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©  Load  break  switch  with  safety  mechanism. 
  A  single-phase  ground  enclosed  load  break  switch  for 
distribution  voltages  has  a  hermetically  sealed  cylindrical 
metal  housing  (210)  of  from  2  to  6  inches  diameter  which 
contains  an  insulating  gas  under  pressure.  The  switch  has  a 
movable  contact  assembly  to  contact  a  pair  of  opposed 
stationary  coaxial  conductors  with  the  housing.  A  rocking 
bellows  (266)  at  the  fulcrum  of  a  crank  actuator  (264) 
provides  a  compact  hermetic  seal  for  the  actuator  without 
excessive  strain  of  the  bellows.  A  safety  interlock 
(302,310,260)  with  a  visual  indicator  (318,320)  locks  the 
contact  assembly  in  case  of  a  loss  of  pressure.  Excessive 
pressure  in  the  switch  causes  the  bellows  (266)  to  be 
punctured  with  consequent  locking  of  the  contact  assembly. 
The  switch  is  small  enough  to  be  mounted  directly  on  a 
transformer  or  placed  into  a  cable,  without  the  need  for  a 
separate  enclosure. 



T h i s   i n v e n t i o n   r e l a t e s   to  s a f e t y   f e a t u r e s   f o r  

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

b r e a k   s w i t c h e s   a d a p t e d   f o r   use  in  medium  v o l t a g e   p o w e r  
d i s t r i b u t i o n   s y s t e m s   in  t h e   r a n g e   a b o u t   1  to  a b o u t   36  10 

k i l o v o l t s   (kv)   f o r   i n t e r r u p t i n g   c u r r e n t s   of  up  to  a b o u t  

1  k i l o a m p e r e   ( k a ) .  

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

e l e c t r o d e s ,   one  b e i n g   s t a t i o n a r y   and  the   o t h e r   m o v a b l e  

to  open  and  c l o s e   the   c i r c u i t .   As  commonly   u sed   i n  

t h r e e - p h a s e   s y s t e m s ,   t h r e e   or  m u l t i p l e s   of  t h r e e  

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

e n c l o s u r e .  

One  t y p e   of  l o a d   b r e a k   s w i t c h   fo r   power  d i s t r i b u t i o n  

s y s t e m s   is  gas  i n s u l a t e d   s w i t c h e s   t h a t   employ   a  gas  f o r  

bo th   i n s u l a t i o n   and  i n t e r r u p t i o n .   S u l f u r - 1 0  

h e x a f l u o r i d e   ( S F 6 ) ,   e i t h e r   a l o n e   or  mixed   w i t h   o t h e r  

g a s e s   such   as  n i t r o g e n ,   is  u s e d .   The  gas  is  used   t o  

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

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

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

of  t h r e e ,   s w i t c h e s .   Each  i n d i v i d u a l   s w i t c h   t y p i c a l l y  

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

such   as  r e i n f o r c e d   epoxy   r e s i n .   A  g r o u n d e d   m e t a l  

h o u s i n g   f i l l e d   w i t h   s u l f u r   h e x a f l u o r i d e   s u r r o u n d s   t h e  



i n t e r r u p t e r s   w i t h   s u b s t a n t i a l   c l e a r a n c e   to  p r e v e n t  

a r c i n g .  

A  p r o b l e m   w i t h   p r e s s u r i z e d   gas  f i l l e d   s w i t c h e s   i s  

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

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

s w i t c h   m i g h t   no t   be  q u e n c h e d ,   r e s u l t i n g   in  r a p i d   h e a t i n g  

and   v a p o r i z a t i o n   of   t h e   c o n t a c t s ,   and  in  some  i n s t a n c e s ,  

an  e x p l o s i o n .   A  p r e s s u r e   gage   can  be  p r o v i d e d ,   bu t   t h i s  

d o e s   no t   p r e v e n t   o p e n i n g   t h e   s w i t c h   and  i t   c o n s t i t u t e s  

an  a d d i t i o n a l   s o u r c e   of  l e a k a g e .  

An  a d d i t i o n a l   p r o b l e m   w i t h   s e a l e d   s w i t c h e s   is  t h a t   a  

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

a r c i n g ,   h e a t i n g   and  c o n s e q u e n t   v a p o r i z a t i o n   of  m e t a l i c  

c o n t a c t s .   T h i s   i n c r e a s e s   t h e   i n t e r n a l   p r e s s u r e   of  t h e  

s w i t c h   and  c r e a t e s   a - s a f e t y   h a z a r d   of  a  p o s s i b l e   e x p l o -  

s i o n   of  t he   s w i t c h .  -  

In  v iew  of  t h e s e   p r o b l e m s ,   t h e r e   is  a  need   f o r   a  

p r e s s u r i z e d   s w i t c h   t h a t   is  n o t   a  s a f e t y   h a z a r d   when  t h e  

gas   p r e s s u r e   w i t h i n   t h e   s w i t c h   is  e i t h e r   too   h igh   or  t o o  

low  and  does   no t   i n c o r p o r a t e   u n n e c e s s a r y   s o u r c e s   o f  

l e a k a g e .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  s w i t c h   c o m p r i s i n g :   (a)   a  s e a l e d   h o u s i n g ;  

(b)   a  p r e s s u r i z e d   i n s u l a t i n g   gas  in  t he   h o u s i n g ;   (c)  a  

b e l l o w s   s e a l i n g l y   m o u n t e d   to  t he   h o u s i n g ;   (d)  a n  

a c t u a t i n g   arm  h a v i n g   an  o p e r a t i v e   p o s i t i o n   in  wh ich   t h e  

arm  is   c a p a b l e   of   o p e n i n g   and  c l o s i n g   the   s w i t c h ,   t h e  

a c t u a t i n g   arm  b e i n g   s e a l i n g l y   m o u n t e d   to  the   b e l l o w s   a n d  

e x t e n d i n g   i n t o   t he   h o u s i n g   t h r o u g h   the   b e l l o w s ;   (e)  l o w  



p r e s s u r e   b i a s i n g   means   f o r   b i a s i n g   the   b e l l o w s   in  o p p o -  
s i t i o n   to  t he   gas  p r e s s u r e   in  the   h o u s i n g ,   w h e r e i n   w h e n  

the   f o r c e   of  the   gas  on  the   b e l l o w s   is  g r e a t e r   t h a n   t h e  

f o r c e   of  t h e   low  p r e s s u r e   b i a s i n g   means   on  the   b e l l o w s ,  

the   arm  is   in  i t s   o p e r a t i v e   p o s i t i o n ;   and  ( f )   l o c k i n g  

means   f o r   r e n d e r i n g   the   arm  i n o p e r a t i v e ,   t he   l o c k i n g  

means   b e i n g   p o s i t i o n e d   so  t h a t   when  the   f o r c e   of  the   l o w  

p r e s s u r e   b i a s i n g   means   on  the   b e l l o w s   is  g r e a t e r   t h a n  

the   f o r c e   o f   the   gas  on  the  b e l l o w s ,   the   b e l l o w s   i s  

moved  by  t he   low  p r e s s u r e   b i a s i n g   means   and  the   arm  i s  

moved  i n t o   a  l o c k e d   p o s i t i o n .  

P r e f e r a b l y ,   movemen t   of  t he   b e l l o w s   in  r e s p o n s e   to  t h e  

o p e r a t i o n   of  t he   l o c k i n g   means   r e s u l t s   in  a  c o n t r a c t i o n  

of  t he   b e l l o w s .  

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

p r e s s u r e   b i a s i n g   means   such   as  a  s p r i n g   f o r   b i a s i n g   t h e  

b e l l o w s   in  o p p o s i t i o n   to  gas  p r e s s u r e   w i t h i n   t h e  

h o u s i n g .   As  l o n g   as  the   f o r c e   of  the   gas  on  the   b e l l o w s  

is   g r e a t e r   t h a n   the   f o r c e   of  the   low  p r e s s u r e   b i a s i n g  

means   on  t h e   b e l l o w s   so  t h a t   the   b e l l o w s   is  n o t  

c o n t r a c t e d ,   t h e   arm  r e m a i n s   in  i t s   o p e r a t i v e   p o s i t i o n .  

L o c k i n g   means   a r e   p r o v i d e d   to  r e n d e r   t he   arm  i n o p e r a b l e .  

The  l o c k i n g   means   a re   p o s i t i o n e d   so  t h a t   when  the   f o r c e  

of  t he   low  p r e s s u r e   b i a s i n g   means   on  the   b e l l o w s   i s  

g r e a t e r   t h a n   the   f o r c e   of  the   gas  on  the   b e l l o w s ,   t h e  

b e l l o w s   is  c o n t r a c t e d ,   and  the   arm  is  moved  i n t o   e n g a g e -  
ment   w i t h   t he   l o c k i n g   m e a n s .   In  t h i s   l o c k e d   p o s i t i o n ,  

p r e f e r a b l y   the   arm  c a n n o t   be  moved  to  e i t h e r   open  or  t o  

c l o s e   t he   s w i t c h .   T h i s   p r e v e n t s   the   o p e r a t o r   f r o m  

mov ing   t h e   arm,  t h e r e b y   c r e a t i n g   an  a r c ,   when  t h e r e   i s  

i n a d e q u a t e   gas  p r e s s u r e   w i t h i n   the   h o u s i n g   f o r   q u e n c h i n g  

an  a r c .   Thus  the   s i n g l e   b e l l o w s   p r o v i d e s   a  s e a l   f o r  



m o t i o n   of   t h e   arm  o p e n i n g   and  c l o s i n g   t he   s w i t c h   as  w e l l  

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

P r e f e r a b l y   t h e   b e l l o w s   d e f l e c t s   in  r o c k i n g   mode  w h e n  

t h e   arm  o p e n s   and  c l o s e s   t h e   s w i t c h .  

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

p r e s s u r e   b i a s i n g   means   f o r   b i a s i n g   the   b e l l o w s   in  o p p o -  

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

e x p a n s i o n   of   t h e   b e l l o w s   u n l e s s   t he   f o r c e   of  t he   gas  o n  

t h e   b e l l o w s   is   g r e a t e r   t h a n   t h e   f o r c e   of  t he   h i g h  

p r e s s u r e   b i a s i n g   means   on  t he   b e l l o w s ;   and  (b)  p u n c t u r e  

means   f o r   p i e r c i n g   the   b e l l o w s   when  t h e   b e l l o w s   e x p a n d s  

a g a i n s t   t h e   h i g h   p r e s s u r e   b i a s i n g   m e a n s .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  s w i t c h   c o m p r i s i n g   (a)  a  

s e a l e d   h o u s i n g ;   (b)   a  p r e s s u r i z e d   i n s u l a t i n g   gas  in  t h e  

h o u s i n g ;   (e)   a  b e l l o w s   s e a l i n g l y   m o u n t e d   to  t h e  

h o u s i n g ;   (d)   an  a c t u a t i n g   arm  f o r   o p e n i n g   and  c l o s i n g  

t h e   s w i t c h ,   t h e   arm  b e i n g   s e a l i n g l y   m o u n t e d   to  t h e  

b e l l o w s   and  e x t e n d i n g   i n t o   t h e   h o u s i n g   t h r o u g h   t h e  

b e l l o w s ;   (e )   h i g h   p r e s s u r e   b i a s i n g   means   f o r   b i a s i n g  

t he   b e l l o w s   in  o p p o s i t i o n   to  gas   p r e s s u r e   w i t h i n   t h e  

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

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

t e r m i n e d   h i g h   l e v e l ;   and  ( f )   p u n c t u r e   means   f o r   p i e r c i n g  

t h e   b e l l o w s   when  the   b e l l o w s   e x p a n d s   a g a i n s t   the   f o r c e  

of  t h e   h i g h   p r e s s u r e   b i a s i n g   m e a n s .  

The  h i g h   p r e s s u r e   s a f e t y   m e c h a n i s m   may  c l e v e r l y   t a k e  

a d v a n t a g e   of  f e a t u r e s   of  t h e   low  p r e s s u r e   m e c h a n i s m .  

The  h i g h   p r e s s u r e   m e c h a n i s m   c o m p r i s e s   a  h i g h   p r e s s u r e  

b i a s i n g   m e a n s   t h a t   a c t s   on  t h e   b e l l o w s   in  o p p o s i t i o n   t o  

gas  p r e s s u r e   w i t h i n   the   h o u s i n g   f o r   p r e v e n t i n g   e x p a n s i o n  

of  t h e   b e l l o w s   u n l e s s   the   gas   p r e s s u r e   i n c r e a s e s   above   a  

p r e d e t e r m i n e d   h i g h   l e v e l .   When  the   f o r c e   of  the   g a s  



p r e s s u r e   on  t he   b e l l o w s   is  g r e a t e r   t h a n   the   f o r c e   of  t h e  

h i g h   p r e s s u r e   b i a s i n g   means   on  the   b e l l o w s ,   t he   b e l l o w s  

is  e x p a n d e d ,   and  e n g a g e s   p u n c t u r e   means   t h a t   p i e r c e   t h e  

b e l l o w s .   T h i s   r e d u c e s   t he   gas  p r e s s u r e   in  the   h o u s i n g  

so  t h a t   t h e   low  p r e s s u r e   s a f e t y   m e c h a n i s m   t a k e s   e f f e c t  

and  moves   t he   arm  i n t o   t he   l o c k e d   p o s i t i o n ,   so  t h a t   t h e  

s w i t c h   can  be  n e i t h e r   o p e n e d   nor   c l o s e d .  

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

so  t h e   o p e r a t o r   can  know  w h e t h e r   t he   s w i t c h   is  o p e r a t i v e  

or  is  a t   t oo   low  p r e s s u r e .   T h i s   i n d i c a t o r   can  c o m p r i s e  

a  c o v e r   o v e r   t h e   a c t u a t i n g   arm,  and  a  n o r m a l   p r e s s u r e  
i n d i c i a   and  a  low  p r e s s u r e   i n d i c i a   on  the   arm  a t   a  p o s i -  

t i o n   on  t h e   arm  e x t e r n a l   of  t he   b e l l o w s .   The  n o r m a l  

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

t h a n   is   t h e   low  p r e s s u r e   i n d i c i a .   The  c o v e r   a d v a n -  

t a g e o u s l y   i n c l u d e s   a  window  so  t h a t   o n l y   one  of  t h e  

p r e s s u r e   i n d i c i a   is  v i s i b l e   a t   a  t i m e .   When  t he   arm  i s  

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

can  be  s e e n   t h r o u g h   the   w i n d o w .   When  the   arm  is  in  i t s  

l o c k e d   p o s i t i o n ,   o n l y   the   low  p r e s s u r e   i n d i c i a  " i s  

v i s i b l e   t h r o u g h   t he   w indow.   T h i s   a l e r t s   the   o p e r a t o r  

t h a t   t h e   s w i t c h   n e e d s   to  be  r e p l a c e d   or  r e p a i r e d .  

T h u 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  s w i t c h  

is  p r o v i d e d   t h a t   a l e r t s   t he   o p e r a t o r   when  t he   s w i t c h   i s  

u n s a f e   to  u s e ,   and  a l s o   p r e v e n t s   t he   o p e r a t o r   f r o m  

m o v i n g   t he   c o n t a c t s   when  the   gas  p r e s s u r e   w i t h i n   t h e  

s w i t c h   is   too   low  or  too  h i g h .  

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a  s w i t c h   i n  

w h i c h   a  p r e s s u r i z e d   gas  is  u s e d .   H o w e v e r ,   i t   is  p a r -  

t i c u l a r l y ,   t h o u g h   not   e x c l u s i v e l y ,   a d a p t e d   f o r   l o a d - b r e a k  

s w i t c h e s   u s e d   in  medium  v o l t a g e   power   d i s t r i b u t i o n  

s y s t e m s   in  t he   r a n g e   of  a b o u t   1  to  a b o u t   36  k i l o v o l t s  

f o r   i n t e r r u p t i n g   c u r r e n t s   of  up  to  a b o u t   1  k i l o a m p e r e .  

Thus ,   a l t h o u g h   t he   p r e s e n t   i n v e n t i o n   w i l l   now  be  



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

s w i t c h   by  way  of  e x a m p l e ,   i t   i s   to  be  a p p r e c i a t e d   t h a t  

t h e   p r e s e n t   s a f e t y   m e c h a n i s m   can  be  used   w i t h   o t h e r  

s w i t c h e s .  

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

h a s   f e a t u r e s   of  t he   s w i t c h   d e s c r i b e d   in  o u r  

I n t e r n a t i o n a l   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n   No.  WO 

8 4 / 0 4 2 0 1 .  

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

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

c o n f i g u r a t i o n .   The  t e r m   " g e n e r a l l y   c y l i n d r i c a l "   is   u s e d  

h e r e i n   to  mean  t h a t   t h e   h o u s i n g   is  s u b s t a n t i a l l y  

c y l i n d r i c a l   bu t   no t   n e c e s s a r i l y   of  c i r c u l a r   c r o s s -  

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

c r o s s - s e c t i o n s   can  be  e m p l o y e d ,   i f   d e s i r e d .   The  h o u s i n g  

can   be  g r o u n d e d   by  c o n n e c t i n g   i t   by  an  a p p r o p r i a t e   c o n -  

d u c t o r   to   g r o u n d .   The  h o u s i n g   is  h e r m e t i c a l l y   s e a l e d  

and   t h u s   is   g a s - t i g h t ,   as  w e l l   as  s u b m e r s i b l e   in  w a t e r  

w i t h o u t   d a m a g e .   T h i s   m a k e s   t h e   s w i t c h   s u i t a b l e   f o r  

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

or   in  e n v i r o n m e n t s   no t   c o m p a t i b l e   w i t h   a i r   i n s u l a t i o n .  

In  t h i s   s p e c i f i c a t i o n ,   a  h e r m e t i c   s e a l   is  d e f i n e d   as  a  

g a s - t i g h t   s e a l   e f f e c t i v e   to   l i m i t   t he   t o t a l   l e a k a g e   f r o m  

a  p r e s s u r i z e d   e n c l o s u r e   i n t o   t he   a t m o s p h e r e   to  l e s s   t h a n  
1 0 - 6   c c / s e c   m e a s u r e d   a t   a t m o s p h e r i c   p r e s s u r e .  

The  s w i t c h   c o n t a i n s   w i t h i n   t he   h o u s i n g   an  i n s u l a t i n g  

gas   m a i n t a i n e d   u n d e r   p o s i t i v e   p r e s s u r e ,   i . e .   g r e a t e r  

t h a n   1  a t m o s p h e r e   a b s o l u t e .   The  gas  is  p r e f e r a b l y  

s u l f u r   h e x a f l u o r i d e   ( a l s o   r e f e r r e d   to  h e r e i n   as  S F 6 ) .  

The  gas   p r e s s u r e   u t i l i z e d   in  a  p a r t i c u l a r   s w i t c h   d e p e n d s  

on  t he   v o l t a g e   and  c u r r e n t   r a n g e s   of  the   s w i t c h ,   i t s  

s i z e   and  t he   p r e s e n c e   of  a  p u f f e r   m e c h a n i s m ,   or  o t h e r  

gas   b l a s t   d e v i c e   u s e d .   The  gas  p r e s s u r e   is  in  the   r a n g e  



of  g r e a t e r   t h a n   1  a t m o s p h e r e   to  a b o u t   5  a t m o s p h e r e s  

a b s o l u t e ,   and  p r e f e r a b l y   f rom  a b o u t   1.5  to   a b o u t   5 

a t m o s p h e r e s   a b s o l u t e ,   f o r   SF6  i n s u l a t e d   s w i t c h e s   in  t h e  

15 -36kV  r a n g e .   T h e r e   is  n o r m a l l y   a  s u b s t a n t i a l   r a n g e   o f  

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

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

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

e x c e s s   of  t w e n t y   y e a r s .  

A  p a i r   of  b u s h i n g s   a re   m o u n t e d   in  t he   h o u s i n g .  

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

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

epoxy   or  a  c e r a m i c   m a t e r i a l .   A  m e t a l   m o u n t i n g   f l a n g e   i s  

m o l d e d   i n t o   t he   p l a s t i c   and  is  w e l d e d   to  t he   w a l l   of  t h e  

g r o u n d   e n c l o s u r e   of  the   s w i t c h .   The  m e t a l   c o n d u c t o r   o f  

the   b u s h i n g   e x t e n d s   t h r o u g h   the   b u s h i n g   f o r   c o n d u c t i n g  

e l e c t r i c i t y   i n t o   t he   s w i t c h .   The  c o n d u c t o r   can  be  a  r o d  

of  a  s u i t a b l e   m e t a l ,   g e n e r a l l y   c o p p e r   or  a l u m i n u m .  

Where  a l u m i n u m   is  u s e d ,   p r e f e r a b l y   t h e   a l u m i n u m   e x t e n -  

s i o n   is  e n c l o s e d   w h e r e   the   c o n t a c t s   e n g a g e   in  a  m e t a l  

more  a p p r o p r i a t e   f o r   a r c i n g   or  s l i d i n g   c o n t a c t .  

P r e f e r a b l y   b u s h i n g s   a re   i n s t a l l e d   c o a x i a l l y   a t   t h e  

ends   of  t he   s u b s t a n t i a l l y   c y l i n d r i c a l   h o u s i n g   w i t h   t h e  

b u s h i n g   c o n d u c t o r s   e x t e n d i n g   a x i a l l y   t h r o u g h   the   h o u s i n g  

end .   T h i s   p e r m i t s   an  i n l i n e   c i r c u i t   c o n f i g u r a t i o n   n o t  

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

h o u s i n g   s u i t a b l e   f o r   h i g h   l e v e l s   of  p r e s s u r i z a t i o n   to  be  

u s e d .  

The  i n t e r r u p t i o n   of  h i g h   power   c i r c u i t s   r e q u i r e s   t h e  

d i s s i p a t i o n   of  s u b s t a n t i a l   a m o u n t s   of  h e a t   by  t h e  

s w i t c h .   The  p r i m a r y   mode  of  h e a t   d i s s i p a t i o n   is  by  c o n -  

d u c t i o n   f rom  t he   s w i t c h   c o n t a c t s   t h r o u g h   the   c o n d u c t o r s  



to   t h e   e x t e r n a l   power   c a b l e .   S e c o n d a r i l y ,   h e a t   is  c o n -  

d u c t e d   f rom  t he   c o n d u c t o r s   t h r o u g h   the   b u s h i n g s   i n t o   t h e  

h o u s i n g .   I t   is  i m p o r t a n t ,   t h e r e f o r ,   to  keep   t he   l e n g t h  

of   t h e   c o n d u c t o r s   s h o r t .   The  i n n e r   l e n g t h   of  the   c o n -  

d u c t o r ,   i . e .   t h a t   p o r t i o n   of  t he   c o n d u c t o r   e x t e n d i n g  

i n t o   t h e   body  of  t he   s w i t c h ,   d e p e n d s   p r i m a r i l y   on  t h e  

c o n t a c t   s t r o k e   u s e d .   The  c o n d u c t o r s   mus t   be  s u f -  

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

w i t h   t h e   c o n t a c t   a s s e m b l y   when  i t   is  in  i t s   f i r s t ,   o r  

c l o s e d ,   p o s i t i o n   and  mus t   a c c o m m o d a t e   t he   m o v e m e n t   o f  

t h e   c o n t a c t   a s s e m b l y   i n t o   i t s   s e c o n d   or  f u l l y   open  p o s i -  

t i o n .   The  a d d i t i o n a l   l e n g t h   of  t he   c o n d u c t o r   w i t h i n   t h e  

p o r t i o n s   of  t he   b u s h i n g s   i n t e r n a l   to  the   h o u s i n g   d e p e n d s  

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

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

h o u s i n g .   B e c a u s e   the   i n s u l a t i n g   gas  w i t h i n   t h e   h o u s i n g  

can  be  m a i n t a i n e d   a t   h i g h   p r e s s u r e ,   bo th   a  s h o r t   c o n t a c t  

s t r o k e   and  a  s h o r t   i n t e r n a l   b u s h i n g   l e n g t h   can  be  u s e d .  

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

p o s i t i o n   in  w h i c h   i t   is  p h y s i c a l l y   and  e l e c t r i c a l l y   c o n -  

n e c t e d   w i t h   the   c o n d u c t o r s   of  e a c h   b u s h i n g .   In  t h i s  

f i r s t   c l o s e d   p o s i t i o n ,   t he   c o n t a c t s   of  t he   a s s e m b l y   m u s t  

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

i t s   r a t i n g ,   t he   s w i t c h   is  c a p a b l e   of  c o n d u c t i n g   c o n -  

t i n u o u s   c u r r e n t   up  to  a t   l e a s t   200  a m p e r e s   in  the   l o w e s t  

r a t i n g   and  up  to  a t   l e a s t   1000  amps  (or   1  kA)  a n d  

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

of   a s s u m i n g   a  s e c o n d   p o s i t i o n   in  w h i c h   i t   is   s e p a r a t e d  

f rom  a  f i r s t   c o n d u c t o r   of  one  of  t he   b u s h i n g s   to  i n t e r -  

p o s e   a  gas   i n s u l a t e d   gap  in  the   c i r c u i t   p a t h   t h e r e b y  

i n t e r r u p t i n g   c u r r e n t   f l o w i n g   t h r o u g h   the   s w i t c h .   T h e  

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

and  c l o s i n g   i n t o   h i g h   f a u l t   c u r r e n t s   of  s u c h   as  1 2 , 0 0 0  

a m p s ,   2 5 , 0 0 0   amps ,   or  even   h i g h e r   in  a c c o r d a n c e   w i t h  
• 

s t a n d a r d   s h o r t   c i r c u i t   r a t i n g s .  



The  c o n t a c t   a s s e m b l y   g e n e r a l l y   moves  in  an  a x i a l  

d i r e c t i o n .   As  i t   moves   i n t o   or  ou t   of  c o n t a c t  

w i t h   t he   f i r s t   b u s h i n g   c o n d u c t o r   d i r e c t i o n .   As  an  a r c  

f o r m s   b e t w e e n   the  c o n t a c t   a s s e m b l y   and  the   c o n d u c t o r .  

As  d i s c u s s e d   in  more  d e t a i l   be low  the   a rc   is  q u e n c h e d  

by  t he   p r e s s u r i z e d   i n s u l a t i n g   g a s .  

P r e f e r a b l y   the   c o n t a c t   a s s e m b l y   c o m p r i s e s   a  p l u r a -  

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

a r r a n g e d   in  a  h o l l o w   c y l i n d r i c a l   c o n f i g u r a t i o n .   T h e  

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

m a t e r i a l   such  as  c o p p e r .   The  c o n t a c t   r o d s   a r e   m a i n -  

t a i n e d   in  a  c y l i n d r i c a l   c o n f i g u r a t i o n   by  b e i n g   m o u n t e d  

in  a  h o l d i n g   means   p r o v i d i n g   a  r a d i a l   s l o t   f o r   e a c h   r o d .  

The  h o l d i n g   means   can  be  an  a x i a l l y   s l i d a b l e   p i s t o n   u s e d  

f o r   p u m p i n g   i n s u l a t i n g   gas  as  d e s c r i b e d   b e l o w ,   w h e r e   t h e  

p i s t o n   is   made  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  m o l d e d  

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

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

a n o t h e r ,   and  n o t c h e s   in  t he   c o n t a c t   r o d s   e n g a g e   t h e  

s l o t s   f o r   a x i a l   l o c a t i o n   of  t he   c o n t a c t   r o d s   by  t h e  

p i s t o n .   The  s l o t s   in  t he   h o l d i n g   means   can  be  p r o v i d e d  

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

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

g u i d e   f o r   m a i n t a i n i n g   t he   c o n t a c t   a s s e m b l y   in  p r o p e r  
a x i a l   a l i g n m e n t   w i t h   t he   o t h e r   c o m p o n e n t s .   T h i s  

g u i d e   can  be  a  c y l i n d e r   f o r   t he   p i s t o n .  

The  p i s t o n   p r e f e r a b l y   has  a  r e l a t i v e l y   open  s p i d e r  

c o n f i g u r a t i o n   to  a l l o w   t he   i n s u l a t i n g   medium  to  c i r -  

c u l a t e   in  the  h o u s i n g .   The  h o u s i n g   can  c o n t a i n   a  p u f f e r  

a s s e m b l y ,   fo r   e x a m p l e   in  a  gas  i n s u l a t e d   i n t e r r u p t o r  



d e v i c e ,   to  f o r c e   a  f l o w   of  a r c   q u e n c h i n g   gas  a c r o s s   t h e  

gap  f o r m e d   b e t w e e n   t h e   f i r s t   c o n d u c t o r   and  t h e   c o n t a c t  

a s s e m b l y   when  t he   c i r c u i t   is   o p e n e d   or  c l o s e d .   A  p u f f e r  

d e v i c e   can  be  c o n v e n i e n t l y   i n c o r p o r a t e d   i n t o   t he   d e s i g n  

of  t h e   p i s t o n ,   i f   d e s i r e d .   The  p i s t o n   c o m p r i s e s   a  r e l a -  

t i v e l y   s o l i d   c y l i n d r i c a l   b l o c k   h a v i n g   a  number   of  h o l e s  

or  p a s s a g e w a y s   d r i l l e d   t h r o u g h   i t .   When  t he   c o n t a c t  

a s s e m b l y   is   moved  f rom  i t s   f i r s t   to  i t s   s e c o n d   p o s i t i o n  

t h e   i n s u l a t i n g   gas   is   f o r c e d   t h r o u g h   the   h o l e s   a n d  

d i r e c t e d   to  t h e   gap  f o r m e d   b e t w e e n   the  f i r s t   e l e c t r o d e  

and  t he   c o n t a c t   a s s e m b l y .   In  such   e m b o d i m e n t s   of  t h e  

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

can  be  m o u n t e d   on  the   a l i g n i n g   means   so  t h a t   the   s u r -  

f a c e s   of   t h e   r o d s   in  c o n t a c t   w i t h   the   f i r s t   e l e c t r o d e  

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

a l i g n i n g   m e a n s .  

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

w i t h   t h e   c o n t a c t   r o d s   s u c h   t h a t   when  the   a s s e m b l y   is   i n  

i t s   f i r s t   p o s i t i o n ,   t h a t   is   in  c o n t a c t   w i t h   e a c h   of  t h e  

c o n d u c t o r s ,   t h e   c o n t a c t   r o d s   e x e r t   a  maximum  i n w a r d   c o n -  

t a c t   f o r c e   on  t h e   c o n d u c t o r s .   T h i s   a s s u r e s   low  c o n t a c t  

r e s i s t a n c e   and  h i g h   h e a t   t r a n s f e r   a c r o s s   t he   c l o s e d   c o n -  

t a c t s .   The  s p r i n g s   can  be,  f o r   e x a m p l e ,   l e a f   s p r i n g s  

m o u n t e d   on  e a c h   of  t h e   c o n d u c t i n g   r o d s .   O t h e r   s p r i n g s  

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

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

m o u n t e d   on  e a c h   r o d ,   or  any  o t h e r   means  wh ich   p r o v i d e s  

an  i n w a r d   f o r c e   on  t h e   c o n d u c t i n g   r o d s   can  be  u s e d .  

To  open  t h e   s w i t c h   t he   c o n t a c t   a s s e m b l y   is  m o v e d  

f rom  t he   f i r s t   to  t he   s e c o n d   p o s i t i o n ,   t h a t   is  t h e  

p i s t o n   is   moved  so  t h a t   t he   c o n t a c t   r ods   no  l o n g e r   c o n -  



t a c t   b o t h   c o n d u c t o r s .   The  a s s e m b l y   can  be  moved  by 

means   of  a  l i n k i n g   a r r a n g e m e n t   c o n n e c t e d   w i t h   the   p i s t o n  

w h i c h   is  a c t i v a t e d   by  a  h a n d l e   or  a c t u a t o r   l o c a t e d  

e x t e r n a l   to  the   h o u s i n g .   As  d e s c r i b e d   more  f u l l y   b e l o w  

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

t he   s w i t c h ,   t h a t   is  m o v i n g   the   s w i t c h   to  i t s   s e c o n d  

p o s i t i o n ,   c a u s e s   the   c o n t a c t   r o d s   to  move  away  f rom  t h e  

f i r s t   e l e c t r o d e .   An  a r c   b e t w e e n   the   l e a d i n g   e d g e s   o f  

t h e   c o n t a c t   r o d s   is  e x t i n g u i s h e d   by  the   i n s u l a t i n g   g a s .  
The  i n w a r d   f o r c e   a p p l i e d   to  t he   c o n t a c t   r o d s   c a u s e s   t h e  

r o d s   to  be  p u s h e d   i n w a r d   a g a i n s t   a  s p a c e r   as  soon  as  t h e  

c o n t a c t   r o d s   a re   no  l o n g e r   in  c o n t a c t   w i t h   the   f i r s t  

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

r o d s   in  s u c h   a  m a n n e r   t h a t   when  the   c o n t a c t   r o d s   a r e  

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

w i t h   t he   f i r s t   c o n d u c t o r ,   t he   f o r c e   on  the   o p p o s i n g   e n d s  

of  the   c o n t a c t   r o d s   a g a i n s t   t he   s e c o n d   c o n d u c t o r   i s  

g r e a t l y   r e d u c e d .   The  c o n t a c t   r o d s   r e m a i n   in  c o n t a c t  

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

the   a r c   b e t w e e n   the   l e a d i n g   edge   of  t he   r o d s   and  t h e  

f i r s t   c o n d u c t o r   is  t r a n s f e r r e d   to  the   s e c o n d   c o n d u c t o r .  

The  c o n t a c t   a s s e m b l y   is  drawn  away  f rom  the  f i r s t   c o n -  

d u c t o r   a  s u f f i c i e n t   d i s t a n c e   to  p r o v i d e   a  gap  s u c h   t h a t  

t he   a r c   b e t w e e n   the   f i r s t   c o n d u c t o r   and  the  c o n t a c t   r o d s  

does   no t   r e g e n e r a t e   a f t e r   i t   has   been  q u e n c h e d .   T h e  

r e d u c e d   f o r c e   on  the   r o d s   at   t h i s   end  of  the   a s s e m b l y  

r e d u c e s   wear   on  the   r o d s   and  t he   s e c o n d   c o n d u c t o r .  

G e n e r a l l y ,   i t   has  been  f o u n d   t h a t   when  the   c o n t a c t  

a s s e m b l y   is  used   in  a  l o a d - b r e a k   s w i t c h   in  a  200  a m p e r e ,  
25  15kV  c i r c u i t ,   the   p i s t o n   can  have   a  r e l a t i v e l y   o p e n  

" s p i d e r "   c o n f i g u r a t i o n .   When  u sed   in  a  600  a m p e r e ,   15kV 

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



For   t he   p u f f i n g   m e c h a n i s m   to  be  e f f e c t i v e ,   t he   f l o w  

of   i n s u l a t i n g   gas   mus t   c o n t i n u e   a f t e r   t he   c o n t a c t s   h a v e  

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

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

B e c a u s e   s y n c h r o n i z a t i o n   of  c o n t a c t   o p e n i n g   w i t h   l i n e  

f r e q u e n c y   i s   no t   p r a c t i c a l ,   t he   f l o w   of  q u e n c h i n g   g a s  
m u s t   c o n t i n u e   f o r   a t   l e a s t   h a l f   a  c y c l e   to  i n s u r e  

q u e n c h i n g   f l ow  a f t e r   the   c o n t a c t s   have   s e p a r a t e d   b e y o n d  

t h e   a r c   r e g e n e r a t i o n   d i s t a n c e .   B e c a u s e   i t   is  a l s o  

d e s i r e d   to  m i n i m i z e   the   h e a t   g e n e r a t e d   by  the   a r c ,  

q u e n c h i n g   s h o u l d   be  c o m p l e t e d   w i t h i n   a  s h o r t   t ime   i n t e r -  

v a l .   The  s w i t c h   of  t he   p r e s e n t   i n v e n t i o n   can  be  

o p e r a t e d   w i t h   a  s h o r t   c o n t a c t   s t r o k e   w i t h   c o r r e s p o n d i n g  

low  c o n t a c t   v e l o c i t y   w i t h i n   a  t i m e   f r a m e   d i c t a t e d   by  t h e  

a b o v e   c o n s i d e r a t i o n s .   S i n c e   t h e   low  c o n t a c t   v e l o c i t y  

g r e a t l y   r e d u c e s   t he   k i n e t i c   e n e r g y   n e c e s s a r y   f o r  

o p e r a t i n g   t he   s w i t c h ,   l i g h t   w e i g h t   c o n s t r u c t i o n   of  t h e  

m o v i n g   p a r t s   is   p o s s i b l e ,   so  t h a t   a  v e r y   low  p o w e r  
a c t u a t o r   can  be  u s e d .  

By  m a k i n g   a l l   of  t he   c o m p o n e n t s   o t h e r   t h a n   the   c o n -  

t a c t   a s s e m b l y   of  an  a p p r o p r i a t e   i n s u l a t i n g   medium,   i t   i s  

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

w h i c h   the   g r o u n d   e n c l o s u r e   is  l e s s   t h a n   6  i n c h e s   i n  

d i a m e t e r .  

A  p i s t o n   o p e r a t i n g   in  a  c y l i n d e r   can  g u i d e   the   c o n -  

t a c t   a s s e m b l y   in  v e r s i o n s   of  t h e   i n v e n t i o n   in  wh ich   a  

p u f f e r   or  gas   b l a s t i n g   m e c h a n i s m   is  e m p l o y e d .   A  p u f f e r  

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

r e g i o n   w h e r e   t he   a r c   f o rms   to  " b l o w   o u t "   t h e   a r c .   I n  

s u c h   v e r s i o n s ,   t he   body  of  t he   p i s t o n   is  r e l a t i v e l y  

s o l i d   and  is  p r o v i d e d   w i t h   a p p r o - p r i a t e l y   p o s i t i o n e d  

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



i n s u l a t i n g   gas  to  t he   gap  b e t w e e n   the   c o n t a c t s   so  as  t o  

q u e n c h   the   a r c   f o r m e d   as  t he   c o n t a c t   a s s e m b l y   is  m o v e d .  

A  p u f f e r   m e c h a n i s m   u s e d   in  an  e m b o d i m e n t   of  t h i s   i n v e n -  

t i o n   is  i l l u s t r a t e d   in  F i g .   7  d i s c u s s e d   in  more  d e t a i l  

b e l o w .  

I t   is  p r e f e r r e d   to  i n s e r t   a  s o l i d   t u b u l a r   member  o r  

l i n e r   of  an  a p p r o p r i a t e   i n s u l a t i n g   medium  or  m a t e r i a l  

b e t w e e n   the   c o n t a c t   a s s e m b l y   and  t h e   h o u s i n g   in  t h e  

v i c i n i t y   of  t he   a r c i n g   z o n e .   The  t u b u l a r   member  p r e -  

f e r a b l y   is  p o s i t i o n e d   a d j a c e n t   t he   w a l l   of  the   h o u s i n g  

and  i f   d e s i r e d   can  be  b o n d e d   t h e r e t o .   I f   the   t u b u l a r  

member  is  b o n d e d   to  t h e   m e t a l   w a l l ,   the   i n t e r f a c e   b e t -  

ween  the   two  c o m p o n e n t s   s h o u l d   be  v o i d   f r e e .   I t   is  p r e -  
f e r r e d   to  p o s i t i o n   t h e   t u b u l a r   member   such   t h a t   t h e r e   i s  

an  a n n u l a r   gap  b e t w e e n   t he   member   and  the   w a l l .   The  

t u b u l a r   member  can  e x t e n d   the   e n t i r e   l e n g t h   of  t h e  

h o u s i n g ,   i f   d e s i r e d .   The  t h i c k n e s s   of  t he   i n s u l a t i n g  

m a t e r i a l   d e p e n d s ,   to  a  c e r t a i n   e x t e n t ,   on  the   v o l t a g e  

use  of  the   s w i t c h .   In  g e n e r a l   t he   t u b u l a r   member  s h o u l d  -  

be  from  a b o u t   0.1  i n c h   ( 2 . 5   mm)  to  a b o u t   0 .5   i nch   ( 1 3  

mm)  t h i c k .   The  t u b u l a r   member  is  p r e f e r a b l y   of  an  a c r y -  

l i c ,   e p o x y ,   or  s i m i l a r   p l a s t i c .   The  t u b u l a r   member  c a n  

s e r v e   as  a  c y l i n d e r   f o r   g u i d i n g   t he   p i s t o n   of  the   c o n -  

t a c t   a s s e m b l y .  

The  s w i t c h   can  be  e q u i p p e d   w i t h   e l e c t r o d e s   f o r  

c a p a c i t i v e   d e t e c t i o n   at   r e l a t i v e l y   low  v o l t a g e   bo th   h i g h  

v o l t a g e   e n e r g i z a t i o n   of  the   s w i t c h   c o n d u c t o r s   and  t h e  

open  or  c l o s e d   p o s i t i o n   of  the   c o n t a c t s .   T h i s   i s  

p o s s i b l e   w i t h   the   t u b u l a r   i n s u l a t i n g   l i n e r   p o s i t i o n e d  

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

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



a l t e r n a t i n g   c u r r e n t   v o l t a g e s   of  the   c o n d u c t o r s .   T h e  

i n s u l a t i n g   l i n e r   can  have   c o n d u c t i v e   bands   d e p o s i t e d   i n  

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

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

can  be  c o n n e c t e d   to  h e r m e t i c a l l y   s e a l e d   t e r m i n a l s   on  t h e  

h o u s i n g .   V o l t a g e   m e a s u r e m e n t s   of  t he   t e r m i n a l s   can  b e  

made  l o c a l l y   or  r e m o t e l y ,   the   m e a s u r e m e n t s   c o r r e s p o n d i n g  

to  t h e   c o n t a c t   v o l t a g e s   when  the   s w i t c h   is  c o n n e c t e d   i n  

a  d i s t r i b u t i o n   s y s t e m .  

For  e x a m p l e ,   i f   the   h o u s i n g   is  a p p r o x i m a t e l y   t h r e e  

i n c h e s   (76mm)  in  d i a m e t e r ,   the   c o n d u c t i v e   bands   a r e  

a p p r o x i m a t e l y   2 .9   i n c h e s   (74mm)  in  d i a m e t e r   and  t he   c o n -  

t a c t s   a r e   a p p r o x i m a t e l y   0 .5   i n c h e s   (13mm)  in  d i a m e t e r ,   a  

v o l t a g e   of   15kV  a t   e i t h e r   c o n t a c t   r e s u l t s   in  a  v o l t a g e  

of   a p p r o x i m a t e l y   225  v o l t s   b e i n g   c o u p l e d   to  t h e  

c o r r e s p o n d i n g   c o n d u c t i v e   band ;   t h e r e f o r e ,   the  p r e s e n c e  
of  a  h i g h   v o l t a g e   a t   e i t h e r   c o n t a c t   can  be  d e t e c t e d   by  

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

t e r m i n a l s .   S h o u l d   the   v o l t a g e s   m e a s u r e d   at   the   t e r -  

m i n a l s   i n d i c a t e   t h a t   one  c o n t a c t   is  e n e r g i z e d   w h i l e   t h e  

o t h e r   is   n o t ,   a  f u r t h e r   i n d i c a t i o n   of  the   c o n t a c t  

a s s e m b l y   b e i n g   in  the   open  p o s i t i o n   is  p r o v i d e d .  

In  c a s e   t h e   c o n t a c t s   a r e   shown  by  t h e s e   m e a s u r e m e n t s  

to  be  in  t h e   same  c o n d i t i o n   ( b o t h   e n e r g i z e d   or  b o t h   u n e -  

n e r g i z e d )   a  h i g h   f r e q u e n c y   c u r r e n t   s o u r c e   can  be  c o n -  

n e c t e d   to   one  of  t he   t e r m i n a l s   to  d e t e r m i n e   the   p o s i t i o n  

of   t h e   c o n t a c t   a s s e m b l y .   The  h i g h   f r e q u e n c y   e x c i t a t i o n  

of  one  c o n d u c t i v e   band  is  c o u p l e d   to  the   c o r r e s p o n d i n g  

c o n d u c t o r ,   t h r o u g h   the   c o n t a c t   a s s e m b l y   to  the  o t h e r  

c o n d u c t o r ,   t h e n c e   to  the   o t h e r   c o n d u c t i v e   band  w h e r e   i t  

can  be  m e a s u r e d   by  a  c o n v e n t i o n a l   f r e q u e n c y   d i s c r i m i -  



n a t i n g   v o l t m e t e r .   When  the   c o n t a c t s   a re   in  t he   c l o s e d  

p o s i t i o n ,   t h e   t r a n s f e r   of  e x c i t a t i o n   f rom  one  c o n d u c t o r  

to  t he   o t h e r   is   d i r e c t ;   h o w e v e r ,   when  the   c o n t a c t s   a r e  

in  t he   open  p o s i t i o n   t he   r e s u l t i n g   ve ry   low  s e r i e s   c a p a -  
c i t a n c e   b e t w e e n   the   c o n d u c t o r s   p r e v e n t s   s i g n i f i c a n t   h i g h  

f r e q u e n c y   e x c i t a t i o n   f rom  b e i n g   p a s s e d   to  t he   o t h e r   c o n -  

d u c t o r   t h e n c e   to  t he   o t h e r   c o n d u c t i v e   b a n d .   The  d e g r e e  

of  h i g h   f r e q u e n c y   c o u p l i n g   can  be  m e a s u r e d   u n d e r  

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

m e a s u r e m e n t s .   T h e s e   m e a s u r e m e n t s   a re   m e a n i n g f u l   in  t h e  

s w i t c h   of  t he   p r e s e n t   i n v e n t i o n   b e c a u s e   the   c a p a c i t a n c e  

b e t w e e n   t he   c o n t a c t s   is   r e l a t i v e l y   low  c o m p a r e d   to  t h e  

c a p a c i t a n c e   b e t w e e n   t he   c o n d u c t i v e   bands   and  the   r e s p e c -  
t i v e   c o n t a c t s .  

The  s w i t c h   is   p r o v i d e d   w i t h   means  f o r   m o v i n g   t h e  

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

p o s i t i o n .   A  p r e f e r r e d   means   c o m p r i s e s   a  r o c k i n g   b e l l o w s  

or  d i a p h r a g m   m e c h a n i s m   p o s i t i o n e d   on  the   s i d e   w a l l  

t o w a r d s   one  end  of  t h e   h o u s i n g .   O p e r a t i o n   of  a  l e v e r   o r  

arm  e x t e n d i n g   t h r o u g h   the   b e l l o w s   r e s u l t s   in  m o v i n g   t h e  

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

and  back  a g a i n   as  d e s i r e d .   O p e r a t i o n   of  t he   a r m  

d e f l e c t s   t he   b e l l o w s   by  l a t e r a l   a n d / o r   p i v o t i n g   m o t i o n  

in  a  d i r e c t i o n   s u b s t a n t i a l l y   n o r m a l   to  t he   a x i s   o f  

e x p a n s i o n   of  t he   b e l l o w s .   Th i s   mode  of  d e f l e c t i o n   o f  

t he   b e l l o w s   is  r e f e r r e d   to  h e r e i n   as  " r o c k i n g " .  

The  use  of  b e l l o w s   h a v i n g   r o c k i n g   mode  d e f l e c t i o n   i n  

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

The  r o c k i n g   b e l l o w s   can  be  o p e r a t e d   w i t h o u t   s u b s t a n -  

t i a l l y   c h a n g i n g   the   v o l u m e   e n c l o s e d   by  the   b e l l o w s   a s  

the   c o n t a c t   a s s e m b l y   moves   from  i t s   f i r s t   p o s i t i o n   t o  

i t s   s e c o n d   p o s i t i o n .   T h i s   e l i m i n a t e s   work  w h i c h   o t h e r -  

w i s e   w o u l d   be  done  c o m p r e s s i n g   the  i n s u l a t i n g   gas  by  

c o n v e n t i o n a l   a x i a l   m o v e m e n t   of  the   b e l l o w s .   The  r o c k i n g  

b e l l o w s   e n a b l e s   the   b e l l o w s   to  be  l o c a t e d   o f f   t he   c e n t e r  



l i n e   a x i s   and  t h e r e b y   p e r m i t s   t he   u n i m p e d e d   l i n e a r  

o r i e n t a t i o n   of   t h e   c o n d u c t o r s .   Such  l i n e a r   o r i e n t a t i o n  

of  t he   c o n d u c t o r s ,   made  p o s s i b l e   by  the   use  of  a  r o c k i n g  

b e l l o w s   in  t h i s   m a n n e r ,   p e r m i t s   t he   s w i t c h   to  be  r e a d i l y  

i n s t a l l e d   as  d i s c u s s e d   more  f u l l y   b e l o w .   F u r t h e r ,   t h e  

l i n e a r   o r i e n t a t i o n   of  the   c o n d u c t i n g   p a t h   w i t h i n   t h e  

s w i t c h   a s s e m b l y   a d v a n t a g e o u s l y   a f f e c t s   t he   m a g n i t u d e   a n d  

d i r e c t i o n   of  m a g n e t i c   f o r c e s   a r i s i n g   f rom  a  s h o r t   c i r -  

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

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

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

The  use   of  a  r o c k i n g   b e l l o w s   a d d s   to  the   long   l i f e  

of  the   s w i t c h   s i n c e   t h e r e   a re   no  gas  l e a k   p a t h s   t h a t  

w o u l d   be  p r e s e n t   i f   0 - r i n g   or  s l i d i n g   s e a l s   were  u s e d .  

Use  of   t h e   r o c k i n g   b e l l o w s   r e d u c e s   t h e   s i z e   and  c o s t  

of  the   b e l l o w s   r e q u i r e d ,   t h a t   i s ,   t he   number   of  c o n -  

v o l u t i o n s   r e q u i r e d   of  t he   b e l l o w s   and  a l s o   the   l i f e   o f  

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

c i t y   is  r e d u c e d ,   t h a t   i s ,   on ly   the   r e l a t i v e l y   s m a l l -  

v e l o c i t i e s   n e a r   t h e   p i v o t   a re   i m p a r t e d   to  t he   b e l l o w s  

and  not   t h e   h i g h   c o n t a c t   v e l o c i t y .   S i n c e   the   s t r e s s e s  

in  the   b e l l o w s   a r e   d i r e c t l y   r e l a t e d   to  t h e   v e l o c i t y   t o  

w h i c h   i t   is   o p e r a t e d   a t   h i g h   s p e e d s ,   t h i s   i n n o v a t i o n  

r e d u c e s   s t r e s s e s   and  i n c r e a s e s   t he   l i f e   and  r e l i a b i l i t y  

of  t he   d e v i c e .  

The  r o c k i n g   b e l l o w s   can  a l s o   be  u sed   to  o p e r a t e   a  

s a f e t y   i n t e r l o c k   by  a x i a l   d e f l e c t i o n   in  c a s e   of  a b n o r m a l  

p r e s s u r e   w i t h i n   t h e   s w i t c h .   A  low  p r e s s u r e   b i a s   can  b e  

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

to  c o m p r e s s   t h e   b e l l o w s ,   s h o u l d   the   p r e s s u r e   w i t h i n   t h e  

h o u s i n g   f a l l   t oo   low.   The  t e rm  " c o m p r e s s " ,   used  in  t h i s  

c o n t e x t ,   m e a n s   t h a t   the   vo lume  of  gas  w i t h i n   the   s w i t c h  

e n c l o s e d   by  t h e   b e l l o w s   is  r e d u c e d ,   w h e t h e r   the   b e l l o w s  

is   m o u n t e d   as   shown  in  the   d r a w i n g s   or  is  i n v e r t e d .  

C o n v e r s e l y ,   " e x p a n d "   i s   the   o p p o s i t e   of  " c o m p r e s s " .   A 



h i g h   p r e s s u r e   b i a s   can  be  a p p l i e d   in  o p p o s i t i o n   to  t h e  

p r e s s u r e   w i t h i n   t he   h o u s i n g   to  a l l o w   the   b e l l o w s   t o  

e x p a n d   s h o u l d   t he   p r e s s u r e   w i t h i n   the   h o u s i n g   become  t o o  

h i g h .   Over  t he   n o r m a l   r a n g e   of  p r e s s u r e   w i t h i n   t h e  

s w i t c h ,   t he   b e l l o w s   can  be  p r e v e n t e d   f rom  e x p a n d i n g   o r  

c o n t r a c t i n g   by  a  s u i t a b l e   s t o p .   The  arm  can  be  l o c k e d ,  

p r e v e n t i n g   m o v e m e n t   of  t he   c o n t a c t s ,   s h o u l d   the   b e l l o w s  

be  c o n t r a c t e d   as  a  r e s u l t   of  a b n o r m a l l y   low  p r e s s u r e .  
The  b e l l o w s   can  be  p u n c t u r e d   to  r e l e a s e   t he   g a s ,   s h o u l d  

the   b e l l o w s   be  e x p a n d e d   as  a  r e s u l t   of  a b n o r m a l l y   h i g h  

p r e s s u r e .   The  c o m b i n a t i o n   of  r o c k i n g   mode  d e f l e c t i o n  

f o r   m o v e m e n t   of  the   c o n t a c t s   and  a x i a l   d e f l e c t i o n   f o r  

s a f e t y   i n t e r l o c k   a l l o w s   the   s i n g l e   b e l l o w s   to  h e r -  

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

d u c i n g   an  a d d i t i o n a l   p o t e n t i a l   s o u r c e   of  l e a k a g e .  

The  c o m p a c t   s i z e   and  l i g h t   w e i g h t   of  the   s w i t c h  

shown  in  t he   F i g u r e s   e n a b l e s   i t   to  be  r e a d i l y   i n s e r t e d  

i n t o   a  d i s t r i b u t i o n   n e t w o r k .   The  s w i t c h   can  be  c o n -  

n e c t e d   d i r e c t l y   i n t o   a  power   c a b l e ,   f o r   e x a m p l e   by  a  

c o n v e n t i o n a l   s p l i c e   or  by  c o n v e n t i o n a l   s e p a r a b l e   j o i n t s  

or  c o n n e c t o r s .   Such  s e p a r a b l e   j o i n t s   and  c o n n e c t o r s   a r e  

t y p i c a l l y   of  a  m o l d e d   e l a s t o m e r i c   m a t e r i a l   a d a p t e d   t o  

r e c e i v e ,   f o r   e x a m p l e ,   a  power   c a b l e   and  b u s h i n g   to  f o r m  

an  e l e c t r i c a l   c o n n e c t i o n   b e t w e e n   t hem.   The  r e l a t i v e  

e a s e   w i t h  w h i c h   the   s w i t c h   can  be  i n s e r t e d   in  t h e  

d i s t r i b u t i o n   n e t w o r k   is  i l l u s t r a t e d   by  the   f a c t   t h a t   t h e  

s w i t c h   can  be  a t t a c h e d   d i r e c t l y   to  a  t r a n s f o r m e r   by 

means   of  an  e l b o w   c o n n e c t o r .   Elbow  c o n n e c t o r s   a r e   c o m -  

m e r c i a l l y   a v a i l a b l e   and  an  e x a m p l e   of  a  t y p i c a l   e l b o w  

c o n n e c t o r   can  be  found   in  U.S.   P a t e n t   No.  3 , 5 5 9 , 1 4 1   t o  

H a r d y .  

A  s w i t c h   in  a c c o r d a n c e   w i t h   the   p r e s e n t   w i l l   now  be  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  



F i g u r e   1  i s   a  s i d e   e l e v a t i o n   v i ew   of  a  s w i t c h   h a v i n g  

f e a t u r e s   of   t h e   p r e s e n t   i n v e n t i o n ,   t he   s w i t c h   i n c l u d i n g  

a  c o n t a c t   a s s e m b l y   and  an  a c t u a t o r ;  

F i g u r e   2  is   a  d e t a i l e d   v e r t i c a l   s e c t i o n a l   view  o f  

t h e   c o n t a c t   a s s e m b l y   p o r t i o n   of  t h e   s w i t c h   of  F i g .   1; 

F i g u r e   3  i s   a  l a t e r a l   s e c t i o n a l   v i ew  of  t he   s w i t c h  

of   F i g .   1  t a k e n   a l o n g   l i n e   3-3  in  F i g .   2 ;  

F i g u r e  4   i s   a n o t h e r   l a t e r a l   s e c t i o n a l   v iew  of  t h e  

s w i t c h   of  F i g .   1  t a k e n   a l o n g   l i n e   4-4   in  F i g .   2 ;  

F i g u r e   5  i s   a  d e t a i l e d   v e r t i c a l   s e c t i o n a l   view  o f  

t h e   a c t u a t o r   of   t he   s w i t c h   of  F i g .   1,  t he   a c t u a t o r  

i n c l u d i n g   a  w a t e r - t i g h t   c o v e r ;   a n d  

F i g u r e   6  i s   a  l a t e r a l   s e c t i o n a l   v i ew   of  t he   s w i t c h  

of   F i g .   1  t a k e n   on  l i n e   6-6  in  F i g .   5 . -  

R e f e r r i n g   to  F i g s .   1 -5 ,   s w i t c h   205  i n c l u d e s   a  m e t a l ,  

c y l i n d r i c a l   h o u s i n g   210  a t   g r o u n d   p o t e n t i a l .   A  s u p p l y  

b u s h i n g   212  and  a  l o a d   b u s h i n g   214  a r e   m o u n t e d   at   o p p o -  
s i t e   e n d s   of   t he   h o u s i n g .   The  b u s h i n g s   212  and  214  e a c h  

have   a  r i n g   215  m o l d e d   in  p l a c e .   The  r i n g s   215  a r e  

w e l d e d   to  t h e   h o u s i n g   210  to  form  a  h e r m e t i c   s e a l   b e t -  

ween  the   s u p p l y   b u s h i n g   212,   t he   l o a d   b u s h i n g   214  a n d  

t h e   h o u s i n g   210 .   A  s u p p l y   c u r r e n t   rod   216  e x t e n d s  

t h r o u g h   the   s u p p l y   b u s h i n g   212  and  a  l o a d   c u r r e n t   r o d  

218  e x t e n d s   t h r o u g h   the   l o a d   b u s h i n g   214 .   The  c u r r e n t  

r o d s   216  and  218  e a c h   have  a  t h r e a d e d   h o l e   211  f o r  

e n g a g i n g   a  f i t t i n g   ( n o t   shown)   or  f o r   use  as  a  s o l d e r  

cup  to  j o i n   a  power   c a b l e   217  of  an  e x t e r n a l   d i s t r i b u -  

t i o n   n e t w o r k .  

Wi th   r e f e r e n c e   to  F i g s .   2,  3,  and  4,  a  c o n t a c t  

a s s e m b l y   219  is   a x i a l l y   s l i d a b l y   m o u n t e d   w i t h i n   t h e  

h o u s i n g   210.   The  c o n t a c t   a s s e m b l y   219  c o m p r i s e s   a  



p l u r a l i t y   of  c y l i n d r i c a l l y   d i s p o s e d   c o n t a c t   r o d s   2 2 0  

m o u n t e d   c o n c e n t r i c a l l y   w i t h i n   a  p i s t o n   222.   When  t h e  

p i s t o n   222  is  in  a  c l o s e d   p o s i t i o n   (a)  a  f i r s t   end  221  

of  the   c o n t a c t   r o d s   220  e n g a g e s   an  a r c i n g   c o n t a c t   2 2 6 ,  

w h i c h   is  f a s t e n e d   to  t he   l o a d   c u r r e n t   rod  218 .   The  c o n -  

t a c t   r o d s   220  d i s e n g a g e   f rom  the   a r c i n g   c o n t a c t   226  w h e n  

t h e   p i s t o n   is  in  an  open  p o s i t i o n   ( b ) .   In  t he   d r a w i n g s ,  

t h e   p a r t s   a r e   shown  in  t he   c l o s e d   p o s i t i o n   by  s o l i d  

l i n e s ;   t he   open  p o s i t i o n   is  shown  by  p h a n t o m   l i n e s .   A 

s e c o n d   end  227  of  t he   c o n t a c t   r o d s   220  is  a t   a l l   t i m e s  

s l i d a b l y   e n g a g e d   w i t h   a  t r a n s f e r   c o n t a c t   224,   w h i c h   i s  

f a s t e n e d   to  the   s u p p l y   c u r r e n t   rod  216  w i t h i n   a  c o u n t e r -  

b o r e   228  in  the   s u p p l y   b u s h i n g   212.   The  c o u n t e r b o r e   2 2 8  

p e r m i t s   t he   c o m b i n a t i o n   of  t he   c o n t a c t   224  and  t h e  

s u p p l y   b u s h i n g   212  w i t h i n   t he   h o u s i n g   210  to   be  m a d e  

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

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

b u s h i n g   212  to  p r e v e n t   a r c i n g   f rom  the   t r a n s f e r   c o n t a c t  

224  to  g r o u n d   p o t e n t i a l .   The  p i s t o n   222  is  p r o v i d e d  

w i t h   a  p l u r a l i t y   of  a x i a l   h o l e s   230  t h e r e t h r o u g h ,   t o  

a c c o m m o d a t e   f low  of  i n s u l a t i n g   gas  p r o d u c e d   by  t h e  

d i s p l a c e m e n t   of  the   gas  by  m o t i o n   of  the   p i s t o n   222  b e t -  

ween  t he   f i r s t   and  s e c o n d   p o s i t i o n s .   A  p i s t o n   cup  231 

is   f a s t e n e d   to  the   o u t s i d e   of  t he   p i s t o n   222  and  h o l d s   a  

n o z z l e   232  s u r r o u n d i n g   the   a r c i n g   c o n t a c t   226  when  t h e  

p i s t o n   is  in  t he   f i r s t   p o s i t i o n .   The  p i s t o n   cup  231  h a s  

a  p l u r a l i t y   of  a x i a l   h o l e s   233  a l l   c o v e r e d   by  a  c h e c k  

v a l v e   234  to  c o n t r o l   t he   f l o w   of  gas  as  d e s c r i b e d   b e l o w .  

The  c h e c k   v a l v e   234  is  r e t a i n e d   by  a  v a l v e   p in   2 3 5 .  

A  b l a s t   s h i e l d   238  is  l o c a t e d   on  the   l o a d   c u r r e n t  

rod   218  and  h e l d   in  p l a c e   by  a  r e t a i n i n g   r i n g   240.   The  

b l a s t   s h i e l d   238  is  c o n c a v e   t o w a r d   the   a r c i n g   c o n t a c t  

226  f o r   p r o t e c t i n g   the   l o a d   b u s h i n g   214  f rom  a r c i n g .  

An  i n s u l a t i n g   l i n e r   242  s u r r o u n d i n g   the   c o n t a c t  

a s s e m b l y   219  is  r a d i a l l y   c e n t e r e d   w i t h i n   the   h o u s i n g   2 1 0  



by  an  0 - r i n g   244  p r o x i m a t e   to  the   s u p p l y   b u s h i n g   212  t o  

p r o v i d e   an  a n n u l a r   s p a c e   245  b e t w e e n   the   h o u s i n g   210  a n d  

t h e   i n s u l a t i n g   l i n e r   242 .   The  p i s t o n   cup  231  w i t h   t h e  

p i s t o n   2 2 2 i s   g u i d e d   by  the   i n s i d e   of  the   i n s u l a t i n g  

l i n e r   2 4 2 .  

The  c o n t a c t   r o d s   220  a r e   a l i g n e d   to  the   p i s t o n   2 2 2 b y  

a  p a i r   of   f i n g e r   w a s h e r s   246 ,   w h i c h   a r e   c e n t e r e d   i n c o u n -  

t e r b o r e s   247  on  o p p o s i t e   s i d e s   of  the   p i s t o n .   Each  o f  

t h e   c o n t a c t   r o d s   220  is   b i a s e d   i n w a r d l y   by  a  l e a f   s p r i n g  

248 .   Each  of  the   c o n t a c t   r o d s   220  and  l e a f   s p r i n g s   2 4 8  

h a v e   n o t c h e s   249  to  e n g a g e   a  s l o t   250  in  t he   f i n g e r  

w a s h e r s   246 .   A  s l e e v e   s p a c e r   252  is  c l a m p e d   to  a  

t h r e a d e d   s p a c e r   254  by  a  s c r e w   256.   The  s p a c e r s   252  a n d  

254  a r e   a x i a l l y   l o c a t e d   by  e n g a g e m e n t   of  t he   f i n g e r  

w a s h e r s   246  w i t h   t h e   s p a c e r s   252  and  254  w i t h i n   a  

c y l i n d e r   251  f o r m e d   by  t h e   c o n t a c t   r o d s   2 2 0 .  

The  main  p u r p o s e   of  t he   s l e e v e   s p a c e r   252  is  t o  

c o n t r o l   t he   c o n t a c t   f o r c e   b e t w e e n   the   c o n t a c t   r o d s   2 2 0  

and  t he   t r a n s f e r   c o n t a c t   224  when  the   c o n t a c t   r o d s   2 2 0  

a r e   d i s e n g a g e d   from  t h e   a r c i n g   c o n t a c t   226.   When  t h e  

c o n t a c t   r o d s   d i s e n g a g e   f rom  the   a r c i n g   c o n t a c t ,   the   c o n -  

t a c t   r o d s   a r e   d r i v e n   a g a i n s t   t he   s l e e v e   s p a c e r   252  by  

t he   l e a f   s p r i n g s   248 .   The  s h i f t   in  t he   a x i a l   p o s i t i o n  

of  t h e   r e a c t i o n   f o r c e   a g a i n s t   the   c o n t a c t   r o d s   from  t h e  

a r c i n g   c o n t a c t   226  to   t h e   s l e e v e   s p a c e r   252  r e s u l t s   i n  

r e d u c t i o n   in  the   f o r c e   of  t he   c o n t a c t   r o d s   on  t h e  

t r a n s f e r   c o n t a c t   224 ,   t h e r e b y   r e d u c i n g   the   m a g n e t u d e   o f  

t h e   c o n t a c t   f o r c e   a t   t he   t r a n s f e r   c o n t a c t   when  the  c o n -  

t a c t   r o d s   220  a r e   d i s e n g a g e d   from  the   a r c i n g   c o n t a c t  

226.   The  amoun t   of  t h i s   o u t w a r d   b i a s   d e p e n d s   on  t h e  

l e n g t h   of  the   s l e e v e   s p a c e r   252.   A  r e l i e f   257  is  p r o -  
v i d e d   in  each   c o n t a c t   rod  220  l o c a l i z i n g   the   p r e s s u r e   on  

rod   220 .   I t   is  a c c e p t a b l e   to  t o l e r a t e   a  much  l ower   c o n -  

t a c t   f o r c e   on  the   t r a n s f e r   c o n t a c t   224,   b e c a u s e   h e a t i n g  



i s   no t   a  p r o b l e m   w i t h i n   t he   v e r y   s h o r t   t i m e   i n t e r v a l  

t h a t   is  r e q u i r e d   to  move  the   c o n t a c t s   f rom  t h e i r   open  t o  

c l o s e d   p o s i t i o n ,   i . e .   a  m a t t e r   of  10  to  20  m i l l i s e c o n d s .  

A n o t h e r   p u r p o s e   of  the   s p a c e r s   252  and  254  is  to  r e t a i n  

t h e   c o n t a c t   r o d s   220  and  t h e   l e a f   s p r i n g s   248  w i t h i n   t h e  

s l o t s   250  to  f a c i l i t a t e   h a n d l i n g   of  the   c o n t a c t   a s s e m b l y  

219  p r i o r   to  f i n a l   a s s e m b l y   w i t h i n   the  h o u s i n g   2 1 0 .  

P r e f e r a b l y   c l e a r a n c e   is  p r o v i d e d   b e t w e e n   the   s l e e v e  

s p a c e r   252  and  the  c o n t a c t   r o d s   220,   the   c l e a r a n c e  

b e i n g   s u f f i c i e n t   to  a l l o w   f o r   some  m i s a l i g n m e n t   of  t h e  

a r c i n g   c o n t a c t   226  w i t h   the   c o n t a c t   a s s e m b l y   219  and  f o r  

n o r m a l   e r o s i o n   of  the   c o n t a c t s .  

T h i s   p i s t o n   222  i s   d r i v e n   f rom  the  open  p o s i t i o n   ( a )  

to  t he   c l o s e d   p o s i t i o n   (b)  by  a  p a i r   of  l i n k s   258 ,   w h i c h  

a r e   p i v o t a b l y   c o n n e c t e d   to  t he   p i s t o n   by  a  p a i r   o f  

p i s t o n   p i n s   259.   The  p i s t o n   p i n s   259  can  a l s o   s e r v e   t o  

f a s t e n   t he   p i s t o n   cup  231  to  the   p i s t o n   2 2 2 .  

P r e f e r a b l y   the  p i s t o n   222,   the   cup  231,   t he   l i n k s  

258  and  the   p i s t o n   p i n s  2 5 9   a r e   a l l   made  of  an  i n s u -  

l a t i n g   m a t e r i a l .   By  a v o i d i n g   the   use  of  u n n e c e s s a r y  

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

a s s e m b l y   219,   the   g r o u n d e d   h o u s i n g   210  can  be  s m a l l e r   i n  

d i a m e t e r   w i t h o u t   b e i n g   s u b j e c t e d   to  a r c i n g .   C o n d u c t i v e  

m a t e r i a l s   w i t h i n   the   c o n t a c t   a s s e m b l y   219  a r e   a r r a n g e d  

w i t h i n   a  d i a m e t e r   a p p r o x i m a t i n g   the  d i a m e t e r   of  t h e  

s u p p l y   b u s h i n g   212  and  the   l o a d   b u s h i n g   214  r e s u l t i n g   i n  

a  n e a r l y   op t imum  r a t i o   of  e n e r g i z e d   to  g r o u n d e d   c o a x i a l  

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

s t r e n g t h   w i t h i n   the  h o u s i n g   210.   In  a d d i t i o n ,   t he   u s e  

of  o n l y   i n s u l a t i n g   m a t e r i a l s   whe re   t h e r e   is  s l i d i n g   c o n -  

t a c t ,   e s p e c i a l l y   b e t w e e n   the   p i s t o n   cup  231  and  t h e  

i n s u l a t i n g   l i n e r   242,   a v o i d s   c o n t a m i n a t i o n   of  t he   i n s u -  



l a t i n g   gas   w i t h i n   t he   s w i t c h   205  by  c o n d u c t i v e   wear   p a r -  

t i c l e s .  

Wi th   r e f e r e n c e   to  F i g s .   5  and  6,  t he   l i n k s   258  a r e  

c o n n e c t e d   to  a  yoke  260  by  a  p a i r   of  yoke   p i n s   262.  A 

c r a n k   or  a c t u a t i n g   arm  264  is  w e l d e d   to  the   yoke   260  a n d  

e x t e n d s   t h r o u g h   a  r o c k i n g   b e l l o w s   266,   t he   b e l l o w s   2 6 6  

b e i n g   s o l d e r e d   to  t he   arm  264  to  form  a  h e r m e t i c   s e a l .  

The  b e l l o w s   266  is  s o l d e r e d   to  a  b e l l o w s   s u p p o r t   2 6 8 ,  

w h i c h   i s   w e l d e d   to  t h e   h o u s i n g   210.   The  arm  264  s l i -  

d a b l y   e n g a g e s   a  b r i d g e   r o c k e r   270 ,   w h i c h   is  p i v o t a b l y  

m o u n t e d   to  a  r o c k e r   s t a n d   272  w e l d e d   to  t he   h o u s i n g   2 1 0 .  

The  p i v o t a b l e   m o u n t i n g   of   t he   b r i d g e   r o c k e r   270  to  t h e  

r o c k e r   s t a n d   272  f o r m s   a  f u l c r u m   273  f o r   t he   arm  2 6 4 .  

The  f u l c r u m   273  p a s s e s   t h r o u g h   t he   r o c k i n g   b e l l o w s   2 6 6  

f o r  s u f f i c i e n t   f r e e d o m   of   t he   arm  264  w i t h   o n l y   s l i g h t  

s t r a i n   of  t h e   r o c k i n g   b e l l o w s   256 .   R o t a t i o n   of  t h e  

c r a n k   t h r o u g h   an  a n g l e   of   a b o u t   32  d e g r e e s   r e s u l t s   i n  

m o v e m e n t   of   t h e   p i s t o n   222  by  t he   l i n k s   258  b e t w e e n   t h e  

c l o s e d   p o s i t i o n   (a)   and  t h e   open  p o s i t i o n   ( b ) .  

An  o v e r c e n t e r   m e c h a n i s m   274  is   used   to  p i v o t   t h e  

b r i d g e   r o c k e r   270  to  o p e r a t e   t he   arm  264.   The  o v e r -  

c e n t e r   m e c h a n i s m   274  can  be  e n c l o s e d   w i t h i n   a  w a t e r  

t i g h t - c o v e r   276  f a s t e n e d   to  t h e   h o u s i n g   210  by  a  p a i r   o f  

c o n v e n t i o n a l   c l a m p s   278  w i t h   a  g a s k e t   279  b e t w e e n   t h e  

c o v e r   276  and  the   h o u s i n g   210.   A  c o n v e n t i o n a l   h a n d l e  

280  s t r a d d l e s   the   c o v e r   276  and  is  c o u p l e d   to  the   o v e r -  

c e n t e r   m e c h a n i s m   274  t h r o u g h   t h e   c o v e r   276  by  a  p a i r   o f  

c o u p l i n g   s h a f t s   282  e q u i p p e d   w i t h   0 - r i n g   s e a l s   284.  T h e  

g a s k e t   279  and  the   0 - r i n g   s e a l s   284  e x c l u d e   w a t e r   a n d  

f o r e i g n   m a t t e r   from  t h e   i n t e r i o r   of  the   c o v e r   276  w h i c h  

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



The  c o u p l i n g   s h a f t s   282  a r e   e a c h   f a s t e n e d   to  a  

s l o t   283  in  t h e   h a n d l e   280  by  a  s c r e w   285  and  a  w a s h e r  

287.   Each  of  t he   c o u p l i n g   s h a f t s   282  is  h e l d   in  a x i a l  

a l i g n   ment  by  a  c o u p l i n g   r e t a i n e r   289  f a s t e n e d   to  t h e  

c o v e r   276  by  a  s c r e w   2 9 1 .  

The  o v e r c e n t e r   m e c h a n i s m   274  c o m p r i s e s   a  U - s h a p e d  

d e t e n t   arm  286  p i v o t a b l y   m o u n t e d   to  t he   r o c k e r   s t a n d   2 7 4  

in  l i n e   w i t h   and  d r i v e n   by  a  s l o t   293  in  e a c h   of  t h e  

c o u p l i n g   s h a f t s   282.   A  s t r i k e r   288  is  p i v o t a b l y   m o u n t e d  

to  the   r o c k e r   s t a n d   272 ,   e n g a g i n g   s l o t s   290  in  t h e  

b r i d g e   r o c k e r   270  and  b i a s e d   by  an  o v e r c e n t e r   s p r i n g   2 9 2  

away  from  a  d e t e n t   s h a f t   294,   w h i c h   is  f i x e d   to  t h e  

d e t e n t   arm  286 .   The  t r a v e l   of  t he   d e t e n t   arm  286  a n d  

t he   b r i d g e   r o c k e r   270  is   l i m i t e d   by  a  d e t e n t   s t o p   2 9 5 ,  

w h i c h   is  f a s t e n e d   to  t h e   r o c k e r   s t a n d   2 7 2 .  

In  some  a p p l i c a t i o n s   of  the   s w i t c h   205,   the   w a t e r -  

t i g h t   c o v e r   276  e n c l o s i n g   the   o v e r c e n t e r   m e c h a n i s m   2 7 4  

need   not   be  p r o v i d e d .   In  t h a t   c a s e ,   t he   h a n d l e   280  c a n  

be  a d a p t e d   to  be  f a s t e n e d   d i r e c t l y   to  t he   d e t e n t   arm  2 8 6  

as  shown  in  F i g .   1 .  

S u l f u r   h e x a f l u o r i d e ,   or  o t h e r   i n s u l a t i n g   g a s ,   i s  

i n t r o d u c e d   i n t o   t he   s w i t c h   205,  w i t h   t he   c o v e r   2 7 6  

r e m o v e d ,   t h r o u g h   an  e x t e n s i o n   296  and  i n l e t   p a s s a g e   2 9 8  

in  the   c r a n k   264.   A f t e r   the   i n t r o d u c t i o n   of  the   d e s i r e d  

amoun t   of  gas   to  t he   s w i t c h   205,   a  h e r m e t i c   s e a l   i s  

g e n e r a t e d   by  b e n d i n g   the   e x e n s i o n   296  to  p r o d u c e   a  f o l d  

3 0 0 .  

The  arm  264  is  b i a s e d   t o w a r d   the   i n t e r i o r   of  t h e  

h o u s i n g   210  by  a  low  p r e s s u r e   s p r i n g   302  a c t i n g   t h r o u g h  

a  s p r i n g   w a s h e r   304.   The  e l e v a t e d   p r e s s u r e   w i t h i n   t h e  



s w i t c h   b i a s e s   t h e   r o c k i n g   b e l l o w s   266  away  f rom  t h e  

h o u s i n g   2 1 0 ,   c o m p r e s s i n g   the   low  p r e s s u r e   s p r i n g   3 0 2  

u n t i l   t h e   arm  264  e n g a g e s   a  s t o p   w a s h e r   306,  w h i c h   i s  

b i a s e d   a g a i n s t   t h e   b r i d g e   r o c k e r   270  by  a  h i g h   p r e s s u r e  

s p r i n g   308 .   I f   a  l e a k   d e v e l o p s   in  the   s w i t c h ,   t he   l o w  

p r e s s u r e   s p r i n g   302  o v e r c o m e s   t he   r e d u c e d   p r e s s u r e  
w i t h i n   t h e   r o c k i n g   b e l l o w s   266  to  d i s p l a c e   t he   arm  2 6 4  

t o w a r d   t h e   s u p p l y   b u s h i n g   212 .   In  t h a t   e v e n t ,   the   a r m  

264  is   in  a  l o c k e d   i n o p e r a t i v e   p o s i t i o n   and  t h e   p i s t o n  

222  is   l o c k e d   i n t o   e i t h e r   t he   f i r s t   or  s e c o n d   p o s i t i o n  

by  a  s t o p   310  e n g a g i n g   the   yoke   260.   The  s t o p   310  i s  

f i x a b l y   m o u n t e d   to   a  c o l l a r   312  w e l d e d   to  t he   h o u s i n g  

210,   t h e   c o l l a r   312  s u r r o u n d i n g   the   s u p p l y   b u s h i n g   2 1 2 .  

Normal   p r e s s u r e   w i t h i n   t he   h o u s i n g   210  c a u s e s   the  y o k e  

260  to   be  p o s i t i o n e d   away  f rom  the   s t o p   310  to   p e r m i t  

o p e r a t i o n   of   t h e   p i s t o n   222  b e t w e e n   the   f i r s t   and  s e c o n d  

p o s i t i o n s .  

In  t h e   e v e n t   t h a t   an  a b n o r m a l l y   h i g h   p r e s s u r e   d e v e -  

l o p s   w i t h i n   t h e   h o u s i n g   210,   t he   o u t w a r d   b i a s   of  t h e  

r o c k i n g   b e l l o w s   266  o v e r c o m e s   t he   h i g h   p r e s s u r e   s p r i n g  

308  and  t h e   s t o p   w a s h e r   306  i s   f o r c e d   away  f rom  t h e  

b r i d g e   r o c k e r   270 .   T h i s   c a u s e s   t he   r o c k i n g   b e l l o w s   2 6 6  

to  be  p u n c t u r e d   by  a  b l a d e   314  a n d / o r   a  p o i n t   316  f i x e d  

to  t he   b r i d g e   r o c k e r   270.   T h i s   s a f e t y   f e a t u r e   p r e v e n t s  

an  e x p l o s i o n   o f   t he   s w i t c h ,   s h o u l d   t h e r e   be  an  a b n o r m a l  

g e n e r a t i o n   of   gas   w i t h i n   t he   s w i t c h .   S h o u l d   the   r o c k i n g  

b e l l o w s   266  become   p u n c t u r e d   by  the   b l a d e   314  a n d / o r   t h e  

p o i n t   316 ,   t h e   r e s u l t i n g   low  p r e s s u r e   c o n d i t i o n   c a u s e s  

the   p i s t o n   222  and  arm  264  to  become  l o c k e d   as  b e f o r e  

d e s c r i b e d .  

A  s i d e   w i n d o w   318  is  p r o v i d e d   in  the   c o v e r   276  f o r  

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

210.   A  cap   320  m o u n t e d   on  the   arm  264  has  c o l o r e d   l o w  



and  n o r m a l   i n d i c a t i o n s   v i s i b l e   one  at   a  t ime   t h r o u g h   t h e  

s i d e   window  318.   When  the   p r o p e r   p r e s s u r e   l e v e l   e x i s t s  

w i t h i n   t he   h o u s i n g   210,   the   " n o r m a l "   i n d i c a t i o n   i s  

v i s i b l e   t h r o u g h   the   s i d e   w i n d o w ;   when  a  low  p r e s s u r e  
c o n d i t i o n   a l l o w s   the   c r a n k   to  be  d e p r e s s e d   to  l o c k   t h e  

yoke   by  t he   s t o p   310  the   " l o w "   i n d i c a t i o n   is  v i s i b l e  

t h r o u g h   t he   s i d e   w i n d o w .   I f   t h e   r o c k i n g   b e l l o w s   2 6 6  

b e c o m e s   p u n c t u r e d   by  the   b l a d e   314  or  t he   p o i n t   316  as  a  

r e s u l t   of  an  a b n o r m a l l y   h i g h   p r e s s u r e   w i t h i n   the   s w i t c h ,  

t he   s t o p   310  b e c o m e s   e n g a g e d   by  t h e   yoke   260  as  a  r e s u l t  

of  the   e n s u i n g   low  p r e s s u r e   c o n d i t i o n   and  the   " l o w "  

i n d i c a t i o n   w i l l   be  v i s i b l e   t h r o u g h   the   s i d e   w i n d o w .  

A l t e r n a t i v e l y ,   a  p l u r a l i t y   of  i n d i c i a   of  t h e  

" n o r m a l "   and  " l ow"   p r e s s u r e   c o n d i t i o n s   can  be  p r o v i d e d  

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

a r r a y   f o r   i n c r e a s i n g   the   v i s i b i l i t y   of  t he   i n d i c a t i o n .  

A  v i s u a l   i n d i c a t i o n   of  t h e   p o s i t i o n   of  the   c o n t a c t  

a s s e m b l y   219  is  p r o v i d e d   t h r o u g h   a  top   window  322  in  t h e  

c o v e r   276 .   A  p o s i t i o n   i n d i c a t o r  3 2 4   h a v i n g   a p p r o p r i a t e  

" o p e n "   and  " c l o s e d "   l a b e l s   is  c o n n e c t e d   to  the  cap  3 2 0  

and  b i a s e d   a g a i n s t   the   top  window  by  a  c l i p   3 2 6 .  

Remote   i n d i c a t i o n s   of  p r e s s u r e   and  c o n t a c t   p o s i t i o n  

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

s w i t c h e s   ( n o t   shown)   w h i c h   can  be  a c t u a t e d   by  the   c a p  

320  and  t he   p o s i t i o n   i n d i c a t o r   324  r e s p e c t i v e l y .  

A  m o l e c u l a r   s i e v e   328  is  r e t a i n e d   w i t h i n   a  h o l d e r  

330  by  a  s c r e e n   332.  The  i n s u l a t i n g   l i n e r   242  h o l d s   t h e  

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

h o l d e r   a g a i n s t   the   l o a d   b u s h i n g   214 .   The  s m a l l   s i z e   o f  

the   s w i t c h   205  r e s u l t s   in  a  h i g h   r a t i o   of  s u r f a c e   a r e a  



to   v o l u m e   w i t h i n   the   h o u s i n g   210;   t h e r e f o r e ,   a  s u b s t a n -  

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

i n t e r n a l   s u r f a c e s   can  be  p r e s e n t   a f t e r   t he   s w i t c h   205  i s  

s e a l e d .   The  m o l e c u l a r   s i e v e   328  a t t r a c t s   m o i s t u r e   f r o m  

w i t h i n   t h e   h o u s i n g   210  and  gas   c o n t a m i n a t e s   g e n e r a t e d   by  

w e a r   a n d / o r   a r c i n g   w i t h i n   t he   s w i t c h .   The  i n s u l a t i n g  

l i n e r   242  is   h e l d   a g a i n s t   t he   s c r e e n   by  a  l i n e r   s t o p  

334 ,   w h i c h   is   f a s t e n e d   to   t he   c o l l a r   312.   An  a u x i l l i a r y  

m o l e c u l a r   s i e v e   329  can  be  r e t a i n e d   u n d e r   t he   c o l l a r   3 1 2  

by  a  p a i r   of  t a b s   335  on  t he   l i n e r   s t o p   3 3 4 .  

A  b r a c k e t   334  is  w e l d e d   to  t he   h o u s i n g   to  p e r m i t   t h e  

s w i t c h   205  to  be  l o c a t e d   by  a  c h a n n e l   336  f a s t e n e d   t o  

t h e   b r a c k e t   334  by  a  p a i r   of   s c r e w s   338.   The  c h a n n e l  

336  can  be  u sed   to  s u p p o r t   t h e   s w i t c h   205  a n d / o r   l o c a t e  

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

to   t h e   s w i t c h   205,   f o r   e x a m p l e ,   to  form  an  a s s e m b l y   o f  

t h r e e   s i n g l e - p h a s e   s w i t c h e s .   A  ba r   340  e x t e n d i n g  

t h r o u g h   t he   h a n d l e s   280  of   t h e   s w i t c h e s   205  can  o p e r a t e  

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

p h a s e s   in  a  3 - p h a s e   c o n f i g u r a t i o n .   The  s c r e w s   338  c a n  

be  u s e d   to  e l e c t r i c a l l y   c o n n e c t   t he   h o u s i n g   210  t o  

g r o u n d .   A  s h i e l d   l e a d   342  f rom  e a c h   of  t he   power   c a b l e s  

217  i s   c l a m p e d   u n d e r   a  c o r r e s p o n d i n g   s c r e w   3 3 8 .  

The  s w i t c h   205  i s   e q u i p p e d   w i t h   e l e c t r o d e s   fo r   c a p a -  

c i t i v e   d e t e c t i o n   a t   r e l a t i v e l y   low  v o l t a g e   b o t h   h i g h  

v o l t a g e   e n e r g i z a t i o n   of  t h e   s w i t c h   c o n d u c t o r s   and  t h e  

open   or  c l o s e d   p o s i t i o n   of   t he   c o n t a c t s .   The  i n s u l a t i n g  

l i n e r   h a s   a  f i r s t   c o n d u c t i v e   band  350  and  a  s e c o n d   c o n -  

d u c t i v e   band  352  d e p o s i t e d   in  c o n t a c t   w i t h   t he   a n n u l a r  

s p a c e   245  a x i a l l y   p o s i t i o n e d   p r o x i m a t e   to  t he   a r c i n g  

c o n t a c t   226  and  the   t r a n s f e r   c o n t a c t   224  r e s p e c t i v e l y .  

On  t h e   c o n d u c t i v e   b a n d s   350  and  352  a r e   s o l d e r e d  



c o r r e s p o n d i n g   f i r s t   and  s e c o n d   s p r i n g   c l i p s   354  and  356  

e n g a g i n g   f i r s t   and  s e c o n d   t e r m i n a l s   358  and  360.  The  

f i r s t   and  s e c o n d   t e r m i n a l s   358  and  360  a re   i n s u l a t i n g l y  

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

n i p p l e s   362  and  364  by  c o r r e s p o n d i n g   f i r s t   and  s e c o n d  

b u s h i n g   p l u g s   366  and  368.  The  f i r s t   and  s e c o n d   n i p p l e s  

362  and  364  p r o t r u d e   the   h o u s i n g   210  and  a re   h e r -  

m e t i c a l l y   f a s t e n e d   t h e r e t o   w i t h   s o l d e r .   F i r s t   a n d  

s e c o n d   t h r e a d e d   caps   370  and  372  e n g a g i n g   r e s p e c t i v e  

f i r s t   and  s e c o n d   n i p p l e s   366  and  368  can  be  p r o v i d e d   f o r  

p r o t e c t i n g   the   t e r m i n a l s   358  and  360  when  not  in  u s e .  

W h e t h e r   used   s i n g l y   or  in  c o m b i n a t i o n   the  s w i t c h   305  

is   s u f f i c i e n t l y   l i g h t   and  c o m p a c t   to  be  s u p p o r t e d   by  t h e  

power   c a b l e s   217  c o n n e c t e d   to  t he   s u p p l y   c u r r e n t   r o d  

216  and  the   l o a d   c u r r e n t   rod   218 ,   i f   d e s i r e d .  

In  o p e r a t i o n ,   movement   of  the   h a n d l e   280  away  f r o m  

the   h o u s i n g   210  c a u s e s   the   d e t e n t   arm  to  r o t a t e ,  

c o m p r e s s i n g   the   o v e r c e n t e r   s p r i n g   292  u n t i l   the  d e t e n t  

arm  286  is  in  l i n e   w i t h   the   s t r i k e r   288.   C o n t i n u e d  

o p e r a t i o n   of  the   h a n d l e   r e s u l t s   in  r a p i d   r o t a t i o n   of  t h e  

b r i d g e   r o c k e r   270  by  the  s t r i k e r   288  to  g e n e r a t e   a  s n a p  
a c t i o n   of  the   p i s t o n   222  and  the   c o n t a c t   a s s e m b l y   2 1 9  

f rom  (a)  t he   c l o s e d   p o s i t i o n   to  (b)  t he   open  p o s i t i o n  

r e g a r d l e s s   of  the   s p e e d   of  o p e r a t i o n   of  the   h a n d l e   2 8 0 .  

C o n v e r s e l y ,   movement   of  t he   h a n d l e   280  t o w a r d   t h e  

h o u s i n g   210  c a u s e s   the  p i s t o n   222  and  the   c o n t a c t  

a s s e m b l y   219  to  snap  from  (b)  t he   open  p o s i t i o n   to  ( a )  

the   c l o s e d   p o s i t i o n   r e g a r d l e s s   of  the   s p e e d   of  o p e r a t i o n  

of  the   h a n d l e   2 8 0 .  

When  the   c o n t a c t   a s s e m b l y   219  s n a p s   from  (a)  t h e  

c l o s e d   p o s i t i o n   to  (b)  the   open  p o s i t i o n ,   the  ends   221 

of  the   c o n t a c t   rods   220  a re   d i s p l a c e d   from  c o n t a c t   f r o m  



t h e   a r c i n g   c o n t a c t   226.   T h i s   r e s u l t s   in  an  a r c   b e i n g  

d rawn   b e t w e e n   t h e   c o n t a c t   r o d s   220  and  t h e   a r c i n g   c o n -  

t a c t   226  when  a  l o a d   c u r r e n t   is  p r e s e n t   in  t h e   s w i t c h  

205 .   The  r a p i d   m o t i o n   of  the   p i s t o n   222  g e n e r a t e s   a  

f l o w   of   i n s u l a t i n g   gas  t h r o u g h   t he   h o l e s   230  in  t h e  

p i s t o n   222 ,   t h e   gas  b e i n g   d i r e c t e d   a r o u n d   t h e   f i r s t   e n d s  

221  of   t h e   c o n t a c t   r o d s   220  and  t h r o u g h   t he   n o z z l e   2 3 2  

to   q u e n c h   t h e   a r c .   The  f l ow  of  gas   i n c r e a s e s   t h e  

p r e s s u r e   w i t h i n   t he   p i s t o n   cup  231 ,   h o l d i n g   t h e   c h e c k  

v a l v e   234  c l o s e d   a g a i n s t   the   p i s t o n   cup  c o n f i n i n g   a l l  

gas   f l o w   to  t h e   n o z z l e   2 3 2 .  

The  i n c r e a s e d   p r e s s u r e   w i t h i n   t h e   p i s t o n   cup  231 

c a u s e d   by  t h e   f l o w   of  i n s u l a t i n g   gas   t h r o u g h   t h e   n o z z l e  

232  t e n d s   to   s t a b i l i z e   the   v e l o c i t y   of   t h e   c o n t a c t  

a s s e m b l y   219  to   a s s u r e   a  c o n t i n u e d   f l o w   of  i n s u l a t i n g  

gas   t h r o u g h   t h e   n o z z l e   232  d u r i n g   a  c u r r e n t   r e v e r s a l  

f o l l o w i n g   s e p a r a t i o n   of  t he   c o n t a c t   r o d s   220  f rom  t h e  

a r c i n g   c o n t a c t   226  a  d i s t a n c e   s u f f i c i e n t l y   g r e a t   t o  

p r e c l u d e   a r c   r e g e n e r a t i o n .   The  v o l u m e   of  i n s u l a t i n g   g a s  
d o w n s t r e a m   of   t h e   n o z z l e   232  w i t h i n   t h e   h o u s i n g   2 1 0 ,  

i n c l u d i n g   t h e   v o l u m e   of  the   a n n u l a r   s p a c e   245 ,   b e i n g  

l a r g e r   t h a n   t h e   r e m a i n i n g   vo lume   of   i n s u l a t i n g   g a s  
w i t h i n   t h e   h o u s i n g   210,   p r o v i d e s   f o r   e x p a n s i o n   of  i n s u -  

l a t i n g   gas   h a v i n g   been  h e a t e d   by  t h e   a r c   w i t h o u t  

e x c e s s i v l y   i n c r e a s i n g   back  p r e s s u r e   a t   t h e   n o z z l e .  

The  e q u a l i z a t i o n   of  gas  p r e s s u r e   w i t h i n   t h e   h o u s i n g  

210  d o w n s t r e a m   of   t he   n o z z l e   232  and  w i t h i n   t h e   a n n u l a r  

s p a c e   245  c a u s e s   some  f l ow  of  i n s u l a t i n g   gas  t h r o u g h   t h e  

m o l e c u l a r   s i e v e   328.  Wear  p a r t i c l e s   and  v a p o r i z a t i o n  

p r o d u c t s   p r e s e n t   in  t he   i n s u l a t i n g   gas   a r e   d i r e c t e d  

t o w a r d   t h e   m o l e c u l a r   s i e v e   328  w h e r e   t h e y   a r e   t r a p p e d   a s  

a  r e s u l t   of   gas   f l o w   t h r o u g h   the   m o l e c u l a r   s i e v e   328  a n d  



b e c a u s e   of  t he   a t t r a c t i n g   p r o p e r t i e s   of  the   m o l e c u l a r  

s i e v e   3 2 8 .  

A d d i t i o n a l   w e a r   p a r t i c l e s   and  v a p o r i z a t i o n   p r o d u c t s  

a r e   a t t r a c t e d   to  t he   a u x i l l i a r y   m o l e c u l a r   s i e v e   3 2 9 .  

When  t h e   s w i t c h   205  is  o p e r a t e d   to  c o n n e c t   a  l oad   by 
m o v e m e n t   of  t he   c o n t a c t   a s s e m b l y   219  f rom  (b)  the   s e c o n d  

p o s i t i o n   to  (a)   t h e   f i r s t   p o s i t i o n ,   t he   c h e c k   v a l v e   2 3 4  

o p e n s   by  s l i d i n g   on  the   v a l v e   p i n s   235  away  from  t h e  

h o l e s   233  in  t he   p i s t o n   cup  231,   t h e r e b y   r e l i e v i n g  

p r e s s u r e   in  f r o n t   of  t he   a d v a n c i n g   p i s t o n   cup  231  t o  

a l l o w   a  more  r a p i d   s n a p   movemen t   of  the   c o n t a c t   a s s e m b l y  

219  from  (b)  t h e  s e c o n d   p o s i t i o n   to  (a)  the   f i r s t   p o s i -  
t i o n   f o r   p r e v e n t i n g   a r c i n g   as  the   f i r s t   ends   221  of  t h e  

c o n t a c t   f i n g e r s   220  e n g a g e   the   a r c i n g   c o n t a c t   2 2 6 .  

When  t he   a r c i n g   c o n t a c t   226  or  t he   t r a n s f e r   c o n t a c t  

224  ar  e n e r g i z e d   w i t h   an  a l t e r n a t i n g   c u r r e n t   v o l t a g e ,   a  

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

c o r r e s p o n d i n g   f i r s t   or  s e c o n d   t e r m i n a l s   358  or  360.  A 

v o l t a g e   of  15KV  a t   e i t h e r   the   a r c i n g   c o n t a c t   226  or  t h e  

t r a n s f e r   c o n t a c t   224  r e s u l t s   in  a  v o l t a g e   of  a p p r o x i m a -  

t e l y   225  v o l t s   b e i n g   c o u p l e d   to  the   c o r r e s p o n d i n g   f i r s t  

or  s e c o n d   c o n d u c t i v e   band  350  i r   352,   t h u s   the   p r e s e n c e  
of  a  h i g h   v o l t a g e   at  e i t h e r   c o n t a c t   can  be  d e t e c t e d   by  

c o n v e n t i o n a l   e q u i p m e n t   c o n n e c t e d   to  t he   c o r r e s p o n d i n g  
t e r m i n a l s   358  and  360.   S h o u l d   the   v o l t a g e s   m e a s u r e d   a t  

t he   f i r s t   and  s e c o n d   t e r m i n a l s   358  and  360  i n d i c a t e   t h a t  

one  c o n t a c t   is   e n e r g i z e d   w h i l e   t he   o t h e r   is  n o t ,   a  
f u r t h e r   i n d i c a t i o n   of  the   c o n t a c t   a s s e m b l y   219  b e i n g   i n  

t he   open  p o s i t i o n   is  p r o v i d e d .  

In  c a s e   t he   a r c i n g   c o n t a c t   226  and  the   t r a n s f e r   c o n -  



t a c t   224  a r e   shown  by  t h e s e   m e a s u r e m e n t s   to  be  in  t h e  

same  c o n d i t i o n   ( b o t h   e n e r g i z e d   or  b o t h   u n e n e r g i z e d )   a  

h i g h   f r e q u e n c y   c u r r e n t   s o u r c e   can  be  c o n n e c t e d   to  one  o f  

t he   f i r s t   or  s e c o n d   t e r m i n a l s   358  or  360  to  d e t e r m i n e  

t h e   p o s i t i o n   of   t he   c o n t a c t   a s s e m b l y   219  as  d e s c r i b e d  

a b o v e .  



1.  A  s w i t c h   c o m p r i s i n g :  

(a )   a  s e a l e d   h o u s i n g   ( 2 1 0 ) ;  

(b)   a  p r e s s u r i z e d   i n s u l a t i n g   gas  in  t h e   h o u s i n g ;  

(c)   a  b e l l o w s   (266)   s e a l i n g l y   m o u n t e d   to  t h e  

h o u s i n g ;  

(d)  an  a c t u a t i n g   arm  ( 2 6 4 )   h a v i n g   an  o p e r a t i v e  

p o s i t i o n   in  wh ich   t he   arm  is  c a p a b l e   of  o p e n i n g   a n d  

c l o s i n g   the   s w i t c h ,   t h e   a c t u a t i n g   arm  b e i n g  

s e a l i n g l y   m o u n t e d   to  t he   b e l l o w s   and  e x t e n d i n g   i n t o  

t h e   h o u s i n g   (210)   t h r o u g h   t he   b e l l o w s   ( 2 6 6 ) ;  

(e)   low  p r e s s u r e   b i a s i n g   means   (302)   f o r   b i a s i n g  

t h e   b e l l o w s   (266)   in  o p p o s i t i o n   to  t h e   gas   p r e s s u r e  
in  t h e   h o u s i n g ,   w h e r e i n   when  t he   f o r c e   of  t h e   g a s  

on  t h e   b e l l o w s   (266)   is   g r e a t e r   t h a n   t h e   f o r c e   o f  

t h e   low  p r e s s u r e   b i a s i n g   means   (302)   on  t h e  

b e l l o w s ,   t he   arm  ( 2 6 4 )   is  in  i t s   o p e r a t i v e   p o s i -  

t i o n ;   a n d  

( f )   l o c k i n g   means  ( 2 6 0 , 3 1 0 )   f o r   r e n d e r i n g   the   a r m  

( 2 6 4 )   i n o p e r a t i v e ,   t h e  l o c k i n g   means   ( 2 6 0 , 3 1 0 )  

b e i n g   p o s i t i o n e d   so  t h a t   when  the   f o r c e   of  t he   l o w  

p r e s s u r e   b i a s i n g   means   ( 3 0 2 )   on  the   b e l l o w s   ( 2 6 6 )  

is   g r e a t e r   t h a n   the   f o r c e   of  t he   gas  on  t h e   b e l l o w s  

( 2 6 6 ) ,   the   b e l l o w s   is  moved  by  t he   low  p r e s s u r e  

b i a s i n g   means  ( 2 6 0 , 3 1 0 )   and  the   arm  ( 2 6 4 )   i s   m o v e d  

i n t o   a  l o c k e d   p o s i t i o n .  

2.  A  s w i t c h   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   when  t h e  

arm  ( 2 6 4 )   is   in  the  l o c k e d   p o s i t i o n ,   the   arm  c a n n o t   be  

u s e d   f o r   c l o s i n g   the   s w i t c h .  



3.  A  s w i t c h   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 ,  

w h e r e i n   when  t h e   arm  ( 2 6 4 )   is   in  t he   l o c k e d   p o s i t i o n ,  

t h e   arm  c a n n o t   be  u sed   f o r   o p e n i n g   t h e   s w i t c h .  

4.  A  s w i t c h   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

w h e r e i n   t h e   b e l l o w s   ( 2 6 6 )   d e f l e c t s   in  r o c k i n g   mode  w h e n  

t h e   arm  ( 2 6 4 )   i s   o p e n i n g   and  c l o s i n g   t h e   s w i t c h .  

5.  A  s w i t c h   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   i n  

w h i c h   t h e   a c t u a t i n g   arm  ( 2 6 4 )   is   a  l e v e r   a r m .  

6.  A  s w i t c h   a c c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

c o m p r i s i n g :  

( a )   a  c o v e r   ( 2 7 6 )   o v e r   t h e   a c t u a t i n g   arm  ( 2 6 4 ) ;  

(b)   a  n o r m a l   p r e s s u r e   i n d i c i a   ( 3 2 0 )   on  t he   a r m  

( 2 6 4 )   e x t e r n a l   of   t he   b e l l o w s   ( 2 6 6 ) ;  

(c )   a  low  p r e s s u r e   i n d i c i a   ( 3 2 0 )   on  t h e  a r m   ( 2 6 4 )  

e x t e r n a l   of  t h e   b e l l o w s   ( 2 6 6 ) ;   a n d  

(d)   a  w indow  ( 3 1 8 )   t h r o u g h   t he   c o v e r   ( 2 7 6 )   f o r  

e x p o s i n g   one  of   t h e   i n d i c i a   ( 3 2 0 )   a t   a  t i m e ,   t h e  

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

w i n d o w   when  the   b e l l o w s   is  n o t   c o n t r a c t e d   by  t h e  

low  p r e s s u r e   b i a s i n g   m e a n s ,   t h e   low  p r e s s u r e   i n d i -  

c i a   b e i n g   v i s i b l e   t h r o u g h   t he   window  ( 3 1 8 )   when  t h e  

b e l l o w s   ( 2 6 6 )   i s . c o n t r a c t e d   by  t h e   low  p r e s s u r e   b i a s i n g  

m e a n s   ( 3 0 2 ) .  

7.  A  s w i t c h   a c c o r d i n g   to  c l a i m   6,  w h e r e i n   t h e   l o w  

p r e s s u r e   i n d i c i a   ( 3 2 0 )   is   f a r t h e r   f rom  t h e   b e l l o w s   ( 2 6 6 )  

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

8.  A  s w i t c h   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   c o m p r i s i n g :  

(a )   h i g h   p r e s s u r e   b i a s i n g   means   ( 3 0 8 )   f o r   b i a s i n g  

t h e   b e l l o w s   ( 2 6 6 )   in  o p p o s i t i o n   to  gas   p r e s s u r e  



w i t h i n   t he   b e l l o w s   f o r   p r e v e n t i n g   e x p a n s i o n   of  t h e  

b e l l o w s   u n l e s s   t he   f o r c e   of  t he   gas  on  the   b e l l o w s  

is   g r e a t e r   t h a n   the   f o r c e   of  the   h i g h   p r e s s u r e  

b i a s i n g   means   (308)   on  t h e   b e l l o w s   ( 2 6 6 ) ;   a n d  

(b)  p u n c t u r e   means   ( 3 1 4 , 3 1 6 )   f o r   p i e r c i n g   t h e  

b e l l o w s   ( 2 6 6 )   when  t h e   b e l l o w s   e x p a n d s   a g a i n s t   t h e  

h i g h   p r e s s u r e   b i a s i n g   m e a n s   ( 3 0 8 ) .  

9.  A  s w i t c h   a c c o r d i n g   to   c l a i m   8,  w h e r e i n   when  t h e  

b e l l o w s   ( 2 6 6 )   is  p u n c t u r e d ,   t h e   gas  p r e s s u r e   in  t h e  

h o u s i n g   ( 2 1 0 )   d e c r e a s e s   so  t h a t   t he   arm  (264)   m o v e s  

i n t o   t he   l o c k e d   p o s i t i o n .  

10.  A  s w i t c h   c o m p r i s i n g :  

(a)   a  s e a l e d   h o u s i n g   ( 2 1 0 ) ;  

(b)  a  p r e s s u r i z e d   i n s u l a t i n g   gas  in  t he   h o u s i n g ;  

(c)   a  b e l l o w s   ( 2 6 6 )   s e a l i n g l y   m o u n t e d   to  t h e  

h o u s i n g   ( 2 1 0 ) ;  

(d)  an  a c t u a t i n g   arm  ( 2 6 4 )   f o r   o p e n i n g   and  c l o s i n g  

t h e   s w i t c h ,   t he   arm  ( 2 6 4 )   b e i n g   s e a l i n g l y   m o u n t e d  

to  t he   b e l l o w s   ( 2 6 6 )  a n d   e x t e n d i n g   i n t o   the   h o u s i n g  

( 2 1 0 )   t h r o u g h   the   b e l l o w s   ( 2 6 6 ) ;  

(e)  h i g h   p r e s s u r e   b i a s i n g   means   (308)   f o r   b i a s i n g  

t he   b e l l o w s   (266)   in  o p p o s i t i o n   to  gas  p r e s s u r e  

w i t h i n   t he   b e l l o w s   f o r   p r e v e n t i n g   e x p a n s i o n   of  t h e  

b e l l o w s   u n l e s s   t he   gas   p r e s s u r e   in  the   b e l l o w s  

i n c r e a s e s   above   a  p r e d e t e r m i n e d   h i g h   l e v e l ;   a n d  

( f )   p u n c t u r e   means   ( 3 1 4 , 3 1 6 )   f o r   p i e r c i n g   t h e  

b e l l o w s   ( 2 6 6 )   when  the   b e l l o w s   e x p a n d s   a g a i n s t   t h e  

f o r c e   of  t he   h i g h   p r e s s u r e   b i a s i n g   means  ( 3 0 8 ) .  
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