VIJWD2 UB -220.00 AREA=1KALNDI UB 2 2 0 .0 0 AREA 1HUBLII UB 2 2 0 .0 0 AREA 1RMNGD2 UB 2 2 0 .0 0 AREA 1NEYVL1 UB 2 2 0 .0 AREA 1NEYVL2 UB 2 2 0 .0 AREA 1BELGUM UB 2 2 0 .0 0 AREA 1SATPR2 UB -220.00 AREA=1KORBW2 UB=220.00 AREA=1KHPRKD UB=220.00 AREA=1KORD22 UB -220.00 AREA=1CHNPR2 UB=220.00 AREA=1KARAD2 UB=220.00 AREA=1KOLPR2 UB=220.00 AREA=1WNKBR2 UB=220.00 AREA=1UKAI22 UB=220.00 AREA=1SHRVT2 UB 2 2 0 .0 AREA 1NAGJS2 UB 2 2 0 .0 AREA 1KRBAE2 UB 2 2 0 .0 AREA 1PARL22 UB 2 2 0 .0 AREA 1RMAGND UB=4 0 0 .0 0 AREA=1KHAMAN UB=400.00 AREA=1VIJWDA UB=400.00 AREA=1GAZVKA UB=400.00 AREA=1
NAGJSR UB=400.00 AREA=1CUDAPH UB-400.0 0 AREA=1MADRAS UB -400.00 AREA=1NEYVLI UB=400.00 AREA=1SALEME UB -400.00 AREA=1TRICH4 UB=400.00 AREA=1MADUR4 UB=400.00 AREA=1UDMPLT UB -400.00 AREA=1BNGLOR UB=400.00 AREA=1DAVGRE UB-400.0 0 AREA=1
MUNRBD U B -400 .00 AREA=1HYDABD UB-400.00 AREA=1TRICHN UB-4 0 0 .0 0 AREA=1SHMOG4 UB-400.00 AREA=1SHRVTI UB=400.00 AREA=1GOOTYY UB-400.00 AREA=1KRBWS4 UB-400.00 AREA=1SATPR4 UB=400.00 AREA=1KORNT4 UB-400.00 AREA=1VNDHL4 U B -400 .00 AREA=1BHLI40 UB-400.00 AREA-1JBLPR4 UB=400.00 AREA-1ITARS4 UB=400i00 AREA-1INDR40 UB-400.00 AREA-1BHPL40 U B -400 .00 AREA-1KORD4 UB=400.00 AREA-1CHNPR4 U B -400 .00 AREA-1PARL40 U B -400 .00 AREA-1KARAD4 UB=400.00 AREA-1CHNWD4 UB=400.00 AREA-1KLWA4 UB=400.0 0 ' AREA-1BLSWR4 UB=400.00 AREA-1BSWL40 UB=400.00 AREA-1WNKBR4 UB=400.00 AREA-1UKAI4 UB-400.00 AREA-1ASOJ4 UB=400.00 AREA-1NRDPR4 UB=400.00 AREA-1JETPR4 UB=400.00 AREA-1
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LINESSHRVT2 HUBLII NO 1 R 0.01180 X 0.063 B 0 .4354
HUBLII KALNDI NO 1 R 0.00500 X 0.02670 B 0 .18500
HUBLII KALNDI NO 2 R 0.0050 X 0.0267 B 0 .185
HUBLII KALNDI NO 3 R 0.01 X 0.0536 B 0 .0925
HUBLII BELGUM NO 1 R 0.0072 X 0.0380 B 0 .26460
HUBLII BELGUM NO 2 R 0.0144 X 0.076 B 0 .1323
NEYVL1 NEYVL2 NO 1 R 0.0008 X 0.0041 B 0 .0285
KARAD2 KOLPR2 NO 1 R 0.0039 X 0.0157 B 0 .01570
KRBAE2 KORBW2 NO 1 R 0.0012 X 0.0056 B 0.0398
RMAGND CHNPR4 NO= 1 R= 0.00270 x= 0.03060 B=0.85470
RMAGND CHNPR4 NO= 2 R= 0.00270 x= 0.03060 B =0.85470
K0LPR2 BELGUM NO= 1 R= 0.01856 x= 0.09891 B =0.17076
K0LPR2 BELGUM NO= 2 R= 0.01856 x= 0.09891 B =0.17076
RMAGND NAGJSR NO= 1 R= 0.00460 x= 0.04930 B = l .54750
RMAGND NAGJSR NO= 2 R= 0.00460 x= 0.04930 B = l .54750
RMAGND KHAMAN NO= 1 R= 0.00340 x= 0.03810 B = l .06550RMAGND HYDABD NO= 1 R= 0.00350 x= 0.03940 B=1.09980
HYDABD NAGJSR . NO= 1 R= 0.00280 x= 0.03170 B =0.88330
KHAMAN VIJWDA NO= 1 R= 0.00170 x= 0.01980 B = 0 .5527 0
VIJWDA GAZVKA NO= 1 R= 0.00670 x= 0.07550 B =2.10800
NAGJSR CUDAPH NO= 1 R= 0.00510 x= 0.05410 B = l.70000
NAGJSR CUDAPH NO= 2 R- 0.00510 x= 0.05410 B = l .70000
CUDAPH MADRAS NO= 1 R= 0.00410 x= 0.04640 B = l .29360
MADRAS NEYVLI NO= 1 R= 0.00380 x= 0.04330 ' B = l .20810
NEYVLI SALEME NO= 1 R= 0.00310 x= 0.03510 B =0.98000NEYVLI SALEME NO= 2 R= 0.00310 x= 0.03510 B =0.98000
NEYVLI TRICH4 NO= 1 R= 0.00250 x= 0 . 0 2 8 6 0 B =0.79780TRICH4 MADUR4 NO= 1 R= 0.00220 x= 0.02450 B =0.68380SALEME UDMPLT NO= 1 R= 0.00290 x= 0.03270 B =0.91180UDMPLT MADUR4 NO= 1 R= 0.00250 x= 0.02860 B=0.79780SALEME BNGLOR NO= 1 R- 0.00320 x= 0.03580 B =0.99730CUDAPH BNGLOR NO= 1 R= 0.00430 x= 0.04840 B = l .35060
NAGJSR GOOTYY NO= 1 R= 0.00530 x= 0 . 0 6 0 2 0 B=1.68090GOOTYY BNGLOR NO= 1 R= 0.00520 x= 0.05920 B=1.65240NAGJSR MUNRBD NO= 1 R= 0.00720 x= 0 . 0 8 1 8 0 B =2.27950MUNRBD DAVGRE NO= 1 R= 0.00220 x=. 0.02550 B =0.71220
DAVGRE BNGLOR NO= 1 R= 0.00450 x= 0.04800 B = l .50780BNGLOR SHMOG4 NO= 1 R= 0.00520 x= 0.05700 B = l .52600SHMOG4 SHRVTI NO= 1 R= 0.00200 x= 0.02260 B =0.60500UDMPLT TRICHN NO= 1 R= 0.00200 x= 0.02250 B=0.62680UDMPLT TRICHN NO= 2 R= 0.00200 x= 0.02250 B =0.62680KORNT4 VNDHL4 NO= 1 R= 0.00391 x= 0.04877 B=1.27400KRBWS4 KORNT4 NO= 1 R= 0.00020 x= 0.00280 B =0.07400KRBWS4 BHLI40 NO= 1 R= 0.00347 x= 0.04320 B = l.12750SATPR4 BHLI40 NO= 1 R= 0.00619 x= 0.07718 B =2.01320SATPR4 INDR40 NO= 1 R= 0.00470 x= 0.05900 B = l .54000SATPR4 KORD4 NO= 1 R= 0.00240 x= 0.03040 B =0.79460SATPR4 ITARS4 NO= 1 R= 0.00090 x= 0.01173 B =0.30600KORNT4 BHLI40 NO= 1 R= 0.00330 x= 0.04050 B = l .05770KORNT4 BHLI40 NO= 2 R= 0.00330 x*= 0.04050 B = l .05770KORNT4 BHLI40 NO= 3 R= 0.00330 x= 0.04050 B = l .05770VNDHL4 JBLPR4 NO= 2 R= 0.00536 x= 0.06270 B = l .91880VNDHL4 JBLPR4 NO= 1 R= 0.00536 x= 0.06270 B = l.91880BHLI40 KORD4 NO= 1 R= 0.00440 x= 0.05580 B = l .46000JBLPR4 ITARS4 NO= 2 R= 0.00371 x= 0.04340 B = l .32840JBLPR4 ITARS4 NO= 1 R= 0.00371 x= 0.04340 B = l .32840BHLI40 CHNPR4 NO= 2 R= 0.00545 x= 0.06369 B = l.94830BHLI40 CHNPR4 NO= 1 R= 0.00545 x= 0.06369 B = l.94830ITARS4 BHPL40 NO= 1 R= 0.00157 x= 0.01834 B =0.56090ITARS4 BHPL40 NO= 2 R= 0.00157 x= 0.01834 B =0.56090ITARS4 INDR40 NO= 1 R= 0.00380 x= 0.04730 B = l .23400ITARS4 INDR40 NO= 2 R= 0.00380 x= 0.04730 B = l .23400INDR40 ASOJ4 NO= 2 R= 0.00470 x= 0.05900 B = l .54000INDR40 ASOJ4 NO= 1 R= 0.00470 x= 0.05900 B = l .54000KHPRKD KORD22 NO= 1 R= 0.00450 x= 0.02100 B=0.03220KHPRKD KORD22 NO= 2 R= 0.00450 x= 0.02100 B =0.03220KORD4 CHNPR4 NO= 1 R= 0.00243 x= 0.02860 B =0.79460KORD4 BSWL40 NO= 1 R= 0.00569 x= 0.07100 B = l .85230KORD4 BSWL40 NO= 2 R= 0.00569 x= 0.07100 B = l .85230CHNPR4 PARL40 NO= 2 R= 0.00510 x= 0 . 0 6 2 6 0 B=1.64800CHNPR4 PARL40 NO= 1 R= 0.00510 x= 0 . 0 6 2 6 0 B = l.64800PARL40 KARAD4 NO= 1 R= 0.00502 x= 0.06250 B=1.63200PARL40 CHNWD4. NO= 1 R= 0.00495 X- 0.06170 B = l .61070KARAD4 CHNWD4 NO= 1 R= 0.00264 x= 0.03290 B =0.85900CHNWD4 KLWA4 NO= 1 R= 0.00210 X- 0.02720 B =0.70870KLWA4 BLSWR4 NO= 1 R= 0.00320 x= 0.03820 B =0.99330KLWA4 BLSWR4 NO= 2 R= 0.00320 x= 0.03820 B =0.99330BLSWR4 BSWL40 NO= 1 R- 0.00380 x= 0.04770 B = l .24560BLSWR4 BSWL40 NO= 2 R= 0.00380 x= 0.04770 B = l .24560WNKBR4 ASOJ4 NO= 1 R= 0.00120 x= 0.01500 B = 0 .39200WNKBR4 NRDPR4 NO= 1 R= 0.00100 X» 0.01140 B = l .22100UKAI4 ASOJ4 NO= 1 ■ R= 0.00240 X- 0.03080 B -0 .80400ASOJ4 JETPR4 NO= 1 R= 0.00490 x= 0.06170 B = l .61000END

TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE 12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE—12
TYPE=12 TYPE=12 TYPE-=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE*=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE*=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12 TYPE=12



TRANSFORMERSNAGS-G NAGJS2 SN 100 UNI 13.8 UN2 220. EX12
KLND-G KALNDI SN 100 UNl 11 .0 UN2 220. EX12
NEYl-G NEYVL1 SN 100 UNI 11 .0 UN2 220. EX12 0NEYVL2 NEYVLI SN 100 UNI 220. UN2 400. EX12
SHRT-G SHRVT2 SN 100 UNI 11.00 UN2 220.00 EX12VIJW-G VIJWD2 SN 100 UNI 15 .75 UN2 220.00 EX12RMNGD2 RMAGND SN 100 UNI 220.00 UN2 400.00 EXl 2WNKBR1 WNKBR2 SN 100 UNI 15.75 UN2 220.00 EXl 2UKAIHG UKAI22 SN 100 UNI 11.00 UN2 220.00 EXl 2
NEY2-G NEYVLI SN=100 UNl= 15.75 UN2=400.00 EX12»
RMG2-G RMAGND SN=100 UNl= 15.75 UN2=400.00 EX12»RMG5-G RMAGND SN=100 UNI» 21.00 UN2 = 400.00 EX12»SHRVT2 SHRVTI SN=100 UN1»220.00 UN2=400.00 EX12»VIJWD2 VIJWDA SN=100 ÜN1=220.00 UN2=400.00 EX12»NAGJS2 NAGJSR SN=100 UN1=220.00 UN2=400.00 EX12»KORBA3 KRBAE2 SN=100 UN1= 13.80 UN2=220.00 EX12»KORBAW KRBWS4 SN=100 UNI» 15.80 UN2=400.00 EXl 2=
STPRA1 SATPR2 SN=100 UNI» 15 .80 UN2»220.00 EX12»STPRA2 SATPR4 SN=100 UN1= 15 .75 UN2 = 4 00.00 EXl 2 =KRB 2G KORNT4 SN=100 UN1= 15 .80 UN2»400.00 EXl 2 =
krb- 5G KORNT4 SN=100 UNI» 21 .00 UN2=400.00 EXl 2=VNDHL2 VNDHL4 SN=100 UNI» 15 .75 UN2=400.00 EX12»KRB WG KORBW2 SN=10 0 UNI» 15 .80 UN2=220.00 EX12»SATPR2 SATPR4 SN=100 UN1»220.00 UN2=400.00 EX12»KORBW2 KRBWS4 SN=100 UN1=220.00 UN2»400.00 EX12»KHPRKG KHPRKD SN=100 UNI» 15 .75 UN2=220.00 EXl 2=KORDl KORD22 SN=100 UNI» 14 .30 UN2=220.00 EX12»CNDRPR CHNPR2 SN=100 UNI» 15 .75 UN2»220.00 EX12»PARLI2 PARL22 SN=10 0 UNl» 1 5 .75 UN2=220.00 EX12»CHNDP3 CHNPR4 SN»100 UNI» 15 .75 UN2»40 0.00 EX12»KORD22 KORD4 SN=100 UN1=220.00 UN2»400.00 EX12 =CHNPR2 CHNPR4 SN=100 UN1=220.00 UN2=400.00 EX12»PARL22 PARL40 SN=100 UN1=220.00 UN2=400.00 EXl 2 =KARAD2 KARAD4 SN=100 UN1=220.00 UN2=400.00 EXl 2»WNKBRG WNKBR4 SN=100 UNI» 15 .75 UN2 = 400.0 0 EXl 2 =UKAI3 UKAI22 SN=100 UNI» 15 .75 UN2=220.00 EX12»UKAI4G UKAI4 SN=10 0 UNI» 15 .75 UN2=400.0 0 EXl 2 =WNKBR2 WNKBR4 SN=10 0 UNl=220.00 UN2=400.00 EX12»UKAI22 UKAI4 SN=100 UNl=220.00 UN2=400.00 EXl 2 =KORD2 KORD4 SN 100 UN1 = 15 .7  5 UN2=400.00 EXl 2»KLWAA KLWA4 SN 100 UN1=13.8 UN2=400.00 EX12»BNGLORR BNGLOR SN 100 UN1=13.8 UN2=400.00 EX12»ENDSHUNT IMPEDANCESKOLPR2 Q -8 0 .0 UN 2 2 0 .BELGUM Q -4 0 .0 UN 2 2 0 .0KARAD2 Q -5 0 . UN 2 2 0 .KHAMAN Q 90. UN 400 .00RMAGND Q 90. UN 400 .00VIJWDA Q 114. UN 400 .00GAZVKA Q 57. UN 400 .00  NCONNAGJSR Q 282. UN 400 .00CUDAPH Q - 180. UN 400 .00MADRAS Q 90. UN 400 .00NEYVLI Q 90.00 UN 400 .00SALEME Q 135.00 UN 400 .00TRICH4 Q 45.00 UN 400 .00MADUR4 Q 90.00 UN 400.00UDMPLT Q= 90.00 UN- 400 .00BNGLOR Q= 236.00 UN= 400 .00DAVGRE Q= 135.00 UN= 400 .00MUNRBD Q= 1 0 2 .0 0 UN= 400 .00HYDABD Q= 45.00 UN= 400 .00TRICHN Q= 45.00 UN= 400 .00SHMOG4 Q= 090.00 UN- 400 .00SHRVTI Q= 45.00 UN- 400 .00GOOTYY Q= 90.00 UN= 400 .00SATPR4 Q= 90.60 UN- 400 .00KORNT4 Q= 45.30 UN- 400 .00VNDHL4 Q= 159.70 UN- 400 .00BHLI40 Q= 415.80 UN- 400 .00JBLPR4 Q= 205.00 UN- 400 .00ITARS4 Q= 181.20 UN- 400 .00INDR40 Q= 226.50 UN- 400 .00KORD4 Q= 320.30 UN- 400 .00CHNPR4 Q= 280.60 UN- 400 .00PARL40 Q= 150.00 UN- 400 .00KARAD4 Q= 50.00 UN- 400 .00CHNWD4 Q= 90.60 UN- 400 .00KL WA 4 Q= -5 0 .0 0 UN- 400 .00BSWL40 Q= 50.00 UN- 1400.00UKAI4 Q= 45.30 UN- 400 .00ASOJ4 Q= 135.90 UN- 400 .00
JETPR4 Q= 45.00 UN= 400 .00NEYl-G Q= 1 0 0 .0 0 UN- 1 1 .0 0END

0.02270.0188.04500.03810.01430.01890.03810.02800.04630.01890.01990.01190.03810.03810.03810.04810.0580
0.05600.05800.01870.01250.01120.05800.03000.03000.02900.02780.06000.03000.02500.04170.05000.05000.03970.01870.02800.05600.03000.05000.0250.0250.025



LOADSRMNGD2 p 246.659 Q 55.1927KALNDI p 68.96 Q 32 .93VIJWD2 p 383.732 Q 65 .6334GAZVKA p 110.464 Q 86 .0714NAGJS2 p 397.437 Q -4 1 .6 2 1 4TRICH4 p 122.318 Q 40 .0019HUBLII p 170.840 Q 9 8 .6 5CUDAPH p 57.1499 Q 83 .3083NEYVL1 p 251.9 Q 137 .86BELGUM p 224.586 Q 109 .080DAVGRE p 67.9404 Q 10 .7775NEYVL2 p 172.92 Q -2 1 .9 5 5 7SALEME p 118.415 Q 46 .1621MADUR4 p -4 6 .23 38 Q -1 0 .9 5 7 2UDMPLT p -7 6 .3 9 5 2 Q 13 .2961BNGLOR p 476.305 Q 116.046MUNRBD p 94.9931 Q 40.4092HYDABD p 219.866 Q 128.971TRICHN p 173.574 Q 30.2406SHH0G4 p 75.4110 Q 14.7217GOOTYY p 46.5738 Q 79.7417SATPR2 p 199.6361 Q 47.64KORBW2 p 107.467 Q -6 6 .2 4 3 7BHLI40 p 322.924 Q 168.279JBLPR4 p 78.6299 Q 0.937877ITARS4 p 54.7943 Q 6.69695INDR40 p 357.065 Q 129 .786BHPL40 p 217.341 Q 41.6994KHPRKD p 311.866 Q 19.KORD22 p 534.207 Q -3 .0 8 4 6CHNPR2 p 303.617 Q 50.0KARAD2 NO 1 p 191.,85 Q 85 .41KARAD2 NO 2 p -2 3 2 .4 0 2  Q -5 6 .KOLPR2 NO 2 p 126.. Q - 6 .4K0LPR2 NO 1 p 213 .52 Q 95 .06CHNWD4 p 361.155 Q 62.3821KLWA4 p 678.513 Q 7.27344BLSWR4 p 267.607 Q 69.6942BSWL4 0 p 230.177 Q 34.7787WNKBR2 p 271.236 Q 18.7UKAI22 p 528.940 Q - 6 .0ASOJ4 p 254.725 Q 6.73997NRDPR4 p 421.725 Q 63.9703JETPR4 p 247.859 Q 53.8415SHRVT2 p 543.7 Q -3 3 .0PARL22 p 380.4988 Q 1 2 .0KRBAE2 p 515.472 Q 151 .0ENDASYNCHRONOUS MACHINESMOTl MADRAS SN .375 UN 400 . H 19.4689Rl .008 X1S .0767 X2S .0947XM 4.2148 LOAD 1 RTAB 1 TYPE 1AMOT2 MADRAS SN .95 UN 400. H 1 .7453Rl .0052 X ls . 0732 X2S .1417XM 7.3524 LOAD 2 RTAB 2 TYPE 1AMOT3 MADRAS SN .95 UN 400. H 1.7453Rl .0052 X ls . 0732 X2s .1417XM 7.3524 LOAD- 2 RTAB 2 TYPE 1AENDMLOADS1 K 1. 12 N 2 TYPE 02 K 1. 03 N 2 TYPE 0
ENDTABLES1 TYPE 2 F 0 .0 0.00831 .0 0.00832 TYPE 2 ' F 0 .0 0.00471 .0 0.0047END



SYNCHRNOUS MACHINESBNGLl BNGLORR TYPE 4 SN 1000 . UN 13.81 RA 0 . XD 0 .9  XDP 0 .23  XQ 0 .9  H 2 .9 5KORD1G KORD2 TYPE 4 SN 500. UN 15.75» RA 0 . XD 0 .9  XDP 0 .23  XQ 0 .9  H 2 .9 5KLWAG KLWAA TYPE 4 SN 500. UN 13.8 RA 0 . XD 0.9  XDP 0 .23  XQ 0 .9  H 2 .9 5KORB1 KORBA3 TYPE 4 SN 282. UN 13.8 RA 0 . XD 0.9  XDP 0 .23  XQ 0 .9  H 2 .9 5KORAD1 KORD1 TYPE 4 SN 408. UN 14.3 RA 0 . XD 0.9  XDP 0 .21  XQ 0 .9  H 2 .9 5UKAIGH UKAIHG TYPE 4 SN 375. UN 1 1 . RA 0 . XD 0.9  XDP 0 .32  XQ 0 .9  H.2 .7 1KORBA2 KORBAW TYPE IA SN 2 4 7 .' UN 15.7 RA 0 . XD 2.12  XDP 0.253 XQ 1 .85  H 2 .8D 0 . XA 0 .1 6 5  XDB 0 .179  XQB 0 .197  TDOP 7 . TQOP 0 .5  TDOB 0 .0 4  TQOB 0 .0 78
SATPRG STPRA1 TYPE IA SN 247. UN 15 .7  RA 0 . XD 2 .12  XDP 0.253 XQ 1 .85  H 2 .8  D 0 . XA 0 .165  XDB 0 .179  XQB 0 .197  TDOP 7 . TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506SATPÜR STPRA2 TYPE IA SN 247. UN 1 5 .7  RA 0. XD 2 .12  XDP 0.253 XQ 1 .85  H 2 .8  D 0 . XA 0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB .078 VREG 0 XQP 0 .506VINDYA VNDHL2 TYPE IA SN 988. UN 15 .7  RA 0. XD 2 .12  XDP 0.253 XQ 1 .85  H 2 .8  

D 0 .  XA  0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506KORB2 KRB_WG TYPE IA SN 247. UN 15 .7  RA 0. XD 2 .12  XDP 0.253 XQ 1 .85  H 2 .8  D 0. XÂ 0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0.04 TQOB 0 .078  VREG 0 XQP 0 .506KHPRKD KHPRKG TYPE IA SN 494. UN 15.7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0 . XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506CHAND1 CNDRPR TYPE IA SN 247 . UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506PARLIG PARLI2 TYPE IA SN 494. UN 15.7  RA 0. XD 2.12 XDP 0.253 XQ 1.85 H 2 .8  D 0. XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0.506CHAND2 CHNDP3 TYPE IA SN 741. UN 15.7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0 .  XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7 . TQOP 0 .5  TDOB 0 .04  TQOB o7o78 VREG 0 XQP 0 .506WANOKB WNKBRl TYPE IA SN 247 . UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506WANOK2 WNKBRG TYPE IA SN 741. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506UKAI UKAI3 TYPE IA SN 470. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .165  XDB 0.179  XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0.04 TQOB 0 .078  VREG 0 XQP 0 .506UKAI2 UKAI4G TYPE IA SN 247. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .16 5  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0.04 TQOB 0 .078  VREG 0 XQP 0 .506VIJAY VIJW-G TYPE IA SN 741. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .8 5  H 2 .8  D 0. XA 0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506NEVELI NEY2-G TYPE IA SN 741. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .85  H 2 .8  D 0. XA 0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0.04 TQOB 0 .07 8  VREG 0 XQP 0 .506RAMGND RMG2-G TYPE IA SN 470. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .8 5  H 2 .8  D 0. XA 0 .165  XDB 0.179 XQB 0 .197  TDOP 7. TQOP 0 .5  TDOB 0.04 TQOB 0 .078  VREG 0 XQP 0 .506
KORBA4 KRB 2G TYPE IA SN 470. UN 15 .7  RA 0. XD 2.12 XDP 0.253 XQ 1 .8 5  H 2 .8  D 0. XA 0 .165  XDB 0.179 XQB 0 .19 7  TDOP 7. TQOP 0 .5  TDOB 0 .04  TQOB 0 .078  VREG 0 XQP 0 .506
KORBA5 KRB 5G TYPE IA SN 1176. UN 21. RA 0. XD 2 .35  XDP 0.270 XQ 2 .1 5  H 3 .07  D 0. XÂ 0 .1 6  XDB 0 .190  XQB 0 .21 0  TDOP 8 .6  TQOP 2 .5  TDOB 0 .04  TQOB 0 .0 8
RAMGN1 RMG5-G TYPE IA SN 1176. UN 21. RA 0. XD 2.35 XDP 0.270 XQ 2 .1 5  H 3 .0 7  - D 0. XA 0 .1 6  XDB 0.190 XQB 0 .210  TDOP 8 .6  TQOP 2 .5  TDOB 0.04 TQOB 0 .08  VREG 0 XQP 0.506NEVEL NEY1-G TYPE IA SN 352. UN 1 1 .0  RA 0. XD 1.95 XDP 0.263 XQ 1 .9 5  H 2 .7 4  D 0. XA 0 .110  XDB 0.183 XQB 0 .183  TDOP 6 .5 0  TQOP 0 .63  TDOB 0 .0 4  TQOB 0 .07 6

VREG 0 XQP 0 .75 0  1 „NAGARJ NAGS-G TYPE 2A SN 945. UN 11 .0  RA 0. XD 0 .9  XDP 0.23 XQ 0 .59  H 4 .0  D 0. XA 0 .089  XDB 0 .185  XQB 0 .18 5  TDOP 8 .90  TDOB 0 .04  TQOB 0 .0 8  VREG 1SHARVT SHRT-G TYPE 2A SN 890. UN 1 1 .0  RA 0. XD 0 .9  XDP 0.27 XQ 0 .59  H 3 .8D 0 .  XA 0 .0 9  XDB 0 .185  XQB 0 .185  TDOP 8 .9  TDOB 0 .03  TQOB 0 .0 4  VREG 1KALI ND KLND-G TYPE 2A SN 600. UN 11. RA 0. XD 0 .9 1  XDP 0.24 XQ 0 .5 4  H 4 .4D 0 . XA 0 .0 9  XDB 0 .145  XQB 0 .1 45  TDOP 8 .9  TDOB 0 .03  TQOB 0 .0 3  VREG 1
END



VOLTAGE (XV)

TIME SECONDS

5 1 . 0 0 ๆ

5 0 . 0 0 '

FREQUENCY (Hz)

4 9 . 0 0 -

4 8 . 0 0 -

4 7 . 0 0 -

4 6 . 0 0 -

45- 00_l I I--- 1--- 1--- 1--- 1--- I--- I--- 1--- 1--- 1--- 1--- 1--- I--- 1--- 1--- 1--- 1--- 1
0 . 0 0  0 . 2 0  0 . 4 0  0 . 6 0  0 . 8 0  1 . 0 0  1 . 2 0  1 . 4 0  1 . 6 0  1 . 8 0

TIME SECONDS

F i g .  A 6 . 2  V o l t a g e  a n d  f r e q u e n c y  a t  b u s  MADRAS w h e  
t h r e e  p h a s e  f a u l t  o c c u r e d  a t  b u s  C H N P R 4
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a .

ACTIVE POWER (MW)

๖.

ACTIVE POWER (MW)

F i g .  A 6 . 3  A c t i v e  p o w e r  o f  m o t o r  l o a d s  a t  b u s  

MADRAS
a .  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
b .  c o n s t a n t  c u r r e n t  m o d e l



REACTIVE POWER (kVAR)

TIME SECONDS

REACTIVE POWER (kVAR)

TIME SECONDS

F i g .  A 6 .4  R e a c t i v e  p o w e r  o f  m o t o r  l o a d s  a t  b u s  
MADRAS
a .  a g g r e g a t e  i n d u c t i o n  m o t o r  m o d e l
๖ c o n s t a n t  c u r r e n t  m o d e l



า 42

C o m p a r e  t h e  

t w o  m o d e l s ,  l a r g e  

b e c a u s e  c o n s t a n t  c u r  

o f  m o t o r  l o a d s  w h i l e

ร  i m u l  

d i f f e r  

r e n t ,  m 

i n d u e

a t i o n r e

e n c e c a n

o d e l n e g

t i o n m o t

s u i t s  o b t a i n e d  f  

b e  o b s e r v e d ,  

l e c t s  t h e  d y n a m i  

o r  m o d e l  i n c l u d e

r o m  t h e  

T h i s  i s  

c  n a t u r e  

ร .

r.,
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VITA

T h e  a u t h o r ,  Mr. Somnuk C h a y a p o r n k u l  w a s  b o r n  i n  
B a n g k o k ,  T h a i l a n d  o n  F e b r u a r y  2 1 ,  1 9 6 5 .  He r e c e i v e d  a 
B a c h e l o r  o f  E n g i n e e r i n g  d e g r e e  i n  E l e c t r i c a l  E n g i n e e r i n g  
f r o m  C h u l a l o n g k o r n  U n i v e r s i t y  i n  1 9 8 6 .
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