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Alternating  current  power  controller  with  trip  capability  within  an  AC  cycle. 

A  power  controller  for  switching  AC  or  DC  power  to  an 
AC  load  independent  of  the  zero  crossings  has  an  intermedi- 
ate  DC  stage  where  a  DC  transistor  switch  is  employed.  There 
are  no  SCRs  employed  whereby  overload  considerations  as- 
sociated  with  SCRs  need  not  be  taken  into  account  for  design. 
The  controller  furthermore  provides  internal  elements  for  gen- 
erating  the  required  DC  power. 



T h i s   i n v e n t i o n   g e n e r a l l y   r e l a t e s   to  p o w e r   c o n -  

t r o l l e r s   f o r   c o n t r o l l i n g   t h e   s u p p l y   of  p o w e r   f rom  an  AC 

s u p p l y   to  a  l o a d ,   and  more  p a r t i c u l a r l y   to  p o w e r   c o n -  
t r o l l e r s   f o r   u se   on  b o a r d   a i r c r a f t .  

Power   c o n t r o l l e r s   p r o v i d e   c i r c u i t   b r e a k e r   f u n c -  

t i o n s   i n c l u d i n g   p r o t e c t i o n   of  t h e   l o a d   and  w i r i n g   f r o m  

o v e r l o a d   c o n d i t i o n s ;   in   a d d i t i o n   t h e y   p r o v i d e   o n / o f f  
c o n t r o l   of  t h e   c o n d u c t i o n   of  t h e   l o a d   c i r c u i t .   In  s o l i d  

s t a t e   e l e c t r o n i c   t e c h n o l o g y ,   p o w e r   c o n t r o l l e r s   can   be  d e v -  

i s e d   to  p r o v i d e   f o r   o n / o f f   c o n t r o l   f rom  a  l o c a t i o n   r e m o t e  

f rom  t h e   l o a d   and  a s s o c i a t e d   w i t h   t h e   l o a d   c i r c u i t   by  a  

low  p o w e r   c o n t r o l   c i r c u i t ,   s u c h   p o w e r   c o n t r o l l e r s   b e i n g  

r e f e r r e d   to  as  r e m o t e   p o w e r   c o n t r o l l e r s   ( R P C s ) .   P r e s e n t  

r e m o t e   p o w e r   c o n t r o l l e r s   a r e   a v a i l a b l e   u s u a l l y   in  t w o  

b a s i c   t y p e s   r e s p e c t i v e l y   f o r   AC  and  DC  l o a d   c i r c u i t s .  

DC  RPCs  a r e   n o r m a l l y   i m p l e m e n t e d   w i t h   t r a n s i s t -  

o r s   as  t h e   s w i t c h i n g   e l e m e n t s   b e c a u s e   of  t h e i r   low  s a t u r a -  

t i o n   v o l t a g e   d r o p   w h i c h   p r o v i d e s   h i g h   e f f i c i e n c y .   A l s o ,  

t h e y   h a v e   t h e   a b i l i t y   to  t u r n   o f f   in   a  DC  a p p l i c a t i o n ,  

w h i c h   i s   n o t   t h e   c a s e   f o r   SCRs,  and  h a v e   v e r y   f a s t   r e -  

s p o n s e   to  a p p l i e d   f a u l t   c o n d i t i o n s .  

AC  RPCs,  h o w e v e r ,   a r e   n o r m a l l y   d e s i g n e d   w i t h  

SCRs  ( s i l i c o n   c o n t r o l l e d   r e c t i f i e r s   or  t h y r i s t o r s )   f o r   t h e  

main   s w i t c h i n g   e l e m e n t s   f o r   t h e   r e a s o n s   t h a t   SCRs  a r e  

l a t c h i n g   d e v i c e s   w h i c h   r e q u i r e   v e r y   l i t t l e   d r i v e   e n e r g y   t o  

s u s t a i n   c o n d u c t i o n   e v e n   f o r   o v e r l o a d s   and  h e n c e   p r o v i d e  



h i g h   e f f i c i e n c y .   In  AC  c i r c u i t s ,   SCRs  n a t u r a l l y   c o m m u t a t e  

( t u r n   t h e m s e l v e s   o f f )   a t   z e r o   c u r r e n t   c r o s s o v e r   w h i c h  

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

The  q u a l i t i e s   of  SCRs  can  h o w e v e r   b e c o m e   a 

d e t r i m e n t   f o r   o v e r l o a d   or  f a u l t   c o n d i t i o n s   in   AC  RPCs.  I f  

t h e   SCR  i s   on  and  c a r r y i n g   l o a d   c u r r e n t   and  a  f a u l t  

o c c u r s ,   t h e   c o n d u c t i n g   SCRs  and  t h e   RPC  c a n n o t   be  t u r n e d  

o f f   u n t i l   n a t u r a l   c o m m u t a t i o n   o c c u r s   a t   t h e   n e x t   z e r o  

c u r r e n t   c r o s s o v e r .   T h i s   i s   due  to  t h e   l a t c h i n g   n a t u r e   o f  

t h e   SCR  and  c a n n o t   be  c h a n g e d   no  m a t t e r   how  f a s t   t h e  

o v e r l o a d   t r i p   l o g i c   o p e r a t e s .   D u r i n g   t h e   o v e r l o a d ,   t h e  

p e a k   c u r r e n t   w h i c h   c o u l d   be  t h o u s a n d s   of  a m p e r e s ,   i s   l i m -  

i t e d   o n l y   by  s y s t e m   l i m i t a t i o n s   s u c h   as  t h e   g e n e r a t o r   a n d  

c o n d u c t o r   s i z e .   The  d u r a t i o n   of  s u c h   a  f a u l t   c u r r e n t  

c o u l d   be  up  to   a b o u t   270  e l e c t r i c a l   d e g r e e s   i f   t h e   f a u l t  

i s   a p p l i e d   e a r l y   in   t h e   p e r i o d   of  t h e   AC  c y c l e .  
T h e s e   o v e r l o a d   c o n s i d e r a t i o n s   can   of  c o u r s e   b e  

t a k e n   i n t o   a c c o u n t   in   s e l e c t i n g   t h e   SCRs  f o r   t h e   p o w e r  
c o n t r o l l e r   so  t h a t   t h e y   h a v e   s u f f i c i e n t   s i z e   and  c u r r e n t  

r a t i n g .   H o w e v e r ,   t h i s   h a s   a  m a j o r   i m p a c t   on  t h e   c o s t   o f  

t h e   RPC  so  t h a t   t h e   c o s t   i s   e s s e n t i a l l y   g o v e r n e d   by  t h e  

maximum  h a l f   c y c l e   s u r g e   c u r r e n t   t h a t   i s   a n t i c i p a t e d .   F o r  

e x a m p l e ,   an  AC  RPC  of  a  g i v e n   r a t i n g   s u c h   as  two  a m p e r e s  
f o r   n o r m a l   l o a d   c u r r e n t   w i l l   c o s t   s u b s t a n t i a l l y   more  i f   i t  

i s   to  be  u s e d   in   a  s y s t e m   in   w h i c h   i t   m i g h t   be  s u b j e c t   t o  

a  s h o r t   c i r c u i t   c u r r e n t   of  1 0 , 0 0 0   a m p e r e s   r a t h e r   t h a n   o n e  

u s e d   in   a  s y s t e m   w h e r e   i t   w i l l   o n l y   be  s u b j e c t   to  a  s h o r t  

c i r c u i t   c u r r e n t   of  a b o u t   200  a m p e r e s .  
In  a d d i t i o n ,   t h e   SCR  s i z e   and  c o s t   f o r   a  g i v e n  

s u r g e   c u r r e n t   r a t i n g   w i l l   i n c r e a s e   as  t h e   f r e q u e n c y   of  t h e  

AC  p o w e r   d e c r e a s e s .   For   e x a m p l e ,   t h e   SCR  c o s t   and  h e n c e  

t h e   c o s t   of  t h e   RPC  w i l l   be  h i g h e r   f o r   a  60  Hz.  s y s t e m  

t h a n   i t   i s   f o r   an  o t h e r w i s e   s i m i l a r   RPC  f o r   a  400  Hz.  '  

s y s t e m .  

E f f o r t s   to  m i n i m i z e   t h e s e   d r a w b a c k s   h a v e   g e n e r -  

a l l y   b e e n   a l o n g   t h e   l i n e s   of  u s i n g   a  c u r r e n t   l i m i t i n g  

r e s i s t o r   in   s e r i e s   w i t h   t h e   SCRs  to  keep   t h e   maximum  f a u l t  



c u r r e n t s   to   w h i c h   t h e   SCRs  a r e   s u b j e c t e d   w i t h i n   r e a s o n a b l e  

l e v e l s .   T h i s   makes   t h e   SCR  to  some  d e g r e e   i n d e p e n d e n t   o f  

f a u l t   c u r r e n t   c a p a b i l i t y   and  to  a  l e s s e r   d e g r e e   t h e   c o s t  

and  s i z e   b e c o m e s   s o m e w h a t   i n d e p e n d e n t   of  s y s t e m   f r e q u e n c y .  

The  p r i o r   a r t   U .S .   p a t e n t   to  B i l l i n g s ,   P a t e n t   N o .  

3 , 8 7 9 , 6 5 2   g r a n t e d   on  A p r i l   22,  1975,   d i s c l o s e s   an  e x a m p l e  

of  an  AC  s o l i d   s t a t e   p o w e r   c o n t r o l l e r   u s i n g   SCRs  of  t h e  

t y p e   in   w h i c h   c u r r e n t   l i m i t i n g   r e s i s t o r s   h a v e   b e e n   u s e d   i n  

s e r i e s   w i t h   t h e   SCRs  to  l i m i t   t h e i r   maximum  f a u l t   c u r r e n t .  

I t   i s   v e r y   d e s i r a b l e   to  p r o v i d e   an  AC  RPC  t h a t  

i s   t o t a l l y   i n d e p e n d e n t   of  s y s t e m   s u r g e   c u r r e n t   l e v e l s   a n d  

s y s t e m   f r e q u e n c y .  

A n o t h e r   a s p e c t   of  RPCs  t h a t   h a s   b e e n   a d d r e s s e d  

in   t h e   a r t   h a s   b e e n   to  t r y   to  d e s i g n   an  RPC  t h a t   i s   o p e r -  
a b l e   in   e i t h e r   an  AC  or  a  DC  l o a d   c i r c u i t .   Such  a p p a r a t u s  
has   b e e n   p r o p o s e d   in   "Power   C o n t r o l l e r   B r e a d b o a r d   a n d  

D e v e l o p m e n t   R e q u i r e m e n t s " ,   a  f i n a l   r e p o r t   u n d e r   U n i t e d  

S t a t e s   D e p a r t m e n t   of  t h e   Navy  C o n t r a c t   N 6 2 2 6 9 - 7 4 - C - 0 1 5 1 ,  

by  P e r k i n s   e t   a l . ,   March ,   1975 .   Two  p o w e r   s w i t c h   c o n -  

f i g u r a t i o n s   a r e   p r o p o s e d   w h i c h   u se   o n l y   t r a n s i s t o r s   as  t h e  

s w i t c h i n g   e l e m e n t s   and  w h i c h   a v o i d   t h e   i n h e r e n t   d r a w b a c k s  

of   SCRs.  In  one  v e r s i o n ,   i n v e r s e / p a r a l l e l   s w i t c h e s   a r e  

a r r a n g e d   so  t h a t ,   in   o p e r a t i o n   on  an  AC  s y s t e m ,   t h e r e   i s  

h a l f   c y c l e   i n d e p e n d e n t   c o n t r o l   w i t h   some  r e s u l t i n g   c o m -  

p l e x i t y .   Such  a r r a n g e m e n t   d o e s   n o t   r e q u i r e   any  i s o l a t e d  

s u p p l y   of  AC  to  DC  p o w e r   b u t   i t   d o e s   i n c u r   h i g h   l o s s e s   i n  

r e s i s t o r s   a s s o c i a t e d   w i t h   e a c h   of  t h e   i n v e r s e / p a r a l l e l  

s w i t c h e s   and  an  i n c r e a s e d   DC  o f f s e t   v o l t a g e .   An  a l t e r n a -  

t i v e   and  p r e f e r r e d   v e r s i o n   i s   p r e s e n t e d   in   t h e   r e p o r t  

w h i c h   has   o n l y   a  s i n g l e   s w i t c h   c o n f i g u r a t i o n   a s s o c i a t e d  

w i t h   t h e   l i n e   t h r o u g h   f u l l   wave  r e c t i f i e r s   so  t h a t   i t  

o p e r a t e s   e f f e c t i v e l y   as  a  DC  s w i t c h   e v e n   when  a s s o c i a t e d  

w i t h   an  AC  s y s t e m .   H o w e v e r ,   t h i s   c o n f i g u r a t i o n   as  d i s -  

c l o s e d   r e q u i r e s   an  i s o l a t e d   p o w e r   s u p p l y   f o r   t h e   DC  s w i t c h  

and  i n c u r s   a  h i g h e r   v o l t a g e   d r o p   in   t h e   DC  mode  u n l e s s  

t e r m i n a l s   a r e   p r o v i d e   f o r   b y p a s s i n g   p a r t   of  t h e   r e c t i f i e r  

in   DC  o p e r a t i o n .  



The  p r e s e n t   i n v e n t i o n   came  a b o u t   as  a  r e s u l t   o f  

e f f o r t s   to   p r o v i d e   an  AC  p o w e r   c o n t r o l l e r   w i t h o u t   t h e  

p r o b l e m s   a s s o c i a t e d   w i t h   SCRs  and  h e n c e   u s i n g   t r a n s i s t o r s  

as  t h e   p r i m a r y   p o w e r   s w i t c h e s   b u t   in   a  c o n f i g u r a t i o n   s u c h  

t h a t   no  i s o l a t e d   p o w e r   s u p p l y   i s   r e q u i r e d .   The  r e s u l t   i s  

an  AC  p o w e r   c o n t r o l l e r   w i t h   t h e   i n t e n d e d   p e r f o r m a n c e   w h i l e  

r e t a i n i n g   t h e   o p t i o n a l   c a p a b i l i t y   of  u t i l i z a t i o n   as  a  DC 

p o w e r   c o n t r o l l e r   w i t h   p r e f e r a b l y   s e p a r a t e   t e r m i n a l s   f o r  

s u c h   p u r p o s e .  
The  i n v e n t i o n   i n   i t s   b r o a d   fo rm  r e s i d e s   in   a  

p o w e r   c o n t r o l l e r   s u i t a b l e   f o r   c o n t r o l l i n g   t h e   s u p p l y   o f  

p o w e r   f rom  an  AC  s u p p l y   to  an  AC  l o a d   i n d e p e n d e n t   of   t h e  

z e r o   c r o s s i n g s   of  t h e   AC  w a v e f o r m ,   w h i l e   h a v i n g   t h e  

a l t e r n a t i v e   c a p a b i l i t y   of  c o n t r o l l i n g   t h e   s u p p l y   of  p o w e r  
f rom  a  DC  s u p p l y   to  a  l o a d ,   and  c o m p r i s i n g :   an  AC  p o w e r  

i n p u t   t e r m i n a l   and  an  AC  p o w e r   o u t p u t   t e r m i n a l ;   f u l l   w a v e  

r e c t i f i e r   means   o p e r a t i v e l y   c o n n e c t e d   b e t w e e n   s a i d   AC 

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

c o n v e r t i n g   AC  i n p u t   l o a d   c u r r e n t   to   f u l l   wave  r e c t i f i e d  

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

c u r r e n t   f rom  s a i d   r e c t i f i e r   m e a n s ;   DC  p o w e r   c o n t r o l l e r  

means   c o n n e c t e d   to   r e c e i v e   and  d e l i v e r   t h e   f i l t e r e d   d i r e c t  

c u r r e n t ,   s a i d   DC  p o w e r   c o n t r o l l e r   means   c o m p r i s i n g   a  

t r a n s i s t o r   s w i t c h i n g   c i r c u i t   o p e r a t i v e l y   c o n n e c t e d   t o  

r e c e i v e   DC  p o w e r   i n p u t   and  d e l i v e r   DC  p o w e r   o u t p u t   t h r o u g h  

s a i d   s w i t c h i n g   c i r c u i t   to  an  i n v e r t e r   w h i c h   i s   c o n n e c t e d  

to  s a i d   AC  o u t p u t   t e r m i n a l ;   s a i d   DC  c o n t r o l l e r   means   a l s o  

c o m p r i s i n g   c o n t r o l   means   f o r   g e n e r a t i n g   s i g n a l s   to  w h i c h  

s a i d   t r a n s i s t o r   s w i t c h i n g   c i r c u i t   i s   r e s p o n s i v e   to  c o n t r o l  

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

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

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n -  

t i o n ,   an  AC  p o w e r   c o n t r o l l e r   i s   p r o v i d e d   in   w h i c h   a  DC 

p o w e r   c o n t r o l l e r   w i t h   a  t r a n s i s t o r   s w i t c h   i s   u t i l i z e d   a s  

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

to  p o w e r   c o n t r o l l e r s   f o r   c o n t r o l   and  s t a t u s   i m p l e m e n t a -  

t i o n .   The  a r r a n g e m e n t   i s   s u c h   t h a t   t h e   DC  p o w e r   i n p u t   a n d  



DC  p o w e r   o u t p u t   t e r m i n a l s   of  t h e   DC  t r a n s i s t o r   s w i t c h   o r  

p o w e r   c o n t r o l l e r   a r e   c o n n e c t e d   t h r o u g h   r e c t i f i e r s   r e s p e c -  

t i v e l y   to  t e r m i n a l s   f o r   c o n n e c t i o n   to  t h e   AC  s u p p l y   a n d  

t h e   AC  l o a d .   F u r t h e r m o r e ,   t h e s e   t e r m i n a l s   a r e   a s s o c i a t e d  

w i t h   a  f i l t e r   t h a t   s m o o t h s   t h e   r i p p l e   r e s u l t i n g   f rom  t h e  

r e c t i f i e d   AC  in   o r d e r   to  p r o v i d e   t h e   n e c e s s a r y   DC  p o w e r  

s u p p l y   f o r   t h e   i n t e r n a l   DC  p o w e r   c o n t r o l l e r   c i r c u i t s .  

H e n c e ,   w h a t   i s   a c h i e v e d   i s   a  t r a n s i s t o r i z e d   p o w e r   c o n -  

t r o l l e r   o p e r a b l e   on  AC,  w h i l e   r e t a i n i n g   c a p a b i l i t y   f o r  

o p e r a t i o n   on  DC,  w i t h o u t   r e q u i r i n g   any  i s o l a t e d   p o w e r  

s u p p l y .   I t   t h e r e f o r e   r e p r e s e n t s   a  s i m p l i f i e d   y e t   e f f e c -  

t i v e   c i r c u i t   f o r   t h e   p e r f o r m a n c e   of  t h e   o b j e c t i v e s   o f  

i n d e p e n d e n c e   f rom  s u r g e   c u r r e n t   l e v e l s   and  s y s t e m  

f r e q u e n c y .  

The  i n v e n t i o n   w i l l   be  more  a p p a r e n t   f rom  t h e  

f o l l o w i n g   d e s c r i p t i o n   of  a  p r e f e r r e d   e m b o d i m e n t   to   be  r e a d  

in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g   in   w h i c h :  

F i g u r e   1  i s   a  g e n e r a l i z e d   c i r c u i t   s c h e m a t i c   o f  

an  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   2  i s   a  f u r t h e r   s c h e m a t i c   d i a g r a m   of  a n  
e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   1  i l l u s t r a t e s   t h e   b a s i c   b u i l d i n g   b l o c k s  

of  t h e   p r e s e n t   i n v e n t i o n   in   a  p o w e r   c o n t r o l l e r   10  f o r   c o n -  

t r o l l i n g   t h e   s u p p l y   of  p o w e r   f rom  an  AC  s u p p l y   12  to  an  AC 

l o a d   14  in   w h i c h   t h e   AC  s u p p l y   t e r m i n a l   13  and  t h e   AC  l o a d  

t e r m i n a l   15  a r e   e a c h   c o n n e c t e d   t h r o u g h   r e c t i f i e r s   16  a n d  

18  f o r   f u l l   wave  r e c t i f i c a t i o n   to  t h e   p o w e r   t e r m i n a l s   2 0  

and  21  of  a  DC  t r a n s i s t o r   s w i t c h   22.  The  DC  t r a n s i s t o r  

s w i t c h   p r e f e r a b l y   has   a s s o c i a t e d   w i t h   i t   t h e   l o g i c   a n d  

c o n t r o l   c i r c u i t r y   ( n o t   shown)   of  a  DC  p o w e r   c o n t r o l l e r   a n d  

may  be  i m p l e m e n t e d   in   a c c o r d a n c e   w i t h   known  p r a c t i c e   a n d  

w i l l   n o t   be  d e t a i l e d   h e r e i n .   E x a m p l e s   of  s u i t a b l e   DC 

p o w e r   c o n t r o l l e r s   a r e   d i s c l o s e d   in   a  p a p e r   by  D.  A.  F o x  

e n t i t l e d ,   " R e m o t e   Power   C o n t r o l l e r s   f o r   t h e   NASA  S p a c e  

S h u t t l e   O r b i t e r "   p r e s e n t e d   a t   t h e   U n i t e d   S t a t e s   a t   t h e  

AIAA  C o n f e r e n c e   of  M a r c h ,   1977 .   Such  a p p a r a t u s   as  i s  

g e n e r a l l y   known  p r o v i d e s   a  t r a n s i s t o r   s w i t c h   f o r   c o n -  



t r o l l i n g   t h e   p o w e r   in   t h e   l o a d   c i r c u i t   in   an  a r r a n g e m e n t  
s u c h   t h a t   t h e   s w i t c h   i s   r e s p o n s i v e   to  a p p l i e d   s i g n a l s   t o  

t u r n   on  or  o f f   t h e   c o n d u c t i v e   p a t h   in   t h e   l o a d   c i r c u i t   i n  

r e s p o n s e   to  i n p u t s   t h a t   may  r e s u l t   f rom  m a n u a l   s w i t c h  

a p p l i c a t i o n   or  f rom  t h e   o c c u r r e n c e   of  f a u l t s   in   t h e   l o a d  

c i r c u i t .  

The  a r r a n g e m e n t   of  F i g .   1  f u r t h e r   i l l u s t r a t e s   a  
f i l t e r   24  c o n n e c t e d   b e t w e e n   one  of  t h e   i n p u t   t e r m i n a l s   2 0  

to  t h e   t r a n s i s t o r   s w i t c h   22  and  t h e   AC  p o w e r   g r o u n d   2 6 .  

T h i s   f i l t e r   24  f u l f i l l s   t h e   n e e d s   of  t h e   DC  t r a n s i s t o r  

s w i t c h   as  f a r   as  i t s   p o w e r   s u p p l y   i s   c o n c e r n e d   so  t h a t   n o  
i s o l a t e d   p o w e r   s u p p l y   i s   r e q u i r e d .  

In  a  s e n s e ,   t h e r e f o r e ,   t h e   p r e s e n t   e m b o d i m e n t  

a c c o m p l i s h e s   i t s   p u r p o s e   in   p r o v i d i n g   an  i m p r o v e d   AC  RPC 

by  u t i l i z i n g   a  known  t y p e   of   t r a n s i s t o r i z e d   DC  RPC  a n d  

m o d i f y i n g   i t   by  t h e   r e c t i f i e r   and  f i l t e r   e l e m e n t s   16,  18  

and  24  to   p r o v i d e   AC  o p e r a t i o n .  

R e f e r r i n g   to  F i g .   2,  t h e   r e c t i f i e r   d i o d e s   CR1 

t h r o u g h   CR4  c o n v e r t   t h e   AC  l o a d   c u r r e n t   to   DC  w h i c h   i s  

a p p l i e d   to  t h e   DC  RPC  s w i t c h   t e r m i n a l s   20  and  21.  The  AC 

i n p u t   t e r m i n a l   13  i s   c o n n e c t e d   t h r o u g h   CR1  and  CR2  r e -  

s p e c t i v e l y   in   t h e   f o r w a r d   and  r e v e r s e   d i r e c t i o n s   ( c o r r e -  

s p o n d i n g   to   r e c t i f i e r   16  of  F i g .   1)  to   t h e   r e s p e c t i v e   DC 

p o w e r   i n p u t   and  p o w e r   o u t p u t   t e r m i n a l s   20  and  21.  The  AC 

o u t p u t   t e r m i n a l   15  i s   c o n n e c t e d   t h r o u g h   CR3  in  t h e   f o r w a r d  

d i r e c t i o n   to  t h e   DC  p o w e r   i n p u t   t e r m i n a l   20  and  t h r o u g h  

CR4  in   t h e   r e v e r s e   d i r e c t i o n   to  t h e   DC  p o w e r   o u t p u t   t e r m -  

i n a l   21.  The  AC  s u p p l y   12  and  t h e   AC  l o a d   14  have   t h e i r  

o t h e r   t e r m i n a l s   c o n n e c t e d   in   common  to  t h e   AC  g r o u n d   p o i n t  

2 6 .  

A  f i l t e r   24  i s   c o n n e c t e d   b e t w e e n   one  of  t h e   DC 

t e r m i n a l s ,   h e r e   t h e   p l u s   or  DC  p o w e r   i n p u t   t e r m i n a l   20,  t o  

t h e   AC  g r o u n d   26  and  c o m p r i s e s   a  c a p a c i t o r   24A  b e t w e e n   t h e  

DC  p o w e r   i n p u t   t e r m i n a l   and  t h e   DC  p o w e r   g r o u n d   23  and  a  

d i o d e   r e c t i f i e r   24B  i s   c o n n e c t e d   f rom  t h a t   p o i n t   to  t h e   AC 

g r o u n d   26.  T h i s   p r o v i d e s   t h e   f i l t e r e d   DC  v o l t a g e   f o r   t h e  

c o n t r o l   and  d r i v e   c i r c u i t s   as  r e q u i r e d   by  t h e   DC  p o w e r  



c o n t r o l l e r .   The  a c h i e v e m e n t   of  t h i s   c o m b i n a t i o n   p r o v i d e s  

an  RPC  t h a t   can   o p e r a t e   o v e r   a  v o l t a g e   r a n g e   of  f rom  25  t o  

200  v o l t s .   T h e r e f o r e ,   t h e   r i p p l e   v o l t a g e   a c r o s s   t h e  

f i l t e r   c a p a c i t o r   24A  can   be  q u i t e   h i g h   and  t h u s   t h e   c a p a -  
c i t o r   can   be  r e l a t i v e l y   s m a l l .  

The  s w i t c h   v o l t a g e   d r o p   f o r   t h i s   c i r c u i t   a t  

r a t e d   l o a d   i s   2 .7   v o l t s   w h i c h   i s   c o m p a r a b l e   to  an  SCR  RPC 

w i t h   a  p e a k   l i m i t i n g   r e s i s t o r .   O v e r a l l   e f f i c i e n c y   of  t h e  

new  c i r c u i t   i s   a l s o   c o m p a r a b l e   to  e x i s t i n g   AC  RPC  d e s i g n s .  

U n l i k e   p r i o r   a r t   AC  p o w e r   c o n t r o l l e r s ,   t h e   c o s t   and  s i z e  

of  t h e   RPC  i s   i n d e p e n d e n t   of  t h e   r e q u i r e d   s y s t e m   s u r g e  
c u r r e n t   c a p a b i l i t y   and  s y s t e m   f r e q u e n c y   s i n c e   no  SCRs  a r e  
u s e d   and  t h e   s w i t c h i n g   i s   in   t he   DC  m o d e .  

The  c i r c u i t   p r o v i d e s   s t a n d a r i z a t i o n   of  d e s i g n   s o  
t h a t   one  f u n d a m e n t a l   c i r c u i t ,   t h e   DC  p o w e r   c o n t r o l l e r ,   c a n  

p r o v i d e   25  to  200  v o l t   DC  RPCs  a n d / o r   115  to  230  v o l t   AC 

RPCs.  I t   i s   t h e r e f o r e   p o s s i b l e   to  b u i l d   one  d e v i c e   w h i c h  

can   be  p r o g r a m m e d   by  c o n n e c t i n g   e x t e r n a l   t e r m i n a l s   t o  

p r o v i d e   any  of  t h e   a b o v e   r a t i n g s .  

As  c o m p a r e d   w i t h   o t h e r   AC  RPCs  e m p l o y i n g   SCRs ,  

t h i s   c i r c u i t   a v o i d s   p r o b l e m s   of  h a v i n g   to  p r o v i d e   c a p a c i -  

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

t h e   c o n c e r n   a b o u t   t h e i r   t e m p e r a t u r e   r a t i n g s   and  t h e   p r o b -  
l ems   of  s e l e c t i n g   and  m a t c h i n g   o t h e r   p r e v i o u s l y   n e c e s s a r y  

c o m p o n e n t s   as  t h o s e   r e q u i r e d   h e r e i n   may  be  r e a d i l y   p r o -  
v i d e d   w i t h o u t   d i f f i c u l t   m a t c h i n g   p r o b l e m s .  

In  a  t y p i c a l   p r i o r   a r t   DC  RPC  t h e   i n v e r s e   t r i p  
t i m e   d e l a y   c h a r a c t e r i s t i c   i s   in   t h e   form  o f  

w h e r e   A  =   i n s t a n t   t r i p   c u r r e n t  
B  =   u l t i m a t e   t r i p   c u r r e n t  
K  =  t i m e   c o n s t a n t  

and  IT  =  l o a d   c u r r e n t .  

T h i s   can   be  shown  to  a p p r o x i m a t e   a  c o n s t a n t   I 2 t   r e l a t i o n -  

s h i p .   As  t h e   l o a d   c u r r e n t   IL  a p p r o a c h e s   t h e   i n s t a n t   t r i p  

c u r r e n t   l e v e l   A,  t h e   t r i p   t i m e ,   Tt ,   a p p r o a c h e s   z e r o   o r  



i n s t a n t   t r i p .   In  a  t y p i c a l   4 , 0 0 0   a m p e r e   s u r g e   s y s t e m ,  

t h i s   c i r c u i t   can   l i m i t   p e a k   c u r r e n t s   to   two  or  t h r e e   t i m e s  

t h e   i n s t a n t   t r i p   l e v e l   due  to  t h e   f a s t ,   i n s t a n t ,   t r i p  

t i m e s   of  1  to  10  m i c r o s e c o n d s .  

I t   i s   t h e r e f o r e   s e e n   t h a t   a  s i m p l e   and  e f f e c t i v e  

AC  RPC  i s   p r o v i d e d   t h a t   a v o i d s   t h e   p r o b l e m s   of  t h e   p r i o r  

a r t .   I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   may  b e  

p r a c t i c e d   in   v a r i o u s   m o d i f i e d   f o r m s   o t h e r   t h a n   t h o s e  

s p e c i f i c a l l y   d e s c r i b e d   or  shown  h e r e i n .  



1.  A  p o w e r   c o n t r o l l e r   s u i t a b l e   f o r   c o n t r o l l i n g  

t h e   s u p p l y   of  p o w e r   f rom  an  AC  s u p p l y   to  an  AC  l o a d   i n d e -  

p e n d e n t   of  t h e   z e r o   c r o s s i n g s   of  t h e   AC  w a v e f o r m ,   w h i l e  

h a v i n g   t h e   a l t e r n a t i v e   c a p a b i l i t y   of  c o n t r o l l i n g   t h e  

s u p p l y   of  p o w e r   f rom  a  DC  s u p p l y   to  a  l o a d ,   and  c o m p r i s -  

i n g :  

an  AC  p o w e r   i n p u t   t e r m i n a l   and  an  AC  p o w e r  

o u t p u t   t e r m i n a l ;  

f u l l   wave  r e c t i f i e r   means   o p e r a t i v e l y   c o n n e c t e d  

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

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

f u l l   wave  r e c t i f i e d   d i r e c t   c u r r e n t ;  

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

f rom  s a i d   r e c t i f i e r   m e a n s ;  
DC  p o w e r   c o n t r o l l e r   means   c o n n e c t e d   to  r e c e i v e  

and  d e l i v e r   t h e   f i l t e r e d   d i r e c t   c u r r e n t ,   s a i d   DC  p o w e r  
c o n t r o l l e r   means   c o m p r i s i n g   a  t r a n s i s t o r   s w i t c h i n g   c i r c u i t  

o p e r a t i v e l y   c o n n e c t e d   to   r e c e i v e   DC  p o w e r   i n p u t   a n d  

d e l i v e r   DC  p o w e r   o u t p u t   t h r o u g h   s a i d   s w i t c h i n g   c i r c u i t   t o  

an  i n v e r t e r   w h i c h   i s   c o n n e c t e d   to  s a i d   AC  o u t p u t   t e r m i n a l ;  

s a i d   DC  c o n t r o l l e r   means   a l s o   c o m p r i s i n g   c o n t r o l  

means   f o r   g e n e r a t i n g   s i g n a l s   to  w h i c h   s a i d   t r a n s i s t o r  

s w i t c h i n g   c i r c u i t   i s   r e s p o n s i v e   to  c o n t r o l   t r a n s f e r   o f  

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

s a i d   AC  p o w e r   o u t p u t   t e r m i n a l .  

2.  A  p o w e r   c o n t r o l l e r   in   a c c o r d a n c e   w i t h   c l a i m  

1  w h e r e i n :  



s a i d   f u l l   wave  r e c t i f i e r   means   c o m p r i s e s   f i r s t ,  

s e c o n d ,   t h i r d   and  f o u r t h   d i o d e s   of  w h i c h   s a i d   f i r s t   d i o d e  

i s   c o n n e c t e d   in   t h e   f o r w a r d   d i r e c t i o n   f rom  s a i d   AC  p o w e r  
i n p u t   t e r m i n a l   to  s a i d   DC  p o w e r   i n p u t   t e r m i n a l ,   s a i d  

s e c o n d   d i o d e   i s   c o n n e c t e d   in   t h e   r e v e r s e   d i r e c t i o n   f r o m  

s a i d   AC  p o w e r   i n p u t   t e r m i n a l   to  s a i d   DC  p o w e r   o u t p u t   ;  
t e r m i n a l ,   s a i d   t h i r d   d i o d e   i s   c o n n e c t e d   in   t h e   f o r w a r d  

d i r e c t i o n   f rom  s a i d   AC  p o w e r   o u t p u t   t e r m i n a l   to   s a i d   DC 

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

in   t h e   r e v e r s e   d i r e c t i o n   f rom  s a i d   AC  p o w e r   o u t p u t   t e r m i n -  

al  to  s a i d   DC  p o w e r   o u t p u t   t e r m i n a l .  

3.  A  p o w e r   c o n t r o l l e r   in   a c c o r d a n c e   w i t h   e i t h e r  

of  c l a i m s   1  o r   2  w h e r e i n :  

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

ed  b e t w e e n   s a i d   DC  p o w e r   i n p u t   t e r m i n a l   and  a  DC  p o w e r  
g r o u n d   t e r m i n a l   of  s a i d   DC  p o w e r   c o n t r o l l e r   means   and  a  
f i l t e r   d i o d e   c o n n e c t e d   in   t h e   f o r w a r d   d i r e c t i o n   f rom  s a i d  

DC  p o w e r   g r o u n d   t e r m i n a l   to   an  AC  g r o u n d   t e r m i n a l ;  

s a i d   p o w e r   c o n t r o l l e r   b e i n g   a d a p t e d   f o r   c o n n e c -  
t i o n   in   an  AC  l o a d   c i r c u i t   by  c o n n e c t i n g   s a i d   AC  p o w e r  
i n p u t   t e r m i n a l   to  one  s i d e   of  an  AC  s u p p l y ,   c o n n e c t i n g  

s a i d   AC  p o w e r   o u t p u t   t e r m i n a l   to  one  s i d e   of  t h e   l o a d ,   a n d  

by  c o n n e c t i n g   t h e   o t h e r   s i d e   of  b o t h   of  s a i d   s u p p l y   a n d  

l o a d   in   common  to  s a i d   AC  g r o u n d   t e r m i n a l ;   and  w h e r e i n  

t h e   o p e r a t i o n   of  t h e   p o w e r   c o n t r o l l e r   r e q u i r e s  

no  i s o l a t e d   DC  p o w e r   s u p p l y .  
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