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UNDERSTANDING I'iODERII GENERATOR CONTROL 
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ABSTR4CT - Improvements i n  t u r b o g e n e r a t o r  con- 
t r o l  h-n p l a c e  a t  an a c c e l e r a t e d  pace w i t h  t h e  
i n t r o d u c t i o n  o f  microprocessor-based d i g i t a l  governors.  
Many i n n o v a t i v e  f e a t u r e s  a r e  p rov ided  by these  new con- 
t r o l  systems. However, o l d  s tandby f u n c t i o n s  l i k e  
"DROOP" and "SPEED/LOAD" a r e  s t i l l  used w i t h  t h e  new 
c o n t r o l s .  

f a i l s  t o  d e f i n e  o r  men t ion  "DROOP", " ISOCHRONOUS" o r  
"SPEED/LOAD", and so on. There i s  t hus  a need f o r  a 
s i m p l e  d i s c u s s i o n  about  g e n e r a t o r  c o n t r o l  w i t h o u t  t h e  
bode p l o t s  and o t h e r  s o p h i s t i c a t e d  re fe rences  so nec- 
e s s a r y t o e q u i p m e n t  des ign  b u t  which a r e  l o s t  on those 
o f  us who need a s i m p l e r  e x p l a n a t i o n .  

Many o f  us a r e  f r u s t r a t e d  when t h e  l i t e r a t u r e  

INTRODUCTION 

The c o n t r o l  o f  synchronous genera to r  d r i v e s  i s  
s i m p l e  and s t r a i g h t f o r w a r d  i f  one i s  a l r e a d y  f a m i l i a r  
w i t h  t h e  c o n t r o l  p r i n c i p l e s  i n v o l v e d  as w e l l  as t h e  
p e c u l i a r i t i e s  o f  synchronous genera to rs  and e l e c t r i c a l  
t r a n s m i s s i o n .  When one does n o t  have t h i s  background, 
however, t h e  c o n t r o l  o f  synchronous genera to rs  and t h e  
steam t u r b i n e s  d r i v i n g  them can be most con fus ing .  t o  
say t h e  l e a s t .  

Two k i n d s  o f  c o n t r o l  schemes a r e  used f o r  most 
g e n e r a t o r  d r i v e s .  These a r e  DROOP c o n t r o l  and FREQ- 
UENCY c o n t r o l .  Frequency c o n t r o l  i s  t h e  more soph is -  
t i c a t e d  o f  t h e  two b u t ,  o d d l y  enough, seems t o  be t h e  
e a s i e s t  f o r  most people t o  understand.  
most  genera to r  d r i v e s  o p e r a t e  i n  DROOP c o n t r o l  which,  
a l t h o u g h  s i m p l e r  t h a n  f requency  c o n t r o l ,  seems t o  be 
t h e  more d i f f i c u l t  f o r  most  people t o  grasp.  

A good d e s c r i p t i o n  o f  t hese  c o n t r o l  modes shou ld  
b e g i n  w i t h  d e f i n i t i o n s ;  an area where d i f f e r e n t  d i s c -  
i p l i n e s  use d i f f e r e n t  words f o r  t h e  same f u n c t i o n .  
R o t a t i n g  equipment people r e f e r  t o  "DROOP" c o n t r o l .  
However, c o n t r o l s  o r  i n s t r u m e n t a t i o n  t ypes  would c a l l  
t h i s  "PROPORTIONAL ONLY" c o n t r o l  and m i g h t  n o t  even 
r e c o g n i z e  t h e  t e r m  "DROOP" even though t h e y  have t h e  
same meaning. F r e q u e n t l y ,  u t i l i t i e s  o r  powerhouse 
peop le  w i l l  r e f e r  t o  t h i s  as "SPEED/LOAD" c o n t r o l  and 
may n o t  recogn ize  e i t h e r  o f '  t h e  o t h e r  terms.  

and "PROPORTIONAL ONLY" c o n t r o l  and "SPEED/LOAD" con- 
t r o l  a l l  r e f e r  t o  t h e  same t h i n g .  The te rm "LOAD" con- 
t r o l  i s  a l s o  sometimes used and i t  a l s o  has e s s e n t i a l l y  
t h e  same meaning. 

ment background w i l l  r e f e r  t o  "ISOCHRONOUS" c o n t r o l .  
Those w i t h  a c o n t r o l s - o r i e n t e d  background w i l l  c a l l  
t h i s  "PROPORTIONAL PLUS RESET" o r  " P I D "  c o n t r o l .  And 
u t i l i t i e s  o r  powerhouse peop le  w i l l  c a l l  t h e  same t h i n g  
"FREQUENCY" c o n t r o l  . 
o r  "ISOCHRONOUS" c o n t r o l  e a s i e r  t o  understand i s  t h a t  
i t  more c l o s e l y  resembles human response where we as 

U n f o r t u n a t e l y ,  

P lease remember, however, t h a t  "DROOP" c o n t r o l  

By t h e  same token,  peop le  w i t h  a r o t a t i n g  equip-  

P robab ly  t h e  reason  most  people f i n d  "FREQUENCY" 
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c o n t r o l l i n g  dev i ces  w i l l  c o n t i n u e  t o  a d j u s t  o u r  o u t p u t s  
u n t i l  t h e  measurement matches t;e s e t p o i n t  p r e c i s e l y .  
We use o u r  b o d i l y  responses t o  r e s e t "  o u r  o u t p u t s  so  
l o n g  as an e r r o r  ( t h e  d i f f e r e n c e  between measurement 
and t h e  s e t p o i n t )  e x i s t s .  

DROOP CONTROL -~ 
V i s u a l i z i n g  "DROOP" c o n t r o l  can be somewhat d i f f -  

i c u l t  a t  f i r s t  u n t i l  we r e a l i z e  j u s t  how s i m p l e  (and 
u s e f u l )  i t  i s .  A good analogy i s  a f l o a t - c o n t r o l l e d  
l e v e l  i n  a t a n k .  

" s " 
W / I  

F I G .  1 

I n  f i g u r e  1, t h e  t h e  d r a i n  v a l v e  "D"  has been 
c o m p l e t e l y  c losed .  The i n l e t  v a l v e  "I" w i l l  l e t  water  
f l o w  i n t o  t h e  t a n k  u n t i l  t h e  f l o a t  "F" r i s e s  t o  t h e  
s e t p o i n t  "S" ,  where t h e  f l o a t  causes t h e  i n l e t  v a l v e  
" I "  t o  s h u t  o f f  comp le te l y .  

" s " 

@ 

FIG. 2 

I f ,  now, we p a r t l y  open t h e  d r a i n  v a l v e  "D". as 
shown i n  f i g u r e  2 ,  wate r  w i l l  beg in  t o  d r a i n  f rom t h e  
t a n k .  The f l o a t  w i l l  beg in  t o  f a l l  w i t h  t h e  w a t e r  
l e v e l  t hus  open ing  i n l e t  v a l v e  " I "  u n t i l  t h e  volume o f  
wa te r  f l o w i n g  i n  e x a c t l y  matches t h e  volume f l o w i n g  
o u t ,  a t  which p o i n t  t h e  l e v e l  (and f l o a t )  w i l l  s t a b i l -  
i z e  a t  some i n t e r m e d i a t e  l e v e l  below t h e  s e t p o i n t .  

0885-8%9/89/o900-0453$01 .OO 0 1989 IEEE 
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I f  the drain valve i s  now opened fu l ly ,  the level 
will f a l l  even more unt i l  the i n l e t  water flow equals 
the out flow again. The level (or  measurement) will 
now s t a b i l i z e  a t  an even lower l eve l ,  o f f se t  s t i l l  
fu r ther  from the se tpoin t .  

never return t o  the se tpoin t  (o r  reference) so long as 
there i s  demand a t  the drain valve. The only time the 
level will be a t  the reference i s  when the load is  zero 

There will be a d i f f e ren t  level corresponding t o  
each s e t  of load conditions. The system does not auto- 
matically " rese t"  t o  eliminate the  o f f se t  o r  measure- 
ment e r ro r  caused by the load change. 

a f f ec t  the leve l .  These might include a higher water 
supply pressure, a leak i n  the tank, and so on. 

I t  is  important t o  understand tha t  the l e i e l  will 

There a re  other types of load change which can 

THE "FLYBALL" GOVERNOR --- 
An analogy which demonstrates DROOP control well 

and i s  c loser  t o  ro ta t ing  equipment i s  the "archaic" 
f lyba l l  governor. Although the flyball  governor i s  
shown s impl i s t i ca l ly ,  bear in mind tha t  the f lyba l l  
governor is  connected t o  the turbine shaf t  and tha t  
the f lyba l l  ro ta t ion  i s  proportional t o  turbine speed. 

FIG. 4 

In figure 4 ,  we see a f lyba l l  governor a t  r e s t .  
The spring, which opposes t h e  centrifugal force of the 
f lyba l l s  when t u r n i n g ,  has forced the steam valve fu l ly  
open. The valve will  remain in t h i s  position unt i l  the 
cdntrifugal force of the f lyba l l s  becomes strong enough 
to  overcome the sorina and s t a r t  t n  r l n c e  t h e  v a l v e  

F1.G.. 5 

In f igure  5 ,  centrifugal force of the f lyba l l s  i s  
high enough to  depress the spring pa r t i a l ly  and c lose  
the valve about half-way. Observe tha t  turbine speed 
must s t a b i l i z e  a t  some RPM higher than t h a t  required t o  
j u s t  barely compress the spring. 

D 

FIG, 6 

In figure 6.  centrifugal force of the f lyba l l s  
has compressed the  spring su f f i c i en t ly  t o  almost c lose  
the governor valve. (BALLS-OUT) T h i s  would be a low 
load ( h i g h  speed) condition where speed will keep the 
governor valve almost closed. I f  the load should inc- 
rease,  speed must f a l l .  This i n  t u r n  will  cause the 
governor valve t o  open some. RPM will  then s t a b i l i z e  
a t  some lower value. 

The level control and the f lyba l l  governor a re  
both examples of PROPORTIONAL ONLY o r  DROOP cont ro l .  
Figure 7 perhaps shows more c l ea r ly  how a governor 
valve d i l l  open as  the speed f a l l s  (droops) and how the 
governor valve will  close a s  the speed r i s e s .  The 
mechanical cha rac t e r i s t i c s  of the governor valve ( the  
linkage, spring tension, e t c . )  will  determine maximum 
and minimum operating speeds of the turbine.  
speed range ( re ference)  can be adjusted u p  o r  down a 
small amount as  l imited by mechanical construction of 
the governor. 

The to t a l  
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SPEED REFERENCE !VALVE OPEN) 

F IG .  7 

I - I 
CLOSED STEAM VALVE P O S I T I O N  OPEN 

I f  t h e  speed does n o t  change b u t  t h e  speed range 
r i s e s  then  t h e  governor  v a l v e  must open more. 
speed does n o t  change b u t  t h e  speed range f a l l s  t hen  
t h e  governor  v a l v e  must c l o s e  more. 

I f  t h e  

DROOP CONTROL AND SYNCHRONOUS GENERATORS 

As e x p l a i n e d  i n  more d e t a i l  l a t e r ,  a n a t u r a l  char-  
a c t e r i s t i c  o f  synchronous genera to rs  i s  t h a t  t hey  must 
t u r n  a t  a f i x e d  (synchronous)  speed. I f  two o r  more 
synchronous genera to rs  a r e  connected t o  t h e  same e l e c t -  
r i c a l  system ( u t i l i t y  g r i d ) ,  t h e y  w i l l  be e l e c t r i c a l l y  
l o c k e d  t o g e t h e r  as i f  t h e y  were on t h e  same s h a f t .  

The t y p i c a l  u t i l i t y  g r i d  may have dozens o r  even 
hundreds o f  genera to rs  so  synchron ized .  
no way an i n d i v i d u a l  g e n e r a t o r  can a f f e c t  t h e  speed o f  
t h e  whole g r i d ,  i t  i s  p o i n t l e s s  t o  t r y  t o  use speed 
c o n t r o l  under  these  c o n d i t i o n s .  Isochronous speed con- 
t r o l  would o n l y  cause t h e  i n d i v i d u a l  t u r b i n e  t o  l o a d  up 
c o m p l e t e l y  i f  i t s  r e f e r e n c e  i s  s l i g h t l y  h i g h e r  than  
t h a t  o f  t h e  u t i l i t y  g r i d  o r  t o  t o t a l l y  un load  i f  i t s  
re fe rence  i s  s l i g h t l y  l o w e r  t h a n  t h a t  o f  t h e  u t i l i t y  
g r i d .  

i s  no "au tomat i c  r e s e t "  i n  DROOP c o n t r o l ,  t h e  governor  
w i l l  open t h e  steam v a l v e  a f i x e d  amount determined by 
t h e  r e l a t i o n s h i p  between speed ( f r e q u e n c y )  and speed 
re fe rence .  

S ince t h e r e  i s  

DROOP c o n t r o l  i s  a d i f f e r e n t  m a t t e r .  S ince t h e r e  

ENTER "LOAD" CONTROL --- 
Now, we canno t  change t u r b i n e  speed when d r i v i n g  

a synchronous genera to r  l o c k e d  t o  t h e  g r i d  b u t  we can 
change t h e  speed r e f e r e n c e  o f  t h e  governor .  
r a i s e  t h e  r e f e r e n c e  t h e  gove rno r  v a l v e  w i l l  open, i n c -  
r e a s i n g  l o a d ,  and when we l o w e r  t h e  r e f e r e n c e  t h e  gov- 
e r n o r  v a l v e  w i l l  c l o s e ,  dec reas ing  l o a d .  Thus, we f i n d  
t h a t  t h e  " a r c h a i c "  mechanica l  governor  may be p r e t t y  
u s e f u l ,  a f t e r  a l l ,  as a "LOAD" c o n t r o l l e r .  What was 
p r e v i o u s l y  a "poo r "  speed c o n t r o l  now becomes a u s e f u l  
l o a d  c o n t r o l  when :he g e n e r a t o r  i s  synch ron ized  and i s  
l o c k e d  t o  t h e  g r i d .  Thus a r i s e s  t h e  te rm "SPEED/LOAD" 
as commonly used by powerhouse people.  

When we 

DROOP STABILIZES THE G R I D  

Yet t h i s  i s  n o t  t h e  o n l y  u s e f u l  f e a t u r e  o f  DROOP 
c o n t r o l .  We ment ioned t h a t  dozens o r  even hundreds o f  
synchronous genera to rs  may be connected t o  t h e  u t i l i t y  
g r i d .  Most o f  t hese  a r e  i n  DROOP c o n t r o l  mode. Here 
is a marvelous t h i n g .  
c o n t r o l  l o a d  when t h e  speed i s  f i x e d ,  t h e y  w i l l  change 
l o a d  i f  t h e  speed ( f r e q u e n c y )  o f  t h e  u t i l i t y  g r i d  
shou ld  f a l l  ( d roop) .  T h e r e f o r e ,  a l l  o f  t hese  l o a d  
c o n t r o l l e d  machines w i l l  p i c k  up l o a d  i f  t h e  g r i d  f r e q -  
uency f a l l s  and w i l l  d roo  l o a d  i f  t h e  g r i d  f requency 
r i s e s .  Th is  p r o v i d e s  a m a g n i f i c e n t  s t a b i l i z i n g  i n f l u -  
ence t o  t h e  f requency o f  t h e  whole u t i l i t y  g r i d .  

Th i s  demonstrates t h a t  DROOP c o n t r o i  i s  n o t  arch-  
a i c  a t  a l l ;  
governor  i s  a r c h a i c  because o f  i t s  mechanical l i m i t -  
a t i o n s .  DROOP c o n t r o l  i s ,  t h e r e f o r e ,  a ve ry  u s e f u l  
mechanism and by i n c o r p o r a t i n g  DROOP c o n t r o l  per form- 
ance i n  modern d i g i t a l  c o n t r o l  dev i ces  we can preserve 
t h e  u s e f u l  f u n c t i o n s  o f  DROOP y e t  a t  t h e  same t i m e  
e l i m i n a t e  t h e  o b j e c t i o n a b l e  l i m  r a t i o n s  o f  t h e  mech- 

A l though  these  t u r b i n e s  w i l l  

o n l y  t h e  one-hundred y e a r  o l d  mechanical 

a n i c a l  governor .  

p r o v i s i o n s  f o r  o p e r a t i n g  i n  DROOP mode when r e q u i r e d ,  
p a r t i c u l a r l y  when t h e y  a r e  c o n t r o l l i n g  synchronous gen- 
e r a t o r s  connected t o  a u t i l i t y .  

The b e s t  modern d i g i t a l  governors then  i n c l u d e  

BEST OF BOTH WO?LDS ---- 
Now, o t h e r ,  b e t t e r  f e a t u r e s  a r e  p o s s i b l e .  S ince 

we sometimes f i n d  o u r  g e n e r a t o r  d i s c z i n e c t e d  f rom t h e  
u t i l i t y  g r i d ,  we would l i k e  t o  be a c i e  t o  s w i t c h  oper -  
a t i o n  when t h i s  happens. We would l i k e  t o  o p e r a t e  i n  
FZEQUENCY c o n t r o l  when d i sconnec ted  f rom t h e  g r i d .  
Not o n l y  t h a t ,  we would l i k e  t o  be a b l e  t o  s w i t c h  back 
t o  DROOP c o n t r o l  whenever t h e  genera to r  i s  resynch ro -  
n i z e d  and reconnected t o  t h e  g r i d  w i t h  a minimum o f  
d i s t u r b a n c e .  

The modern d i g i t a l  gove rno r  e a s i l y  g i v e s  us t h e  
c a p a b i l i t y  t o  a u t c m a t i c a l l y  s w i t c h  f rom FREQUENCY 
c o n t r o l  t o  DROOP c o n t r o l  and back as r e q u i r e d  by  oper -  
a t i o n .  The governor  can b a c k c a l c u l a t e  t h e  DROOP r e f -  
erence t h a t  i s  r e q u i r e d  t o  h o l d  o u t p u t  o r  v a l v e  pos- 
i t i o n  a t  a c o n s t a n t  v a l u e  and thus  make t h e  t r a n s f e r  
w i t h  no bump o r  change i n  c o n t r o l  o u t p u t .  

DROOP-ON-OUTPUT OR DROOP-ON-KILOWATTS 

However, t h i s  i s  s t i l l  n o t  a l l .  The d i g i t a l  
governor  has t h e  c a p a b i l i t y  t o  DROOP on c o n t r o l  o u t p u t .  
( t h e  DROOP f u n c t i o n  we have been d i s c u s s i n g  u n t i l  now) 
The d i g i t a l  governor  a l s o  has t h e  c a p a b i l i t y  t o  DROOP- 
ON-KILOWATTS. T h i s  i n v o l v e s  u s i n g  t h e  k i l o w a t t  o u t p u t  
s i g n a l  as feedback f o r  t h e  c o n t r o l  a l g o r i t h m  i n s t e a d  o f  
u s i n g  c o n t r o l  o u t p u t  as a feedback s i g n a l  as shown. 

S P E E D Y  

OR ~-KILOUATTS CGENERATDR rQ- A OUTPUT) 
-ci I *TO VALVE 

A +  
REFERENCE--' FIG, 8 

TRUE LOAD CONTROL --- 
When t h e  governor  i s  c o n f i g u r e d  f o r  DROOP-ON- 

KILOWATTS, t h e  speed re fe rence  becomes a " l o a d  s e t -  
p o i n t " .  That  i s ,  i f  t h e  DROOP speed r e f e r e n c e  i s  s e t  
a t  m i d p o i n t  ( h a l f w a y  up t h e  speed range) ,  t h e  c o n t r o l  
o u t p u t  w i l l  d r i v e  open o r  c l o s e d  as necessary t o  p ro -  
v i d e  o n e - h a l f  g e n e r a t o r  l o a d  
c o n t r o l  feedback i s  now t h e  k i l o w a t t  s i g n a l ,  t h e  gen- 
e r a t o r  o u t p u t ,  n o t  t h e  o u t p u t  o f  t h e  c o n t r o l l e r .  

T h i s  f u n c t i o n  w i l l  t hen  h o l d  genera to r  o u t p u t  a t  
50% o r  whatever  t h e  r e f e r e n c e  has been s e t  f o r  d e s p i t e  
changes i n  steam p ressu re .  Note t h a t  t h e  r e f e r e n c e  t o  
speed r e l a t i o n s h i p  w i l l  s t i l l  s t a b i l i z e  t h e  g r i d .  

( k i l o w a t t s )  s i n c e  t h e  

-- P I P  DROOP 

There i s  one o t h e r  d i f f i c u l t y  w i t h  DROOP c o n t r o l .  
I t  i s  a s t r i c t l y  d i sp lacemen t  f u n c t i o n .  That  i s ,  i f  
l o a d  ( o r  speed) shou ld  change suddenly ,  t h e  c o n t r o l  
o u t p u t  ( v a l v e  p o s i t i o n )  w i l l  change j u s t  as sudden ly ,  
Th i s  c h a r a c t e r i s t i c  causes some i n s t a b i l i t y  o f  c o n t r o l  
due t o  t h e  a b r u p t  change i n  c o n t r o l  o v t p u t .  T h i s  r e -  
q u i r e s  a DROOP s e t t i n g  o f  some s i x  t o  t e n  p e r c e n t  ( o f  
f u l l  governor  speed v a l u e )  i n  o r d e r  t o  o b t a i n  s t a b l e  
o p e r a t i o n  o f  t h e  t u r b o g e n e r a t o r .  
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V A L V E  O P E N S  A B R U P T L Y  

O U T P U T  

S P E E D  
I S P E E O  DROPS A B R U P T L Y  

FIG. 9 

PIP DROOP provides shor t  term s t a b i l i t y  based on 
the PI value (proportional plus rese t )  while DROOP 
( the  other P )  is maintained independent of s t a b i l i t y .  
With this control mode, DROOP se t t ings  of three o r  four 
percent a re  commonly used and will furnish much more 
s t ab le  control of the turbogenerator than plain DROOP. 

O U T P U T  CHANGES I N  A 
SMOOTH S T A B L E  HANNER 

O U T P U T  1 / 
S P E E D  

S P E E D  DROPS A B R U P T L Y  

FIG. 10 

Again, the modern d ig i t a l  governor will provide 
This includes PIP superior and f lex ib le  performance. 

DROOP control.  

IMPROVED STARTUP SEQUENCING -- 
One more valuable fea ture  can be provided by the 

modern d ig l t a l  governor. I f  the governor i s  configured 
f o r  DROOP cont ro l ,  the s t a r tup  sequence, acceleration 
and synchronizing t o  the u t i l i t y  bus can be somewhat 
awkward i n  chat the speed (RPM) i s  never a i  the DROOP 
reference when using DROOP cont ro l .  The d ig i t a l  gover- 
nor eas i ly  solves t h i s  problem by operating i n  ISOCH- 
RONOUS speed control through the s t a r tup  and synch- 
ronizing phases and then automatically switching t o  
DROOP control when the generator load breaker closes.  
Even "s ta r tup  t u n i n g "  can be employed t o  make synchro- 
n i z i n g  ea s i e r  i f  the actual running tuning constants 
a r e  not qu i te  s a t i s f ac to ry  f o r  no-load conditions. 

SYNCHRONOUS GENERATORS Ir_s INDUCTION GENERATORS 

Two types o i  e lec t r i ca l  generators a re  found i n  
C C I . . , ~ ~  use today. These a re  synchronous generators and 
i ndliction genera tors .  
considerably. Most special  d ig i ta l ,  governor programs 
a r e  designed t o  be used w i t h  synchronous generators. 
They a re  not aporopriate for  use with induction gener- 
a to r s .  InductiJn generators should be operated w i t h  
plain speed control as described i n  more de ta i l  l a t e r .  
Modern d ig i t a l  governors a re  capable of operating i n  a 
 ene era tor control mode G? in s t r a igh t  speed (isochro- 
nous) control w i t h  only minor changes in the config- 
ura t ion. 

Their cha rac t e r i s t i c s  d i f f e r  

SYNCHRONOUS GENERATORS -- 
Synchrr. ' ~ U S  generators require a source of D. C .  

power which ;s used t o  c rea te  the magnetic f i e ld  i n  
the rotor ( the  part  t h a t  t u rns )  of the generator. 
This magnetic f i e ld  ro ta tes  with the ro tor  and as the 
magnetic f i e ' '  nasses through the s t a t o r  windings 
( the  shell  0: -?e generator tha t  does not t u r n )  crea ~s 

a l t e rna t ing  current t h a t  i s  precisely coordinated with 
the ro ta t ion  (RPM) of the rotor.  

Speed (RPM) of the synchronous generator thus 
c rea tes  an a l te rna t ing  current whose frequency i s  a 
function of the ro ta t iona l  speed. This i s  referred t o  
as "synchronous speed". I f  two or  more synchronous 
generators a re  connected to  the same e l ec t r i ca l  system 
(g r id )  they will be e l e c t r i c a l l y  locked together as i f  
they were on the same sha f t .  They must be carefu l ly  
coordinated and must be e l e c t r i c a l l y  "in-phase" before 
the generator load breaker i s  closed. 
can r e su l t  i f  a generator load breaker i s  closed when 
a synchronous generator i s  out-of-phase. 

Severe damage 

INDUCTION GENERATORS 

Induction generators a re  not se l f -exc i ted .  The 
magnetic f i e ld  of the ro tor  is created (induced) when 
the ro tor  "SLIPS" in re la t ion  to  synchronous speed. 
I f  the induction generator turns slower than synchro- 
nous speed i t  will a c t  as  an induction motor; 
turns f a s t e r  than synchronous speed, i t  will a c t  as an 
induction generator. Most induction generators a re  i n  
f ac t  induction motors tha t  are being driven above syn- 
chronous speed by a steam turbine or  by a water wheel. 
I f  the induction generator turns exactly a t  synchro-. 
nous speed, i t  will  be ine r t  and will  generate no ele- 
c t r i c i t y  a t  a l l .  

The magnetic f i e ld  in the ro tor  of the induction 
generator is  caused by the a l te rna t ing  cur ren t  which 
flows i n  the s t a to r .  Therefore, i f  the u t i l i t y  g r i d  
f a i l s ,  t h i s  current ceases to  flow and the induction 
generator will cease t o  generate e l e c t r i c i t y  as well. 

The more negative the "SLIP" (when actual RPM is 
grea te r  than the synchronous speed) the more e l e c t r i -  
c i t y  will be generated by the induction generator.  A 
turbine driving an induction generator should use plain 
isochronous speed control because the induction gener- 
a to r  application is  more closely re la ted  t o  driving a 
centrifugal pump o r  a compressor than the DROOP "LOAD" 
control required fo r  driving a synchronous generator 
which i s  t i ed  t o  a u t i l i t y  g r i d .  

Typically, induction generator "SLIP" will range 
from about lDRPM t o  as much as  40 or  50RPM. Once the 
rated output of the induction gen2rator has been rea- 
ched, d r i v i n g  the generator t o  a higher speed 
can damage the generator just as  overloading an induc- 
t ion  motor wi l l  cause overheating and damage to  the 
motor. 

i f  i t  

DIFFERENCES IN CONTROL 

The control schemes used with synchronous and 

The synchronous generator control scheme should 
induction generators must then be qui te  d i f f e ren t .  

use PIP DROOP when connected to  a u t i l i t y  grid b u t  
should a t  the same time be capable o f  switching t o  
isochronous (FREQUENCY) control and back when required. 
I t  should a l so  be ab le  to  switch bumplezsly (without 
bumping the control output) back t o  DROOP control mode 
when the generator is  reconnected t o  the gr id .  

C anging the  OROOP speed reference of a .:vernor 
cont ro l l ing  a synchronous generator will change the 
load, not the speed, when the generator is connected 
t o  the gr id .  However, changing the speed reference 
when disconnected from the grid will change the local 
frequency, not the load. 
connected e l ec t r i ca l  load of the " i so la ted"  ( l o c a l )  
e l ec t r i ca l  bus. 

scheme should always be isochronous (proportional plus 
r e se t )  speed cont ro l .  Here, changing the speed re f -  
erence does change the load , j u s t  a s  i f  the turbine 
were d r i v i n g  a compressor or  a centrifugal pump. The 
induction generator will require a much smaller speed 
range, however, than a centrifugal pump or  a compressor 
in order t o  match the  "SL:P" ;f the induction geneiats,. .  

The load i s  determined by the 

In cont ras t ,  the induction generator Control 
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BIOGRAPHY 

Although one o f  t h e  g e n e r a t o r s  i n  a l a r g e  u t i l i t y  
g r i d  may be s e t  t o  c o n t r o l  f r equency  o f  t h e  g r i d ,  i t  
can be seen  t h a t  t h e  f r equency  c o n t r o l l e d  tu rbogene ra -  
t o r  may n o t  be a b s o l u t e l y  n e c e s s a r y .  Th i s  i s  because 
an o p e r a t o r  can r a i s e  o r  lower t h e  DROOP r e f e r e n c e  o f  
one o r  o f  s e v e r a l  l a r g e  g e n e r a t o r s  i n  t h e  g r i d  i n  o r d e r  
t o  m a i n t a i n  f r equency .  

L ikewise ,  a computer may be programmed t o  provide 
t he  same t y p e  o f  a d j u s t a b l e  c o n t r o l  f o r  s e v e r a l  o r  f o r  
many machines on a p r i o r i t y  b a s i s .  Fac to r s  such a s  
e f f i c i e n c y ,  c o n d i t i o n  o f  t h e  equ ipmen t ,  p rox imi ty  t o  
l o a d s ,  e t c .  o f  each machine might  i n f l u e n c e  t h e  p r i o r -  
i t i e s  se t  by an i n d i v i d u a l  o r  by a computer .  

SMALL POWER HOUSES --- 
The s i t u a t i o n  may be r e l a t i v e l y  more compl i ca t ed  

f o r  t h e  small  power house ( 2 0  t o  50 Megawatts)  which i s  
u s u a l l y  a s s o c i a t e d  w i t h  a p a p e r m i l l ,  a r e f i n e r y  or a 
chemical p l a n t .  The o p e r a t o r  may have t o  contend wi th  
many v a r i a b l e s  1 i k e  e x t r a c t i o n  p r e s s u r e  c o n t r o l ,  back- 
p r e s s u r e  c o n t r o l  and some s team ba lance  man ipu la t ion  
u n t i l  sudden ly  t h e  u t i l i t y  g r i d  i s  l o s t  and he i s  faced 
a l s o  w i t h  c o n t r o l l i n g  t h e  f r equency  w i t h i n  h i s  p l a n t  o r  
i n  p a r t  o f  i t .  

sometimes t e d i o u s  and awkward t o  s w i t c h  from backpres s -  
u r e  c o n t r o l  t o  c o n t r o l l i n g  f r equency .  Older  e x t r a c t i o n  
c o n t r o l s  may no t  work wel l  o r  may be broken. And syn- 
c h r o n i z i n g  t h e  machine (and h i s  p l a n t )  t o  r e c l o s e  the 
u t i l i t y  t i e  b r e a k e r  when the g r i d  i s  a g a i n  a v a i l a b l e  
may be a k i n  t o  t i g h t - r o p e  wa lk ing .  This  same o p e r a t o r  
may a l s o  be t r y i n g  t o  r u n  s e v e r a l  b o i l e r s  and t h e i r  
a c c e s s o r i e s  a t  t h e  same t ime .  He may have f o r g o t t e n  
o r  confused some o f  t h e  p rocedures  i n  the mean t ime .  
T r a i n i n g  i s  d i f f i c u l t  and m i s t a k e s  can be c o s t l y .  
B e t t e r  unde r s t and ing  o f  t h e  c o n t r o l  p r i n c i p l e s  can he lp  
a l o t .  B e t t e r  c o n t r o l  can h e l p  a g r e a t  dea l  more. 

Older  c o n t r o l s  do n o t  make his j o b  e a s y .  I t  i s  

SMALL COGENERATION 

A whole f o r e s t  o f  t r a s h  b u r n e r s ,  wood-chip burn- 
e r s  and chipped t i r e  bu rne r s  has  sp rung  from t h e  ground 
whi l e  we w e r e n ' t  l o o k i n g .  These p l a n t s  a r e  f r e q u e n t l y  
des igned  and o p e r a t e d  by peop le  wi th  good c o n s t r u c t i o n  
backgrounds and who may be c o n t r o l s  knowledgable bu t  
who a r e  weak i n  t h e  a r e a  o f  power house o p e r a t i o n .  
One might  guess  t h e r e  have been problems.  

COMES THE MICROPROCESSOR -- 
Suddenly the  world i s  computer consc ious .  A l a t e  

e n t r y  i n t o  r o t a t i n g  equipment c o n t r o l  by t h e  mic:oproc-  
e s s o r  i s  p r o v i d i n g  r e v o l u t i o n a r y  s o l u t i o n s  t o  some o f  
t h e  problems a l r e a d y  mentioned.  Th i s  r e v o l u t i o n  has 
a l s o  l e i !  some o f  t h e  o l d  t i m e r s  i n  a s t a t e - o f - s h o c k  
and i n  need o f  a b e t t e r  unde r s t and ing  o f  t h e  c o n t r o l  
p r i n c i p l e s  used i n  the newer equipment  even i f  some o f  
the  c o n t r o l  p r i n c i p l e s  have been around f o r  a l ong  t ime.  

SUMMARY 

The modern d i g i t a l  gove rnor  has made v a s t  impro- 
vement i n  g e n e r a t o r  d r i v e  c o n t r o l .  However, t ime-pro-  
ven f u n c t i o n s  l i k e  DROOP and SPEED/LOAD c o n t r o l  are 
s t i l l  i n  use and a r e  i n c o r p o r a t e d  i n t o  t h e  c o n t r o l  sch-  
emes o f  t h e s e  newer gove rnor s .  I t  i s  incumbent on 
t h o s e  o f  us who d e s i g n ,  a p p l y ,  o p e r a t e  and manage t h e s e  
systems t o  b e t t e r  f a m i l i a r i z e  o u r s e l v e s  w i t h  the con- 
t-:l p r i n c i p l e s  r e s i d i n g  i n  o u r  o l d  equipr.Int  and t h a t  
h . ! 1  be provided i n  t h e  newer equipment we a r e  e i t h e r  
n q w  i n s t a l l i n g  o r  w i l l  s u r e l y  be i n s t a l l i n g  i n  the 
f u t u r e .  
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DISCUSSION 

RICHARD P. SCHULZ, American Electric Power Service 
Corporation, Columbus, Ohio, 43215: 

This paper'is an excellent piece of writing for 
training, and it is a good exposition of the 
coordination between modern computer-based governing 
systems and conventional governing as used in inter- 
connected power systems. Because of its excellent 
analogies and figures and its easy writing style, this 
paper is well suited for training. Since this 
discussor intends to use this paper in both classroom 
and on the job training, this discussion points out 
some appropriate industry and national standards and 
includes some observations from the point of view of a 
large, interconnected uti1 ity. 

The title of the paper is misleading; the paper 
falls within the broad category of governing control. 
Governors necessarily are associated with the prime 
mover that drives the generator shaft and provides the 
power which the generator converts to electrical 
power. Without the prime mover, the generator cannot 
generate power. 

With regard to the author's comment about lack of 
definition of terms, this discussor would like to call 
attention to several standards, which address this 
issue. There are standards for operating generators; 
Standard 67 [Reference 11 is a broad example that 
cites other relevant standards. Governing control is 
also covered by standards. Depending upon the type of 
the prime mover, different standards are appropriate 
[References 2-41. These provide formal definitions of 
the terms droop, reset, isochronous, etc. 

There is no isochronous governing within large 
utility power systems. If a unit were put on 
isochronous control, it would act to change its power 
output to balance the generation-load power imbalances 
of the entire interconnection; in the eastern U.S./ 
Canadian connection, of about 400,000 MW capability, 
this would require one very large turbine generator 
set. Instead, frequency is maintained by overriding 
automatic generation control systems (AGC) . The 
design control of AGC systems is another entire 
subject, with its own literature, standards, and 
terminology . 

Prime movers in U.S .  large electric utility 
networks have droop that is universally set at 5%. 
The 5% droop implies that each unit will have a 
governing characteristic which changes power output 
linearly as speed changes, as shown in the author's 

Figure 7.  The 5% droop corresponds to the 5% change 
in speed or frequency that is required to shift from 
valves closed to valves open. As the author points 
out, this provides an automatic means for sharing 
frequency error-and power imbalance among all inter- 
connecting units, each unit will change power in 
proportion to its MW rating. 

As a final observation, there are very few large 
(greater than 50 MW) induction generators on the 
electric utility systems. This is largely because of 
economics. The costs involved with providing reactive 
power to excite the generator and the losses 
associated with the generator slip make it 
economically unattractive. A recent EPRI report 
describes a study which re-evaluated the economics 
[Reference 51. 
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