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When two or more generator sets are operated
i n  p a r a i l e l ,  a  c u r r e n t  m a y  c i r c u l a t e  b e t w e e n
t h e  g e n e r a t o r s .  T h i s  c u r r e n t  w i l l  e x i s t
when the  in te rna l  vo l tage genera ted  by  each
g e n e r a t o r  i s  s l i g h t l y  d i f f e r e n t ,  b u t  t h e
t e r m i n a l  o r  b u s  v o l t a g e  i s  t h e  s a m e .  I n  t h e
most  e lementary  fo rm,  cur ren t  w i l l  f low out
t h e  l i n e  l e a d s  o f  o n e  g e n e r a t o r ,  t h r o u g h  t h e
p a r a l l e l i n g  b u s  a n d  i n t o  t h e  s e c o n d  g e n e r a t o r .
I t  d o e s  n o t  f l o w  i n t o  t h e  l o a d .  T h i s  c u r r e n t ,
c a ' l  l e d  " c i r c u l a t i n g  c u r r e n t , "  i s  i n  a d d i t i o n
t o  t h e  n o r m a l  

' l i n e  
c u r r e n t  s u p p i i e d  t o  t h e

connected  load.  When more  than two genera tors
a r e  i n  p a r a l 1 e l ,  c u r r e n t  c o u l d  f l o w  o u t  o f
any  genera tor  and in to  one or  more  o f  the
o t h e r  g e n e r a t o r s .  C i r c u l a t i n g  c u r r e n t s  c a n
take many pa ths  in to  and ou t  o f  the  severa l
genera tors .

We are  concerned w i th  these "wat t less  amDeres"
on ly  when they  in te r fe re  w i th  normal  genera tor
se t  opera t ion  or  when the  normal  on- l ine
kVA capac i ty  o f  the  genera tors  must  be
reduced because o f  excess ive  I  ine  cur ren ts .
W i t h  n o - l o a d  ( z e r o  k i l o w a t t s )  o n  a  g e n e r a t o r
i n  a  p a r a 1 1 e 1  s y s t e m ,  C a t e r p i ' l 1 a r  g e n e r a t o r s
c a n  r e a d j l y  t o l e r a t e  a  c i r c u l a t i n g  c u r r e n t
equa l  to  201; -25% of  the  1  ine  ampere  ra t ing
shown on the  genera tor  name p la te .  A t  load
c o n d i t i o n s  ( . l 0 0 %  k l . l  l o a d ) ,  C a t e r p i l l a r
genera tors  w. i  I  I  to l  e ra te  a  c i  rcu l  a t ' ing
c u r r e n t  o f  u p  t o  l U I  o f  t h e  r a t e d  l ' i n e
: m n p r a c

S i n c e  c i r c u l a t i n g  c u r r e n t s  p a s s  t h r o u g h  t h e
g e n e r a t o r  c o i 1 s ,  t h e s e  c u r r e n t s  h e a t  t h e
c o i l s  t h e  s a m e  a s  d o e s  t h e  l o a d  c u r r e n t .
F u r t h e r ,  s i n c e  c i r c u l a t i n g  c u r r e n t s  a r e
s u p e r i m p o s e d  o n  t h e  l o a d  c u r r e n t  p a s s i n g
t h r o u g h  t h e  c i r c u i t  b r e a k e r ,  c i r c u ' l a t i n g
c u r r e n t s  c a n  c a u s e  a  b r e a k e r  t o  t r i p  a s  t h e
b r e a k e r  c o u l d  " s e e "  a n  a c t u a l  a m p e r e  o v e r l o a d .
More  complex  cont ro l  sys tems inc lude " reverse
c u r r e n t "  r e l a y s  w h j c h  s e n s e  c o u n t e r  f l o w
cur ren ts .  Cur ren ts  in  excess  o f  the  re lay
s e t t ' i n g  w i l l  a c t u a t e  t h e  c i r c u i t  b r e a k e r
t r i p  m e c h a n i s m .
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0bserved l ine  cur ren t  (as  ind ica ted  by  pane l
ammeters )  in  a  para i le ' l  genera tor  se t  sys tem
is  a  sunrnat ion  o f  two or  th ree  cur ren ts :

l .  L o a d  c u r r e n t  - -  t h a t  c u r r e n t  w h i c h
i s  s u p p l i e d  t o  t h e  l o a d .  I t  m a y
b e  i n  p h a s e  w l t h  t h e  v o l t a g e  ( u n i t y
power  fac to r )  o r  somewhat  ou t  o f
phase w i th  the  vo l tage (power  fac to r
l e s s  t h a n  u n i t y ) .

2 .  H a r m o n i c  c u r r e n t  - -  u s u a l l y  t h i r d
harmon ic  cur ren t  wh ich  f lows
through the  en t i re  sys tem when ' , y ' ,
connected  para i  1  e1  ed  genera tors
have the ' i r  neut ra l  leads  connected ,
e i t h e r  d i r e c t l y  o r  t h r o u g h  a n
ear th  o r  g round connect ion .

3 .  C i r c u l a t i n g  c u r r e n t  - -  t h a t  c u r r e n t
wh ich  f lows be tween genera tors
f o r  r e a s o n s  e x p l a i n e d  b e l o w .

Each o f  the  above cur ren ts  cont r ibu te  heat
t o  t h e  g e n e r a t o r  c o i 1 s ,  t h e  a m o u n t  b e i n g
equa l  to  the  square  o f  the  sum to ta l  cument
t ' i m e s  t h e  r e s i s t a n c e  o f  t h e  c o i l s .  T h u s ,  i f
t h e  c u r r e n t  d o u b l e s ,  t h e  h e a t  l o s s  i n c r e a s e s
by  a  fac to r  o f  four .  Co i l  heat ing  re f lec ts
in  poss ib ' le  overheat ing  and lowered e f f i c iency
I n  v e r y  l a r g e  g e n e r a t o r s ,  t h i s  i s  a n  i m p o r t a n t
cons  i  dera t i  on  .  S i  gn i  f i  cance o f  e f f i  c i  ency
decreases  w i th  smal ' le r  genera tors .  However ,
co i l  hea t  i s  a ' lways  a  fac to r ,  as  i t  must  be
removed by  vent i la t ion  or  rad ia t ion  to  keep
co i l  tempera tures  to  an  acceptab le  max imum.

The load a lone de termines  the  load curen t .
Reactors  o r  sw i tches  can be  p laced in  neut ra l
l e a d s  t o  r e d u c e  o r  e l i m i n a t e  t h i r d  h a r m o n i c
cur ren ts .  Proper  genera tor  vo l tage ad jus tment
c a n  b r i n g  o p e r a t i n g  c i r c u l a t i n g  c u r r e n t s  t o
a  m' i  n imum.

Ci rcu la t ing  cur ren ts  per fo rm an impor tan t
func t ' ion :  they  account  fo r  misad jus tment  o f
the generator vol  tage controi  system as wel I
a s  s l i g h t  v a r i a t i o n s  i n  t h e  c o n t r o ' l  s y s t e m s .
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The k i lowat t  (o r  horsepower )  load  on  para11e1
a l t e r n a t o r s  i s  e n t i r e l y  a  f u n c t i o n  o f  t h e
d r i v i n g  s o u r c e .  T h u s ,  t o  i n c r e a s e  t h e  l o a d
demand on one genera tor  se t  in  a  para ' |1e1
sys tem,  the  governor  speed se t t ing  o f  tha t
genera tor  se t  must  be  ' inc reased.

Chang ing  the  vo l tage se t t ing  on  one genera tor
d o e s  n o t  c h a n g e  t h e  k i l o w a t t  l o a d  d i v i s i o n
between genera tors .  Th is  fac t  i s  o f ten
c o n f u s i n g ,  a s  o b s e r v a t i o n  o f  l i n e  a m m e t e r s
a f t e r  a  v o l t a g e  l e v e l  a d i u s t m e n t  w i l ' l  i n d i c a t e
a  c u r r e n t  i n c r e a s e ,  l e a d i n g  t o  t h e  b e l i e f
t h a t  o n e  g e n e r a t o r  h a s  p i c k e d  u p  " l o a d . "  I t
h a s  n o t .  I n s t e a d ,  c u r r e n t s  c ' i r c u l a t i n g
between genera tors  have changed.  The pane l
ammeters  ind ica te  th is  change.

P a r a l l e l e d  a l t e r n a t o r s  m u s t  o p e r a t e  a t  t h e
s a m e  t e r m i n a l  v o l t a g e  s i n c e  t h e y  a r e  p h y s i c a l l y
c o n n e c t e d  t h r o u g h  t h e  p a r a l l e l i n g  b u s .  I f
i n t e r n a l l y  g e n e r a t e d  v o l t a g e s  a r e  n o t  e x a c t l y
equa l  ,  one a l  te rna tor  w i  I  I  au tomat i  ca1  1y
s u p p l y  a n  e x c i t i n g  o r  m a g n e t i z i n g  c u r r e n t  t o
t h e  o t h e r  a l t e r n a t o r  t o  r a i s e  i t s  i n t e r n a l l y
g e n e r a t e d  v o l t a g e .  A t  t h e  s a m e  t i m e ,  t h e
s e c o n d  a l t e r n a t o r  w i l l  s u p p l y  a  c u r r e n t  t o
t h e  f i r s t ,  w h i c h  w i l l  l o w e r  t h e  g e n e r a t e d
v o l t a g e  o f  t h i s  u n i t .  T h e  n e t  r e s u l t  o f
c i r c u l a t i n g  o r  " c r o s s "  c u r r e n t  i s  e q u a ' l
genera ted  vo1 tages .

T h i s  a c t i o n  i s  i n h e r e n t  a n d  a u t o m a t i c .  T h e
a m o u n t  o f  c i r c u l a t i n g  c u r r e n t  f l o w  i s  e n t i r e l y
a  func t ion  o f  the  . in te rna l  vo l tage genera ted
by  each o f  the  severa l  a l te rna tors  in  the
para l  1  e1  sys tem.

The amount  and type o f  connected  load a lso
af fec ts  i  n te rna l l y  genera ted  vo l tage.
I n d u c t i o n  m o t o r s ,  f o r  e x a m p i e ,  w i l l  t e n d  t o
lower  the  genera ted  vo l tage because the
m o t o r s  r e q u i r e  m a g n e t i z ' i n g  c u m e n t  i n  a d d i t i o n
to  power  p roduc ing  cur ren t .  The genera tor
wh ich  is  t ry ing  to  p roduce the  h igher  genera ted
v o l t a g e  w i l l  s u p p i y  a  p r o p o r t i o n a t e l y  g r e a t e r
share  o f  the  magnet iz ing  cur ren t  no t  on ly  to
the  motors  bu t  to  o ther  genera tors  on  the
b u s .

W h e n  g e n e r a t o r s  a r e  r u n  i n  p a r a 1 1 e 1 ,  a
cur ren t  sens ing  sys tem must  be  added to  each
v o l t a g e  r e g u l a t o r .  T h e  c u m e n t  s e n s i n g
sys tem samp' les  the  genera tor  l ine  cur ren t  no t
o n l y  i n  q u a n t i t y  b u t  a l s o  i n  i t s  p h a s e
( a n g u l a r )  r e l a t j o n  t o  t h e  v o l t a g e .  T h e
cur ren t  sens ing  or  d roop sys tem produces  a
vo l tage tha t  adds  to ,  o r  sub t rac ts  f rom,  the
vo l tage sensed by  the  vo l tage regu la t ing
sys tem.  (Th is  accounts  fo r  the  name o f ten
u s e d :  V o l t a g e  D r o o p  S y s t e m . )  T h e  r e s u l t a n t
r e g u ' l a t i n g  v o l t a g e  1 e v e l  ( p l u s  o r  m i n u s
droop vo l tage)  causes  the  regu ia to r  to
ad jus t  the  a l  te rna tor  exc i  t i  ng  curen t
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downward for lowered generated voltage, or
upward  fo r  inc reased genera ted  vo l tage.
W i t h i n  l i m i t s ,  t h e  c o m p l e t e  r e g u l a t o r  k e e p s
ind iv idua l  genera ted  vo i tages  near ly  equa l
and amperes  ba lanced.

In  any  a l te rna tor  power  sys tem - -  s ing le  o r
m u l t i p l e  - -  t h e  s y s t e m  v o l t a g e  l e v e l  i s
e s t a b l i s h e d  b y  t h e  l e v e l  o f  g e n e r a t o r  e x c i t a -
t i o n .  W h e n  t h e  s y s t e m  i s  s u p p l y i n g  a  p u r e l y
r e s i s t i v e  l o a d  ( u n i t y  p o w e r  f a c t o r ) ,  g e n e r a t o r
e x c i t a t i o n  i s  n o r m a l l y  e x p e c t e d  t o . c o m e  f r o m
t h e  i n d i v i d u a l  g e n e r a t o r  e x c i t e r s  ( s t a t i c  o r
r o t a r y ) .  i f  o n e  g e n e r a t o r  e x c i t e r  i n  a
p a r a l l e l  s y s t m e  i s  s o m e w h a t  d e f i c i e n t ,  t h e
a d d i t i o n a l  e x c i t a t i o n  w ' i l l  b e  s u p p l ' i e d  b y
c i r c u l a t i n g  c u r r e n t s  f r o m  o t h e r  g e n e r a t o r s
o n  t h e  b u s .

W h e n  t h e  s y s t e m  i s  s u p p i y i n g  i n d u c t i o n
m o t o r s ,  a  h i g h e r  e x c i t i n g  o r  m a g n e t i z i n g
cur ren t  i s  needed to  p rov ide  the  magnet ic
f o r c e s  i n  t h e  m o t o r s .  T h ' i s  m o t o r  e x c i t a t i o n
s u b t r a c t s  f r o m  t h e  t o t a l  g e n e r a t o r  e x c i t a t i o n ,
dr i  v i  ng  the  genera ted  vo l  tage downward  .  A l  I
o f  t h e  v o l t a g e  r e g u l a t o r s  i n  t h e  s y s t e m
s e n s e  t h i s  d e c r e a s e  a n d  i n d i v i d u a l l y  r a i s e
t h e  e x c i t a t i o n  l e v e l  a n d  t h e  g e n e r a t e d
v o l t a g e  o f  t h e i r  r e s p e c t i v e  g e n e r a t o r s .

i f  t h e  v o l t a g e  r e g u l a t o r  a c t i o n  a n d  r e s u l t a n t
genera tor  per fo rmance are  prec ise ly  un i fo rm,
e a c h  g e n e r a t o r  w o u l d  s u p p l y  i t s  e x a c t  p r o -
p o r t i o n  o f  a d d i t i o n a l  m a g n e t i z i n g  c u r r e n t .
I n  p r a c t i c e  t h i s  d o e s  n o t  o c c u r .  V e r y  s m a l i
d i f f e r e n c e s  r e s u l t  i n  r e l a t i v e l y  l a r g e
d . i f f e r e n c e s  o f  c u r r e n t  s u p p l i e d .  T h e  v o l t a g e
d r o o p  s y s t e m  s e n s e s  t h e s e  c u r r e n t s  ( i n
a m o u n t  a n d  i n  p h a s e  o r  p o w e r  f a c t o r )  a n d
c a u s e s  t h e  v o l t a g e  r e g u l a t o r  t o  r e a c t  i n  t h e
c o r r e c t  d i r e c t i o n ,  r a i s i n g  o r  l o w e r i r i g  t h e
i n d i v i d u a l  e x c i t a t i o n  l e v e l .  T h e  r e s u l t  i s
c o n t r o l  l e d  d ' i v i s i o n  o f  t o t a l  I  i n e  c u r r e n t .

Droop sys tems w i l l  func t ' ion  cor rec t ly  on iy
i f  the  cument  sens ing  t rans formers  o f  the
severa l  genera tors  a re  a l l  in  the  same phase
o r  l i n e  l e a d .  ( I - 2  i n  C a t e r p i l l a r  S R C R
G e n e r a t o r s ,  T - B  i n  S R  4  G e n e r a t o r s . )

Droop sys tems are  propor t ionate .  Th is  means
tha t  d roop sys tem reac t ion  is  p ropor t jonate
t o  t h e  a m p e r e  l o a d  o n  a n  i n d i v i d u a l  g e n e r a t o r
s e t .  E x a m p l e :  t h e  t o t a l  k W  l o a d  o n  t h e
s y s t e m  i s  

. l 5 0  
k W  a t  0 . 8  P . F .  O n e  g e n e r a t o r

i s  s u p p l y i n g  5 0  k W ,  a n d  t h e  o t h e r  1 0 0  k | ^ l .
T h e  t o t a l  k V A  ( . l 8 7 . 5 )  s h o u l d  b e  p r o p o r t ' i o n e d
w . i t h  6 2 . 5  k V A  o n  t h e  5 0  k W  u n i t ,  a n d  

. l 2 5  
k V A

o n  t h e  
. | 0 0  

k W  u n i t .  I n d i c a t e d  i n d i v i d u a l
l i n e  a m p e r e s  w o u l d  a l s o  b e  p r o p o r t i o n a t e ,
w i th  one th i rd  o f  the  to ta l  cur ren t  coming
f rom the  50  kW un i t  and two th i rds  o f  the
load cument  com' inq  f rom the  

. l00  
k t i  un i t .
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0 p e r a t i n g  c o n d i t i o n s  a s  j u s t  d e s c r i b e d  a r e
n o t  a l w a y s  p o s s i b l e  o v e r  t h e  e n t i r e  l o a d
range o f  the  genera tors .  E lec t r i ca l  and
mechan ica l  var ia t ions  in  genera tors  cause
a  s m a l l  d i f f e r e n c e  i n  a m p e r e  o r  k V A  d i v i s i o n .
Ne i ther  i s  exac t ly  p ropor t ' iona te  to  kW load
d i v i s i o n .  T h e  d i f f e r e n c e  s h o w s  u p  i n  t h e
pane l  a rnmeter  ind ica t ions :  the  sum o f
i n d i v i d u a l  g e n e r a t o r  l i n e  c u r r e n t s  e x c e e d s
t h e  l o a d  c u r r e n t .

A c c e p t a b l e  l e v e l s  o f  c i r c u l a t i n g  c u r r e n t
r e s u l t  j f  t h e  p u b l i s h e d  p r o c e d u r e s  a r e
fo l  lowed fo r  vo l  tage 1eve1 ,  regu la to r  ga . in ,
a n d  v o l t a g e  d r o o p  o n  S R C R  a n d  S R  4  g e n e r a r o r s .
These ad jus tments  a re  a lways  made w i th  the
genera tor  a t  o r  near  opera t ing  tempera ture .
W h e n  a  " c o l d "  u n i t  i s  p a r a l I e l e d  t o  t h e
b u s ,  c ' i r c u l a t i n g  c u r r e n t s  m a y  b e  n o t e d .
H o w e v e r ,  t h e s e  w i l l  d e c r e a s e  a s  t h e .  i n c o m i n q
genera tor  reaches  i t s  opera t ing  tempera ture l
These cur ren ts  a re  se ldom cause fo r  concern .
l , J h e r e  e x c e s s i v e  c i r c u l a t i n g  c u r r e n t s  o o
e x i s t ,  t h e  c a u s e  i s  g e n e r a l l y  f o u n d  t o  b e
er ror  in  the  ad jus tment  p rocedure  or  in
o p e r a t i n g  p r o c e d u r e .

W h e n  d i f f e r e n t  s i z e s  o f  g e n e r a t o r s  a r e  u s e d ,
o r  w h e r e  d i f f e r e n t  t y p e s  o f  v o l t a g e  r e g u l a t o r s
a r e  u s e d ,  t h e  b e s t  a d j u s t m e n t  r e s u l t s  f r o m
u s i n g  t h e  a c t u a l  p l a n t  1 o a d .  V o l t a g e  d r o o p
I  eve l  s  shou l  d  be  es tab l  i  shed f rom a-  re fe rence
v o l t a g e  i e v e 1 ,  a n d  a t  a  r e f e r e n c e  f r e q u e n c y .

I t  i s  g e n e r a l i y  d e s i r a b l e  t o  h a v e  t h e  s a m e
v o l t a g e  d r o o p  o n  a l l  g e n e r a t o r s .  T h i s  m e a n s
t h a t  e a c h  g e n e r a t o r  s h o u l d  r e d u c e  i t s
vo l tage an  equa l  amount  (3% to  5 iJ )  be tween
n o - l o a d  a n d  e x p e c t e d  f u l l  l o a d .  W h e r e
d i f f e r e n t  s i z e  g e n e r a t o r s  a r e  i n v o l  v e d ,  i  t
m a y  b e  i m p r a c t i c a l  t o  m a k e  t h e  f u l l  l o a d
droop ad jus tment  on  the  

' la rger  
generarors .

A  c l o s e  a p p r o x i m a t i o n  c a n  b e  m a d e  b y  c o n s i d e r i n g
t h e  d r o o p  s y s t e m  a s  a  

' l i n e a r  
d e v i c e .  S e l e c t

a  p l a n t  l o a d  e q u a l  t o  a t  l e a s t  t h r e e - f o u r t h s
o f  t h e  s m a l l e r  g e n e r a t o r  c a p a c i t y .  S e t  t h e
r e q u i r e d  d r o o p  o n  t h i s  s m a l l e r  u n i t  ( e x a m p l e
5 % )  .  T r a n s f e r - p a r a l  I  e l  t h i  s  s a m e  I  o a d  t o
t h e  l a r g e r  g e n e r a t o r  a n d  e s t a b l j s h  t h e
re ference f requency .  Set  the  droop propor t ion_
a t e  t o  t h e  c a p a c i t y .  E x a m p l e :  5 g l  w a s  s e r
o n  t h e  s m a l l e r  u n i t  w i t h  f u l l  l o a d .  T h a t
l o a d  i s  o n e - h a l f  t h e  l a r g e r  g e n e r a t o r  c a p a c i t y .
Set  the  droop on  the  la rger  genera tor  a t
2  . 5 % .  T h e  r e s u ' l t i  n g  a d j u s t m e n t  w i  I  I  b e
q u i t e  a d e q u a t e .

O p e r a t i n g  e r r o r s  c a n  c a u s e  v e r y  h i g h  c i r c u l a t -
ing  cur ren ts .  These genera ' l1y  occur  where
i n d i c a t i n g  i n s t r u m e n t s  a r e  l i m i t e d  t o
vo l tmeters  and ammeters .  i t  i s  en t i re ly
poss ' ib1e to  have one genera tor  se t  abso ib inq
power from the system, and have the-EmmetErf
s h o w i n g  " c o r r e c t "  c u r r e n t s .  T o  a v o i d  t h i s ,
the  opera tor  shou ld  a lways  have the  incominq
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g e n e r a t o r  s e t  r u n n i n g  s l i g h t l y  f a s r ,  a s
s h o w n  b y  s y n c h r o n i z ' i n g  l i g h t  b r i l l i a n c e  a t
6  t o  l 0  t i m e s  p e r  m i n u t e  p r i o r  t o  c l o s i n g
t h e  c i r c u i t  b r e a k e r .  T h i s  w i l l  a s s u r e  t h a t
the  incoming genera tor  supp ' l ies  power  (kW)
to  the  load a t  the  t ime o f  b reaker  c losure .
Load is  then added to  the  jncoming genera tor
s e t  b y  i n c r e a s i n g  t h e  s e t t i n g  o f  i t i  g o v e r n o r
cont ro l  ,  o r  decreas ing  the  se t t ing  o f  the
o n - l i n e  g e n e r a t o r  s e t  g o v e r n o r  c o n t r o l s .

0pera t ing  re f inements  to  regu la to r  ad jus tment
a r e  e a s i ' l y  m a d e  o n  i n s t a l l a t i o n s  e q u i p p e d
wi th  VAR meters ,  power  fac to r  meters ,  o r
wat tmeters  and l ine  anrneters .  ( I f  the
sys tem inc ludes  on ly  ammeters ,  regu la to r
a d j u s t m e n t s  m u s t  b e  m a d e  w i t h  a  s i n g l e  u n i t
on  the  1 ine . )  Where  power  fac to r  o i  VRR
meters  show equa ' l  ind ica t ions ,  each genera tor
i s  s u p p l y i n g  i t s  s h a r e  o f  t h e  l o a d  c u r r e n t
reac t ' i  ve  amperes  ,  and c i  rcu l  a t i  ng  cur ren t
b e t w e e n  g e n e r a t o r s  i s  a t  a  m i n i m u m .  E x a m p l e :
l o a d  p o w e r  f a c t o r  i s  0 . 8 .  G e n e r a t o r  N o .  i
i n d i c a t e s  0 . 7  P . F .  G e n e r a t o r  N o .  2  i n d i c a t e s
0 . 8 5  P . F .  T h e s e  m e t e r  r e a d i n g s  t e l l  t h e
o p e r a t o r  t h a t  G e n e r a t o r  N o .  I  i s  s u p p l y i n g
t o o  m u c h  m a g n e t i z i n g  c u r r e n t  t o  t h e  

' l o a d ,

a n d  p o s s i b l y  t o  G e n e r a t o r  N o .  2 .  T h e
n a g n e t i z i n g  c u r r e n t  o f  G e n e r a t o r  N o .  I  c a n
b e  r e d u c e d  s i m p l y  b y  l o w e r i n g  i t s  v o l t a g e
l e v e l  .  0 r ,  i f  d e s i r e d l b y  r a i s i n g  t h e
v o l t a g e  l e v e l  o f  G e n e r a t o r  N o .  2 ,  t h e  o p e r a t i n g
power  fac to rs  can be  equa l  i zed .  C- i  rcu l  a t i  nq
c u r r e n t  i s  t h e n  a t  a  m i n i m u m .

| , ia t tmeters  and ammeters  can prov ide  the
i n f o r m a t i o n  n e c e s s a r y  t o  a c c o m p l i s h  o p e r a t i n g
o r  o n - l  i  n e  v o l  t a g e  1  e v e l  a d j u s t m e n t s .
rxamp I  e  :

L o a d  k W  5 0 0 ,  L o a d  L i n e  A m p e r e s  7 5 0 ,
Vo1 tage 480

G e n e r a t o r  N o .  i ,  L o a d  k W  2 5 0 ,
L ine  Amperes  350

G e n e r a t o r  N o .  2 ,  L o a d  k W  2 5 0 ,
L ine  Amperes  450

T h e s e  m e t e r  r e a d i n g s  i n d i c a t e  t h a t  G e n e r a t o r
N o .  2  i s  s u p p l y i n g  m o r e  t h a n  i t s  s h a r e  o f
m a g n e t i z i n g  c u r r e n t .  T h i s  i s  t r u e  b e c a u s e
Genera tor  No.  I  i s  opera t ing  a t  a  power
f a c t o r  o f  0 . 8 6  w h i c h  i s  h i g h e r  t h a n  t h e  l o a d
p o w e r  f a c t o r  o f  0 . 8 0 ,  a n d  g e n e r a t o r  N o .  2  i s
o p e r a t i n g  a t  a  p o w e r  f a c t o r  o f  0 . 6 7  w h i c h  i s
lower  than the  load power  fac to r .  Decreas ing
t h e  v o l t a g e  l e v e l  s e t t i n g  o f  G e n e r a t o r  N o .  2 -
w i l l  r e d u c e  i t s  m a g n e t i z i n g  c u r r e n t  a n d
increase the  power  fac to r .  A t  the  same t ime
the  magnet iz ing  cur ren t  f rom Genera tor  No.  I
w i l l  i n c r e a s e ,  a n d  i t s  p o w e r  f a c t o r  w i l l
d e c r e a s e .

W h e n  l o a d s  a r e  n o t  e q u a l ,  t h e  c a l c u l a t e d
power  fac to r  o f  each genera tor  can be  useo
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to  cor rec t ly  d is t r ibu te  magnet iz ing  cunrent
and keep the  c i rcu la t ing  cur ren ts  to  a
m i n i m u m .  E x a m p l  e :

L o a d  k W  7 0 0 ,  L o a d  L i n e  A m p e r e s  1 , 1 0 0 ,
Vo1 tage 460

G e n e r a t o r  N o .  1 ,  L o a d  k W  2 5 0 ,
L ine  Amoeres  500

Genera tor  No.  2 ,  Load k l^ l  450,
L i n e  A m p e r e s  6 3 0

I t  s h o u l d  b e  o b v i o u s  t h a t  t h e  v o l t a q e  l e v e l
s e t t i n g  o n  G e n e r a t o r  N o .  2  i s  t o o  l 6 w .
Ad jus tments  cou ld  be  made to  one or  bo th
u n t i l  N o .  I  s h o w s  a  l i n e  a m p e r e  r e a d i n g  o f
a b o u t  3 9 0 ,  a n d  t h e  l i n e  a m p e r e  r e a d i n g  o f
No.  2  shows about  700 amperes .  A t  these
c o n d i t i o n s ,  b o t h  g e n e r a t o r s  w i l l  b e  o p e r a t i n g
a t  t h e  s a m e  l o a d  p o w e r  f a c t o r  o f  0 . 8 .
C i r c u l a t ' i n g  c u r r e n t  i s  a t  a  m i n i m u m .  R e f i n e -
m e n t s  a s  d e s c r i b e d  a b o v e  w j l l  a s s u r e  h i g h l y
s a t i s f a c t o r y  o p e r a t i o n  o f  p a r a l i e l e d  g e n e r a t o r
5  U  L 5  .

Summary

C i r c u l a t i n g  c u r r e n t s  e x i s t  i n  p a r a l  l e l e d
genera tors  when the  severa l  genera tors  a re
a t tempt ing  to  opera te  a t  d i f fe ren t  vo l tages
a l though they  are  connected  together  th rough
t h e  c o m m o n  b u s .  T h e s e  c i r c u l a t i n g  c u r r e n t s
r e d u c e  t h e  e f f e c t i v e  e x c i t a t i o n  o f  o n e  o r
m o r e  g e n e r a t o r s ,  a n d  i n c r e a s e  t h e  e f f e c t i v e
e x c i t a t i o n  o f  o t h e r s .  G e n e r a t o r  v o l t a g e  i s
d i r e c t l y  r e l a t e d  t o  e x c i t e r  o u t p u t .  H e n c e ,
an  a t tempted genera tor  vo l tage d i f fe rence is
t h e  r e s u l t  o f  d i f f e r e n t  e x c i t e r  o u t p u t .
E x c i t e r  o u t p u t  i s  c o n t r o l l e d  b y  t h e  v o l t a g e
r e g u l a t o r ,  a n d  u l t i m a t e  c o n t r o l  o f  c i r c u l a t i n g
c u r r e n t  i s  a  f u n c t i o n  o f  t h e  r e g u l a t o r .

E f f e c t  o f  C i r c u l a t i n g  C u r r e n t s
0n Load Sens ing  E le_c t ron ic  Governors

The Woodward  230. l  load  sens ing  governor  can
r e a c t  t o  e x c e s s i v e l y  l a r g e  c i r c u l a t i n g
c u r r e n t s .  W i t h  c o r r e c t  a d j u s t m e n t  o f
g e n e r a t o r  v o i t a g e  r e g u l a t o r s ,  t h e  l o a d
sens ing  governor  responds to  t rue  power  o r
kW load on  the  genera tor  se t .  However ,  when
t h e  v a l u e  o f  c ' i r c u l a t i n g  c u r r e n t  b e t w e e n
genera tors  approaches the  va lue  o f  the
ac tua l  load  cur ren t ,  the  governors  may reac t
t o  t h e s e  e x c e s s i v e  c i r c u l a t i n g  c u r r e n t s  a n d
change th 'e  k | . l  load  d jv is jon  be tween genera tor
se ts .  Load t rans fer  may be  s1ow,  o r  i t  may
b e  r a p i d .  T h e r e  i s  n o  p r e d ' i c t a b l e  p a t t e r n
s ince  the  observed ac t ion  depends on  the
cond i t ion  o f  the  genera tor  vo l tage regu la to rs
c o n t r o l l i n g  t h e  s e v e r a l  g e n e r a t o r s .

Incor rec t ly  ad jus ted  vo l tage regu la to rs  a re
t h e  m o s t  c o m m o n  c a u s e  o f  t h e  " l o a d  s h i f t "
p r o b l e m .  I t  r ' s  g e n e r a l l y  f o u n d  t h a t  i n i t i a l
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genera tor  regu la to r  ad jus tments  fa i l  to
inc lude adequate  vo l tage droop or  c ross-
c u r r e n t  c o m p e n s a t i o n .  T h i s  d i f f i c u l t y  c a n
a l s o  c a u s e  o p e r a t i n g  e r r o r s .

Some cornmerc ia l i y  ava i lab le  genera tor  cont ro l
pane ls  fo r  use  w ' i th  commerc ia l ' l y  ava i ' lab le
genera tors  inc lude a  swi tch  tha t  bypasses
t h e  v o l t a g e  d r o o p  c i r c u i t  i n  t h e  v o l t a g e
r e g u l a t o r .  T h e s e  s w i t c h e s  h a v e  v a r i o u s
n a m e s  s u c h  a s  " S i n g ' l  e - P a r a l l e l  "  o r  , , D r o o p  I n  -
D r o o p  O u t . "  0 p e r a t o r s  i n c o r r e c t l y  p o s i t i o n
these swi  tches  dur i  ng  para l  1  e1  opera t ion  ,
caus ing  one or  more  genera tors  to  opera te
w i t h o u t  v o l t a g e  d r o o p  o r  c r o s s - c u r r e n t
c o m p e n s a t i o n .  C i r c u l a t i n g  c u r r e n t s  c a n
g r e a t l y  i n c r e a s e  u n d e r  t h e s e  c o n d ' i t i o n s .
Governors  w i  I  1  genera l  1y  reac t .

S w i t c h b o a r d  w i r i n g  e r r o r s ,  s u c h  a s  r e v e r s e -
connected  cur ren t  t rans formers  (used as  par t
o f  t h e  d r o o p  o r  c r o s s - c u r r e n t  s y s t e m ) ,
c a n  a l s o  c a u s e  l o a d  s h i f t  p r o b l e m s .  I n
t h e s e  r ' n s t a n c e s ,  t h e  v o l t a g e  d r o o p  s y s t e m
c a u s e s  a  r i s e  i n  g e n e r a t e d  v o 1 t a g e  a s  t h e
l . i n e  c u r r e n t  i n c r e a s e s .  C i r c u l a t i n g  c u r r e n t s
c a n  i n c r e a s e  r a p i d l y ,  a n d  p o s s i b l y  c a u s e
c i r c u i t  b r e a k e r s  t o  o p e n .  G o v e r n o r  r e a c t i o n
m a y  b e  n o t e d  j u s t  p r i o r  t o  c ' i r c u i t  b r e a k e r
o p e n i n g .
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