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CAPI TULO I  

I NTRODUÇÃO 

O De s p a c h o Ec o n ô mi c o é  a q u i  c o n s i d e r a d o c omo s e n d o a  

mi n i mi z a ç ã o do c u s t o de  c o mb u s t í v e l  d a s  u s i n a s  t é r mi c a s . S u p o e m-

- s e  c omo c o n h e c i d a s  a  g e r a ç ã o h i d r á u l i c a ,  c o n f i g u r a ç ã o do s i s t e  

ma  e  a s  c a r g a s .  Sã o t a mb é m c o n h e c i d a s  a s  u s i n a s  t é r mi c a s  em a  t  i _ 

v i d a d e ,  os  s e u s  l i m i t e s  de  o p e r a ç ã o e  a s  r e s p e c t i v a s  f u n ç õ e s  -

-  c u s t o de  c o mb u s t í v e l  q u e ,  p a r a  e f e i t o s  p r á t i c o s ,  d e p e n d e m a p e  

n a s  da  p o t ê n c i a  a t i v a  g e r a d a .  

Há  g r a n d e  n ú me r o de  p u b l i c a ç õ e s  a  r e s p e i t o d e s t e  p r o 

b l e ma em r e v i s t a s  e s p e c i a l i z a d a s .  E x i s t e m s i s t e ma s  de  p o t ê n c i a  

q u e  s a o o p e r a d o s  c om o d e s p a c h o em t e mp o r e a l . As  p r i me i r a s  a p 1 J  

c a ç o e s  d e s t e  t i p o s u r g i r a m p o r  v o l t a  de  1 9 6 0 .  E l a s  f o r a m p r e c e  

d i d a s  p o r  ma i s  de  q u i n z e  a n o s  d e  t r a b a l h o t e ó r i c o e  d e s p a c h o s  

ma n u a i s  o u s e mi - ma n u a i s .  Na s  p r i me i r a s  a p l i c a ç õ e s  de  s o l u ç ã o , a s  

p e r d a s  a t i v a s  na  t r a n s mi s s ã o f o r a m d e s p r e z a d a s .  Na  c o n d i ç ã o õ. t i  

ma ,  a s  v á r i a s  u n i d a d e s  o p e r a v a m a o me s mo c u s t o i n c r e me n t a l ,  r e s  
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p e i t a n d o o s  l i m i t e s  d e  o p e r a ç ã o .  De p o i s  d i s t o ,  t ê m s u r g i d o no 

v a s  t é c n i c a s  n o s e n t i d o de  g e n e r a l i z a r  o p r o b l e ma .  

Ch a n d l e r ,  Da n d e n o ,  Gl i mn ,  Ki r c h ma y e r  [ l  j  ,  G.  W.  Wa t  

c h o r n [ 2 j '  e  Gl i mn ,  Ki r c h ma y e r  [ 3 ]  t r a t a m o p r o b l e ma  f a z e n d o o 

d e s p a c h o h i d r á u l i c o e  t é r mi c o s i mu l t a n e a me n t e .  

H i l l  e  Wm.  D.  S t e v e n s o n J r . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA [4] a p r e s e n t a m um mé t o d f  

p a r a  r e d u z i r  o s  c á l c u l o s  d a s  d e r i v a d a s  p a r c i a i s  d a s  pe r - d a s  i n 

c r e me n t a i s  d e  t r a n s mi s s ã o ,  u t i l i z a d a s  no De s p a c h o Ec o n ô mi c o de  

P o t ê n c i a  A t i v a .  

No r i ma t s u e  Ta z u mi  De  i d o [ 5 ]  u t i l i z a m o mé t o d o do g r a  

d i e n t e  p a r a  o d e s p a c h o de  p o t ê n c i a  a t i v a  e  r e a t i v a .  

Do p a z o ,  K l i t i n ,  S t a g g e  M.  Wa t s o n [ ôj  u t i l i z a m o mé t o-

do d o s  mu l t i p l i c a d o r e s  de  L a g r a n g e  p a r a  o d e s p a c h o de  p o t ê n c i a  

a t i v a ,  c om o o b j e t i v o de  mi n i mi z a r  o c u s t o t o t a l  de  c o mb u s t í v e l  

d a s  u s i n a s  t é r mi c a s .  P a r a  o d e s p a c h o de  p o t ê n c i a  r e a t i v a  u t  i  1 

z a m o mé t o d o do g r a d i e n t e ,  c om o o b j e t i v o de  mi n i mi z a r  a s  p e r  

d a s  a t i v a s  do s i s t e ma .  

N.  F.  Ts a n g [ 7 ]  d e s e n v o l v e u uma  ma n e i r a  p a r a  f i x a ç ã o 

ó t i ma  de  p o t ê n c i a  a t i v a  e  r e a t i v a ,  a mb a s  c om o o b j e t i v o de  mi n ^ 

mi z a r  o c u s t o t o t a l  de  c o mb u s t í v e l  d a s  u s i n a s  t é r mi c a s .  

S a s s o n e  Hy d e  M.  Me r r i l  | 8]  f a z e m uma  r e v i s ã o g e r a l  

d a s  t é c n i c a s  de  o t i mi z a ç ã o u t i l i z a d a s  em De s p a c h o Ec o n ô mi c o e  

P l a n e j a me n t o .  

Dr u mo n d Xa v i e r  C a v a l c a n t i  Li ma  [ 9 ]  d e s e n v o l v e u uma  ma  

n e i r a  s i m p l i f i c a d a  de  c a l c u l a r  a  g e r a ç ã o d e  p o t ê n c i a  a t i v a  5 t i  

ma  p a r a  o d e s p a c h o e c o n ô mi c o ,  a  p a r t i r  da  ma n e i r a  d e  Do p a z o 6 .  

Aq u i  v a mo s  f a z e r  o De s p a c h o de  P o t ê n c i a  A t i v a  u t i l i -
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z a n d o o Mé t o d o S i mp l i f i c a d o [ 9J  e  o De s p a c h o de  P o t ê n c i a  R e a t i -

va  U t i l i z a n d o O Mé t o d o d e  N.  F.  Ts a n g [ 7 ] .  0 De s p a c h o ,  em a mbos  

os  c a s o s ,  t e m c omo o b j e t i v o mi n i mi z a r  o c u s t o t o t a l  de  c o mb u s t í  

v e l  d a s  u s i n a s  t é r mi c a s  em o p e r a ç ã o ,  s u p o s t a  c o n h e c i d a  a  g e r a  

ç ã o h i  d r ã u l i  c a .  



CAPI TULO I I  

DESPACHO DE POTENCI A ATI VA 

Ne s t e  C a p i t u l o a p r e s e n t a r e mo s  d u a s  ma n e i r a s  de  c á l -

c u l o p a r a  o De s p a c h o Ec o n ô mi c o da  P o t ê n c i a  A t i v a :  a  ma n e i r a  de  

Do p a z o e  a  ma n e i r a  S i mp l i f i c a d a ,  a mb a s  c om o o b j e t i v o de  mi n i n n 

z a r  o c u s t o t o t a l  de  c o mb u s t í v e l  d a s  u s i n a s  t ê r mi c a s . P a r a  i s t o ,  

u t i l i z a - s e  o Mé t o d o d o s  Mu l t i p l i c a d o r e s  de  La ç r a n g e .  Le v a r e mo s  

em c o n s i d e r a ç ã o a s  p e r d a s  a t i v a s  do s i s t e ma e  a s  p e r d a s  i n c r e  

me n t a i s  de  t r a n s mi s s ã o q u e  s ã o f u n ç õ e s  d a s  t e n s õ e s ,  d a s  p o t ê n 

c i a s  l i q u i d a s  i n j e t a d a s  em c a d a  b a r r a  e  d o s  e l e me n t o s  da  ma t r i z  

Z b u s  •  



5 

2 . 1 -  FORMULA DAS PERDAS ATI VAS [ l  l ]  ,  [ l  2]  

Ne s t e  i t e m d e d u z i r e mo s  a  F o r mu l a  de  P e r d a s  At i v a s  no 

S i s t e ma ,  F u n ç ã o d o s  E l e me n t o s  da  Ma t r i z  Z b u s e  d a s  P o t ê n c i a s  L j  

q u i d a s  I n j e t a d a s  n a s  B a r r a s .  A F ó r mu l a  d a s  P e r d a s  At i v a s  s e r a  

u s a d a  no De s p a c h o Ec o n ô mi c o d e  P o t ê n c i a  A t i v a e  R e a t i v a .  

As  P e r d a s  Ap a r e n t e s  de  um S i s t e ma de  P o t ê n c i a  s a o da  

d a s  p o r :  

N 
s  = P,  + J Q,  y v .  i * (  í  )  

L L j y L i = ]  1 1 

o n d e  

P L -  P e r d a s  At i v a s  do S i s t e ma  

-  Ba l a n ç o de  R e a t i v o s  

V.  -  Te n s ã o na  Ba r r a  i  
í  

I .  -  C o r r e n t e  I n j e t a d a na  Ba r r a  i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

N -  Nú me r o d e  Ba r r a s  do S i s t e ma  

Em Fo r ma  Ma t r i c i a l  :  
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o n de  

V,  -  Ve t o r  d a s  Te n s õ e s  de  Ba r r a  
b u s  

-  Ve t o r  d a s  C o r r e n t e s  d e  Ba r r a  
b u s  

ma s  

b u s  b u s  b u s  
(  3 )  

Z.  -  Ma t r i z  I mp e d â n c i a  d e  Ba r r a  ( S i mé t r i c a )  
b u s  r  v '  

Z b u S •  R + 

R -  Ma t r i z  Re s i s t ê n c i a  

X -  Ma t r i z  Re a t â n c i a  

r  11  r 1 2 •  • •  r 1 n 

r 2 1  r 2 2 • • •  r 2 n 

r n l  r n 2 • " •  r n n 

x l  1  x l  2 •  •  •  X l  n 

x 2 1  X 2 2 • • '  X 2 n 

n l  n2 nn 
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Lo g o :  

b u s  
T t  z t  
' b u s  b u s  

(  4 )  

Como Z b u s é  S i mé t r i c a  

b u s  b u s  

E n t a o :  

b u s  
I  L Z 

b u s  b u s  
(  5 )  

S u b s t i t u i n d o a  Eq u a ç ã o (  5 )  na  Eq u a ç ã o (  2 ) ,  t e r e  

mos  :  

T z  T 
b u s  b u s  b u s  

(  6 )  

0 Ve t o r  C o r r e n t e  é  d e c o mp o s t o em 

T I  + j T o n d e  
* b u s  p q 

PT q l  

p2 q 2 

p n q n 
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A Eq u a ç ã o (  6 )  p o d e  s e r  e x p r e s s a da  s e g u i n t e  ma n e i  

r a :  

P L •  J QL = ( T p •  j T /  ( R + j X )  ( T p -  j T q ) .  

De s e n v o l v e n d o e s t a  Eq u a ç ã o e  s e p a r a n d o a  p a r t e  r e a l ,  

t e r e mo s :  

P.  = T l  R i  + T t  XT + T l  RT - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Tl XT 
L p p p q q q q p 

Como X é  S i mé t r i c a  

T l  XT = T l  XT 

p q q P 

Lo g o ,  

P.  = T t  RT + Jl R i  
L p p q q 

Us a n d o a  No t a ç ã o c om í n d i c e s :  

P L • zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA j , j , r j k C p j  ' p k

 + ' q j  ' q k > < 7 >•  

A Eq u a ç ã o (  7 )  e s t á  e x p r e s s a  em f u n ç ã o d a s  Co r r e n 

t e s  de  B a r r a s ,  ma s ,  em g e r a l ,  n ó s  c o n h e c e mo s  a s  p o t ê n c i a s  e  t e n 

s o e s  de  b a r r a s .  Ne s t e  c a s o é  ma i s  c o n v e n i e n t e  o b t e r  P^ em f u n 

ç ã o d e s s a s  g r a n d e z a s .  



P a r a  a  Ba r r a  i  

P i  + J Qi  = 1 V. |  ( c o s ô i  + j s e n 6 . )  ( I  -  j l  )  

6.  -  An g u l o d e  Fa s e  da  Te n s ã o V.  

Lo g o :  

p . + j ' Q.  = !  V .  I  I  c o s  6 .  -  j  I V . 1 I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t c o s  6 ,  + j  I  V .1 I  t  s  e n 6 .  4 
l  J v i  1 i '  p i  i  1

 V q i  i  1 V p i  i  

V .  I  I  •  s  e  n 6 .  
i  1 q i  i  

S e p a r a n d o a  p a r t e  r e a l  e  a  p a r t e  i ma g i n á r i a ,  t e r e mo s :  

P .  -  V . I  . c o s ô .  + V.  I  .  s e n ó .  
i  i  p i  i  i  q i  i  

Q .  « I  V.  1 1 . s e n 6  .  -  I  V - 1 I  •  c o s o .  
n i  p i  i  i  q i  i  

E x p l i c i t a n d o I  e  I  .  n a s  Eq u a ç õ e s  a c i ma ,  r  p i  q i  

I  .  = —zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI — ( P .  c o s i .  + Q.  s e n ò . )  
p i  |  V ..  |  vzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

 1 i  i  l  '  

(  8 )  

I  .  = — 1 — ( P .  s  e  n 6 .  -  Q.  c o s i . )  
q i  i V.  i  x i  i  i  i  



S u b s t i t u i n d o (  8 )  em (  7 ) ,  

N N r . ,  r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

P l = jii JizyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA wh l ( p j c o s íj +

 V e n V ( p k c o s 6 k  + V e n V + 

( P j S e n f i j .  -  Q j c o s 5 j . ) ( P k s e n ô k -  Q k c o s ó k ) ]  

o n d e  

r i k 
a . .  -  -,  „  f r n , c o s ( 6 .  -  6.  )  

J k I  Vj  I  I  V k I  v j  k ;  

2 . 1 . 1 -  Cá l c u l o de  3 P. / 8 P .  
L g j _ 

3 P. / 9 P .  -  P e r d a  I n c r e me n t a l  de  Tr a n s mi s s ã o As s o c i a d a  a o Ge r a  
L g i  

d o r  i  .  
3 P 

P e l o f a t o de  P i  = P g i  -  P c i  ,  3 P L / 3 p g i  •  ^  

P .  -  P o t ê n c i a  A t i v a  g e r a d a  na  b a r r a  i  

P .  -  P o t ê n c i a  A t i v a de  c a r g a da  b a r r a  i  
o 

3P,  / 3P i  o b t i d a  p e l a s  d e r i v a d a s  p a r c i a i s ,  c om r e l a ç ã o â s  po 
L g i  

t ê n c i a s  a t i v a s  na  Eq u a ç ã o (  9 ) .  
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Va mos  u s a r  d e r i v a d a s  p a r c i a i s  3 / 3P.  em q u a t r o t e r  

mos  d i f e r e n t e s  p a r azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA caáa par de  í n d i c e s  j , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA l i . c 

B c o n s t a n t e s  m :  

Í N D I C E S T E R M O S 

j  k 
j k 3 P . v j zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA k '  

1 

j  = i  k - 1 2P . a .  
í  í  í  

0 0 0 

j » i  Mi  
k í  k 

0 0 

k = i  P . a  .  
J  J i  

0 0 

j r i  k ^ i  0 0 0 0 

Com p o s s e  d a s  d e r i v a d a s  p a r c i a i s ,  p o d e mo s  e x p r e s s a r  

3P, / 3' f *.  da  s e g u i n t e  ma n e i r a :  

3P,  
2 P . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a . . + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 í  1 

N 

l 

k = l  
k ^ i  

( R k " i k 

N 

Q k p i k )  + * 
(  P .  a  .  

J  J i  
Q •  t f  •  •  )  

J  j  i  

c omo 

j k  = a k j  

J k k j  



- 1 2 -

Te r e mo s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

%P N n 

S u b s t i t u i n d o j  p o r  k 

3P N I N 

I T > = 2 f V i i  +

 k \ }

 ( P k ° i k  + V i k > + < P k a 1 k  + V i k )  

k / i  k * i  

ou 

5 P L 

^ 7 
•  2 F V ü  + 2 J = 1

 ( p k a i k  + Q k 6 i k )  

k / i  

P •  •  = o ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
11 

e n t ã o 

3P.  N 

3 F 7 *  2 - J , ( P k a i k + V i k > 
í k= I 

c omo 

l o g o :  

3 P L / 3 P = 3 P L / 3 P i  

^ - *  I , < * u p k + e u V ( 1 0 ) 

g 1 k= I 
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2. 2 -  CALCULO DE P PELO MODO DE DOPAZO 

O De s p a c h o Ec o n ô mi c o d e  P o t ê n c i a  At i v a t e m c omo o b j e  

t i v o mi n i mi z a r  o c u s t o de  c o mb u s t í v e l  d a s  u s i n a s  t é r mi c a s .  0 

c u s t o o p e r a c i o n a l  d e p e n d e  do t i p o da  u s i n a  e  da  p o t e n c i a  a t i v a  

g e r a d a .  P a r a  o p r o c e s s o de  o t i mi z a ç ã o v a mo s  u t i l i z a r  o mé t o d o 

d o s  mu l t i p l i c a d o r e s  de  L a g r a n g e .  0 c u s t o i n d i v i d u a l  C .  da  u n i  

d a d e  g e r a d o r a  i  é ,  p a r a  e f e i t o s  p r á t i c o s ,  f u n ç ã o a p e n a s  da  po 

t ê n c i a  a t i v a  g e r a d a .  0 c u s t o t o t a l  da  g e r a ç ã o é  d a d o p o r :  

No De s p a c h o de  P o t e n c i a  A t i v a  v a mo s  mi n i mi z a r  C s u j e i t a  ã s  

r e s t r i ç õ e s  :  

N 

(  H )  

o n d e  

C .  = C ( P .  )  .  
i  í  '  g í  '  

N 

(  12 )  

e  

P < P .  
g í  m í  n — g i  

< P 
g î  ma  x 

i  = 1 ,  2 ,  G (  13 )  
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G -  Nú me r o de  b a r r a s  q u e  p o s s u e m g e r a ç ã o t é r mi c a  

P .  .  e  P .  -  P o t ê n c i a  A t i v a  mí n i ma  e  má x i ma  do Ge r a  
g i mi n g zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1ma x 

d o r  i  .  

Us a n d o o Mé t o d o d o s  Mu l t i p l i c a d o r e s  de  L a g r a n g e  p a r a  
i  * 

mi n i mi z a r  C,  d e f i n i r e mo s  uma  f u n ç ã o de  c u s t o a ume nt a da  C 10 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

K 

C"  = C -  Xcf.  (  14 )  

o n d e  

* -  Mu l t i p l i c a d o r  d e  L a g r a n g e .  

S u b s t i t u i n d o (  11 )  e  (  12 )  em (  14 )  t e r e mo s :  

N 
C = 

i  - 1 =1 1=1  3 

A f u n ç ã o c u s t o é  da  f o r ma  

C.  •  k . , P 3 .  + k .  -  P? .  + k. _P .  + k. ,  L i  11 g í  í  2 g í  í  3 g i  14 

Se n d o k n > 0 ,  k

i 2 -  ° -  k i 3 - °  e  k i  4 -  0 "  De s s a  ma n e i r a  

a  c o n d i ç ã o de  c u s t o mí n i mo c om a  r e s t r i ç ã o de  i g u a l d a d e  é  d a d a  

p o r :  

= 0 .  i  = 1 ,  2 ,  . . .  G ( 1 6 )  



- 1 5 -

o u 

3 C 3P,  
X( l  -  g p ^ )  = 0 ,  i  1 , 2 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

O ? :  
17 )  

S u b s t i t u i n d o  ? P L / / 3 P Q Í  d a d a  na  Eq u a ç ã o (  10 ) ,  em (  1 7 )  t e  

r e mo s  :  

3 C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

gi 

A [ l  -  2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA l ( « P •  B i k Qk ) ]  - 0 ,  1 = 1 , 2 .  . . .  G (  1 8 )  
k =l  

0 c u s t o i n c r e me n t a l  da  u n i d a d e  i ,  ; >C. / nP . ,  é  e x p r e s  
í  9« 

s o c omo f u n ç ã o da  P o t ê n c i a  A t i v a  Ge r a d a  P ^  .  Lo g o ,  a  Eq u a ç ã o 

(  18 )  s e r á  r e s o l v i d a  p a r a  P ^ d e n t r o da  r e s t r i ç ã o (  13 )  p a r a  

s u c e s s i v o s  v a l o r e s  de  \ ,  a t é  q u e  a  Eq u a ç ã o (  12 )  s e j a  s a t i s  

f e i  t  a  .  

2 . 3 -  Cá l c u l o de  P .  p e l o Modo S i mp l i f i c a d o 9 

Aq u i  i r e mo s  d e s e n v o l v e r  uma  ma n e i r a  de  c a l c u l a r  P .  

d i r e t a me n t e ,  s e m p r e c i s a r  e s t i ma r  \ .  P a r a  i s t o c o n s i d e r a mo s  q u e  

a  f u n ç ã o c u s t o é  q u a d r á t i c a .  S e j a  a  f u n ç ã o :  



c .  - l - a . P 2 .  + b. P .  + d .  
2 i  g i  i  1 

(  19 )  

A c o n d i ç ã o d e  ó t i ma ,  d a d a  na  Eq u a ç ã o (  17 ) |  

ç â o (  19 )  t e r e mo s :  

3P,  
a . P . + b .  -  X ( 1 )  = o 

o u 

c omo 

b .  
P + -

g .  a  
i  

3P.  / 3P •  

a  .  
í  

i  = 1 ,  2 ,  .  .  .  G (  20 

P g l  +zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 - ^ l ^ 9 ^ 

P g 2  + T 

1 -  > V a P g 2 

b G 

gG a G j _ 

l o g o :  

G 

i  =1 
P .  + -

g i  a  
(  21 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

l
 1 '  3 P L / 3 P g i  =1 a  .  

i  
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A p a r t i r  da  Eq u a ç ã o (  12 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. I , P Q1 
1=1 k = l  

s u b s t i t u i n d o em (  21 )  

N G b .  

k = l  C K L j = i  a j  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

G 1 -  9 P L / 3 P -

1 = 1 

(  22 )  

S u b s t i t u i n d o X da  Eq u a ç ã o (  20 )  na  Eq .  (  22 )  

P •  + ~~~ 
g i  a .  

~ 3 P L / 3 P g i  

a  .  

G b,  

l
 P c k  + P L + X ã T _ 1  L L í  = 1 i _ 

I  1 -  3 P

L / 3 P g i  
i  = 1 — a  .  

o u a i  n d a  :  

1 -  3 P L / 3 p

g i  

(  23 )  

P o r t a n t o ,  p a r a  a  a p r o x i ma ç ã o u s u a l  de  f unç ã o c u s t o q u a  

d r ã t i c a ,  é  p o s s í v e l  s i m p l i f i c a r  o c a l c u l o da  g e r a ç ã o a  p a r t i r  
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do e x p o s t o na  r e f e r ê n c i a  | 9 j  .  

I n t r o d u z i mo s  a  r e s t r i ç  

ma n e i r a  u s u a l ,  o u s e j a ,  q u a n d o a  

l a  Eq u a ç ã o (  23 ) ,  v i o l a  um l i  

f i x a d a  no l i m i t e  v i o l a d o .  

à o de  d e s i g u a l d a d e  em (  13 )  de  

P o t ê n c i a  A t i v a  Ge r a d a ,  d a d a  pe  

mi t e  ( má x i mo o u mí n i mo ) .  El a  é  
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CAP Í TULO I I I  

DESPACHO DE P OTÊNCI A REATI VA 

Co n s i d e r a r e mo s  o De s p a c h o de  P o t ê n c i a  Re a t i v a  c om o 

o b j e t i v o d e  mi n i mi z a r  o c u s t o d e  c o mb u s t í v e l  d a s  u s i n a s  t e r mi  

c a s .  t a r a  i s t o v a mo s  u t i l i z a r  um mé t o d o d e s e n v o l v i d o p o r  N.  F.  

Ts a n g .  As  r e s t r i ç õ e s  a d i c i o n a i s ,  i s t o é ,  o s  l i m i t e s  de  pot ê nc i a s  

r e a t i v a s  e  de  t e n s õ e s ,  s a o c o n s i d e r a d a s  na  s o l u ç ã o do f l u x o de  

c a r g a .  Qu a n d o uma  b a r r a  a t i n g e  um d o s  l i m i t e s  d e  t e n s ã o ,  e l a  s a i  

do p r o c e s s o de  o t i mi z a ç ã o e  p a s s a  a  s e r  uma  b a r r a  de  t e n s ã o c o n 

t r o l a d í  c om o v a l o r  no l i m i t e  v i o l a d o .  
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3 . 1 -  MÉTODO DE N.  F.  TSANG [ 7 ]  

O De s p a c h o de  P o t ê n c i a  R e a t i v a  t e m c omo o b j e t i v o mi n i  

mi z e r  o c u s t o t o t a l  C de  c o mb u s t í v e l  d a s  u s i n a s  t é r mi c a s .  Pa  

r a  mi n i mi z a r  C,  i r e mo s  u t i l i z a r  o mé t o d o d e s e n v o l v i d o p o r  N.  

F.  Ts a n g .  T r a t a r e mo s  a s  p o t ê n c i a s  g e r a d a s  na  b a r r a  de  S wi n g c o 

mo v a r i á v e i s  d e p e n d e n t e s .  

Co n s i d e r e mo s  a s  s e g u i n t e s  r e s t r i ç õ e s :  

N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

:

 L

i  qzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 i  =1 

N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

l 

i  = 1 

c  1 
P L •  0 

( Q 
g i 

Q c i )  -  QL = o 

o n d e  

0 .  -  P o t ê n c i a  R e a t i v a  Ge r a d a  

Q .  -  P o t ê n c i a  R e a t i v a  de  Ca r g a  
y c i  

(  2 4 - a  )  

(  ? 4 - b )  

QL -  Ba l a n ç o de  R e a t i v o s  

A r e s t r i ç ã o (  2 4 - b )  e  a s  r e s t r i ç õ e s  a d i c i o n a i s ,  i  ŝ  

t o é ,  o s  l i m i t e s  d a s  p o t ê n c i a s  r e a t i v a s  e  t e n s õ e s ,  s ã o c o n s i d e -

r a d a s  na  s o l u ç ã o do f l u x o de  c a r g a .  De n o mi n a r e mo s  a  b a r r a  de  

S wi n g de  b a r r a  " 1 "  e ,  a s  b a r r a s  de  Ge r a ç ã o de  " S" ,  o n d e  

S = 2 ,  3,  . . .  G.  Co n s i d e r e mo s  q u e  P ,  é  f u n ç ã o de  P e  Q ,  
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l o g o :  

dP 
G / 3 P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

s U ^ g s 
3_i  dp 

3P ,  

g s  v g s  
(  25 )  

0 c u s t o t o t a l  da  g e r a ç ã o C na  Eq u a ç ã o (  11 )  é  f u n 

ç ã o a p e n a s  d a s  P o t ê n c i a s  At i v a s  Ge r a d a s .  De s s a  f o r ma  a  c o n d i ç ã o 

de  mí n i mo c u s t o ê :  

s  = 2 g s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

J£- dP = 0 

3P. _ gs  

(  26 

S u b s t i t u i n d o a  Eq u a ç ã o (  2 5 )  na  Eq u a ç ã o (  26 ) , t e  

r e mo s  :  

dC 
G 

I 
s  = 2 

'  3C 3C 3 P g l N 

^ g s  g l  g s ,  

dQ 
gs  

Se n d o dP e  dQ v a l o r e s  n a o n u l o s ,  e n t ã o 
gs  M g s  

l i  
g s  u ' g l  " g s  

3C 3C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

W~ + TF 

3P 

TF 

3C 
3P"  

3P 

•  3TT 
9_L 

g l  g s  
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c omozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - KTTzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA—zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t 0 

l o g o :  

3 P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

^ - 0 ( 27 ) 

gs  

Como P ,  e  0 ,  s ã o v a r i á v e i s  d e p e n d e n t e s  d a s  P o t ê n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g i g I 

c i a s  Ge r a d a s ,  P e  Q ,  a s  p e r d a s  At i v a s  e  R e a t i v a s  t a mb é m o 

s ã o .  P e r ma n e c e n d o P g s  f i x o e  f a z e n d o uma  v a r i a ç ã o i n c r e me n t a l  

na  P o t e n c i a  R e a t i v a  Qg s ,  t e r e mo s :  

3P.  3P.  3P.  

3Q,  3Q,  3Q|  

T i r a n d o o v a l o r  de  AQ ,  na  Eq u a ç ã o (  2 8 - b )  

AQ 

AQ 
gs  

3Q,  

g i  
31 

3Q,  

3P 
AP 

g i  
g i 

TO:  
g i  

e  s u b s t i t u i n d o na  Eq u a ç ã o (  2 8 - a  ) ,  t e r e mo s :  
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3P,  3P.  
AP 

g i  3P"  
AP 

g i  
g l  3l J  

g i  

AQ 
g s  

- i  
3Q,  3Q,  

3P 
AP 

g i  
g i  

5XT 
AQ 

gs  
gs  

! g i  

o u 

AP 
g i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3P, 

g l  

3P, 

g i  

1 o g o 

AP 

7HJ  
l i 

gs  

3P,  3P, 

g l  1 

3P.  
1 -

y p 
2 1 

g i  

3Q,  

TU 
a i  

3U 
a i  

3P 

" 3$ 
l i 

g i  

( 2 9 )  

AP 
P a r a  p e q u e n o s  v a l o r e s  de  g l  p o d e r e mo s  c o n s i d e r a r  

Ã C 7 
3T> _ AP g 1

 g s  

9Q = AQ 
g s  v g s  

S u b s t i t u i n d o a  Eq u a ç ã o (  27 )  na  Eq u a ç ã o (  29 )  



- 2 4 -

3P 

3Q 
g s  

3P,  

g i  

TFT 

"3T 
g i  

í  -

i  -

TP 7 ~ 

3Q|  

TU 
g j  

L 

3 T T 
1 - 3Q 

g i  

(  30 )  

Co n s i d e r a n d o q u e  p a r a  p e q u e n a s  v a r i a ç õ e s  de  AQg l  e  A Qq s  '  
g s  

3 Q L i  9 Q L K < i  
Tc y~,  < < e ^ ~ 

: g i  g s  

Lo g o a  Eq u a ç ã o (  30 )  f i c a r á  

3P,  

3Q a s  

TF 

g i  

3P,  

3Q 
g j  

g l  3 K g l  

ou 

3P,  3P,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

TQ "  3Q i  
w g s  v g l  

(  31 )  
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Cá l c u l o de  3 P L/ 3 Q .  

0 t e r mo 3 P L / 3 Qg i  e  o b t i d o p e l a s  d e r i v a d a s  p a r c i a i s  

c om r e l a ç ã o ã s  P o t ê n c i a s  R e a t i v a s  na  Eq u a ç ã o ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 9 ) ,  ou s e j a :  

8 P N N 

Como Q.  = Q .  
i  g i  

Q . ,  s u b s t i t u í mo s  3 Q p o r  3 Q.  
H c 1 g í  1 

Va mos  u s a r  De r i v a d a s  P a r c i a i s  3P^ / 3Q̂  em q u a t r o t e r mo s  d i f e -

r e n t e s  p a r a  c a d a  p a r  d e  í n d i c e s  j , k .  Co n s i d e r e mo s  a  e  t  c o n s  

t a n t e s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA W~] : 

í  N D I  C E T E R MO 

j  k a . . J í - ( P . P,  ;  

j = i  k =i  0 0 0 

j = i  kj M 0 0 
- V l k 

!  j / i  k«i  0 Q . a .  •  
J  J i  

P. B. .  
J  J i  

0 

kj í i  0 0 0 0 

U t i l i z a n d o a s  me s ma s  c o n s i d e r a ç õ e s  f e i t a s  no i t e m 

2 . 1 . 1 ,  t e r e mo s  
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î  k = l  

(  32 )  

S u b s t i t u i n d o a  Eq u a ç ã o (  32 )  na  Eq u a ç ã o (  31 ) ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 j ( a s k Q k -  6 s k P k > -  2 . I  ( a l k Q k -  B u P k )  -  0 
k = l  k = I  

ou 

N r  

k = l  L 
( a  s k a l k > Q k < 6 s k "  ^ l k > P k zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

= 0 (  33 )  

A Eq u a ç ã o (  33 )  s e r á  c o n d i ç ã o n e c e s s á r i a  p a r a  o 

De s p a c h o Ót i mo .  A c a d a  i t e r a ç ã o ,  c o n s i d e r a n d o q u e  a s  p e r d a s  r e  

a t i v a s  n ã o v a r i a m c om uma  p e q u e n a  mu d a n ç a  da  g e r a ç ã o de  P o t e n 

c i a  R e a t i v a ,  p o d e r e mo s  e s t a b e l e c e r  a  s e g u i n t e  a p r o x i ma ç ã o :  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ÍV *zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA l = QÍ I + 1 )  +

 l ™- 2.  3,  . . .  G (  34 )  t o t a l  y g i  J  vgm y g l  j j j  ' gm 

o n d e :  

Q[V í Q( V 

g i  gm 
a n t e r i o r  

-  s ã o a s  P o t ê n c i a s  R e a t i v a s  c a l c u l a d a s  na  i t e r a ç ã o 

„ < v * l )  e , ( v * D 
y g 1  x g m 

r a ç ã o a t u a l .  

s a o a s  P o t ê n c i a s  R e a t i v a s  c a l c u l a d a s  na  i t e  
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Qu a n d o e s t a mo s  p r ó x i mo s  da  Co n d i ç ã o d o De s p a c h o Ot i  

mo,  Qg {  + ^  * ^ g " ^  6 ^ g m+ ^ * ^ gm'  e n t a o p o d e r e mo s  e s c r e v e r  a  

Eq u a ç ã o :  

c omo a  p a r t i r  da  b a r r a  ( G + 1 )  n a o t e m Ge r a ç ã o de  P o t ê n c i a  Re  

a t i v a ,  l o g o a  Eq u a ç ã o (  35 )  f i c a r á :  

Le v a n d o em c o n t a  a  Eq u a ç ã o (  34 )  na  Eq u a ç ã o (  36 )  

t e r e mo s :  

K i  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a u ] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 ( Q< v + 1 ) -  Q( v ) )  + V ( a  -  a ,  ) ( Q 

LzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA _ » c m 1  m ' x ^ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

( V+ l )  .  n (
V

)  

2

v " s m " l mM Wg m lgm 

ou 

I  (  
m = 2 

11 
(  37 

G 

I ( a .  
m = 2 

So ma n d o a  Eq u a ç ã o (  37 )  ã  Eq u a ç ã o (  33 )  

. 1 , [ ( o s k -  " u ' « k "  ( f i s k -  » u >\ ]  "  0 

k = l  
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o u 

G N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

U a l l  -  a s l  "  a l m + a s m> AQg m =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA XL < a l k "  ° s k > Q.  
m=2  3 K- l  

o n d e  

AQ = Q ( V + ] )  -  Q< V> 
wg m gm Mg m 

o u 

Q ( v + 1 > = Q( V )  + AQ (  39 )  v g m v g m Hg m v '  

Na  c o n d i ç ã o ó t i ma  A Q g  m

 = 0 e  a Eq u a ç ã o (  38 )  s e r á  i g u a l  a  

Eq u a ç ã o (  33 ) .  

3. 2 -  PROCESSO COMPUTACI ONAL PARA 0 DESPACHO DE POTENCI A ATI VA 

E REATI VA 

1 -  Va l o r  i n i c i a l  d e  P̂  e  Q̂  

2 -  C a l c u l e  ^  P o r  i n v e r s ã o d e  ^ ^ u s  

3 -  Re s o l v a  um f l u x o de  c a r g a  

4 -  C a l c u l e  P g p e l a  Eq u a ç ã o (  23 )  

5 -  C a l c u l e  AQ p e l a  Eq u a ç ã o (  38 )  
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6 -  C a l c u l e  Qq p e l a  Eq u a ç ã o 

7 -  V e r i f i q u e  s e  | P ( v + 1 ^ -  P ^ |  
g g 

f o r  v e r d a d e i r o v á  p a r a  8 ,  

8 -  C a l c u l e  o s  f l u x o n a s  l i n h a  

(  39 )  

< E e  | Q( V + 1 )  -  Q ( v ) i  •  •  .  Se  
1 g g  1 

c a s o c o n t r á r i o v o l t e  p a r a  3 

P°  ,  Q°  
g g 

v = o 

z  = Y ~ 

b u s  b u s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

JL 

F .  C 



30 

CAPI TULO I V 

EXEMPLOS DE AP LI CAÇÃO 

4 . 1 -  SI STEMA DE PEQUENO PORTE 

P a r a  a  a p l i c a ç ã o d e s t e  mé t o d o u t i l i z a r e mo s  d o i s  e x e m 

p i o s  de  S i s t e ma s  El é t r i c o s  c om Ge r a ç ã o Té r mi c azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA [7] .  Na  F i g .  

1 t e mo s  um s i s t e ma c om 5 ( c i n c o )  b a r r a s ,  d a s  q u a i s  3 ( t r ê s )  c om 

Ge r a ç ã o Té r mi c a ,  e  7 ( s e t e )  l i n h a s .  To ma r e mo s  a  t o l e r â n c i a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

E = 0 . 0 0 1 P. U.  p a r a  a  Co n v e r g ê n c i a  em P o t ê n c i a .  Os  l i m i t e s  ( má  

x i mo e  mTn i mo )  d e  P o t ê n c i a  Ge r a d a ,  em c a d a  u n i d a d e  g e r a d o r a ,  f o 

r a m f i x a d o s  em 1 0 0 MW e  0 ( z e r o )  MW r e s p e c t i v a me n t e .  
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F i g .  1 -  Di a g r a ma  U n i f i l a r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

© © 

© 

T a b e l a  1 -  Da d o s  d a s  L i n h a s  ( Ba s e  d e  1 0 0 MVA)  

L i n h a  I mp e d â n c i a  C.  S h u n t / 2 

1- 2 0 . 0 2 + j O. 0 6 j O. 0 3 0 

1- 3 0 . 0 8 + j O. 2 4 j O .  0 2 5 

2- 3 0 . 0 6 + j O. 1 8 j 0 . 0 2 0 

2- 4 0 . 0 6 + j O. 1 8 j O. 0 2 0 

2- 5 0 . 0 4 + j  0 . 1 2 j  0 .  01 5 

3- 4 0 . 0 1 + j O. 0 3 J O. OI O 

4 - 5 
1 

0 . 0 8 + j O. 2 4 J 0 . 0 2 5 



T a b e l a  2 -  C o e f i c i e n t e s  da  F u n ç ã o Cu s t o 

Ba r r a  a i  
b .  

i  
d .  

í  

1 0 . 0 1 2 2 . 0 1 40 

2 0 . 0 1 5 1 .  5 1 20 

3 0 . 0 1 4 1 .  8 80 

T a b e l a  3 -  Da d o s  de  Ba r r a  ( Ca s o Ba s e )  

Ba r r a  PG( MW)  QG( MVAR)  PC( MW)  QC( MVAR)  1 Te ns ã o |  An g u l o  0 

1 98. 40 - 23. 20 0. 00 0. 00 1. 0600 0. 000 

2 40. 00 30. 00 20. 00 10. 00 1. 0564 - 2. 2701 

3 30. 00 10. 00 45. 00 15. 00 1. 0439 - 3. 6897 

0. 00 0. 00 40. 00 5. 00 1. 0413 - 4. 1564 

0. 00 0. 00 60. 00 10. 00 1. 0303 - 5. 3531 

Cu s t o da  Ge r a ç ã o = 7 2 7 . 1 9 5 .  

4 . 1 . 1 -  Re s u l t a d o s  da  Ot i mi z a ç ã o de  P o t ê n c i a s  A t i v a e  Re a  

t i v a s e m Re s t r i ç ã o n o s  Ní v e i s  de  Te n s õ e s  

a )  Sem Re s t r i ç ã o d e  P o t ê n c i a  A t i v a  

a . 1 )  Ap e n a s  Ge r a ç ã o Té r mi c a  
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T a b e l a  4 

Ba r r a  PG( MW)  QG( MVAR)  1 Te n s  a o 1 An g u l o 0 

1 4 2 . 6 3 - 6 . 4 6 1 . 0 6 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0000 

2 69 .  1 5 8 . 0 9 1 . 0 5 5 1 - 0 . 8 5 1 7 

3 54 .  80 1 1 . 2 3 1 . 0 4 9 0 - 1 . 8 5 7 0 

4 0 . 00 0 . 0 0 1 . 0 4 5 2 - 2 . 4 0 3 6 

5 0 . 00 0 . 00 1 . 0 3 0 8 - 3 . 8 2 2 3 

N 9 d e  I t e r a ç õ e s  da  Ot i mi z a ç ã o = 4 

P e r d a s  At i v a s  = 1 . 6 1 MW 

Ba l a n ç o de  R e a t i v o s  = 2 7 . 1 1 MVAR 

Cu s t o da  Ge r a ç ã o = 6 9 5 . 4 3 3 

a  .  2 )  S i s t e ma  Hi d r o - Té r mi c o 

0 o b j e t i v o do mé t o d o é  a  mi n i mi z a ç ã o do c u s t o de  c om 

b u s t T v e l  d a s  u s i n a s  t é r mi c a s ,  c o n h e c e n d o - s e  a  g e r a ç ã o h i d r ã zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA^J 

l i c a .  P a r a  e x e mp l i f i c a r ,  c o l o c a mo s  Ge r a ç ã o Hi d r á u l i c a  na  b a r r a  

4 ( q u a t r o )  do S i s t e ma da  F i g .  1 .  
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T a b e l a 5 

Ba r r a P G( MW)  QG( MV A R )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s a o 1 A n g u l o
0 

1 2 4 .  7 8 - 6 . 2 4 1 . 0 6 0 0 0 . 0 0 0 0 

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

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

4 5 0 . 0 0 5 . 0 0 1 . 0 5 5 0 - 0 .  9 7 0 8 

5 0 . 0 0 0 . 0 0 1 . 0 3 5 4 - 3 . 1 1 6 2 

N9 de I t e r a ç õ e s da Ot i mi z a ç ã o = 3 

P e r d a s At i v a s = 1 . 0 2 MW 

Ba l a n ç o de Re a t i v o s = 2 9 . 1 3 MV AR 

Cu s t o da Ge r a ç ã o = 5 7 3 . 0 3 2 

b )  Co m Re s t r i ç ã o de P o t ê n c i a At i v a 

Pa r a v e r i f i c a r mo s a Re s t r i ç ã o de De s i g u a l d a d e (  13 ) ,  

r e d u z i mo s o l i mi t e má x i mo da Ge r a ç ã o d e P o t ê n c i a At i v a da u n i d a 

de g e r a d o r a 2 ( d o i s )  p a r a 5 0 MW.  

b .  1 )  Ap e n a s Ge r a ç ã o T é r mi c a 
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T a b e l a 6 

Ba r r a P G( MW)  QG( MV A R )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  Â n g u l o
0 

1 61 . 7 5 - 6 .  5 4 1 . 0 6 0 0 0 . 0 0 0 0 

2 5 0 . 0 0 8 . 6 8 1 . 0 5 2 3 - 1 . 3 5 2 8 

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

4 0 . 0 0 0 . 0 0 1 . 0 4 3 0 - 2 . 8 0 4 3 

5 0 . 0 0 0 . 0 0 1 . 0 2 8 1 - 4 .  3 0 2 4 
— — - — — t  

N 9 d e I t e r a ç õ e s da Ot i mi z a ç ã o = 4 

P e r d a s At i v a s -  1 . 8 6 MW 

Ba l a n ç o de Re a t i v o s = 2 6 . 2 5 MV AR 

Cu s t o da Ge r a ç ã o = 7 0 0 . 5 5 9 

b .  2 )  S i s t e ma H i d r o - T é r mi c o 

T a b e l a 7 

Ba r r a P G( MW)  QG( MV A R )  1 T e n s ã o 1 An g u l o 

1 2 8 .  8 3 - 6 . 2 7 1 . 0 6 0 0 0 . 0 0 0 0 

2 5 0 . 0 0 5 . 9 2 1 . 0 5 6 2 - 0 . 6 4 l 4 

3 3 7 . 2 7 6 .  37 1 . 0 5 4 1 - 0 . 9 8 1 1 

4 5 0 . 0 0 5 . 0 0 1 . 0 5 4 5 -  1 . 0 5 4 2 

5 0 .  0 0 0 . 0 0 1 . 0 3 4 8 - 3 . 2 1 7 4 

N9 de I t e r a ç õ e s da Ot i mi z a ç ã o = 3 
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P e r d a s At i v a s = 1 . 0 5 MW 

Ba l a n ç o de Re a t i v o s = 2 9 . 0 2 MV AR 

Cu s t o da Ge r a ç ã o = 5 7 3 . 2 2 1 

4 . 1 . 2 -  Re s u l t a d o s da Ot i mi z a ç ã o de P o t ê n c i a s At i v a e Re a 

t i v a c o m Re s t r i ç ã o n o s Ní v e i s de T e n s õ e s 

Ne s t e T t e m u s a r e mo s Re s t r i ç ã o de T e n s ã o .  Os l i mi t e s 

f o r a m f i x a d o s e mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ± 5% d o v a l o r  n o mi n a l  de 1 . 0 P .  L) .  

a )  Se m Re s t r i ç ã o de P o t ê n c i a At i v a 

a .  1 )  Ap e n a s Ge r a ç ã o T é r mi c a 

T a b e l a 8 

Ba r r a P G( MW)  QG( MV A R )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  A n g u l o °  

1 4 2 .  7 9 2 . 1 0 1 . 0 6 0 0 0 . 0 0 0 0 

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

3 5 4 .  76 1 9 . 6 2 1 . 0 5 0 0 - 1 . 8 8 8 1 

4 0 . 0 0 0 . 0 0 1 . 0 4 4 9 - 2 . 4 1 4 1 

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

N9 de I t e r a ç õ e s da Ot i mi z a ç ã o = 5 

P e r d a s At i  v a s = 1 . 6 5 MW 

Ba l a n ç o de Re a t i v o s = 2 6 . 8 8 MV AR 



3 , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA í 

Cu s t o da Ge r a ç ã o = 6 9 5 . 5 6 6 

a . 2 )  S i s t e ma H i d r o - T é r mi c o 

T a b e l a 9 

Ba r r a P G( MW)  QG( MV A R )  1 T e n s ã o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 A n g u l o °  

1 2 4 . S 2 7 . 7 2 1 . 0 6 0 0 0 . 0 0 0 0 

2 5 4 .  11 - 8 . 7 7 1 . 0 5 0 0 - 4 . 4 1 6 2 

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

4 5 0 . 0 0 5 . 0 0 1 . 0 5 0 0 - 0 . 8 8 8 8 

5 0 . 0 0 0 . 0 0 1 . 0 2 9 0 - 3 . 0 3 7 5 

N 9 de I t e r a ç õ e s da Ot i mi z a ç ã o = 3 

P e r d a s At i v a s = 1 . 0 6 MW 

Ba l a n ç o de Re a t i v o s = 2 8 . 7 2 MV AR 

Cu s t o da Ge r a ç ã o = 5 7 3 . 2 8 7 

b )  Co m Re s t r i ç ã o de P o t ê n c i a At i v a 

b . 1 )  Ap e n a s Ge r a ç ã o T é r mi c a 



T a b e l a 1 0 

Ba r r a P G( MW)  QG( MV A R )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  
r» '  

Ân g u l o 

1 61 . 7 3 - 2 .  5 0 1 . 0 6 0 0 0 . 0 0 0 0 

2 5 0 . 0 0 1 . 9 5 1 . 0 5 0 0 - 1 . 3 1 3 1 

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

4 0 . 0 0 0 . 0 0 1 . 0 4 2 5 -  2 .  7 9 9 4 

5 0 . 0 0 0 . 0 0 1 . 0 2 6 3 - 4 . 2 8 3 1 

N 9 d e I t e r a ç õ e s da Ot i mi z a ç ã o = 4 

P e r d a s At i v a s = 1 . 8 7 MW 

Ba l a n ç o de Re a t i v o s = 2 6 . 1 7 MV AR 

Cu s t o da Ge r a ç ã o = 7 0 0 . 5 0 5 

b . 2 )  S i s t e ma H i d r o - T é r mi c o 

T a b o l a 1 1 

Ba r r a P G( MW)  QG( MV A R )  1 T e n s a o 1 Â n g u l o °  

1 2 8 .  8 8 6 . 4 2 1 . 0 6 0 0 0 . 0 0 0 0 

2 5 0 . 0 0 - 7 .  3 9 1 . 0 5 0 0 - 5 . 5 3 3 6 

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

4 5 0 . 0 0 5 . 0 0 1 . 0 5 0 0 - 0 . 9 8 0 5 

5 0 . 0 0 0 . 0 0 1 . 0 2 9 0 - 3 . 1 4 7 1 

N9 d e I t e r a ç õ e s da Ot i mi z a ç ã o -  3 
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P e r d a s At i v a s -  1 . 0 9 MW 

Ba l a n ç o de Re a t i v o s = 2 8 . 6 5 MV AR 

Cu s t o da Ge r a ç ã o = 5 7 3 . 4 0 1 .  

4 . 2 -  S I S T E MA DE MÍ DI O P ORT E 

Ut i l i z a r e mo s um s i s t e ma da Re f e r ê n c i a [ 7J p a r a a 

a p l i c a ç ã o d e s t e mé t o d o .  Na F i g .  2 t e mo s o s i s t e ma c o m 2 5 ( v i n t e 

e c i n c o )  b a r r a s ,  d a s q u a i s 5 ( c i n c o )  c o m g e r a ç ã o t é r mi c a ,  e 3 5 

( t r i n t a e c i n c o )  l i n h a s .  T o ma r e mo s a t o l e r â n c i a e = 0 . 0 2 5 P . U.  

p a r a a c o n v e r g ê n c i a e m p o t ê n c i a .  Os l i mi t e s ( má x i mo e mí n i mo )  

de P o t ê n c i a Ge r a d a ,  e m c a d a u n i d a d e g e r a d o r a ,  f o r a m f i x a d o s e m 

3 0 0 MW e o 0 ( z e r o )  MW r e s p e c t i v a me n t e .  

F i g .  2 -  Di a g r a ma Un i  f i l a r  



r a b e i azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 12 -  Da d o s d a s l i n h a s ( Ba se de 1 0 0 MV A)  

L i n h a '  I mp e d â n c i a C.  S h u n t / 2 

1 i  0 . 0 7 2 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t  j O. 2 8 7 6 j O. 0 1 7 9 

1- 6 0 . 0 2 9 0 + j O. 1 3 7 9 j 0 . 0 3 3 7 

1 - 1 7 0 . 1 0 1 2 (  j 6 . 2 7 9 9 j 0 . 0 1 4 8 

1 - 1 9 0 . 14 I Í 7 î  j O. 3 8 9 7 j O . 0 2 2 4 

1 - 2 3 0 . 1 0 8 7 ^ j O. 2 2 4 5 j O. 0 5 7 3 

1 - 2 5 0 . 0 7 5 3 (•  j O.  3 5 9 3 j O. 0 8 7 3 

2 - 6 0 . 0 6 1 7 + j O. 2 9 3 5 j O. 0 1 8 6 

2 - 7 0 . 0 5 1 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I  j O. 2 4 4 2 j O . 0 1 5 5 

2 - 8 0 . 0 5 7 9 I  j ü . 2 7 6 3 j O. 0 1 7 5 

3 - 1 3 0 . 0 5 6 4 I-  j O. 1 4 7 8 j O. 0 0 8 5 

3 - 1 4 0 . 1 1 B3 î  j  0 . 3 5 7 3 j 0 . 0 1 8 5 

4 - 1 9 0 . 0 1 9 6 + j O. 0 5 1 4 j O. 0 1 1 3 

4 - 2 0 0 . 0 3 8 2 + j O. 1 0 0 7 j O . 0 2 2 0 

4 - 2 1 0 . 0 9 / 0 t  j O. 2 5 4 7 j O. 0 5 5 8 

5 - 1 0 0 . 0 4 9 7 ^ j O. 2 3 7 2 j O. 0 5 7 7 

5-  1 1 0 . 0 1 4 4 I  j O. 1 2 6 9 j  0 .  1 3 3 5 

5 - 1 9 0 . 0 9 2 9 t  j O. 2 4 4 2 j O. 0 1 4 0 

6 - 1 3 0 . 0 2 6 3 1 . 1 0 . 0 6 9 1 J 0 . 0 0 4 0 

7- f l  0 . 0 5 2 9 î  . j O. 1 4 6 5 . j O. 0 0 7 8 

7 - 1 2 0 . 0 3 6 4 i  . j O. 1 7 3 6 j O. 0 1 1 0 

8 - 9 0 . 0 3 8 7 t  j O. 1 8 4 7 j O. 0 1 1 8 

8 - 1 7 0 . 0 4 9 7 + j O. 2 3 7 2 j O. 0 6 7 2 

9 - 1 0 0 . 0 9 7 3 + j O. 2 6 9 1 j O. 0 0 8 5 

1 0 - 1 1 0 . 0 8 9 8 + j O. 2 3 5 9 j O. 0 1 3 5 

1 1 - 1 7 0 . 1 0 6 8 + j O. 2 8 0 7 j O. 0 1 6 1 

1 2 - 1 7 0 . 0 1 6 0 + j O. 2 1 9 6 j O . 0 1 3 9 

1 4 - 1 5 0 . 0 2 8 1 ^ . j O. 0 7 6 4 j O . 0 0 4 4 

1 5 - 1 6 0 . 0 2 5 6 + j O. 0 6 7 3 J 0 . 0 1 4 8 

1 7-  I f .  0 . 0 UO6 I  J 0 . 2 1 I 9 J O . 0 1 2 2 

1 8 - 1 9 0 . 0 8 7 2 î  J 0 . 2 2 9 4 j O. 0 1 3 2 

2 0 - 2 1 0 . 0 6 1 5 + j 0 . 1 6 1 3 j O. 0 3 5 4 

2 1 - 2 2 0 . 0 4 1 4 + j O. 1 0 8 7 J O. 0 2 3 8 

2 2 - 2 3 0 . 2 2 5 0 *  . j O. 3 5 5 9 j O. 0 1 6 9 

2 2 - 2 4 0 . 0 9 7 0 + j O. 2 5 9 5 j O. 0 5 6 7 

2 4 - 2 5 0 . 0 4 7 2 + j O. 1 4 5 8 j  0 .  0 31 7 



T a b e l a 1 3 -  Co e f i c i e n t e s da F u n ç ã o Cu s t o 

1 

Ba r r a â
i  

b .  
i  

1 

d .  
i  

1 0 . 0 0 3 1 . 8 4 0 

2 0 . 0 0 6 1 . 7 6 0 

3 0 . 0 0 2 4 2 . 1 1 0 0 

4 0 . 0 1 6 2 . 0 2 5 

1
 5 

0 . 0 0 2 . . 9 1 2 0 



4 2 

T a b e l a 14 -  Da d o s d e Ba r r a ( Ca s o Ba s e )  

Ba r r a PG( MW)  QG( MVAR)  PC( MW)  QC( MVAR)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 Te ns ã o|  Angul o°  

1 2 5 4 . 0 0 2 1 2 . 0 0 2 0 0 . 0 0 6 5 . 0 0 1. 0200 0 . 0 0 0 0 

2 1 0 0 . 0 0 - 1 7 . 0 0 1 0 . 0 0 3. 00 0 . 8 8 9 0 1 3 . 6 9 0 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA i  

3 1 5 0 . 0 0 4 . 00 5 0 . 0 0 1 7 . 0 0 0 . 9 5 9 0 8 . 2400 

4 5 0 . 0 0 - 4 . 0 0 3 0 . 0 0 1 0 . 0 0 0 . 8 9 1 0 0 . 8 8 0 0 

5 2 0 0 . 0 0 - 4 7 . 0 0 2 5 . 0 0 8 . 00 0 . 8 8 5 0 1 3 . 7 5 0 0 

6 0 . 00 0 . 00 1 5 . 0 0 5. 00 0 . 9 0 5 0 8 . 1 9 0 0 

7 0 . 0 0 0 . 00 1 5 . 0 0 5. 00 0 . 8 8 4 0 7 . 7300 

8 0 . 00 0 . 00 2 5 . 0 0 0 . 00 0 . 8 8 6 0 7 . 0200 

9 0 . 0 0 0 . 00 1 5 . 0 0 5. 00 0 . 8 7 5 0 6 . 3 0 0 0 

10 0 . 0 0 0 . 00 1 5 . 0 0 5. 00 0 . 8 8 3 0 8 . 0 8 0 0 

11 0 . 00 0 . 00 5. 00 0 . 0 0 0 . 8 9 2 0 6 . 4 6 0 0 

12 0 . 00 0 . 00 1 0 . 0 0 0 . 00 0 . 8 9 2 0 6 . 1 2 0 0 

13 0 . 00 0 . 00 2 5 . 0 0 8 . 00 0 . 9 1 4 0 7 . 4900 

14 0 . 00 0 . 00 2 0 . 0 0 7. 00 0 . 9 3 5 0 - 1 . 6 0 0 0 

15 0 . 00 0 . 00 3 0 . 0 0 1 0 . 0 0 0 . 9 4 2 0 - 2 . 8 4 0 0 

16 0 . 00 0 . 00 3 0 . 0 0 10 . 00 0 . 9 6 3 0 - 2 . 7 8 0 0 

17 0 . 00 0 . 00 6 0 . 0 0 2 0 . 0 0 0 . 9 0 2 0 5 . 7300 

18 0 . 00 0 . 00 15 . 00 5. 00 0 . 8 8 8 0 3 . 0700 

19 0 . 00 0 . 00 1 5 . 0 0 5. 00 0 . 8 9 6 0 2 . 4 5 0 0 

20 0 . 0 0 0 . 00 2 5 . 0 0 8 . 00 0 . 8 8 2 0 - 2 . 0 1 0 0 

21 0 . 00 0 . 00 2 0 . 0 0 7. 00 0 . 8 9 4 0 - 3 . 8 5 0 0 

22 0 . 00 0 . 00 2 0 . 0 0 7. 00 0 . 9 1 2 0 - 5 . 4 3 0 0 

23 0 . 0 0 0 . 00 1 5 . 0 0 5. 00 0 . 9 7 2 0 - 3 . 3 8 0 0 

24 0 . 0 0 0 . 00 1 5 . 0 0 5. 00 0 . 9 4 0 0 - 7 . 3 3 0 0 

25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

0 . 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
— . . . . . . . . . .  

0 . 00 2 5 . 0 0 8 . 00 0 . 9 5 9 0 - 6 . 8 2 0 0 

Cu s t o da Ge r a ç ã o -  1 9 8 0 . 9 7 4 



4 3 

4 . 2 . 1 -  Re s u l t a d o s da Ot i mi z a ç ã o de P o t e n c i a s At i v a e Re 

a t i v a ,  s e m Re s t r i ç ã o n o s Ní v e i s de T e n s õ e s 

a )  Se m Re s t r i ç ã o de P o t ê n c i a At i v a 

. í . l ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Apenas Ge r a ç ã o J j 5 r mj  ca 

I  a b e l a 1' .  

I t azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I T . I  P G( MW)  1 ) 0 ( MV AR)  1 | T e n s i o |  A n g u l o
0 

1 25 ; ' .  i i .  6 2 . 0 6 1 . 0 2 0 0 0 . 0 0 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

? 1 0 5 . 2 3 0 . 5 2 1 . 0 5 8 0 8 . 8 3 3 3 

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

4 3 9 . 5 3 5 . 1 4 1 . 0 0 2 1 - 1 . 3 1 7 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 2 1 6 . 6 4 - 1 3 . 2 3 1 . 0 5 5 1 9 . 1 8 2 6 

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

7 0 . 0 0 0 . 0 0 1 . 0 4 6 1 4 . 5 9 6 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

» 0 . 0 0 0 . 0 0 1 . 0 4 7 0 4 . 0 9 5 8 

9 0 . 0 0 0 .  0 0 1 . 0 4 0 1 3 .  6 0 8 9 

1 0 

1 1 

0 . 0 0 

0 .  0 0 

0 .  0 0 1 . 0 4 9 6 4 . 9 3 6 1 1 0 

1 1 

0 . 0 0 

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

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

1 3 0 .  0 0 0 . 0 0 1 . 0 2 6 1 4 . 0 2 6 6 

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

1 5 0 . 0 0 0 . 0 0 0 . 9 7 3 5 - 3 . 4 5 1 3 

1 6 0 . 0 0 0 . 0 0 0 . 9 8 3 9 - 3 . 1 0 0 7 

1 7 0 . 0 0 0 . 0 0 1 . 0 4 1 7 3 . 2 1 8 3 

1 8 0 . 0 0 0 . 0 0 1 . 0 1 7 0 0 . 9 9 0 4 

1 9 0 . 0 0 0 . 0 0 1 . 0 0 9 5 0 .  3 0 7 1 

2 0 

21 

0 . 0 0 

0 . 0 0 

0 . 0 0 0 . 9 8 8 3 - 3 . 5 8 2 2 2 0 

21 

0 . 0 0 

0 . 0 0 0 . 0 0 0 . 9 8 7 1 - 4 . 9 8 2 4 

2 2 0 . 0 0 0 . 0 0 0 . 9 8 5 0 - 6 .  1 3 5 6 

2 3 0 . 0 0 0 . 0 0 1 . 0 0 0 5 - 3 . 5 6 3 6 

2 4 0 . 0 0 0 . 0 0 0 . 9 9 0 9 - 7 . 4 7 2 4 

2 5 0 . 0 0 0 . 0 0 0 . 9 9 6 6 - 6 . 8 2 3 9 

N°  de I t e r a ç õ e s da Ot i mi z a ç ã o = 31 

P e r d a s At i v a s = 1 6 . 2 0 MW 

l i a 1, i i i ( . i i  i l i '  R I MzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA i i  vi r .  1 4 4 . 8 7 MVAR 

Cu s t o da l i ei  a ç ã o -  I  9 6 4 .  I  8( 1 
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a .  2 )  S i s t e ma II  i  d r o - T ê r mi  c o 

T a b e l a 1 6 

Ba r r a P G( MW)  QG( MV AR)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  A n g u l o
0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

! 2 5 2 . 2 2 6 4 . 8 7 1 . 0 2 0 0 0 . 0 0 0 0 

2 8 4 . 0 0 - 4 . 0 0 1 . 0 6 6 9 1 1 . 3 2 6 6 

3 9 7 . 4 0 31 .  21 1 . 0 4 5 5 7 . 1 0 6 1 

4 3 6 . 6 4 4 . 0 5 1 . 0 0 1 8 -  1 .  8' .  

1 9 5 . 4 8 - 1 0 . 1 0 1 . 0 5 9 0 8 . 2 0 5 5 

6 1 0 0 . 0 0 S .  0 0 1 . 0 7 5 1 1 3 . 2 7 5 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/ 0 . 0 0 0 .  0 0 1 . 0 5 1 3 5 . 8 8 2 1 

8 0 . 0 0 0 . 0 0 1 . 0 5 1 7 5 . 1 2 1 0 

9 0 . 0 0 0 . 0 0 1 . 0 4 5 5 4 . 1 3 7 0 

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

1 1 0 . 0 0 0 . 0 0 1 . 0 5 1 3 3 . 5 7 3 0 

1 2 0 . 0 0 0 . 0 0 1 . 0 4 8 8 4 . 1 4 3 2 

1 3 0 . 0 0 0 . 0 0 1 . 0 5 7 1 1 0 . 8 0 9 8 

14 0 . 0 0 0 . 0 0 0 . 9 7 6 7 - 1 . 5 5 2 7 

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

1 6 0 . 0 0 0 . 0 0 0 . 9 8 3 2 - 2 . 6 0 / 2 

1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I  o . 0 0 0 .  0 0 1 . 0 4 5 ; '  3 .  0 6 O H 

I H 0 .  0 0 0 . 0 0 1 . 0 191 0 . 7 1 8 /  

1 9 0 . 0 0 0 . 0 0 1 . 0 1 0 3 - 0 . 1 9 7 8 

2 0 0 . 0 0 0 . 0 0 0 . 9 8 8 1 .  - 4 . 0 6 8 6 

21 0 . 0 0 0 . 0 0 0 . 9 8 6 9 j  - 5 . 3 9 6 1 

2 2 0 . 0 0 0 . 0 0 0 . 9 8 4 7 j  - 6 . 4 4 8 7 

2 3 0 . 0 0 0 . 0 0 1 . 0 0 0 4 - 3 . 6 7 7 7 

2 4 0 . 0 0 0 . 0 0 0 . 9 9 0 7 - 7 . 6 7 5 3 

2 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 —.  

0 . 0 0 1)  . ( ) ( !  0 . 9 9 6 5 j  - 6 . 9 6 6 2 

NO de I t e r a ç õ e s da Ot i mi z a ç ã o = 24.  

P e r d a s At i v a s •  1 8 . 5 1 

I J a l a nç o d e Re a t i v o s = 1 3 7 . 0 6 MV AR 

Cu s t o da Ge r a ç ã o = 1 7 2 4 . 9 2 8 



h )  Co m Re s t r i ç ã o d e P o t ê n c i a At i v a 

Pa r a v u r  11'  I  c a m o szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA • < Hus> I r  I ç a u de Ue s i  g u a 1 «l a d e (  I  i  )  

r e d u z i mo s o 1 i mi t i '  má x i mo da Ge r a ç ã o de Po t ê n i  i a / \ t i v. i  da un 

d a d e g e r a d o r a 5 ( c i n c o )  p a r a 1 8 0 MW.  

b . 1 )  Ap e n a s Ge r a ç ã o T é r mi c a 

T a b e l a 1 7 

Ba r r a P G( MW)  QG( MV AR)  | T e n s a o |  A n g u l o
0 

1 2 9 1 . 6 6 6 1 . 2 1 1 . 0 2 0 0 0 . 0 0 0 0 

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

3 12 ' , . 06 2 8 .  1 3 1 . 0 3 6 1 3 . 7 2 6 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

>\ 3 9 .  61 3 .  8 9 0 . 9 9 2 6 - 3 . 1 0 9 9 

5 1 BO. 0 0 - 1 4 . 8 1 1 . 0 3 7 5 5 . 7 1 6 4 

6 0 . 0 0 0 . 0 0 1 . 0 1 9 5 3 . 1 6 5 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/  0 . 0 0 0 . 0 0 1 . 0 3 0 9 2 . 4 5 0 0 

8 0 . 0 0 0 . 0 0 1 . 0 3 1 6 1 . 8 3 7 6 

9 0 . 0 0 0 . 0 0 1 . 0 2 4 4 1 . 0 4 6 4 

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

1 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . 0 0 0 . 0 0 1 . 0 3 1 6 1. 0 1 8 8 

I  2 0 . 0 0 0 . 0 0 1. 0 2 9 6 1 .  1 7 5 .3 

1 3 0 . 0 0 0 . 0 0 1 . 0 1 7 2 2 .  7 6 5 5 

1 4 0 . 0 0 0 . 0 0 0 . 9 7 5 0 - 3 . 0 9 5 4 

1 5 0 . 0 0 0 . 0 0 0 . 9 7 2 1 - 3 . 7 9 9 6 

1 6 0 . 0 0 0 . 0 0 0 . 9 8 3 1 - 3 . 3 3 0 5 

1 7 0 . 0 0 0 . 0 0 1 . 0 2 7 2 0 . 8 1 2 4 

1 8 0 . 0 0 0 . 0 0 1 . 0 0 4 7 - 1 .  2 1 9 0 

1 9 0 . 0 0 0 . 0 0 0 . 9 9 9 7 - 1 . 6 3 6 5 

2 0 0 . 0 0 0 . 0 0 0 . 9 7 9 2 - 5 . 2 5 3 0 

21 0 . 0 0 0 . 0 0 0 . 9 7 9 1 - 6 . 4 1 4 4 

2 2 0 . 0 0 0 . 0 0 0 . 9 7 8 1 - 7 . 2 2 7 6 

2 3 0 . 0 0 0 .  0 0 0 . 9 9 7 8 -  3 . 9 6 4 8 

24 0 .  0 0 0 .  0 0 0 . 9 8 6 2 - 8 . 2 0 1 6 

2 b 0 . 0 0 0 . 0 0 0 . 9 9 3 2 - 7 . 3 4 1 3 

NO de I t e r a ç õ e s da Ot i mi z a ç ã o = 7 

P e r d a s At i v a s = 1 2 . 8 3 MW 

Ba l a n ç o de Re a t i v o s » 1 4 9 . 9 8 MV AR 



l i .  2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA J  i  s t e ma II  i  d r u -  1 o ri u i  c o 

T a b e l a 1 8 

Ba r r a P G( MW)  QG( MV AR)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  Â n g u l o
0 

1 2 5 0 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt t b 1,4 .  01)  1 . 0 2 0 0 0 . 0 0 0 0 

2 8 4 .  4 S - 4 . 4 2 1 . 0 6 0 1 1 0 . 6 6 4 4 

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

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

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

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

1 0 . 0 0 0 . 0 0 1 . 0 4 4 2 5 . 0 3 0 0 

8 0 . 0 0 0 . 0 0 1 . 0 4 4 4 4 . 2 1 7 5 

9 0 . 0 0 0 . 0 0 1 . 0 3 8 0 3 .  1 0 0 1 

1 0 0 . 0 0 0 . 0 0 1 . 0 4 5 6 3 . 4 8 3 6 

1 1 0 . 0 0 0 . 0 0 1 . 0 4 3 8 2 . 4 6 2 1 

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

1 3 0 . 0 0 0 . 0 0 1 . 0 5 3 5 1 0 . 4 1 2 4 

14 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAII .  011 0 . 0 0 0 . 9 7 6 0 -  1 .  7 0 2 5 

1 b ( 1. 00 0 . 0 0 0 . 9 7 2 5 - 2 . 8 0 1 3 

1 (> 0 .  011 0 . 0 0 0 . 9 8 3 0 -  2 .  ( i 798 

1 /  0 . 0 0 0 . 0 0 1 . 0 3 0 3 - 2 .  1 6 2 6 

1 8 0 . 0 0 0 . 0 0 1 . 0 1 3 3 - 0 . 1 9 0 6 

1 9 0 . 0 0 0 . 0 0 1 . 0 0 5 5 - 1 . 0 0 2 7 

2 0 0 . 0 0 0 . 0 0 0 . 9 8 3 7 - 4 .  7 6 4 0 

21 0 . 0 0 0 . 0 0 0 . 9 8 3 0 - 5 . 9 9 3 0 

2 2 0 . 0 0 0 . 0 0 0 . 9 8 1 4 - 6 . 9 0 4 9 

2 3 0 . 0 0 0 . 0 0 0 . 9 9 9 1 - 3 . 8 4 5 8 

2 4 0 . 0 0 0 . 0 0 0 . 9 8 8 5 - 7 . 9 0 1 8 

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

NO d e I t e r a ç õ e s da Ot i mi z a ç ã o •  7 

P e r d a s At i v a s 1 7 . 4 4 MW 

Ba l a n ç o de Re a t i v o s •  1 3 8 . 9 0 MV AR 

Cu s t o da Ge r a ç ã o = 1 7 2 5 . 9 1 9 



1 /  

4 . 2 . 2 -  Re s u l t a d o s da Ot i mi z a ç ã o de P o t ê n c i a s At i v a e Re 

a t  i  v a c o mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Res t r i ç a o n o s Ní v e i s de T e n s o e s 

Ne s t e I t e m u s a r e mo s Re s t r i ç ã o de T e n s ã o .  Os l i mi t e s 

f o r a m f i x a d o s e m t b í  d o v a l o r  n o mi n a l  de 1. 0 P .  I I .  

a )  Se m Re s t r i ç ã o d e P o t ê n c i a At i v a 

a . 1 )  Ap e n a s Ge r a ç ã o T é r mi c a 

T a b e l a 19 

l l nr r  a pr . ( MW)  ( ) ( ' . ( MVAR )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T r  n s a o |  Al l l | l l 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 0 °  

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

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

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

4 3 9 .  1 5 4 3 . 3 3 1 . 0 5 0 0 - 2 . 3 5 9 3 

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

d 0 . 0 0 0 . 0 0 1 . 0 3 0 9 4 . 4 8 9 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/  0 .  0 0 0 .  0 0 1 . 0 4 1 3 4 . 5 4 3 2 

l i 0 .  0 0 0 .  0 0 1 . 0 4 2 /  4 . 0 2 6 6 

' )  II  .  0( 1 o .  o o 1 . 0 3 6 9 3 . 6 2 1 ! .  

10 

1 1 

0 . 0 0 0 . 0 0 1 . 0 4 5 6 4 . 8 3 3 4 10 

1 1 0 . 0 0 0 . 0 0 1 . 0 4 5 1 3 . 6 2 1 3 

1 2 0 . 0 0 0 . 0 0 1 . 0 4 1 7 3 . 3 6 2 4 

1 3 0 . 0 0 0 . 0 0 1 . 0 2 9 5 3 . 9 5 7 0 

14 0 . 0 0 0 . 0 0 0 . 9 8 0 8 - 2 . 6 3 9 4 

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

1 6 0 . 0 0 0 . 0 0 0 . 9 8 5 8 - 3 . 0 9 8 8 

1 /  0 .  0 0 0 . 0 0 1 . 0 4 1 4 3 . 0 9 4 4 

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

1 '1 0 .  0 0 0 . 0 0 1 . 0 4 1 3 - 0 . 4 8 3 4 

2 0 0 . 0 0 0 . 0 0 1 . 0 3 3 9 - 4 . 3 9 3 1 

21 0 . 0 0 0 . 0 0 1 . 0 2 7 0 - 5 . 6 0 8 9 

2 2 0 . 0 0 0 . 0 0 1 . 0 1 6 2 - 6 . 5 6 4 6 

2 3 0 . 0 0 0 . 0 0 1 . 0 1 2 5 - 3 . 6 9 7 9 

2 4 0 . 0 0 0 . 0 0 1 . 0 1 2 6 - 7 . 6 3 4 5 

2 5 0 . 0 0 0 . 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

1 . 0 1 2 5 - 6 . 9 0 3 1 

N9 de I t e r a ç õ e s da Ot i mi z a ç ã o •  4 

P e r d a s At i v a s = 1 5 . 8 6 MW 

Ba l a n ç o de Re a t i v o s -  1 4 7 . 1 4 MV AR 

Cu s t o da Co r a ç ã o = 1 9 5 5 . 6 7 6 



a .  2 )  S i s t e ma II  i  d r o - T é r m i  c o 

T a b e l a 2 0 

Ba r r a P G( MW)  QG( MV AR)  |  T e n s ã o |  An g u l o °  

1 2 3 6 . 4 2 4 6 . 1 6 1 . 0 2 0 0 o . o o o o 

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

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

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

5 1 9 4 . 4 1 -  3 0 . 3 1 1 . 0 5 0 0 8 . 0 5 9 0 

6 1 0 0 . 0 0 5 . 0 0 1 . 0 7 0 3 1 3 . 4 7 1 1 

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

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

' i  

I O 

1)  .  011 

(1 .  0 0 

0 . 1) 0 

0 .  0 0 

1 .  0 16 4 

1 . 0 4 4 9 

4 . 0 2 4 /  

4 .  ' . 4 1 6 

I  I  0 .  0 0 0 . 0 0 1 . 0 4 4 5 1 . 4 1 0 6 

1 2 0 . 0 0 0 . 0 0 1 . 0 4 0 3 4 . 0 4 0 3 

1 3 0 . 0 0 0 . 0 0 1 . 0 5 5 2 1 0 . 9 5 6 6 

1 4 0 . 0 0 0 . 0 0 0 . 9 7 8 7 - 1 . 4 8 6 8 

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

1 6 0 . 0 0 0 . 0 0 0 . 9 8 4 2 - 2 . 5 6 9 9 

1 7 0 . 0 0 0 . 0 0 1 . 0 4 0 7 2 . 9 8 0 9 

1 8 0 . 0 0 0 . 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  

1 . 0 3 1 7 0 . 2 0 6 4 

1 9 0 .  0 0 o . 0 0 1 . 0 4 1 4 -  1 . 0 6 6 0 

2 0 0 . 1)11 0 .  0 0 1 . 0 3 3 9 - 4 . 9 5 9 0 

2 1 0 .  n o 0 .  0 0 1 . 0 2 7 0 - 6 . 0 9 3 1 

2 2 1)  .  0 0 0 .  0 0 1 . 0 1 6 0 - 6 . 9 3 4 9 

2 3 0 . 0 0 0 . 0 0 1 . 0 1 2 4 - 3 . 8 3 5 7 

2 4 0 . 0 0 0 . 0 0 1 . 0 1 2 5 - 7 . 8 7 6 8 

2 5 0 . 0 0 0 . 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

1 . 0 1 2 4 - 7 . 0 7 4 2 
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

NO de I t e r a ç õ e s da Ot i mi z a ç ã o •  2 3 

P e r d a s At i v a s -  1 9 . 2 9 MW 

Ba l a n ç o de Re a t i v o s = 1 3 7 . 8 6 MV AR 

Cu s t o da Ge r a ç ã o 1 / 2 6 . 0 0 6 



4 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

l i )  Co m Re s t r i ç ã o d e Po t ê m i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA .1 At i v a 

l i  .  1 )  Ap e n a s Ge r a ç ã o l ór i i i i ca zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

r a b e i a 21 

Ba r r a P G( MW) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 QG( MV A R)  1 T e n s ã o |  A n g u l o
0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 9 2 . 6 6 1 2 6 . 1 6 1 . 0 2 0 0 0 . 0 0 0 0 

2 1 0 6 . 7 6 1 - 5 . 0 2 1 . 0 5 0 0 6 . 7 0 6 8 

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

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

5 1 8 0 . 0 0 - 2 8 . 1 7 1 . 0 5 0 0 5 . 1 1 8 4 

6 0 . 0 0 0 . 0 0 1 . 0 3 0 5 2 . 8 6 0 1 

7 0 . 0 0 0 . 0 0 1 . 0 4 0 7 2 . 0 6 / 1 

8 0 . 0 0 

1 
0 . 0 0 1 . 0 4 2 0 1 . 4 4 8 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

' )  0 .  0 0 0 . 0 0 1 . 0 3 5 8 0 . 6 4 6 9 

1 0 0 . 0 0 0 . 0 0 1 . 0 4 5 0 1 . 5 0 7 6 

1 1 0 . 0 0 0 . 0 0 1 . 0 4 4 5 0 . 5 7 8 2 

1 2 0 . 0 0 0 . 0 0 1 . 0 4 1 0 0 . 7 8 4 9 

'  Tl  0 . 0 0 0 . 0 0 1 . 0 2 9 3 2 . 4 6 4 6 

1 4 0 . 0 0 0 . 0 0 0 . 9 8 1 6 - 3 . 1 7 3 8 

1 5 0 . 0 0 0 . 0 0 0 . 9 7 7 0 - 3 . 8 3 8 7 

1 6 

1 /  

1  li 

0 .  0 0 

I I . n u 

0 .  ( I ll 

0 . 0 0 

11 . 1111 

0 .  OO 

0 . 9 8 6 4 

1 .  I I 4 H 4 

1 . 0 3 2 1 

- 3 . 3 4 5 7 

1)  .  1 9 0 1 1 

- 1 . 8 8 4 2 

1 9 0 . 0 0 0 . 0 0 1 . 0 4 2 0 - 2 . 6 1 4 9 

2 0 0 . 0 0 0 . 0 0 1 . 0 3 3 9 - 6 . 1 8 9 6 

2 1 0 . 0 0 0 . 0 0 1 . 0 2 6 8 - 7 . 1 4 5 5 

2 2 0 . 0 0 0 . 0 0 1 . 0 1 5 5 - 7 .  7 3 8 7 

2 3 0 . 0 0 0 . 0 0 1 . 0 1 2 1 - 4 . 1 3 4 0 

2 4 0 . 0 0 0 . 0 0 1 . 0 1 2 2 - 8 . 4 0 2 5 

2 5 0 . 0 0 0 . 0 0 1 . 0 1 2 1 - 7 . 4 4 4 6 

N9 d e I t e r a ç õ e s da Ot i mi z a ç ã o = 5 

Pe r d a s At i v a s •  1 3 . 3 2 MW 

Li a I  a n ç o d e Re a 1 i  v o s I  ' . ( .  .  (,  1 MV AR 

Cu s t o da Ge r a ç ã o 1 9 6 1 . 6 2 7 



5 0 

l i .  2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ) S j st  e ma Hi d r o -  T c r mi  c o 

T a b e l a 2 2 

Ba r r a P G( MW)  QG( MV AR)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 T e n s ã o |  An g u l o °  

1 

2 

:i  

2 5 2 . 4 1 

8 l .  • ) ? 

9! ,  .  6 9 

4 0 . 0 7 

1 2 . 1 i  

3 /  .  /  1 

1 . 0 2 0 0 

1 . 0 5 0 0 

1 . 0 6 0 0 

0 . 0 0 0 0 

| [ i . 6' i ( l 4 

(, . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ' , ' ) / /  

4 3 6 .  1 6 4 3 . 5 7 1 . 0 5 0 0 - 3 . 7 5 3 9 

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

6 1 0 0 . 0 0 5 . 0 0 1 . 0 7 0 2 1 2 . 7 3 6 1 

7 0 . 0 0 0 . 0 0 1 . 0 3 9 4 4 . 8 3 3 1 

8 0 . 0 0 0 . 0 0 1 . 0 4 0 6 4 . 0 0 0 4 

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

1 0 0 . 0 0 0 . 0 0 1 . 0 4 4 6 3 . 2 1 2 6 

1 1 0 .  0 0 0 . 0 0 1 . 0 4 4 2 2 . 1 9 3 4 

1 2 

l  :i  

0 .  0 0 

0 .  0 0 

0 .  0 0 

0 .  0 0 

1 . 0 4 0 0 

1 . 0 5 6 2 

2 . 9 9 4 0 

1 0 . 2 6 6 0 

11 0 .  0 0 o . oo 0 . 9 7 9 2 -  1 .  7 !> 0 1 

l  5 0 . 0 0 0 . 0 0 0 . 9 7 4 9 - 2 . 8 2 6 4 

I  í ,  0 . 0 0 0 . 0 0 0 . 9 8 4 6 - 2 .  6 9 0 9 

I  /  0 . 0 0 0 . 0 0 1 . 0 4 0 3 1 . 8 9 8 /  

I  8 0 . 0 0 0 . 0 0 1 . 0 3 1 7 - 0 . 7 6 3 8 

1 9 0 . 0 0 0 . 0 0 1 . 0 4 1 6 - 1 . 9 1 3 5 

2 0 0 . 0 0 0 . 0 0 
1 

1 . 0 3 3 9 - 5 . 6 7 4 5 

21 0 . 0 0 0 . 0 0 1 . 0 2 6 9 - 6 . 7 0 4 9 

2 2 0 . 0 0 0 . 0 0 1 . 0 1 5 7 - 7 . 4 0 2 1 

2 3 0 . 0 0 0 . 0 0 1 . 0 1 2 2 - 4 . 0 0 9 0 

2 4 0 . 0 0 0 . 0 0 1 . 0 1 2 4 - 8 . 1 8 2 3 

2 5 0 . 0 0 0 . 0 0 1 . 0 1 2 2 - 7 . 2 8 9 3 

NO de I t e r a ç õ e s da Ot i mi z a ç ã o = 5 

P e r d a s At i v a s 1 8 . 0 3 HW 

Ba l a n ç o de Re a t i v o s » 1 4 2 . 1 9 MV AR 

Cu s t o da Ge r a ç ã o -  1 7 2 7 . 5 9 2 

*  Ba r r a q u e a t i n g i u L i mi t e de T e n s ã o .  
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CAP I T UL O V 

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA?l 
AJ US T E NA GE RAÇÃO DE P OT Ê NCI A RE AT I V A

 J 

E RE S T RI ÇÃO DOS NÍ V E I S DE T E NS ÃO 

Na E q u a ç ã o (  3 8 )  c a l c u l a mo s AQ p a r a a j u s t a r mo s 

a P o t ê n c i a Re a t i v a Ge r a d a a c a d a I t e r a ç ã o .  Es t e a j u s t e p o d e s e r  

t o t a l  ou p a r c i a l .  No Ca p í t u l o I I I  c o n s i d e r a mo s o a j u s t e t o t a l .  

Pa r a c o n s i d e r a r mo s a r e s t r i ç ã o d e Ní v e i s de T e n s ã o ,  u s a mo s a ma 

n e i r a de T s a n g .  Ne s t e Ca p i t u l o i r e mo s mo s t r a r  c o mo v a r i a o n u me 

r o de I t e r a ç õ e s da Ot i mi z a ç ã o c o m o Aj u s t e P a r c i a l  e ,  u ma o u t r a 

ma n e i r a de l e v a r  e m c o n t a a Re s t r i ç ã o d e T e n s ã o .  T o ma r e mo s c o mo 

r e f e r ê n c i a o S i s t e ma d e Mé d i o P o r t e c o m a p e n a s Ge r a ç ã o T é r mi c a .  

5 . 1 -  RE S T RI ÇÃO DOS Nl V E I S DE T E NS ÃO 

Ob s e r v a mo s q u e ,  p e l a ma n e i r a de T s a n g c o n s i d e r a r  Res.  

t r i ç ã o de T e n s ã o ,  no S i s t e ma de Mé d i o P o r t e ,  t o d a s a s b a r r a s de 

Ge r a ç ã o a t i n g i r a m o l i mi t e s u p e r i o r .  E l e l e v a e m c o n t a os l i i r n 

t e s d e t e n s ã o a p a r t i r  da p r i me i r a I t e r a ç ã o de Ot i mi z a ç ã o de Po 



5 2 

t ê n c i a R e a t i v a .  Co m a n o v a a l t e r n a t i v a ,  c o n s i d e r a r e mo s os l i -

mi t e s a p a r t i r  da t e r c e i r a I t e r a ç ã o de Ot i mi z a ç ã o .  Pa r a e x e mp H 

f i c a r  e s t e c a s o ,  t o ma r e mo s o S i s t e ma da F i g .  2 c o m os l i mi t e s 

d a s t e n s õ e s e m + 5 % d o v a l o r  n o mi n a l  de 1 . 0 P . U.  



5 3 

Re s u l t a d o s d o s Ní v e i s d a s T e n s õ e s :  

a )  De p o i s da P r i me i r a I t e r a ç ã o 

T a b e l a 2 3 

Ba r r a 1 T e n s ã o |  A n g u 1 o
 0 

1 1 . 0 2 0 0 0 . 0 0 0 0 

2 1 . 1 2 7 9 6 . 2 5 8 6 

3 1 . 0 6 7 6 3 . 9 7 7 9 

4 1 . 0 7 2 3 - 2 . 4 8 8 3 

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

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

7 1 . 1 1 6 7 2 . 9 1 7 7 

8 1 . 1 1 8 4 2 . 0 5 8 4 

9 1 . 1 1 5 1 1 . 5 7 7 9 

1 0 1 . 1 2 7 5 2 . 6 2 6 8 

1 1 1 . 1 2 0 5 1 .  6 6 4 3 

1 2 1 . 1 1 3 5 1 . 5 1 8 1 

1 3 1 . 0 6 5 6 2 . 8 1 0 0 

1 4 0 . 4 8 9 4 - 2 . 8 2 7 0 

1 5 0 . 9 8 2 7 - 3 . 5 7 0 7 

1 6 0 . 9 9 0 1 - 3 . 1 5 8 1 

1 7 1 . 1 0 7 7 1 . 3 2 9 3 

1 8 1 . 0 8 4 3 - 0 .  5 4 7 2 

1 9 1 . 0 7 5 9 -  1 . 0 3 5 0 

2 0 1 . 0 5 5 1 - 4 . 4 5 1 5 

21 1 . 0 4 5 5 - 5 . 6 3 2 5 

2 2 1 . 0 3 0 8 - 6 . 5 6 3 9 

2 3 1 . 0 1 8 1 - 3 . 6 8 8 0 

2 4 1 . 0 2 2 8 - 7 .  5 8 2 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

r  r \  rzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA TzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA r 
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b )  De p o i s da S e g u n d a I t e r a ç ã o 

T a b e l a 2 4 

Ba r r a 1 T e n s a ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 1 Â n g u l o
0 

1 1 . 0 2 0 0 0 . 0 0 0 0 

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

3 1 . 0 3 0 3 4 . 9 4 6 0 

4 0 . 9 7 1 2 - 0 .  5 0 9 4 

5 1 . 0 2 0 7 1 1 . 2 7 7 8 

6 1 . 0 1 0 6 5 .  3 0 0 4 

7 1 . 0 1 7 0 6 . 0 1 7 1 

3 1 . 0 1 7 6 5 .  5 1 0 0 

9 1 . 0 0 9 0 5 . 0 6 6 9 

1 0 1 . 0 1 7 0 6 . 5 9 8 6 

1 1 1 . 0 1 7 0 5 . 2 2 4 4 

1 2 1 . 0 1 6 1 4 .  8 0 6 3 

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

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

1 5 0 . 9 6 9 3 - 3 . 4 4 6 4 

1 6 0 . 9 8 1 1 - 3 .  1 0 6 9 

1 7 1 . 0 1 4 1 4 . 5 5 7 5 

1 8 0 . 9 8 8 2 2 . 0 9 6 7 

19 0 . 9 8 0 4 1 .  2 4 6 8 

2 0 0 . 9 5 8 9 - 2 . 9 4 8 9 

t i  0 . 9 6 1 3 - 4 . 4 9 4 1 

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

2 3 0 . 9 9 2 7 - 3 . 4 6 1 2 

2 4 0 . 9 7 6 7 - 7 .  3 4 0 1 

2 5 0 . 9 8 6 3 - 6 . 7 5 5 7 
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c )  De p o i s da T e r c e i r a I t e r a ç ã o 

T a b e l a 2 5 

Ba r r a | T e n s a o |  Ân g u l o 

1 1 . 0 2 0 0 0 . 0 0 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 
1 . 0 7 2 4 7 . 8 0 8 1 

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

4 1 . 0 1 8 6 - 2 . 1 1 1 1 

5 1 . 0 7 2 4 7 . 4 1 4 9 

6 1 . 0 4 0 1 4 . 3 4 4 3 

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

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

9 1 . 0 5 5 8 2 . 4 1 9 4 

1 0 1 . 0 6 5 8 3 . 5 2 3 5 

1 . 0 6 2 7 2 . 4 5 7 6 

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

1 3 1 . 0 3 5 7 4 . 0 5 0 8 

1 4 0 . 9 8 0 2 - 2 . 3 8 1 4 

1 5 0 . 9 7 5 8 - 3 . 2 7 5 2 

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

1 7 1 . 0 5 5 5 2 . 0 7 6 0 

1 8 1 . 0 3 1 8 - 0 . 0 0 9 5 

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

2 0 1 . 0 0 4 1 - 4 . 2 5 7 2 

21 1 . 0 0 0 9 - 5 . 5 3 3 5 

2 2 0 . 9 9 5 7 - 6 . 5 3 6 6 

2 3 1 . 0 0 4 6zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 - 3 .  7 0 2 1 

2 4 0 . 9 9 8 4 - 7 . 6 9 1 0 

2 5 1 . 0 0 2 1 
1 

- 6 . 9 6 5 2 



b )  Co m Re s t r i ç ã o de T e n s ã o 

GRÁF I CO 2 

( N9 de 

I t e r a ç õ e s )  

No a j u s t e de 1 0 % o c o r r e u u ma n à o Co n v e r g ê n c i a no Pr o 

c e s s o de Ot i mi z a ç ã o ,  na p a r t e de P o t ê n c i a A t i v a .  Ne s t e c a s o os 

l i mi t e s de t e n s ã o f o r a m i n t r o d u z i d o s a p a r t i r  da t e r c e i r a I t e r a 

ç ã o de Ot i mi z a ç ã o .  



CA P I T UL OzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA VI  

CONCL US ÕE S 

Ut i l i z a n d o a t é c n i c a p r o p o s t a de Ot i mi z a ç ã o da P o t ê n 

c i a At i v a p e l o Mo d o S i mp l i f i c a d o ,  o b s e r v a - s e q u e a E q u a ç ã o ( 2 3 )  

f a c i l i t a a p r o g r a ma ç ã o e m C o mp u t a d o r  D i g i t a l .  

Qu a n d o u s a mo s r e s t r i ç õ e s ,  de P o t ê n c i a A t i v a , d e Ní v e i s 

de T e n s õ e s ou a s d u a s s i mu l t a n e a me n t e ,  o c u s t o t o t a l  da g e r a ç ã o 

a u me n t a .  Pa r a i s t o ,  mo s t r a r e mo s os r e s u l t a d o s d o s s i s t e ma s de 

p e q u e n o e mé d i o p o r t e s a p e n a s c o m Ge r a ç ã o T é r mi c a .  

a )  Se m Re s t r i ç ã o de P o t ê n c i a At i v a 

T a b e l a 2 7 

P .  P o r t e S / R e s t .  d e T e n s ã o C / R e s t .  de T e n s ã o 

N9 de I t e r a ç õ e s 4 5 

P e r d a s At i v a s 1 . 6 1 MW 1 . 6 5 

B.  de Re a t i  v o s 2 7 . 1 1 MV AR 2 6 . 8 8 MV AR 

C.  da Ge r a ç ã o 6 9 5 . 4 3 3 6 9 5 .  5 6 6 



6 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

T a b e l a 2 8 

M.  P o r t e S / R e s t .  de T e n s ã o C / R e s t .  de T e n s ã o 

N9 de I t e r a ç õ e s 31 4 

P e r d a s At i v a s 1 5 . 2 8 MW 1 5 . 8 6 MW 

B.  de Re a t i v o s 1 4 4 . 8 7 MV AR 1 4 7 . 1 4 MV AR 

C.  da Ge r a ç ã o 
i — ,  

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

b )  Co m Re s t r i ç ã o d e P o t ê n c i a At i v a 

T a b e l a 2 9 

P .  P o r t e S / R e s t .  de T e n s ã o C/ Re s t .  de T e n s ã o 

N9 de I t e r a ç õ e s 4 '1 

P e r d a s At i v a s 1 . 8 6 MW 1 . 8 7 MW 

B .  de Re a t i  v o s 2 6 . 2 5 MV AR 2 6 . 1 7 MV AR 

C.  da Ge r a ç ã o 7 0 0 . 5 5 9 7 0 0 .  5 0 5 

T a b e l a 3 0 

M .  P o r t e S / R e s t .  de T e n s ã o C / R e s t .  de T e n s ã o 

•  

N9 de I t e r a ç õ e s 7 5 

|—  —  •  
P e r d a s At i  v a s 

1 2 . 8 3 MW 1 3 . 3 2 MW 

B.  de Re a t i v o s 1 4 9 . 9 8 MV AR 1 5 6 . 6 1 MV AR 

C.  da Ge r a ç ã o 1 9 6 0 .  3 4 6 1 9 6 1 . 6 2 7 
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O n ú me r o d e I t e r a ç õ e s da Ot i mi z a ç ã o no S i s t e ma de Mé 

d i o P o r t e ,  a p e n a s c o m Ge r a ç ã o T é r mi c a e c o m r e s t r i ç ã o de t e n s ã o 

a p ô s a t e r c e i r a I t e r a ç ã o ,  d i mi n u i  p a r a q u a t r o ,  q u a n d o a j u s t a mo s 

5 0 % de AQg na Ge r a ç ã o de P o t ê n c i a R e a t i v a ,  e n q u a n t o q u e c o m o 

a j u s t e de 1 0 0 "  o n ú me r o de I t e r a ç õ e s s o b e p a r a 2 6 ( c o n f o r me Ta 

b e l a 2 6 -  C a p .  V)  .  



T a b e l a 31 ( 5 0 %zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA de A Q g )  

Ba r r a P G( MW)  QG( MV A R )  1 T e n s a o 1 A n g u l o
0 

1 2 5 2 . 3 4 6 6 . 1 2 1 . 0 2 0 0 0 . 0 0 0 0 

2 1 0 5 . 0 5 - 1 . 6 2 1 . 0 5 0 0 9 . 0 0 9 9 
1 

3 1 3 2 . 8 2 2 7 . 9 2 1 . 0 3 8 8 4 . 8 8 34 

4 3 9 .  5 4 6 .  4 6 1 . 0 0 0 8 -  1 .  3 4 4 0 

5 2 1 5 . 6 6 - 1 4 . 4 7 1 . 0 5 0 0 9 . 2 5 2 6 

6 0 . 0 0 0 . 0 0 1 . 0 2 4 3 4 .  6 6 6 9 

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

8 0 . 0 0 0 . 0 0 1 . 0 4 0 7 4 . 1 7 4 0 

9 0 . 0 0 0 . 0 0 1 . 0 3 4 1 3 . 6 6 9 2 

1 "  1 0 
0 . 0 0 0 . 0 0 1 . 0 4 4 0 4 . 9 8 6 6 

11 0 . 0 0 0 . 0 0 1 . 0 4 2 4 3 . 7 8 0 1 

1 2 0 . 0 0 0 . 0 0 1 . 0 3 8 8 3 . 5 1 4 5 

1 3 0 . 0 0 0 . 0 0 1 . 0 2 1 4 4 . 1 6 1 8 

14 0 . 0 0 0 . 0 0 0 . 9 7 5 5 -  2 .  5 7 2 3 

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

16 0 . 0 0 0 . 0 0 0 . 9 8 3 1 - 3 . 0 8 4 8 

1 7 0 . 0 0 0 . 0 0 1 . 0 3 7 1 3 .  2 6 0 8 

1 8 0 . 0 0 0 . 0 0 1 . 0 1 3 6 1 . 0 0 0 3 

1 9 0 . 0 0 0 . 0 0 1 . 0 0 7 4 0 . 2 9 6 0 

2 0 0 . 0 0 0 . 0 0 0 . 9 8 7 1 - 3 . 6 1 0 7 

21 0 .  0 0 0 . 0 0 0 . 9 8 6 1 - 5 . 0 0 8 5 

2 2 0 . 0 0 0 . 0 0 0 . 9 8 4 1 - 6 .  1 5 6 6 

2 3 0 . 0 0 0 . 0 0 1 . 0 0 0 1 - 3 . 5 7 2 0 

2 4 0 . 0 0 0 . 0 0 0 . 9 9 0 3 - 7 . 4 8 9 3 

2 5 0 . 0 0 0 . 0 0 0 . 9 9 6 2 - 6 . 8 3 6 8 

N9 de I t e r a ç õ e s da Ot i mi z a ç ã o = 4 

P e r d a s At i v a s = 1 5 . 2 7 MW 

R a l a n r n dp Rp a t i v o s = 1 4 3 . 4 9 MV AR 



O Aj u s t e d e p e n d e da c o n f i g u r a ç ã o do s i s t e ma ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA da c a r  

ga e d e v e s e r  d e t e r mi n a d o e m c a d a c a s o p a r t i c u l a r .  I s s o j u s t i f i  

c a a n a l i s a r  v á r i o s c a s o s p a r a um me s mo s i s t e ma .  Qu a n d ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA nao t o 

n h e c e mo s a s p a r t i c u l a r i d a d e s do s i s t e ma ,  d e v e mo s u s a r  o a j u s t e 

de 5 0 ,  q u e é ma i s c o n v e n i e n t e .  

S e g u n d o a ma n e i r a c o mo T s a n g c o n s i d e r a Re s t r i ç ã o de 

Te ns ã o ,  a p a r t i r  da p r i me i r a I t e r a ç ã o de Ot i mi z a ç ã o no s i s t e ma 

de Mé d i o P o r t e ,  t o d a s a s b a r r a s de Ge r a ç ã o a t i n g e m o l i mi t e s u 

p e r i o r  d e t e n s ã o .  P o r t a n t o ,  a Ge r a ç ã o de P o t ê n c i a Re a t i v a n a o 

é Ot i mi z a d a .  

A v a n t a g e m de c o n s i d e r a r mo s Re s t r i ç ã o de T e n s ã o a p a r  

t i r  da t e r c e i r a I t e r a ç ã o de Ot i mi z a ç ã o no s i s t e ma de Mé d i o Po r  

t e ,  é q u e s o me n t e a s b a r r a szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 ( d o i s )  e 5 ( c i n c o )  d e i x a m do s e r  

Ot i mi  z a d a s .  

Na p r á t i c a ,  a s e mp r e s a s de Ge r a ç ã o e D i s t r i b u i ç ã o de 

E n e r g i a E l é t r i c a o p e r a m r e g i d a s p o r  n o r ma s q u e d e t e r mi n a m o l i  

mi t e má x i mo e mí n i mo de T e n s ã o .  P o r  i s s o ,  é i mp o r t a n t e c o n s i d e 

r a r mo s Re s t r i ç ã o de T e n s ã o .  



61 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

S i s t e ma de Mé d i o P o r t e a p e n a s c o m Ge r a ç ã o T é r mi c a e 

R e s t r i ç ã o de T e n s ã o 

T a b e l a 3 2 

L e v a n d o e m c o n t a a Re s 

t r i ç ã o de T e n s ã o a p a r  

t i  r  da 15 I t e r a ç ã o 

L e v a n d o e m c o n t a a Re s 

t r i ç a o de T e n s ã o a p a r  

t i r  da 3 §  I t e r a ç ã o 

N9 de I t e r a ç õ e s 4 2 6 

P e r d a s At i v a s 1 5 . 8 6 MW 1 5 . 2 7 MW 

B.  de Re a t i v o s 1 4 7 . 1 4 MV AR 1 4 3 . 6 4 MV AR 

C.  da Ge r a ç ã o 1 9 5 5 . 5 7 6 1 9 5 4 . 4 5 0 
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B I B L I OGR A F I A 

0 1 .  S HORT -  Ra n g e E c o n o mi c Op e r a t i o n o f  a Co mb i n e d Th e r m, ! !  a n d 

H y d r o e l e t r i c P o we r  S y s t e m.  -  L .  K.  K i r c h ma y e r , A . F .  G1 i mn ,  

W. G.  Ch a n d l e r  a n d P . L .  D a n d e n o .  AI E E T r a n s a c t i o n s ,  V o l .  

7 2 ,  1 9 5 3 ,  p p .  1 0 5 7 - 1 0 6 5 .  

0 2 .  C - Or d i n a t i o n o f  Hy d r o a n d S t e a m Ge n e r a t i o n .  -  C. W.  Wa t c hor n .  

AI E E T r a n s a c t i o n s ,  V o l .  7 4 ,  1 9 5 5 ,  p p .  1 4 2 - 1 5 0 .  

0 3 .  E c o n o mi c Op e r a t i o n o f  V a r i a b l e - He a d H y d r o e l e t r i c P l a n t s .  A .  

F .  Gl i mn a n d L . K.  K i r c h ma y e r .  AI E E T r a n s a c t i o n s ,  V o l . 7 7 ,  

1 9 5 8 ,  p p .  1 0 7 0 - 1 0 7 9 .  

0 4 .  An I mp r o v e d Me t h o d o f  De t e r mi n i n g I n c r e me n t a l  L o s s F a c t o r s 

f r o m P o we r  S y s t e m A d mi t t a n c e s a n d V o l t a g e s .  Eu g è n e F .  

Hi l l  a n d Wm.  D.  S t e v e n s o n J r .  P i c a Ma y ,  1 9 6 7 .  p p .  1 5 5 - 1 6 5 .  

0 5 .  Op t i mu m A l l o c a t i o n o f  Ac t i v e a n d Re a c t i v e Ge n e r a t i o n s . ! .  A.  

T .  No r i ma t s u a n d T a z u mi  D e i d o .  P i c a ,  Ma y 1 9 6 7 .  p p .  167- 1 7 6 .  

0 6 .  An Op t i mi z a t i o n T e c h n i q u e f o r  Re a l  a n d Re a c t i v e P o we r  A l l o -

c a t i o n .  J . F .  D o p a z o ,  O. A.  K1 i  t i n ,  G. W.  S t a g g a n d M.  Wa t  

s o n .  P i c a ,  1 9 6 7 ,  p p .  1 4 1 - 1 5 4 .  
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0 7 .  A T e c h n i q u e f o r  Op t i mi z i n g Re a l  a n d Re a c t i v e Po we r  S h e d u l e s .  

1 7 8 1 - 1 7 9 0 .  

0 8 .  S o me A p p l i c a t i o n s o f  Op t i mi z a t i o n T e c h n i q u e s t o P o we r  Sys_ 

t er ns P r o b l e ms .  -  A l b e r t  M.  S a s s o n a n d Hy d e M.  Me r r i l l .  

P r o c e e d i n g o f  t h e I E E E .  V o l .  6 2 ,  N9 7 ,  J u l y 1 9 7 4 ,  p p .  

9 5 9 - 9 7 2 .  

0 9 .  De s p a c h o E c o n ô mi c o de P o t ê n c i a A t i v a .  -  Dr u mo n d X a v i e r  Ca 

v a l c a n t i  L i ma -  1 9 E n c o n t r o P a n - Ame r i  c a n o e m E n g e n h a r i a 

E l e t r o t é c n i c a e E l e t r ô n i c a -  S a l v a d o r - B a .  ,  J a n . ,  (  1 9 7 8 ) .  

1 0 .  P I E R R E ,  D . A . ,  Op t i mi z a t i o n T h e o r y wi t h A p p l i c a t i o n s ,  J o h n 

Wi l e y a n d S o n s .  I n c . ,  Ne w Y o r k ,  1 9 6 9 .  

1 1 .  I n t r o d u ç ã o ã T e o r i a de S i s t e ma s d e E n e r g i a E l é t r i c a -  0 1 1 e 

I .  E l g e r d .  ,  1 9 7 6 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I . F .  

1 2 .  An ã l i s i s Mo d e r n o de S i s t e ma s E l é c t r i c o s de P o t ê n c i a .  -  He n -

r i q u e z H a r p e r ;  1§  E d i ç ã o ,  1 9 7 7 .  


