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Circuit  interrupter. 

@  A  circuit  interrupter  employing  a  liquified  dielectric 
medium  such  as  sulfur  hexafluoride.  A  pump  cylinder  (74) 
forces  the  dielectric  liquid  into  the  vicinity  of  a  fixed  contact 
(50).  The  pump  cylinder  is  refilled  from  within  the  contact 
enclosure  (44)  after  each  current  interruption  to  allow  for 
repeated  operations.  Check  valves  (88,  92)  are  provided 
to  prevent  any  dielectric  gas  from  entering  the  pump  cyl- 
inder.  The  interrupter  system  further  includes  a  pressure 
absorbing  accumulator  (95-97)  and  a  cooler. 
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absorbing  accumulator  (95-97)  and  a  cooler. 



T h i s   i n v e n t i o n   r e l a t e s   to  c i r c u i t   i n t e r r u p t e r  

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

a r c i n g   c o n t a c t s   upon   o p e n i n g   to  e x t i n g u i s h   t h e   a r c .  

I t   i s   known  to  h a v e   an  i n t e r r u p t e r   s y s t e m   w h i c h  

e m p l o y s   a  d i e l e c t r i c   l i q u i d   s u c h   as  s u l f u r   h e x a f l u o r i d e  

(SF6)   to  e x t i n g u i s h   t he   a r c   b e t w e e n   t h e   c o n t a c t s ,   a n d  

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

t h r o u g h   a  n o z z l e .   Where   l i q u i d   SF6  is   u s e d ,   t he   e x c e l l e n t  

d i e l e c t r i c   p r o p e r t i e s   of   t he   r e l a t i v e l y   h i g h - d e n s i t y  

l i q u i d ,   and  t h e   h i g h   p r e s s u r e s   g e n e r a t e d   in  t he   a r c i n g  

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

1 0 0 , 0 0 0   a m p e r e s .   The  a p p r o a c h   a l l o w s   f o r   h i g h   p r e s s u r e s  
in  t he   a r c i n g   r e g i o n   w h i l e   e l i m i n a t i n g   t he   c o m p l e x   p r e s -  

s u r e   m a i n t a i n i n g   s y s t e m s   s u c h   as  d e s c r i b e d   in  t he   s p e c i f i -  

c a t i o n   of   U .S .   3 , 1 5 0 , 2 4 5 .  

In  i n t e r r u p t e r s   w h i c h   u se   a  pump  p i s t o n   m o v i n g  

in  a  c y l i n d e r   to  d r i v e   t h e   d i e l e c t r i c   f l u i d   i n t o   t h e  

a r c i n g   r e g i o n ,   t h e   pump  c y l i n d e r   m u s t   be  r e f i l l e d   a f t e r  

t h e   p i s t o n   has   b e e n   r e t u r n e d   to  i t s   s t a r t i n g   p o s i t i o n   t o  

a l l o w   f o r   s u b s e q u e n t   i n t e r r u p t i o n s .   Use  of  e x t e r n a l  

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

d i e l e c t r i c   l i q u i d   i s   u n d e s i r a b l e   f o r   s e v e r a l   r e a s o n s .  

F i r s t ,  a   l i q u i d   d i e l e c t r i c   is   r e l a t i v e l y   i n c o m p r e s s i b l e  

and  t he   p r e s s u r e   d e v e l o p e d   in  a  p r e s s u r i z e d   r e s e r v o i r   w i l l  

d r o p   r a p i d l y   as  t h e   l i q u i d   e x i t s   t h e   r e s e r v o i r .   C o n s e -  

q u e n t l y ,   m e c h a n i c a l   p u m p i n g   or  s u i t a b l e   a d j a c e n t   g a s  
r e s e r v o i r s   a r e   r e q u i r e d   to  m a i n t a i n   p r e s s u r e .   S e c o n d ,   t h e  

s l i d i n g   s e a l s ,   v a l v e s ,   and  c o n n e c t i o n s   a s s o c i a t e d   w i t h   a  



h i g h - p r e s s u r e   r e s e r v o i r   a r e   s u s c e p t i b l e   to  l e a k s .   F u r -  

t h e r m o r e ,   any  s y s t e m   e m p l o y i n g   a  p r e s s u r e   d i f f e r e n t i a l  

u s i n g   l i q u i d   SF6  p r e s e n t s   t h e   p r o b l e m   of  f r e e z i n g   of  t h e  

d i e l e c t r i c   f l u i d   as  i t   i s   dumped   i n t o   a  r e g i o n   of   l o w e r  

p r e s s u r e .  
In  t h e   s p e c i f i c a t i o n   of  U.S .   3 , 4 0 6 , 2 6 9 ,   a n  

i n t e r r u p t e r   i s   d i s c l o s e d   ( i n   F i g .   5)  in   w h i c h   a r c i n g  

c o n t a c t s   a r e   i m m e r s e d   in   l i q u i d   SF6  and  a  s e p a r a t e   p r e s -  

s u r e   r e s e r v o i r   i s   n o t   u s e d .   H o w e v e r ,   t he   i n t e r i o r   p r e s -  

s u r e   of   t h e   i n t e r r u p t e r   i s   m a i n t a i n e d   a t   2 , 0 0 0   p . s . i . ,  

p r e s e n t s   s e v e r e   l e a k a g e   p r o b l e m s   r e q u i r i n g   h i g h   c o s t  

c o n s t r u c t i o n   t e c h n i q u e s ,   and  w o u l d   be  u n a b l e   to  s u c c e s s -  

f u l l y   i n t e r r u p t   v e r y   l a r g e   c u r r e n t s   ( 1 0 0 , 0 0 0 +   a m p e r e s )   a t  

l o w e r   i n t e r i o r   p r e s s u r e s .  
An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

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

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

o p e n i n g   and  r e c l o s i n g   o p e r a t i o n s .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   a  c i r c u i t  

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

med ium  u n d e r   t e m p e r a t u r e   and  p r e s s u r e   c o n d i t i o n s   w h i c h  

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

l e v e l   in   s a i d   e n c l o s u r e   and  a  d i e l e c t r i c -   gas   a b o v e   s a i d  

d i e l e c t r i c   l i q u i d ,   a  f i x e d   c o n t a c t   and  a  m o v a b l e   c o n t a c t  

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

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

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

pump  p i s t o n   s u p p o r t e d   f o r   m o v e m e n t   in   s a i d   c y l i n d e r ,   a  
f l o w   p a s s a g e w a y   e x t e n d i n g   f rom  s a i d   c y l i n d e r   f o r   d i r e c t i n g  
f l u i d   i n t o   t h e   v i c i n i t y   of  s a i d   f i x e d   c o n t a c t ,   a  f i r s t  

c h e c k   v a l v e   in   s a i d   f l u i d   p a s s a g e w a y   to  p e r m i t   u n i d i r e c -  

t i o n a l   f l u i d   f l o w   f rom  s a i d   c y l i n d e r   to  s a i d   f i x e d   c o n -  

t a c t ,   r e f i l l   p a s s a g e   means   to  p e r m i t   f l u i d   to  e n t e r   s a i d  

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

l e v e l   of   d i e l e c t r i c   f l u i d ,   and  means   to  a c t u a t e   s a i d   pump 
p i s t o n   and  s a i d   m o v a b l e   c o n t a c t   to  s e p a r a t e   and  r e c l o s e  

s a i d   c o n t a c t s   and  to  d r i v e   s a i d   pump  p i s t o n   in  s a i d   c y l i n -  

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



way  upon   c o n t a c t   s e p a r a t i o n   and  d r a w i n g   t i u i d   i n t o   s a i d  

c y l i n d e r   by  way  of   s a i d   r e f i l l   p a s s a g e   means   upon   c o n t a c t  

r e c l o s u r e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

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

w h i c h :  

F i g .   1  i s   a  p l a n   v i e w   in  p a r t i a l   c r o s s - s e c t i o n  

of   a  c u r r e n t   i n t e r r u p t e r ,  

F i g .   2  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of   t h e  

h o u s i n g   p o r t i o n   of  t he   i n t e r r u p t e r   shown  in  F i g .   1 ,  

F i g .   3  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of  t h e  

c o n t a c t s   shown  in  F i g .   2  w i t h   t h e   i n t e r r u p t e r   c o n t a c t s  

c l o s e d ,  

F i g .   4  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of   t h e  

c o n t a c t s   and  l i q u i d   d i e l e c t r i c   p u m p i n g   s y s t e m   shown  i n  

F i g .   2  d u r i n g   c o n t a c t   o p e n i n g ,   a n d  

F i g .   5  i s   a  c r o s s - s e c t i o n a l   v i e w   as  in  F i g .   4  

s h o w i n g   c o n t a c t   r e c l o s u r e .  

F i g .   1  shows  a  c u r r e n t   i n t e r r u p t e r   h a v i n g   a  

h o u s i n g   20  c o n t a i n i n g   a  d i e l e c t r i c   med ium  s u c h   as  s u l f u r  

h e x a f l u o r i d e   (SF6)   u n d e r   p r e s s u r e .   S i d e   w a l l s   22  o f  

h o u s i n g   20  a r e   f o r m e d   of  a  s t r o n g   i n s u l a t i n g   m a t e r i a l   s u c h  

as  c e r a m i c .   H o u s i n g   20  i s   s u p p o r t e d   w i t h i n   a  g r o u n d e d  

m e t a l   t a n k   24  w h i c h   i s   f i l l e d   w i t h   a  r e l a t i v e l y   low  p r e s -  

s u r e   d i e l e c t r i c   gas   s u c h   as  SF 6  gas   at   a p p r o x i m a t e l y   5 0  

p . s . i .   E x t e n d i n g   t h r o u g h   t h e   s i d e   of  t a n k   24  a r e   a  p a i r  

of   b u s e s   26  and  2 8  e n c l o s e d   in  o u t w a r d l y - e x t e n d i n g   m e t a l  

s h e a t h s   30.  A  m o v a b l e   a c t u a t i n g   rod   32  e x t e n d s   o u t   t h e  

b o t t o m   of   h o u s i n g   20  and  t a n k   24.  Rod  32  p a s s e s   t h r o u g h   a  

s l i d i n g   s e a l   34  ( s e e   F i g .   2)  w h i c h   p r e v e n t s   t h e   e s c a p e   o f  

t h e   p r e s s u r i z e d   med ium  w i t h i n   t h e   h o u s i n g .  

To  t h e   s i d e   of  t a n k   24  is   a  c o o l i n g   means   36  f o r  

c o o l i n g   t he   p r e s s u r i z e d   d i e l e c t r i c   medium  in  h o u s i n g   2 0 .  

C o o l e r   36  can  be  any  s u i t a b l e   h e a t - d i s s i p a t i n g   s t r u c t u r e  

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

p r o v i d e d   by  a  fan   3 8 .  A n   o u t f l o w   t u b e   40  e x t e n d i n g   f r o m  

h o u s i n g   20  t h r o u g h   t a n k   24  to  c o o l e r   36  s u p p l i e s   d i e l e c -  

t r i c   medium  to  t he   c o o l e r .   An  i n f l o w   t u b e   42  e x t e n d i n g  



t h r o u g h   t h e   b o t t o m   of  h o u s i n g   20  r e t u r n s   c o o l e d   d i e l e c t r i c  

med ium  to  t h e   h o u s i n g   f rom  c o o l e r   3 6 .  

R e f e r r i n g   to  F i g .   2,  h o u s i n g   20  i s   d i v i d e d   i n t o  

two  s e p a r a t e   c h a m b e r s .   The  u p p e r   c h a m b e r   44  i s   t h e   e n c l o -  

s u r e   f o r   t h e   i n t e r r u p t e r   c o n t a c t s .   A  l o w e r   c h a m b e r   4 6  

s e r v e s   as  a  h o l d i n g   r e s e r v o i r   f o r   d i e l e c t r i c   l i q u i d ,   as  i s  

d e s c r i b e d   more   f u l l y   b e l o w .   S u p p o r t e d   in  c o n t a c t   e n c l o -  

s u r e   44  on  t he   d i v i d i n g   w a l l   48  b e t w e e n   c h a m b e r s   44  and  4 6  

i s   a  f i x e d   c o n t a c t   50.  The  f i x e d   c o n t a c t   i n c l u d e s   a  

p l u r a l i t y   of  m e t a l   f i n g e r s   52  e n c l o s e d   w i t h i n   a  m e t a l   c a p  
54.  F i n g e r s   52.  e x t e n d   a r o u n d   a  t a p e r e d   m e t a l   n o z z l e   5 5 ,  

w h i c h   o p e n s   d o w n w a r d l y   b e l o w   t h e   c o n t a c t   50.  An  o p e n i n g  

56  in   t he   top   of   cap  54  a d m i t s   a  d o w n w a r d l y - e x t e n d i n g  

m o v a b l e   c o n t a c t   58.  The  m o v a b l e   c o n t a c t   58  i s   m o v a b l e  

i n t o   e l e c t r i c a l   c o n t a c t   w i t h   f i x e d   c o n t a c t   50.  When  t h e  

c o n t a c t s   a r e   c l o s e d ,   as  i l l u s t r a t e d  i n   F i g .   3,  f i n g e r s   5 2  

e n g a g e   c o n t a c t   p o r t i o n   58  to  p r o v i d e   a  p a t h   f o r   c u r r e n t  

f l o w .  

An  e n c l o s i n g   m e t a l   v o l t a g e   s h i e l d   60  is   s u p -  

p o r t e d   in  c h a m b e r   44  by  a  g u i d e   a s s e m b l y   64  e x t e n d i n g   f r o m  

t h e  t o p   of   t h e   h o u s i n g .   M o v a b l e   c o n t a c t   58  r e t r a c t s   i n t o  

s h i e l d   60  when  in   t h e   o p e n   p o s i t i o n ,   as  shown  in  F i g .   2 .  

M o v a b l e   c o n t a c t   58  i s   s u p p o r t e d   in  c h a m b e r   44  by  c r o s s   b a r  

66.  E l e c t r i c a l   c o n t a c t s   on  g u i d e   6 4  e l e c t r i c a l l y   c o n n e c t  

c r o s s   b a r   66  w i t h   bus   26.  M o t i o n   i s   i m p a r t e d   to  c r o s s   b a r  

66  by  a  p a i r   of   a c t u a t i n g   r o d s   68  f o r m e d   of   an  i n s u l a t i n g  

m a t e r i a l   s u c h   as  g l a s s   e p o x y .   The  a c t u a t i n g   r o d s   6 8  

e x t e n d   t h r o u g h   s l i d i n g   s e a l s   ( n o t   shown)   in   h o u s i n g   w a l l  

48  i n t o   l o w e r   c h a m b e r   46 ,   w h e r e   t h e y   a r e   a t t a c h e d   to  a  

s e c o n d   c r o s s   b a r   70.  M o t i o n   i s   i m p a r t e d   to  c r o s s   b a r   7 0  

f rom  a c t u a t i n g   means   e x t e r i o r   of   h o u s i n g   20  by  way  of   r o d  

32.  The  f i x e d   c o n t a c t   i s   e l e c t r i c a l l y   i n t e r c o n n e c t e d   w i t h  

l o w e r   bus  28  t h r o u g h   d i v i d i n g   w a l l   4 8 .  

C o n t a c t   e n c l o s u r e   44  h o l d s   a  d i e l e c t r i c   m e d i u m ,  

p r e f e r a b l y   SF6,   u n d e r   p r e s s u r e   s u f f i c i e n t   to  l i q u e f y   t h e  

medium  a t   n o r m a l l y - e n c o u n t e r e d   a m b i e n t   t e m p e r a t u r e s .   At  a  

t e m p e r a t u r e   of  7 0 ° F ,   t h e   p r e s s u r e   w i t h i n   h o u s i n g   44  i s  

p r e f e r a b l y   a p p r o x i m a t e l y   300  p . s . i .   The  SF6  w i l l   form  a  



l i q u i d   in  t h e   b o t t o m   of   t h e   e n c l o s u r e   b e l o w   a  p r e d e t e r -  

m i n e d   l e v e l   72.  G i v e n   a  s u f f i c i e n t   c h a r g e   of  SF6  i n  

h o u s i n g   20,   t he   s u r f a c e   of   l i q u i d   SF6  w i l l   n o t   f a l l   s i g -  

n i f i c a n t l y   b e l o w   l e v e l   72  a t .  a n y   n o r m a l l y - e n c o u n t e r e d  

a m b i e n t   t e m p e r a t u r e s .   The  SF6  a b o v e   l e v e l   72  i s   g a s e o u s .  
F i x e d   c o n t a c t   50  i s   p r e f e r a b l y   d i s p o s e d   b e l o w   l i q u i d   l e v e l  

72  so  as  to  a l w a y s   be  i m m e r s e d   in  l i q u i d   SF6.  The  o u t f l o w  

t u b e   40  to  c o o l e r   36  e x t e n d s   i n t o   e n c l o s u r e   44  a b o v e  

l i q u i d   l e v e l   72  and  t h e   i n f l o w   t u b e   42  f rom  t h e   c o o l e r  

c o n n e c t s   to  an  o p e n i n g   73  b e l o w   l e v e l   7 2 .  

To  e f f i c i e n t l y   e m p l o y   t he   e x c e l l e n t   d i e l e c t r i c  

p r o p e r t i e s   of   l i q u i d   SF6,   means   a r e   p r o v i d e d   in  t he   l o w e r  

p a r t   of   e n c l o s u r e   44  f o r   p u m p i n g   and  d i r e c t i n g   t he   l i q u i d  

i n t o   t he   a r c i n g   r e g i o n   of   t h e   i n t e r r u p t e r .   One  s u c h   m e a n s  

is   a  pump  c y l i n d e r   74,   e x t e n d i n g   t h r o u g h   w a l l   48  a n d  

o p e n i n g   a t   76,   w i t h i n   e n c l o s u r e   44.  A  pump  p i s t o n   78  i s  

s u p p o r t e d   f o r   m o v e m e n t   in  c y l i n d e r   74.  P i s t o n   78  i n c l u d e s  

s u i t a b l e   s e a l s   79  to  p r e v e n t   e s c a p e   of   f l u i d   f rom  e n c l o -  

s u r e   44.  An  i n s u l a t i n g   a c t u a t i n g   rod   80  c o u p l e d   to  l o w e r  

c r o s s   b a r   70  in  l o w e r   c h a m b e r   46  s e r v e s   to  move  p i s t o n   7 8  

in  t he   c y l i n d e r .   An  a n n u l a r   f l o w   p a s s a g e w a y   82  i s   f o r m e d  

w i t h i n   an  e l e c t r i c a l l y   c o n d u c t i v e   b l o c k   81  s u p p o r t i n g  

f i x e d   c o n t a c t   50.  F low  p a s s a g e w a y   82  e x t e n d s   f rom  c y l i n -  

d e r   o p e n i n g   7 6   a r o u n d   f i x e d   c o n t a c t   50.  P a s s a g e w a y   8 2  

d i r e c t s   f l u i d   f rom  c y l i n d e r   74  to  t h e   v i c i n i t y   of   t h e  

f i x e d   c o n t a c t .   E n c l o s i n g   the   u p p e r   end  of   t he   f i x e d  

c o n t a c t   i s   a  f l u i d - f l o w   n o z z l e   84  h a v i n g   a  n o z z l e   o p e n i n g  

86  d i r e c t l y   o v e r   o p e n i n g   56  in  c o n t a c t   cap  54.  N o z z l e   8 4  

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

TEFLON  ( T r a d e m a r k ) .   Flow  p a s s a g e w a y   82.  d e l i v e r s   f l u i d  

d i r e c t l y   i n t o   n o z z l e   84  to  p r o v i d e   a  c o n t i n u o u s   f l u i d   f l o w  

p a t h   a r o u n d   t he   f i x e d   e l e c t r o d e   and  i n t o   the   p r i n c i p a l  

a r c i n g   r e g i o n   of  the   i n t e r r u p t e r .  

E x t e n d i n g   a r o u n d   f i x e d   c o n t a c t   50  in  f l o w   p a s -  

s a g e w a y   82  is   a  f i r s t   c h e c k   v a l v e   88  f o r   p e r m i t t i n g   u n i d i -  

r e c t i o n a l   f l u i d   f l o w   f rom  c y l i n d e r   74  to  t h e   f i x e d   c o n -  

t a c t .   V a l v e   88  i s   a  form  of   f l a p   v a l v e   c o m p r i s i n g   a 

s u b s t a n t i a l l y   c y l i n d r i c a l   r e s i l i e n t   member   e x t e n d i n g  



b e t w e e n   o p p o s i t e   w a l l s   of   p a s s a g e w a y   82.  The  r e s i l i e n t  

member   88  i s   f i x e d   to  one  w a l l   of  t h e   p a s s a g e w a y ,   a t   8 9  

( s e e   F i g .   3 ) .   V a l v e   88  f o l d s   o v e r   t o w a r d   f i x e d   c o n t a c t   50  

to  a d m i t   f l u i d   i n t o   t h e   i m m e d i a t e   v i c i n i t y   of   t h e   f i x e d  

c o n t a c t ,   as  i s   shown  m o s t   c l e a r l y   in  F i g .   4.  I f   f l u i d  

a t t e m p t s   to  p a s s   t h e   o t h e r   way  t o w a r d   c y l i n d e r   74  in   t h e  

p a s s a g e w a y ,   v a l v e   88  s t r a i g h t e n s   to  e x t e n d   b e t w e e n   t h e  

p a s s a g e w a y   w a l l s ,   b l o c k i n g   f l u i d   f l o w .   Any  s u i t a b l e  

r e s i l i e n t   m a t e r i a l   can  be  u s e d   f o r   v a l v e   88,  f o r   e x a m p l e  

n e o p r e n e   or   e t h y l e n e   p r o p y l e n e .  

E x t e n d i n g   o u t   t h e   s i d e   of   s u p p o r t   b l o c k   8 1  

a d j a c e n t   pump  c y l i n d e r   74  i s   a  r e f i l l   p a s s a g e   t u b e   9 0 .  

The  r e f i l l   p a s s a g e   c o m m u n i c a t e s   w i t h   an  a n n u l a r   c h a n n e l   9 1  

f o r m e d   in   b l o c k   81  a r o u n d   c y l i n d e r   o p e n i n g   76.  A l l   t h e  

f l u i d   e n t e r i n g   c y l i n d e r   74  by  way  of  p a s s a g e   90  p a s s e s  

t h r o u g h   a n n u l a r   c h a n n e l   91.  L o o s e l y   p o s i t i o n e d   a d j a c e n t  

c h a n n e l   91  i s   a  r i n g - s h a p e d   member   9 2  w h i c h   s e r v e s   t o  

c o v e r   and  b l o c k   t h e   a n n u l a r   c h a n n e l   to  p r e v e n t   f l u i d   f r o m  

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

B e c a u s e   r i n g   92  i s   n o t   f i x e d   in  p o s i t i o n ,   i t   w i l l   d r o p  

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

the   a n n u l a r   c h a n n e l .   As  s u c h ,   r i n g   92  s e r v e s   as  a  s e c o n d  

c h e c k   v a l v e   in   t h e   i n t e r r u p t e r   f o r   p e r m i t t i n g   u n i d i r e c -  

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

c y l i n d e r   74  i n t o   t h e   r e m a i n d e r   of  e n c l o s u r e   44  t h r o u g h  

p a s s a g e   90.  R e f i l l   p a s s a g e   t u b e   90  e x t e n d s   o u t s i d e   t h e  

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

l i q u i d   l e v e l   72.  T h e r e f o r e ,   as  t he   pump  p i s t o n   78  i s  

d r a w n   d o w n w a r d l y   in  c y l i n d e r   74,  t h e   pump  c y l i n d e r   r e f i l l s  

o n l y   w i t h   d i e l e c t r i c   l i q u i d   and  n o t   w i t h   any  gas   f rom  t h e  

top   of  e n c l o s u r e   4 4 .  

O p p o s i t e   t h e   pump  c y l i n d e r   74  in  e n c l o s u r e   44  i s  

a  s u b s t a n t i a l l y   p a r a l l e l   g a s - f i l l e d   c y l i n d e r   95  in   w h i c h   a  

f l o a t i n g   p i s t o n   96  i s   s u p p o r t e d   f o r   m o v e m e n t .   C y l i n d e r   95  

c o m m u n i c a t e s   w i t h   f l o w   p a s s a g e w a y   82  and  s e r v e s   as  a  

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

d e s c r i b e d   in  U .S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  8 1 8 , 0 0 4 ,  

f i l e d   J u l y   22,  1 9 7 7 ,   a s s i g n e d   to  the   a s s i g n e e   of   t h e  



p r e s e n t   a p p l i c a t i o n .   The  c y l i n d e r   c o n t a i n s   a  h i g h l y  

p r e s s u r i z e d   gas   s u c h   as  n i t r o g e n   a t   a  p r e s s u r e   of   a p p r o x i -  

m a t e l y   2 , 0 0 0   p . s . i .   In  t h e   u p p e r   p o r t i o n   of   c y l i n d e r   95  

b e n e a t h   p i s t o n   96  t h e   gas   i s   p r e f e r a b l y   c o n t a i n e d   w i t h i n   a  

w e l d e d   m e t a l   b e l l o w s   97.  The  b e l l o w s   p e r m i t   d o w n w a r d  

m o v e m e n t   of   p i s t o n   96  w h i l e   p r e v e n t i n g   e s c a p e   of   any  o f  

t h e   h i g h l y   p r e s s u r i z e d   g a s .   In  t h e   p r e f e r r e d   e m b o d i m e n t  

c y l i n d e r   95  e x t e n d s   t h r o u g h   h o u s i n g   w a l l   48  i n t o   l o w e r  

c h a m b e r   46  and  i n c l u d e s   a  gas   i n j e c t i o n   v a l v e   98  a t   t h e  

l o w e r   end  f o r   f i l l i n g   t he   c y l i n d e r .  

An  o v e r f l o w  c o n d u i t   99  o p e n i n g   a t   t h e   l e v e l   o f  

d i e l e c t r i c   l i q u i d   72  i n s i d e   e n c l o s u r e   44  s e r v e s   to  k e e p  

t h e   l i q u i d   l e v e l   s u b s t a n t i a l l y   c o n s t a n t .   The  o v e r f l o w  

c o n d u i t   e x t e n d s   f rom  l o w e r   c h a m b e r   46  w i t h i n   h o u s i n g   2 0 .  

C h a m b e r   46  i s   a  h o l d i n g   r e s e r v o i r   p r o v i d i n g   a  r e s e r v e  

s u p p l y   of  d i e l e c t r i c   medium  f o r   t h e   i n t e r r u p t e r .   To  a l l o w  

o v e r f l o w   c o n d u i t   99  to  f u n c t i o n   p r o p e r l y ,   t h e   h o l d i n g  

r e s e r v o i r   s h o u l d   be  o u t s i d e   c o n t a c t   e n c l o s u r e   44  d i s p o s e d  

b e l o w   l i q u i d   l e v e l  7 2 .   B e c a u s e   o v e r f l o w   c o n d u i t   99  i s  

open   b e t w e e n   t h e   two  c h a m b e r s   of   h o u s i n g   20,   t he   l o w e r  

c h a m b e r   46  i s   p r e s s u r i z e d   to  t he   same  d e g r e e   as  t h e   c o n -  

t a c t   e n c l o s u r e   44.  G e n e r a l l y ,   t h e   h o l d i n g   r e s e r v o i r   w i l l  

c o n t a i n   some  d i e l e c t r i c   in   l i q u i d   form  and  some  in  g a s e o u s  
fo rm .   A  s m a l l   h e a t i n g   e l e m e n t   101  in   t h e   h o l d i n g   r e s e r -  

v o i r   w i l l   s e r v e   to  b o i l   o f f   some  of  t h e   d i e l e c t r i c   l i q u i d ,  

c a u s i n g   t he   r e s u l t a n t   gas   to  r i s e   i n t o   t h e   c o n t a c t   e n c l o -  

s u r e   44  t h r o u g h   t h e   o v e r f l o w   c o n d u i t .   H e a t e r   101  can  b e  

p o w e r e d   by  a  c o n v e n t i o n a l   a u x i l i a r y   p o w e r   s o u r c e   ( n o t  

s h o w n ) .   Such   a u x i l i a r y   p o w e r   s u p p l i e s   g e n e r a l l y   a r e  

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

f o r   p o w e r i n g   e q u i p m e n t .   The  h e a t e r   s e r v e s   to  m a i n t a i n   t h e  

l e v e l   of  l i q u i d   in  e n c l o s u r e   44  when  a m b i e n t   t e m p e r a t u r e s  

m i g h t   o t h e r w i s e   c a u s e   t he   l i q u i d   l e v e l   to  d r o p   b e l o w   t h e  

l e v e l   of   t he   o p e n i n g   of   o v e r f l o w   c o n d u i t   99.  When  u s i n g  

SF6  as  a  d i e l e c t r i c   m e d i u m ,   w i t h   h o u s i n g   20  p r e s s u r i z e d   t o  

a p p r o x i m a t e l y   300  p . s . i . ,   a  s u i t a b l e   v a l u e   f o r   t he   o u t p u t  
of  h e a t e r   101  w o u l d   be  200  w a t t s .  

B e s i d e s  s e r v i n g   as  a  h o l d i n g   r e s e r v o i r ,   l o w e r  



c h a m b e r   46  of  h o u s i n g   20  e n c l o s e s   t h e   m e c h a n i c a l   l i n k a g e s  

f o r   o p e r a t i n g   t h e   i n t e r r u p t e r .   P a r t s   of  a c t u a t i n g   rod   3 2 ,  

c r o s s   b a r   70,   and  a c t u a t i n g   r o d s   68  and  80  a r e   h o u s e d  

w i t h i n   l o w e r   c h a m b e r   46.  The  d i e l e c t r i c   i n f l o w   t u b e   4 2  

f rom  e x t e r n a l   c o o l e r   38  p r e f e r a b l y   p a s s e s   t h r o u g h   c h a m b e r  

46  to  c o n n e c t   to  o p e n i n g   7 3 .  

C o u p l e d   to  t h e   o u t e r   end  of  rod   32  i s   a  s u i t a b l e  

a c t u a t i n g   a p p a r a t u s   ( n o t   shown)   f o r   i m p a r t i n g   m o t i o n   t o  

r o d   32.  As  n o t e d   a b o v e ,   rod   32  n o t   o n l y   s e r v e s   as  t h e  

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

b u t   a l s o   m o v e s  p u m p   p i s t o n   78  in   t he   pump  c y l i n d e r .   T h e  

a c t u a t o r   c o u p l e d   to  rod   32  m u s t   be  c a p a b l e   of  s e p a r a t i n g  

t he   i n t e r r u p t e r   c o n t a c t s   r a p i d l y ,   w i t h i n   s e v e r a l   m i l l i -  

s e c o n d s .   M o r e o v e r ,   t h e   a c t u a t o r   mus t   be  r e l a t i v e l y   p o w e r -  
f u l   to  r a p i d l y   d r i v e   p i s t o n   78  a g a i n s t   t he   d i e l e c t r i c  

l i q u i d   in  c y l i n d e r   74  and  f l o w   p a s s a g e w a y   8 2 .  

O p e r a t i o n   of   t h e   i n t e r r u p t e r   of  t h e   p r e s e n t  

i n v e n t i o n   i s   i l l u s t r a t e d   in  F i g s .   3 - 5 .   The  n o r m a l  

c u r r e n t - c a r r y i n g   mode  of   t he   i n t e r r u p t e r   i s   shown  in  F i g .  

3.  The  u p p e r   m o v a b l e   c o n t a c t   i s   in   i t s   c l o s e d   p o s i t i o n  

w i t h   t he   d o w n w a r d l y - e x t e n d i n g   c o n t a c t   p o r t i o n   58  e x t e n d i n g  

i n t o   o p e n i n g   86  of   n o z z l e   84  and  o p e n i n g   56  of   cap  5 4 .  

F i n g e r s   52  e n g a g e   c o n t a c t   58.  C u r r e n t   i s   c a r r i e d   t h r o u g h  

t h e   c o n t a c t s   b e t w e e n   e x t e r n a l   bus   c o n n e c t i o n s   26  and  2 8 .  

When  t h e   c o n t a c t s   a r e   c l o s e d ,   pump  p i s t o n   78  i s   w i t h d r a w n  

i n t o   c y l i n d e r   74,   w h i c h   i s   f i l l e d   w i t h   d i e l e c t r i c   l i q u i d  

( S F 6 ) .  
An  e x t e r n a l   f a u l t   d e t e c t i o n   s y s t e m   ( n o t   s h o w n )  

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

c a l l e d   f o r ,   a  s i g n a l   i s   s e n t   to  t he   p r e v i o u s l y - m e n t i o n e d  

a c t u a t o r   c o u p l e d   to  rod   32  to  open   t h e   c o n t a c t s .   U p o n  

r e c e i p t   of  an  " o p e n "   s i g n a l ,   t h e   a c t u a t o r   moves   rod  32  

u p w a r d l y ,   s e p a r a t i n g   m o v a b l e   c o n t a c t   58  f rom  the   f i x e d  

c o n t a c t   and  s i m u l t a n e o u s l y   d r i v i n g   pump  p i s t o n   78  u p w a r d l y  

in  c y l i n d e r   74.  When  the   c o n t a c t s   s e p a r a t e ,   an  a r c   106  i s  

d e v e l o p e d   w h i c h   e x t e n d s   t h r o u g h   o p e n i n g   86  o f  n o z z l e   8 4 .  

As  i s   w e l l   known  in  t he   i n t e r r u p t e r   a r t ,   t h e   a r c   c o n t i n u e s  

to  c a r r y   s u b s t a n t i a l l y   t h e   f u l l   f a u l t   c u r r e n t   u n t i l   e x -  



t i n g u i s h e d .  

As  t he   c o n t a c t s   a r e   s e p a r a t i n g ,   pump  p i s t o n   7 8  

moves   u p w a r d l y   in  c y l i n d e r   74,   f o r c i n g   d i e l e c t r i c   l i q u i d  

t h r o u g h   f l o w   p a s s a g e w a y   82  i n t o   t h e   v i c i n i t y   of  f i x e d  

c o n t a c t   50.  The  f l o w   of   d i e l e c t r i c   l i q u i d   c o l l a p s e s   c h e c k  

v a l v e   88,   as  shown  in  F i g .   4.  R ing   92  p r e v e n t s   e s c a p e   o f  

t he   l i q u i d   SF6  t h r o u g h   r e f i l l   p a s s a g e   90.  The  d i e l e c t r i c  

l i q u i d   i s   f o r c e d   o u t   t h r o u g h   n o z z l e   o p e n i n g   86,   i n c r e a s i n g  

t h e   v o l t a g e   d r o p   of  a r c   106.   The  n o z z l e   r e s t r i c t s   t h e  

f l o w   p a t h   c a u s i n g   a  l a r g e   i n c r e a s e   in  f l u i d   p r e s s u r e  
a r o u n d   c o n t a c t   50.  The  i o n   s t r e a m   of   a r c   106  p a r t i a l l y  

c l o g s   n o z z l e   o p e n i n g   86,   f u r t h e r   r e s t r i c t i n g   f l u i d   f l o w  

and  g r e a t l y   i n c r e a s i n g   t h e   p r e s s u r e   of  t he   l i q u i d   SF6  a s  

i t   c o m p r e s s e d   by  p i s t o n   78.  The  p r e s s u r e   and  d i e l e c t r i c  

p r o p e r t i e s   of  t h e   l i q u i d   SF6  p r o d u c e   a  h i g h   a r c   v o l t a g e .  

When  a  c u r r e n t   z e r o   i s   r e a c h e d   in  t he   a l t e r n a -  

t i n g   c u r r e n t   c y c l e ,   t h e   a r c   d i s a p p e a r s .   I f   s u f f i c i e n t  

d i e l e c t r i c   s t r e n g t h   e x i s t s   b e t w e e n   t he   e l e c t r o d e s ,  

r e - i g n i t i o n   i s   p r e v e n t e d .   In  i n t e r r u p t e r s   of   t h i s   t y p e ,  

t h e   c u r r e n t   w i l l   p a s s   t h r o u g h   one  or   two  c u r r e n t   z e r o e s  

( h a l f - c y c l e s )   b e f o r e   a r c   r e - i g n i t i o n   is   p r e v e n t e d .   A s s u m -  

ing   a  60  h e r t z   a l t e r n a t i n g   c u r r e n t ,   a p p r o x i m a t e l y   t h r e e  

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

and  f u l l   c o n t a c t   s e p a r a t i o n .   D u r i n g   t he   t i m e   in  w h i c h   t h e  

m o v a b l e   c o n t a c t   i s   m o v i n g ,   pump  c y l i n d e r   78  c o n t i n u e s   t o  

f o r c e   d i e l e c t r i c   l i q u i d   t h r o u g h   f l o w   p a s s a g e w a y   82  and  o u t  

n o z z l e   o p e n i n g   86.  T h i s   i n s u r e s   a  s u f f i c i e n t   s u p p l y   o f  

t h e   d i e l e c t r i c   l i q u i d   to  e x t i n g u i s h   t he   a r c .  

To  p r e v e n t   e x c e s s i v e   p r e s s u r e   l e v e l s   w i t h i n  

p a s s a g e w a y   82  and  n o z z l e   84,   p i s t o n   96  moves   d o w n w a r d l y   i n  

p r e s s u r e - a b s o r b i n g   c y l i n d e r   95.  As  t he   p r e s s u r e   in  p a s -  

s a g e w a y   82  i n c r e a s e s ,   p i s t o n   96  moves   d o w n w a r d l y ,   c o m p r e s -  

s i n g   b e l l o w s   97  and  t he   gas   w i t h i n   to  p r e v e n t   t he   p r e s s u r e  
in  p a s s a g e w a y   82  from  b e c o m i n g   e x c e s s i v e .   As  a  c u r r e n t  

z e r o   a p p r o a c h e s   in  t h e   a l t e r n a t i n g   c u r r e n t   c y c l e ,   the   a r c  

b e c o m e s   s m a l l e r ,   p e r m i t t i n g   more  of   t he   d i e l e c t r i c   l i q u i d  

and  g e n e r a t e d   g a s e s   to  e s c a p e   t h r o u g h   n o z z l e   o p e n i n g   8 6 .  

At  t h e   p o i n t   a c c u m u l a t o r   p i s t o n   96  i s   moved  u p w a r d l y   i n  



c y l i n d e r   95  by  t h e   h i g h   p r e s s u r e   gas   w i t h i n .   T h i s   u p w a r d  

m o v e m e n t   of   t he   p i s t o n   h e l p s   to  m a i n t a i n   h i g h   p r e s s u r e  
l e v e l s   w i t h i n   p a s s a g e w a y   82.  C y l i n d e r   95  and  p i s t o n   9 6  

t h u s   s e r v e   to  s m o o t h   t h e   p r e s s u r e   v a r i a t i o n s   w h i c h   o c c u r  

in  t h e   f l u i d   p a s s a g e w a y   of   t he   i n t e r r u p t e r .  

To  r e c l o s e   t he   c o n t a c t s ,   a  s i g n a l   i s   s e n t   to  t h e  

p r e v i o u s l y   m e n t i o n e d   a c t u a t o r   to   move  rod   32  d o w n w a r d l y .  

As  shown  in  F i g .   4,  m o v a b l e   c o n t a c t   58  and  pump  p i s t o n   7 8  

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

d e r   74  by  pump  p i s t o n   78  t h r o u g h   r e f i l l   p a s s a g e   t u b e   9 0 .  

V a l v e   r i n g   92  d r o p s   down  o n t o   a  s h o u l d e r   110  in   c y l i n d e r  

74  to  a d m i t   f l u i d  t h r o u g h   c h a n n e l   91.  B e c a u s e   t h e   d i e l e c -  

t r i c   l i q u i d   is   d r a w n   f rom  n e a r   t he   b o t t o m   of   e n c l o s u r e   4 4  

t h r o u g h   a  d o w n w a r d l y - e x t e n d i n g   t u b e ,   no  g a s e o u s   SF6  e n t e r s  

t he   pump  c y l i n d e r .   P r e v e n t i n g   gas   f rom  e n t e r i n g   c y l i n d e r  

74  i s   i m p o r t a n t   to  i n s u r e   t h a t   maximum  p r e s s u r e s   a r e  

g e n e r a t e d   by  t h e   n e x t   u p w a r d   s t r o k e   of   pump  p i s t o n   7 8 .  

Check   v a l v e   88  in  f l u i d   p a s s a g e w a y   82  p r e v e n t s   any  S F 6  
f rom  e n t e r i n g   pump  c y l i n d e r   74  t h r o u g h   f l o w   p a s s a g e w a y   8 2 .  

The  i n t e r r u p t e r   c o n t a c t s   can   be  o p e n e d   a n d  

r e c l o s e d   r e p e a t e d l y .   O f t e n   t h e   c o n t a c t s   mus t   be  o p e n e d  

s e v e r a l   t i m e s   to  p r o t e c t   a g a i n s t   a  f a u l t   and  the   p r e s e n t  

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

T h e r e   i s   no  e x t e r n a l   s u p p l y   of   d i e l e c t r i c   medium  to  b e  

e x h a u s t e d .  

T h r o u g h o u t   t h e   o p e r a t i o n   of  t h e   i n t e r r u p t e r ,  

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

e x t e r n a l   c o o l e r   36  c o n t i n u e s   to   f u n c t i o n .   As  h e a t   i s  

g e n e r a t e d   by  t he   c u r r e n t   c a r r y i n g   c o n t a c t s   and  a l s o   b y  

h e a t e r   101 ,   d i e l e c t r i c   gas   i s   e v a p o r a t e d   and  r i s e s   to  t h e  

top  of   t h e   h o u s i n g .   The  gas   t h e n   e n t e r s   o u t f l o w   c o n d u i t  

40  and  i s   c o o l e d   by  c o o l e r   36,   w h e r e   i t   c o n d e n s e s   to  a  

l i q u i d .   The  c o o l e r   i s   p r e f e r a b l y   p o s i t i o n e d   a b o v e   l i q u i d  

l e v e l   72  of   t he   i n t e r r u p t e r   so  t h e   l i q u i d   w i l l   be  r e t u r n e d  

by  g r a v i t y   to  t h e   e n c l o s u r e   v i a   i n f l o w   t u b e   42.   T o  a l l o w  

f o r   e x t e r n a l   m o n i t o r i n g   of   t h e   l i q u i d   l e v e l   in  t he   c o n t a c t  

e n c l o s u r e ,   a  s u i t a b l e   s i g h t   g l a s s   a p p a r a t u s   111  is   i n c l u -  

ded  on  i n f l o w   t u b e   42,   i f   d e s i r e d .   The  p r e s s u r e   w i t h i n  



t u b e s   40  and  42  and  c o o l e r   36  i s   t h e   same  as  w i t h i n   h o u s -  

i ng   20.  C o o l e r   36  p r e f e r a b l y   has   a  c o o l i n g   c a p a c i t y  

s u f f i c i e n t   to  r e m o v e   a p p r o x i m a t e l y   2 , 0 0 0   w a t t s   of  h e a t  

f rom  t he   d i e l e c t r i c   med ium  to  m a i n t a i n   t h e   SF6  i n  a   l i q u i d  

s t a t e .  

The  i n t e r r u p t e r   of   t he   p r e s e n t   i n v e n t i o n   e f f e c -  

t i v e l y   i n t e r r u p t s   c u r r e n t s   on  h i g h   v o l t a g e   ( e . g . ,   145  K v )  

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

e x t e r n a l   s h u n t   c a p a c i t a n c e   a n d / o r   r e s i s t a n c e .   M u l t i p l e  

o p e n i n g s   and  r e c l o s i n g s   a r e   p r o v i d e d   f o r .   The  e x c e l l e n t  

d i e l e c t r i c   p r o p e r t i e s   of  l i q u i d   SF6  a r e   e m p l o y e d   w i t h o u t  

the   n e e d   f o r   an  e x t e r i o r   p r e s s u r i z e d   s u p p l y   to  r e f i l l   t h e  

pump.  The  SF6  is   a t   a  r e a d i l y   a c h i e v e d   and  e a s i l y   m a i n -  

t a i n e d   p r e s s u r e ,   m i n i m i z i n g   c o n s t r u c t i o n   c o s t s   s i n c e   h i g h  

p r e s s u r e   c o n s t r u c t i o n   t e c h n i q u e s   a r e   n o t   r e q u i r e d   f o r  

h o u s i n g   20.  Ve ry   h i g h   p r e s s u r e   l i q u i d   SF6  is   e m p l o y e d  

o n l y   in  t he   i m m e d i a t e   v i c i n i t y   of  t h e   a r c i n g   c o n t a c t s   a n d  

o n l y   f o r   l i m i t e d   t i m e s .   T h u s ,   t h e   s y s t e m   has   a  h i g h  

d e g r e e   of  r e l i a b i l i t y .   D u r i n g   n o r m a l   o p e r a t i o n   the   c o n -  

t a c t s   o p e r a t e   i m m e r s e d   in  l i q u i d   SF6  w h i c h   s e r v e s   to  k e e p  

them  c o o l ,   i n c r e a s i n g   t h e i r   c u r r e n t - c a r r y i n g   c a p a c i t y .  

The  e x t e r n a l   c o o l i n g   s y s t e m   and  i n t e r n a l   h e a t e r   u s e   r e l a -  

t i v e l y   l i t t l e   p o w e r   and  can   be  of   c o n v e n t i o n a l   and  v e r y  

r u g g e d   c o n s t r u c t i o n .  

A l t e r n a t i v e   t y p e s   of   l i q u i d   pumps  c o u l d   b e  

e m p l o y e d ,   f o r   e x a m p l e .   An  a l t e r n a t i v e   t y p e   o f  

p r e s s u r e - a b s o r b i n g   a c c u m u l a t o r   c o u l d   be  u s e d .   A  d i e l e c -  

t r i c   medium  o t h e r   t h a n   SF6  c o u l d   be  e m p l o y e d ,   s u c h   a s  

s e l e n i u m   h e x a f l u o r i d e   ( S e F 6 )   or   a n o t h e r   e f f e c t i v e   d i e l e c -  

t r i c   w h i c h   can  be  r e a d i l y   l i q u i f i e d .  

An  i m p r o v e d   c u r r e n t   i n t e r r u p t e r   has   b e e n   d e s -  

c r i b e d   w h i c h   e m p l o y s   a  d i e l e c t r i c   l i q u i d   to  e f f e c t i v e l y  

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

r e p e a t e d   c o n t a c t   o p e n i n g s   and  r e c l o s i n g s .   The  i n t e r r u p t e r  

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

p u m p i n g   c y l i n d e r   w i t h o u t   t h e   use   of  an  e x t e r n a l   p r e s -  
s u r i z e d   r e s e r v o i r .   The  i n t e r r u p t e r   e m p l o y s   a  v e r y   h i g h l y  

p r e s s u r i z e d   d i e l e c t r i c   l i q u i d   f o r   e f f e c t i v e   a r c   e x t i n c t i o n  



w h i l e   m a i n t a i n i n g   t h e   e n t i r e   c h a r g e   of  d i e l e c t r i c   m e d i u m  

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

c l o s e d .  



1.  A  c i r c u i t   i n t e r r u p t e r   c o m p r i s i n g   an  e n c l o -  

s u r e   (20)   f o r   a  d i e l e c t r i c   medium  u n d e r   t e m p e r a t u r e   a n d  

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

f i x e d   c o n t a c t   (50)   and  a  m o v a b l e   c o n t a c t   (58)   in  s a i d  

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

a t e   w i t h i n   e l e c t r i c a l   c o n t a c t   w i t h   s a i d   f i x e d   c o n t a c t ,   a  

c y l i n d e r   (74)   h a v i n g   a s s o c i a t e d   w i t h   s a i d   e n c l o s u r e ,   a  

pump  p i s t o n   (78)   s u p p o r t e d   f o r   m o v e m e n t   in  s a i d   c y l i n d e r ,  

c h a r a c t e r i z e d   in  t h a t   t h e   d i e l e c t r i c   l i q u i d   i s   m a i n t a i n e d  

a t   a  p r e d e t e r m i n e d   l e v e l   (72)   in  s a i d   e n c l o s u r e   and  a  

d i e l e c t r i c   gas   a b o v e   s a i d   d i e l e c t r i c   l i q u i d ,   a  f l o w   p a s s -  

a g e w a y   (82 )   e x t e n d i n g   f rom  s a i d   c y l i n d e r   f o r   d i r e c t i n g  

f l u i d   i n t o   t he   v i c i n i t y   of   s a i d   f i x e d   c o n t a c t ,   a  f i r s t  

c h e c k   v a l v e   (88)   in  s a i d   f l u i d   p a s s a g e w a y   to  p e r m i t   u n i d i -  

r e c t i o n a l   f l u i d   f l o w   f rom  s a i d   c y l i n d e r   to  s a i d   f i x e d  

c o n t a c t ,   r e f i l l   p a s s a g e   means   ( 90 ,   91)  to  p e r m i t   f l u i d   t o  

e n t e r   s a i d   c y l i n d e r   f rom  a  p o i n t   i n s i d e   s a i d   e n c l o s u r e   a n d  

b e l o w   s a i d   l e v e l   of   d i e l e c t r i c   f l u i d ,   and  means   to  a c t u a t e  

s a i d   pump  p i s t o n   and  s a i d   m o v a b l e   c o n t a c t  t o   s e p a r a t e   a n d  

r e c l o s e   s a i d   c o n t a c t s   and  to  d r i v e   s a i d   pump  p i s t o n   i n  

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

f l u i d   p a s s a g e w a y   upon  c o n t a c t   s e p a r a t i o n   and  d r a w i n g   f l u i d  

i n t o   s a i d   c y l i n d e r   by  way  of  s a i d   r e f i l l   p a s s a g e   m e a n s  

upon   c o n t a c t   r e c l o s u r e .  

2.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i z e d   in  t h a t   c o o l i n g   means   (36)   a r e   p r o v i d e d  

e x t e r i o r   of   s a i d   e n c l o s u r e ,   an  o u t f l o w   t u b e   (40)   e x t e n d i n g  

i n t o   s a i d   e n c l o s u r e   a b o v e   s a i d   l e v e l   of   d i e l e c t r i c   l i q u i d  



to  s u p p l y   d i e l e c t r i c   gas   to  s a i d   c o o l i n g   m e a n s ,   and  a n  

i n f l o w   t u b e   (42 )   e x t e n d i n g   i n t o   s a i d   e n c l o s u r e   b e l o w   s a i d  

l e v e l   of   d i e l e c t r i c   l i q u i d   to  r e t u r n   c o o l e d   d i e l e c t r i c  

l i q u i d   to  s a i d   e n c l o s u r e .  

3.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m   2 

c h a r a c t e r i z e d   in   t h a t   s a i d   c o o l i n g   means   i s   l o c a t e d   a t   an .  
e l e v a t i o n   a b o v e   s a i d   l e v e l   of   d i e l e c t r i c   l i q u i d   in  s a i d  

e n c l o s u r e .  

4 .   A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  a n y  o n e  
of  C l a i m s   1  to  3  c h a r a c t e r i z e d   in  t h a t   s a i d   d i e l e c t r i c  

medium  in  l i q u i d   or   g a s e s   i s   s u l f u r   h e x a f l u o r i d e .  

5.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  a n y  o n e  
of   C l a i m s   1  to  4  c h a r a c t e r i z e d   in   t h a t   s a i d   f l o w   p a s s a g e -  

way  e x t e n d s   a r o u n d   s a i d   f i x e d   c o n t a c t .  

6.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m   5 

c h a r a c t e r i z e d   in   t h a t   s a i d   f i r s t   c h e c k   v a l v e   i n c l u d e s   a  

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

b e t w e e n   o p p o s i t e   w a l l s   of  s a i d   f l o w   p a s s a g e w a y ,   s a i d  

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

s a i d   f l o w   p a s s a g e w a y   and  f o l d i n g   o v e r   t o w a r d   s a i d   f i x e d  

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

f i x e d   c o n t a c t .  

7.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m s   5 

or   6  c h a r a c t e r i z e d   in   t h a t   s a i d   r e f i l l   p a s s a g e   m e a n s  
i n c l u d e s   a  s e c o n d   c h e c k   v a l v e   (92 )   f o r   p r e v e n t i n g   f l o w   o f  

f l u i d   f rom  s a i d   c y l i n d e r   i n t o   s a i d   e n c l o s u r e   by  way  o f  

s a i d   r e f i l l   p a s s a g e   m e a n s .  
8.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m   7 

c h a r a c t e r i z e d   in  t h a t   s a i d   r e f i l l   p a s s a g e   means   c o m m u n i -  

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

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

s a i d   c y l i n d e r   by  way  of  s a i d   r e f i l l   p a s s a g e   means   p a s s e s  

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

i n c l u d i n g   a  r i n g - s h a p e d   member   l o o s e l y   p o s i t i o n e d   a d j a c e n t  

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

c y l i n d e r   and  to  c o v e r   and  b l o c k   s a i d   a n n u l a r   c h a n n e l   t o  

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

s a i d   c y l i n d e r .  



9.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m   8 

c h a r a c t e r i z e d   by  p r e s s u r e   a b s o r b i n g   means   c o m m u n i c a t i n g  
w i t h   s a i d   f l o w   p a s s a g e w a y   and  r e s p o n s i v e   to  p r e s s u r e  
c h a n g e s   t h e r e i n   f o r   s m o o t h i n g   c h a n g e s   in  f l u i d   p r e s s u r e .  

10.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m  

10  c h a r a c t e r i z e d   in  t h a t   s a i d   p r e s s u r e   a b s o r b i n g   m e a n s  
f u t h e r   i n c l u d e s   a  f l o a t i n g   p i s t o n   m o v a b l e   in  a  g a s - f i l l e d  

c y l i n d e r .  

11.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m  

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

e r ,   s a i d   m e t a l   b e l l o w s   c o n t a i n i n g   h i g h l y   p r e s s u r i z e d   g a s .  
12.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in   a n y  o n e  

of   C l a i m s   1  to  11  c h a r a c t e r i z e d   by  a  h o l d i n g   r e s e r v o i r  

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

d i e l e c t r i c   l i q u i d ,   and  an  o v e r f l o w   c o n d u i t   e x t e n d i n g  
i n s i d e   s a i d   e n c l o s u r e   f rom  s a i d   h o l d i n g   r e s e r v o i r ,   s a i d  

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

of  d i e l e c t r i c   l i q u i d .  

13.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  C l a i m  

12  c h a r a c t e r i z e d   by  h e a t e r   means   in  s a i d   h o l d i n g   r e s e r -  
v o i r .  

14.  A  c i r c u i t   i n t e r r u p t e r   as  c l a i m e d   in  any  o f  

C l a i m s   1  to  13  c h a r a c t e r i z e d   in  t h a t   s a i d   f i x e d   c o n t a c t   i n  

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

l i q u i d .  
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