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(57)  On  opening  of  a  circuit  breaker,  an  end  portion  19  of  a 
pivotable  contact  arm  12  disengages  from  fixed  contacts  7 
such  that  an  arc  is  drawn  therebetween  radially  across  the 
pole  face  of  a  field  coil  9,  the  end  portion  19  moving  trans- 
versely  to  the  field  coil  axis.  The  arc  then  transfers  from  the 
contacts  7  to  a  tubular  electrode  24  thereby  bringing  the  field 
coil  9  into  circuit  so  that  a  magnetic  field  is  generated  which 
causes  the  arc  to  rotate  and  become  extinguished.  In  the 
fully-open  position  of  the  circuit  breaker,  the  end  portion  19 
lies  along  the  field  coil  axis.  The  whole  assembly  is  disposed 
in  a  housing  2  which  contains  the  highly  insulating  gas  sul- 
phur  hexafluoride.  A  single  field  coil  and  electrode  can  be 
shared  between  two  such  constructions.  Arrangements  are 
also  disclosed  (Figures  11  to  14)  in  which  the  initial  arc  is 
drawn  directly  between  the  contact  arm  12  and  the  electrode 
24. 
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T h i s   i n v e n t i o n   r e l a t e s   to   e l e c t r i c a l   s w i t c h g e a r ,   t h e  

t e r m   " s w i t c h g e a r "   b e i n g   u s e d   to   e m b r a c e   c i r c u i t   b r e a k e r s  

an.d  o t h e r   l e c t r i c a l   s w i t c h e s .  

In  r e c e n t   y e a r s ,   c i r c u i t   b r e a k e r s   h a v e   been   d e v e l o p e d  

w h i c h   make  u s e   of  t h e   h i g h l y   i n s u l a t i n g   gas   s u l p h u r  

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

I t   i s   n o t   g e n e r a l l y   s u f f i c i e n t   to   r e l y   on  t h e  

p r o p e r t i o s   of   t h e   gas   a l o n e ,   and  a  known  t e c h n i o u e   of   a r c  

e x t i n c t i o n   when  u s i n g   t h i s   g a s   i s   to   t r a n s f e r   t h e   a r e  

d r a w n   b e t w e e n  a   m o v i n g   and  a  f i x e d   c o n t a c t   f rom  t h e   f i x e d  

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

f i x e d   c o n t a c t   t h r q v g h   a  f i e l d   c o i l ,   so  t h a t   t h e   a r c  

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

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

b e c o m e   e x t i n g u i s h e d .   The  s u c c e s s   of  t h i s   t e c h n i g u e  

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

s h a l l   h ave   s u f f i c i a n t   i n t e n s i t y   to   make  t h e   a r c   r o t a t e .  

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

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

c o i l .   In  p r a c t i c e ,   one  can  u s u a l l y   r e l y   on  t h e   a r c   c u r r e n t  

in  a  c i r c u i t   b r e a k e r   o p e r a t i n g  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  

to   be  s u f f i c i e n t   to   c r e a t e   a r e   r o t a t i o n .  

C i r c u i t   b r e a k e r s   and  o t h e r   s w i t c h e s   h a v e   a l s o   t o  

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

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

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



t r a n s f o r m e r s   and  r o t a t i n g   m a c h i n e s .   When  b r e a k i n g   l o w  

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

to   t h e   a r c i n g   e l e c t r o d e   and  to   c r e a t e   s u b s e q u e n t   r o t a t i o n .  

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

up  t o   36  k i l o v o l t s   i n c o r p o r a t e s   c i r c u i t   b r e a k e r s   of   t h e   o i l -  

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

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

l o a d   b r e a k   s w i t c h e s   a n d ,   e s p e c i a l l y   f o r   v o l t a g e s   of   1 2  

k i l o v o l t s   and  l o w e r ,   r i n g   m a i n   e q u i p m e n t   i n c o r p o r a t i n g   a t  

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

t r a n s f o r m e r   and  two  r i n g   ma in   c a b l e s .  

A l t h o u g h   t h i s   t y p e   o f   e q u i p m e n t   h a s   b e e n   u s e d  

s a t i s f a c t o r i l y   f o r   many  y e a r s ,   i t   w o u l d   be  d e s i r a b l e   t o  

a p p l y   t o   i t   t h e   u s e   of   s u l p h u r   h e x a f l u o r i d e   to   g a i n   t h e  

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

c o r r e s p o n d i n g   r e d u c t i o n   in   t h e   f r e q u e n c y   of   c o n t a c t  

m a i n t e n a n c e .   and  f r e e d o m   f r o m   f i r e   h a z a r d .  

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

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

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

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

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

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

h e x a f l u o r i d e   t e c h n i o u e s   to   c i r c u i t   b r e a k e r s   and  s w i t c h e s   o f  

t h e   s i z e   a s s o c i a t e d   w i t h   d i s t r i b u t i o n   s w i t c h g e a r   up  to   3 5  

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



made  to   r o t a t e   r e l i a b l y   a t   a l l   v a l u e s   of   b r e a k i n g   c u r r e n t  

and  t h e   n e e d   t o   p r o v i d e   a  c o m p a c t   and  e c o n o m i c a l   a r r a n g e m e n t  

w h i c h   i s   n o t   a t   a  d i s a d v a n t a g e   i s   s i z e   or   r e q u i r e m e n t s   o f  

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

e q u i p m e n t .  

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to  o b v i a t e   o r  

m i t i g a t e   t h e s e   d i f f i c u l t i e s .  

A c c o r d i n g   to   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  

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

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

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

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

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

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

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

t o w a r d s   t h e i r   o p e n   p o s i t i o n   an  a r c   i s   f o r m e d   b e t w e e n   t h e  

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

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

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

i n c l u d i n g   a  c o n t a c t   m e m b e r   p i v o t a b l e   a b o u t   an  a x i s   t r a n s v e r s e  

to   t h e   a x i s   o f   t h e   f i e l d   c o i l   and  h a v i n g   an  end  p o r t i o n   w h i c h  

e n c a g e s   t h e   s e c o n d   c o n t a c t   m e a n s   when  t h e   c o n t a c t   m e a n s   a re   i n  

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

i n w a r d l y   of   t h e   f i e l d   c o i l   a x i s   on  m o v e m e n t   of  t h e  

c o n t a c t   m e a n s   t o w a r d s   t h e i r   open   p o s i t i o n .  

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



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

t h e   c o n t a c t   m e m b e r ,   no  a d d i t i o n a l   g u i d e s   b e i n g   r e q u i r e d   f o r  

t h i s   p u r p o s e .   In  a d d i t i o n ,   m o v e m e n t   of  t h e   c o n t a c t   m e m b e r  

b e t w e e n   i t s   o p e n   and  c l o s e d   p o s i t i o n s   can  be  p e r f o r m e d   b y  

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

c rank   a rm.   T h e s e   f a c t o r s   e n a b l e   a  c o m p a c t   c o n s t r u c t i o n   t o  

be  o b t a i n e d ,   and  in  p a r t i c u l a r   t h e   s w i t c h g e a r   can  be  m a d e  

s m a l l   e n o u g h   to   r e n l a c e   e x i s t i n g   o i l - f i l l e d   c i r c u i t   b r e a k e r s  

of   s i m i l a r   r a t i n g s .  

In  c e r t a i n   a p p l i c a t i o n s ,   i t   i s   n e c e s s a r y   to  b y p a s s   t h e  

m o u n t i n g  o f   t h e   c o n t a c t   m e m b e r   w i t h   a  f l e x i b l e   c o n n e c t o r ,  

s u c h   t h a t   t h e   b u l k   of   t h e   c u r r e n t   f l o w i n g   t h r o u g h   t h e   s w i t c h -  

g e a r   p a s s e s   t h r o u g h   t h e   c o n n e c t o r   r a t h e r   t h a n   t h r o u g h   t h e  

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

m e m b e r   e n a b l e s   s u c h   a  f l e x i b l e   c o n n e c t o r   to   be  n o s i t i o n e d  

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

d e f l e c t i o n :   b e c a u s e   of  t h i s ,   f l e x u r e   of  t h e   c o n n e c t o r   p r e s e n t s  

o n l y   a  s m a l l   l o a d   t o   t h e   m e c h a n i s m   by  m e a n s   of   w h i c h   t h e  

c o n t a c t   m e m b e r   i s   o p e r a t e d .   R o r e o v e r ,   any  f r i c t i o n a l  

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

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

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

m e m b e r .   T h i s   i s   to   be  c o n t r a s t e d   w i t h   t h e   t y p e   o f  

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

r e c t i l i n e a r l y ,   s i n c e  a   s l i d i n g   c o n t a c t   mus t   be  a p n l i e d   t o  

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



o p e r a t i n g   m e c h a n i s m .  

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

b r e a . k   t y p e ,   i n   w h i c h   t h e   f i r s t   and  s e c o n d   c o n t a c t   m e a n s   a r e  

e l e c t r i c a l l y   c o n n e c t e d   to   r e s p e c t i v e   e x t e r n a l   t e r m i n a l s ,   T h e  

u s e   of   a.  c o n t a . c t   m e m b e r   w h i c h   moves   t r a n s v e r s e l y   of  t h e   f i e l d  

c o i l   a x i s   in   s u c h   a  s i n g l e   b r e a . k   t y p e   of   c o n s t r u c t i o n   e n a b l e s  

t h e   f i e l d   c o i l   to   be  s h a r e d   b e t w e e n   two  a d j a c e n t   c i r c u i t s ,  

r e s u l t i n g   i n   a  c o m p a c t   c o n s t r u c t i o n .   M o r e o v e r ,   w h e r e   t h e  

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

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

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

d i s p o s e d   in   a  t r i a n g u l a r   a r r a y   to   o b t a i n   maximum  s e p a r a t i o n  

t h e r e b e t w e e n .  

P r e f e r a b l y ,   s a i d   end  p o r t i o n   of  t h e   c o n t a c t   m e m b e r   i s  

e l o n g a t e   and  l i e s   a l o n g   t h e   a x i s   of  t h e   f i e l d   c o i l   when  t h e  

c o n t a c t   m e a n s   a r e   in  t h e i r   o p e n   p o s i t i o n .  

E m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

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

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

i n   t h e   f o r m   of  a  c i r c u i t   b r e a k e r   f o r   a  s i n g l e - p h a s e   e l e c t r i c a l  

s u p p l y   or   one  p h a s e   of  a  c i r c u i t   b r e a k e r   f o r   a  t h r e e - p h a s e   s u p p l y  

F i g u r e   2  i s   a  v i e w   i n   t h e   d i r e c t i o n   of  a r r o w   I I   i n  

F i g u r e   I  of   p a r t   of  t h e   e l e c t r i c a l   s w i t c h g e a r   shown  t h e r e i n ;  

F i g u r e   3  i s   a  s i d e   v i e w ,   p a r t l y   in   s e c t i o n ,   of   a. 



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

p r e s a n t   i n v e n t i o n ;  

F i g u r e   4  i s   f r o n t   v i e w ,   p a r t l y   i n   s e c t i o n ,   of  t h e  

e l e c t r i c a l   s w i t c h g e a r   shown   i n   F i g u r e   3 ;  

F i g u r e   5  i s   s c h e m a t i c   p l a n   v i e w   of   t h e   e l e c t r i c a l  

s w i t c h g e a r   s h o w n   in   F i g u r e s   3  a n d  4  :  

F i g u r e   6  i s   a  s c h e m a t i c   d i a g r a m   of   a  t h i r d   e m b o d i m e n t  

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

f o r   u s e   w i t h   r i n g   ma in   e q u i p m e n t ;  

F i g u r e   7  s h o w s  a   n u m b e r   of   m o d i f i c a t i o n s   w h i c h   can  b e  

a p p l i e d   to   any  of   t h e   a b o v e   e m b o d i m e n t s .  

F i g u r e   8  s h o w s   a  f u r t h e r   m o d i f i c a t i o n   w h i c h   can  a l s o  

be  a p p l i e d   to   any  of   t h e   a b o v e   e m b o d i m e n t s ;  

F i g u r e   9  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

I X  -   IX  in   F i g u r e   8 ;  

F i g u r e   10  i s   a  s c h e m a t i c   d i a g r a m   o f  a   f o u r t h   e m b o d i m e n t  

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

a l s o   f o r   u s e   w i t h   r i n g   main   e o u i n m e n t :  

F i f u r e s   11  to   13  a r e   s c h e m a t i c   v i e w s   o f   a  f i f t h  

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

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

d i f f e r e n t   p o s i t i o n s ,   a n d  

F i g u r e   14  i s   a  s c h e m a t i c   v i e w   of  a  s i x t h   e m b o d i m e n t  

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

in   t h e   f o r m   of   a  d o u b l e - b r c a k   c i r c u i t   b r e a k e r .  

R e f e r r i n g   to   F i g u r e   1,  a  c i r c u i t   b r e a k e r   i s   s h o w n  



s u i t a b l e   f o r   r e p l a c i n g   an  e x i s t i n g   12  or   36  k i l o v o l t   o i l -  

f i l l e d   c i r c u i t   b r e a k e r   in   an  e l e c t r i c a l   d i s t r i b u t i o n  

s y s t e m .  T h e   c i r c u i t   b r e a k e r   c o m p r i s e s   a  s w i t c h   1  c o n t a i n e d  

in   a  g a s - t i g h t   m e t a l   h o u s i n g   2  on  w h i c h   t e r m i n a l   b u s h i p g s   3 

and  4  a r e   m o u n t e d .   The  h o u s i n g  2   and  t e r m i n a l   b u s h i n g s   3 

and  4  c o r r e s p o n d   r e s p e c t i v e l y   to   t h e   t a n k  a n d   b u s h i n g s   o f  

a  c o n v e n t i o n a l   o i l - f i l l e d   c i r c u i t   b r c a k e r .   The  i n t e r i o r   o f  

t h e   h o u s i n g   2  d o e s   n o t ,   h o w e v e r ,   c o n t a i n   o i l   b u t   t h e   w e l l -  

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

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

a t  a   p r e s s u r e   of   45  p s i ,   and  i s   s u p p l i e d   t h r o u g h   a  v a l v e  

( n o t   s h o w n )   in.  a  w a l l   of  t h e   h o u s i n g   2.  The  m e c h a n i s m   o f  

t h e   c i r c u i t   b r e a k e r   i s   so  c o n s t r u c t e d   and  a r r a n g e d   as  t o  

e n a b l e   s u l p h u r   h e x a f l u o r i d e   a r c   q u e n c h i n g   to  be  a p p l i e d   t o  

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

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

by  m a k i n g   t h e   c i r c u i t   b r e a k e r   a  r e p l a c e m e n t   f o r   an  e x i s t i n g  

o i l - f i l l e d .   c i r c u i t   b r e a k e r .  

A  c o n d u c t o r   5  p a s s e s   t h r o u g h   t h e   b u s h i n g   3  and  c a r r i e s  

on  i t s   end  w i t h i n .   t h e   h o u s i n g   2  a  t r a n s v e r s e   c o n t a c t  

s u p p o r t   arm  6  w h i c h   c a r r i e s   r e s i l i e n t   c o n t a c t   f i n g e r s   7 ,  

and  a  s u p p o r t   m e m b e r   8  w h i c h   c a r r i e s  a   f i e l d   c o i l   9.  A 

c o n d u c t o r   10  p a s s e s   t h r o u g h   t h e   h u s h i n g  4   and  c a r r i e s   on  

i t s   end  w i t h i n   t h e   h o u s i n g   2  a   m o u n t i n g   11  on  w h i c h   a 

m o v a b l e   c o n t a c t   arm  12  of   c i r c u l a r   c r o s s - s e c t i o n   i s   m o u n t e d  

f o r   a n g u l a r   m o v e m e n t   a b o u t   a  p i v o t   13 .   A  f l e x i b l e ,  



e l e c t r i c a l l y   c o n d u c t i v e   s t r a p   14  c o n n e c t s   t h e   c o n t a c t  

arm  12  to   t h e   c o n d u c t o r   10  f o r   t h e   p a s s a g e   of   m o s t   o f  

t h e   l o a d   c u r r e n t   t h e r e t h r o u g h ,   t h e   s t r a p   14  b e i n g  

c o n n e c t e d   to   t h e   c o n d u c t o r   10  by  way  o f   an  L - s h a p e d  

c o p p e r   b r a c k e t   15  and  b e i n g   b o l t e d   to   t h e   c o n t a c t   a r m  

1 2 .   As  an  a l t e r n a t i v e   to   t h e   p r o v i s i o n   of   t h e   s t r a p  

14 ,   t h e   c o n t a c t   arm  12  can   be  m o u n t e d   on  t h e   end  o f  

t h e   c o n d u c t o r   10  by  m e a n s   of   a  s p r i n g   l o a d e d   p i v o t  

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

An  o p e r a t i n g   s h a f t   16  i s   r o t a t a b l e   by  means   of   a n  

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

t h e   h o u s i n g   2  and  c a r r i e s   an  arm  17  w h i c h   i s   p i v o t a l l y  

c o n n e c t e d   to   one  end  of   a.  l i n k a g e   c o m p r i s i n g   a.  p a i r   o f  

p a r a l l e l ,   s p a . c e d   l i n k s   18  ( o n l y  o n e   s h o w n )   made  o f  

i n s u l a t i n g   m a t e r i a l ,   s u c h   as  PERmALI  ( R e g i s t e r e d   T r a d e  

m a r k )   w h i c h   i s   a .  d e n s i f i e d   r e s i n   b e e c h .   The  o t h e r   e n d  

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

arm  12  a t   o r   n e a r   t h e   c e n t r e   o f   t h e   l a t t e r ,   s u c h   t h a t  

r o t a t i o n   cf   t h e   s h a f t   16  c a u s e s   t h e   c o n t a . c t   arm  12  t o  

move  a n g u l a r l y   a b o u t   t h e   p i v o t   13  b e t w e e n   a  p o s i t i o n  

i n   w h i c h   an  end  p o r t i o n   19  t h e r e o f   i s   e n g a g e d   w i t h   t h e  

c o n t a c t   f i n g e r s   7  (a.s  s h o w n   in   c h a i n - d o t t e d   l i n e s )   a n d  

a  p o s i t i o n   i n   w h i c h   t h e   end  p o r t i o n   19  i s   d i s e n g a g e d  

f r o m   t h e   f i n g e r s   7  and  i s   d i s p o s e d   on  t h e   a x i s   of   t h e  

f i e l d   c o i l   9  (a.s  shown  i n   f u l l   l i n e s ) .   In   t h e   l a t t e r  

p o s i t i o n   o f   t h e   c o n t a c t   arm  12  t h e   a x i s   o f   t h e  



o p e r a t i n g   s h a f t   16 ,   t h e   p i v o t a l   c o n n e c t i o n   b e t w e e n   t h e   a r m  

17  and  t h e   l i n k a g e   18  and  t h e   p i v o t a l   c o n n e c t i o n   b e t w e e n  

t h e   l i n k a g e   18  and   t h e   c o n t a c t   arm  12  a r e   s u b s t a n t i a l l y  

i n   a .  c o m m o n   p l a n e .   T h e r e f o r e ,   a n y  s l i g h t   m o v e m e n t   of   t h e  

arm  17  d u e ,   f o r   e x a m p l e ,   to  p l a y   b e t w e e n   t h e   v a r i o u s  

p a r t s   or   o s c i l l a t i o n   of   t h e   p a r t s   due   to   t h e   a b s o r b i n g  

of   s h o c k s   u p o n   o p e n i n g   of   t h e   s w i t c h   w i l l   r e s u l t   in  o n l y  

a  v e r y   s m a l l   m o v e m e n t   of  t h e   c o n t a c t   arm  12 ,   and  t h u s  

t h e   end  p o r t i o n   19  t h e r e o f   w i l l   r e m a i n   s u b s t a n t i a l l y  

on  t h e   a x i s   o f   t h e   f i e l d   c o i l   9 .  

A  p l a t e   20  of   a r c - r e s i s t a n t   m a t e r i a l   i s   p r o v i d e d  

a d j a c e n t   t h e   c o n t a c t   f i n g e r s  7   t o   p r o t e c t   t h e   s u p p o r t -  

m e m b e r   8  and  t h e   f i e l d   c o i l   9  f rom  t h e   e f f e c t s   of   a r c i n g .  

The  a r c - r e s i s t a n t   m a t e r i a l   of  w h i c h   t h e   p l a t e   20  i s   m a d e  

can  be  e i t h e r   c o n d u c t i n g   or   i n s u l a t i n g .   I f   i t   i s  

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

s h o r t   o u t   t h e   f i e l d c o i l d 9 .   T h i s   c an   be  a r r a n g e d   b y  

f i x i n g   t h e   p l a t e   20  a t   an  a n g l e   to   t h e   s u p p o r t   m e m b e r  

8  so  t h a t   i t   i s   n o r m a l   to   t h e   end  p o r t i o n   19  of  t h e  

c o n t a c t   arm  12  when   t h e   l a t t e r   e n g a g e s   t h e   c o n t a c t  

f i n g e r s   7  and  i s   d i r e c t e d   away  f rom  t h e   o u t e r  

w i n d i n g s   of   t h e   f i e l d   c o i l   and  t h e   s u p p o r t   member   8 .  

I f   n e c e s s a r y ,   f o r   c e r t a i n   a p p l i c a t i o n s   of   t h e   s w i t c h -  

g e a r ,   t h e   end  p o r t i o n   19  of  t h e   c o n t a c t   arm  12  c a n  

h a v e   a.  r e g i o n   21  w h i c h   i s   a l s o   p r o t e c t e d   by  c o n d u c t i n g  



a r c - r e s i s t a n t   m a t e r i a l .  

The  s u p p o r t   m e m b e r   8  i s   made  of   m i l d   s t e e l   s u c h  

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

p r o d u c e d   by  t h e   f i e l d   c o i l   9  and  s c r e e n s   t h e   c o i l   f r o m  

t h e   e f f e c t s   of   a d j a c e n t   m e t a l w o r k   or   c u r r e n t - c a r r y i n g  

c o n d u c t o r s .   The  s u p p o r t   m e m b e r   c o m p r i s e s   a  p o r t i o n   2 2  

d e f i n i n g   p a r t   o f   a  c y l i n d e r   ( a s   shown   to   a d v a n t a g e   i n  

F i g u r e   2)  c a r r i e d   on  i n t e g r a l   m o u n t i n g   l u g s   23.   T h e  

f i e l d   c o i l   9  c o m p r i s e s   a  s p i r a l   m e t a l   s t r i p   of   t h e  

same  w i d t h   as  t h e   p o r t i o n   22  and  c o n s i s t s   o f ,   f o r  

e x a m p l e ,   t w e n t y   t u r n s   of   s h e e t   m e t a l   0 . 5   mm  t h i c k .  

The  t u r n s   a r e   e q u a l l y   s p a c e d   f r o m   e a c h   o t h e r ,  

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

of   an  i n s u l a t i n g   c o a t i n g   or   an  i n t e r - w o u n d   i n s u l a t i n g  

s t r i p .   An  i n n e r   end   of   t h e   f i e l d   e o i l   9  i s   a t t a c h e d  

to   and  a s s i s t s   i n   s u p p o r t i n g   a  t u b u l a r   a r c i n g  

e l e c t r o d e   24  m a d e   o f f n o n - f e r o u s   m e t a l   w h i c h   p r o j e c t s  

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

m e m b e r .   A  s u i t a b l e   m e a n s   of   a t t a c h i n g   t h e   i n n e r   e n d  

of   t h e   f i e l d   c o i l   t o   t h e   e l e c t r o d e   i s   by  r i v e t t i n g  

a n d / o r   b r a z i n g   o r   s o l d e r i n g .   A n  o u t e r   end  of   t h e  

f i e l d   c o i l   i s   b o l t e d   b e t w e e n   one  of   t h e   l u g s   23  a n d  

t h e   s u p p o r t   arm  6,  as  can   be  s e e n   in   F i g u r e   2 .  

The  a b o v e - d e s c r i b e d   c i r c u i t   b r e a k e r   o p e r a t e s   a s  

f o l l o w s .   l n   a  c l o s e d   p o s i t i o n   t h e r e o f ,   t h e   end  p o r t i o n  



19  of   t h e   c o n t a c t   arm  12  i s   e n g a g e d   w i t h   t h e   c o n t a c t  

f i n g e r s   7  so  t h a t   c u r r e n t   can  f l o w   t h r o u g h   t h e   c i r c u i t  

b r e a k e r   by  way  of   t h e   c o n d u c t o r   10 ,   t h e   s t r a p   14 ,   c o n t a c t  

arm  12 ,   c o n t a c t   f i n g e r s   7  and  t h e   c o n d u c t o r   5.  O p e n i n g  

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

o p e r a t i n g   s h a f t   16  by  way  of  t h e   a f o r e m e n t i o n e d  

o p e r a t i n g   m e c h a n i s m   to   p i v o t   t h e   c o n t a c t   arm  12  ou t   o f  

e n g a g e m e n t   w i t h   t h e   c o n t a c t   f i n g e r s   7.  D u r i n g   s u c h  

m o v e m e n t   of   t h e   c o n t a c t   arm  12 ,   t he   end  p o r t i o n   1 9  

t h e r e o f   m o v e s   t r a n s v e r s e l y   r e l a t i v e   to   t h e   end  of   t h e  

f i e l d   c o i l   9  to   d r a w   an  a r c   f r o m   t h e   c o n t a c t   f i n g e r s  

7  r a d i a l l y   a c r o s s   t h e   p o l e   f a c e   of  t h e   c o i l .   T h i s  

a.rc  s u b s e q u e n t l y   t r a n s f e r s   i t s e l f   f r o m   t h e   c o n t a c t  

f i n g e r s   7  to   t h e   e l e c t r o d e   24,  so  t h a t   t h e   f i e l d   c o i l  

9  ( p r e v i o u s l y   o u t   of   c i r c u i t )   now  f o r m s   p a r t   of   t h e  

c u r r e n t   f l o w   p a t h   t h r o u g h   t h e   c i r c u i t   b r e a k e r .   T h e  

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

f i e l d   w h i c h   c a u s e s   t h e   a.rc  to   r o t a t e   i n   a  known  m a n n e r  

and  b e c o m e   e x t i n g u i s h e d .  

A  p o r t h o l e   25  i s   p r o v i d e d   i n   s i d e   w a l l   of   t h e  

h o u s i n g   2  so  t h a t   a  v i s u a l   i n s p e c t i o n   can  be  made  o f   t h e  

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

of  t h e   r o t a t i n g   a r c s   to   be  t a k e n .  

The  a b o v e   a r r a n g e m e n t   c a n ,   i f   d e s i r e d ,   be  a p p l i e d   to   a  

mere   s w i t c h   r a t h e r   t h a n   t o  a   c i r c u i t   b r e a k e r .  



The  c i r c u i t   b r e a k e r   d e s c r i b e d   a b o v e   i s   i n t e n d e d   t o  

c o n t r o l   one  p h a s e   of   a  t h r e e   p h a s e   e l e c t r i c a l   s u p p l y ,  

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

p h a s e s .   The  c i r c u i t   b r e a k e r   i s ,   h o w e v e r ,   a l s o   s u i t a b l e   f o r  

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

The  s w i t c h g e a r   i l l u s t r a t e d   in   F i g u r e s   3  to   5  i s   in   t h e  

f o r m   of   a.  c i r c u i t   b r e a k e r   f o r   u s e   w i t h   a  t h r e e   p h a s e   e l e c t r i c a l  

s u n p l y ,   and  c o m p r i s e s   t h r e e   s w i t c h e s   1 0 1 a ,   1 0 1 b   and  1 0 1 c  

( o n e   f o r   ea.ch  p h a s e )   c o n t a i n e d   in  a  common  h o u s i n g   1 0 2  

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

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

1  and  2,  s i m i l a r   p a r t s   b e i n g   d e n o t e d   by  t h e   same  r e f e r e n c e  

n u m e r a l s   b u t   w i t h   100  a d d e d .   A  common  o p e r a t i n g   s h a f t   1 1 6  

i s   u s e d   to   o p e r a t e   a l l   t h r e e   of   t h e   s w i t c h e s ,   and  p a s s e s  

t h r o u g h   a  g a s - t i g h t   b a a r i n g   126  in   a  s i d e   w a l l   of  t h e  

h o u s i n g   1 0 2 .  

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

a x i s   1 2 7 .   In   o r d e r   to   o p t i m i s e   t h e   e l e c t r i c a l   c l e a r a n c e s  

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

109  t h e r e o f   a.re  m u t u a l l y   s t a g g e r e d   t r a n s v e r s e l y   of   t h e   a x i s  

1 2 7 .   In  t h e   p a r t i c u l a r   a r r a n g e m e n t   s h o w n ,   t h i s   m e a n s   t h a t  

t h e   c o i l s   109  a r e   d i s p o s e d   i n   a  t r i a n g u l a r   a r r a y ,   as  can  b e  

s e e n   to   a d v a n t a g e   in  F i g u r e   5.  The  s c r e e n i n g   e f f e c t  

p e r f o r m e d   by  t h e   s u n n o r t   m e m b e r s   108  i s   now  of   p a r t i c u l a r  

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

c o i l   109  f r o m   t h e   e f f e c t s   of   t h e   o t h e r   p h a s e s   of  t h e   e l e c t r i c a l  



s u p p l y .  

F i g u r e   6  i l l u s t r a t e s   s w i t c h t g e a r   f o r   u s e   w i t h   r i n g   m a i n  

e o u i p m e n t   and  c o m p r i s e s   a  p a i r   of  s w i t c h e s   201a  and  2 0 1 b  

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

s w i t c h   201c   f o r   a  t e e - o f f   c i r c u i t .   The  s w i t c h   201c   c a n  

p r o v i d e   a u t o m a t i c   c i r c u i t   b r e a k i n g   a n d / o r   can  be  a s s o c i a t e d  

w i t h   an.  e x t e r n a l l y - m o u n t e d   h i g h - c a n a c i t y   f u s e :   w h e r e   t h r e  

p h a s e s   a.re  p r o d d e d ,   b l o w i n g   of   one  s u c h   f u s e   can  be  a r r a n g e d  

to   c a u s e   t h e   t e e - o f f   s w i t c h e s   of  a l l   t h r e e   p h a s e s   to   o p e n .  

Dach  of  t h e   s w i t c h e s   2 0 1 a ,   201b  and  201c   i s   g e n e r a l l y  

s i m i l a r   to   t h e   s w i t c h   1  d e s c r i b e d   a b o v e   in  r e l a t i o n   t o  

F i g u r e s   1  and  2,  s i m i l a r   p a r t s   b e i n g   a c c o r d e d   t h e   s a m e  

r e f e r e n c e   n u m e r a l s   b u t   w i t h   200  a d d e d .   H o w e v e r ,   t h e   l i n k  

m e c h a n i s m   w h i c h   c o n n e c t s   t h e   o p e r a t i n g   s h a f t   216  of   e a c h  

s w i t c h   to   t h e   r e s p e c t i v e   c o n t a c t   arm  212  d i f f e r s   s l i g h t l y  

f rom  the  a r r a n g e m e n t   d e p i c t e d   i n  F i g u r e   1,  in  t h a t  

t r i a n g u l a r   p l a t e s   230  a r e   p r o v i d e d   on  t h e   c o n t a c t   arm  a n d  

t h e   l i n k a g e   218  i s   p i v o t a l l y   c o n n e c t e d   to   t h e s e   p l a t e s ,  

r a t h e r   t h a n   b e i n g   c o n n e c t e d   d i r e c t l y   to   t h e   c o n t a c t   a r m .  

The  r i n g   m a i n   s w i t c h e s   201a  and  201b   a.re  d i s o o s e d  

a d j a c e n t   one  a n o t h e r   and  s h a r e   a  common  f i e l d   c o i l   2 0 9 ,  

s u p p o r t   m e m b e r   208  and  a r c i n g   e l e c t r o d e   224 .   The  c o n t a c t  

a rms   212  of   t h e   two  s w i t c h e s   a r e   d i s n o s e d   a t   o p n o s i t e   e n d s  

of   t h e   f i e l d   c o i l   209 ,   and  an  e l e c t r i c a l l y   i n s u l a t i n g   m e m b e r  

231  e x t e n d s   t r a n s v e r s e l y   a c r o s s   t h e   c e n t r e   of   t he   e l e c t r o d e  



224  to   h e l p   i s o l a t e   t h e   c o n t a c t   a rms   f rom  e a c h   o t h e r   w h e n  

t h e   s w i t c h e s   a r e   b o t h   in   t h e i r   open   p o s i t i o n s .   B e c a u s e   t h e  

f i e l d   c o i l   209  i s   s p i r a l l y   w o u n d ,   i t   i s   s y m m e t r i c a l   a b o u t   a  

t r a n s v e r s e   p l a n e   t h r o u g h   i t s   c e n t r e :   t h e   c o i l   209  c a n ,  

t h e r e f o r e ,   be  r e l i e d   u p o n   to   p r o v i d e   t h e   same  o p e r a t i n g  

c h a r a c t e r i s t i c s   f o r   e a c h   of   t h e   two  s w i t c h e s   201a   and  2 0 1 b .  

A  m e c h a n i c a l   i n t e r l o c k   ( n o t   s h o w n )   of  known  t y p e   i s   p r o v i d e d  

to   p r e v e n t   s i m u l t a n e o u s   o p e n i n g   of   t h e   s w i t c h e s   201a   and  2 0 1 b  

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

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

The  f i e l d   c o i l   2 0 9 ,   s u p n o r t   m e m b e r   209  and  a r c i n g  

e l e c t r o d e   224  w h i c h   a r e   common  to   t h e   s w i t c h e s   201a.  a n d  

2 0 1 b ,   and  t h e   c o r r e s p o n d i n g   p a r t s   of  t h e   t e e - o f f   s w i t c h  

201c   a r e   c a r r i e d   by  a  common  i n s u l t i n g   s u p n o r t   232  m o u n t e d  

on  t h e   h o u s i n g   2 0 2 .   M o r e o v e r ,   t h e   c o n t a . c t   f i n g e r s   207  of   a l l  

t h r e e   s w i t c h e s   a r e   c a r r i e d   b y  a   common  s u p n o r t   a.rm  206  w h i c h  

i s   i n   t u r n   s u p p o r t e d   by  t h e   s u n p o r t   2 3 2 .   A g a i n ,   t h e  

s c r e e n i n g   e f f e c t   o f   t h e   s u p p o r t   m e m b e r s   208  i s   of   p a r t i c u l a r  

i m p o r t a n c e   s i n c e   t h e   c o i l s   209  a r e   s h i e l d e d   t h e r e b y   a g a i n s t  

t h e   e f f e c t s   o f   a d j a c e n t   c u r r e n t - c a r r y i n g   c o n d u c t o r s .  

I f   d e s i r e d ,   a.  f o u r t h   s w i t c h   can  be  p r o v i d e d   w h i c h  

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

s w i t c h   201c  i n   t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e   i n  

r e l a t i o n   to   t h e   r i n g   m a i n   s w i t c h e s   201a  and  2 0 1 b .   A g a i n ,  

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

o n e n i n g   of   t h e   s w i t c h e s .   R e f e r e n c e   233  shows   i n   b r o k e n   l i n e  



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

s w i t c h   w o u l d   be  a r r a n g e d   on  t h e   h o u s i n g   2 0 2 .  

F i g u r e   7  i l l u s t r a t e s   a  n u m b e r   of   m o d i f i c a t i o n s   w h i c h  

can  be  a p p l i e d ,   s i n g l y   or   in   c o m b i n a t i o n ,   to   any  of  t h e  

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

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

a l r e a d y   d e s c r i b e d   a r e   d e n o t e d   by  t h e   same  r e f e r e n c e   n u m a r a l s  

as  u s e d   in   F i g u r e s   1  and  2  b u t   w i t h   300  a d d e d ,   and  w i l l  n o t  

in   g e n e r a l   be  d e s c r i b e d   a g a i n .  

In  F i g u r e   7,  a.  c r a n k e d   c o n t a c t   arm  312  i s   u s e d   i n s t e a d  

of   a  s t r a i g h t   o n e ,   t h e   arm  b e i n g   p i v o t e d   a t   a  n o i n t   s p a c e d  

f r o m   t h e   a x i s   of   t h e   f i e l d   c o i l   309  so  t h a t   in  t h e   o p e n  

p o s i t i o n   cf   t h e   s w i t c h   t h e   end  p o r t i o n   319  of  t h e   c o n t a c t  

arm  n o t   o n l y   l i e s   a l o n g   t h e   a x i s   of  t h e   f i e l d   c o i l   b u t   a l s o  

e x t e n d s   i n t o   t h e   a d j a c e n t   end  of  t h e   a r c i n g   e l e c t r o d e   3 2 4 .  

T h i s   a r r a n g e m e n t   h e l p s   in   t r a n s f e r r i n g   t h e   a r c   f r o m   t h e  

c o n t a c t   f i n d e r s   307  to   t h e   e l e c t r o d e   3 2 4 ,   and  b r i n g s   the   a r c  

w i t h i n   t h e   c o i l   w h e r e   t h e   m a g n e t i c   f i e l d   i s   more   c o n c e n t r a t e d .  

The  a r c i n g   e l e c t r o d e   324  has   a  r a d i a l   f l a n g e   340  at  a n  

end  t h e r e o f   w h i c h   f a c e s   t h e   c o n t a c t   arm  312  and  i s   a l s o  

p r o v i d e d   w i t h   an  i n t e r n a l   a n n u l a r   i n s e r t   341  of   b u l g e d   c r o s s -  

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

t h e   a r c   t r a c k s   d u r i n g   i t s   r o t a t i o n ,   so  t h a t   t h e   a r c   can  b e  

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

r e g a r d   to   t h e   m a g n e t i c   f i e l d   g e n e r a t e d   by  t h e   f i e l d   c o i l .   T h e  

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



b e t w e e n   two  s w i t c h e s :   h o w e v e r ,   t h e   p r o v i s i o n   o f  a   f l a n g e  

and  an  a n n u l a r   i n s e r t   a t   t h e   o t h e r   end  of   t h e   e l e c t r o d e   t o  

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

i n s u l a t i n g   m e m b e r   s i m i l a r   to   t h a t   r e f e r e n c e d   231  in   F i g u r e   6 

w i l l   a n a b l e   t h e   a r r a n g e m e n t   t o   be  made  common  to  two  s w i t c h e s .  

The  f i e l d   c o i l   309  i s   h e l i c a l l y ,   r a t h e r   t h a n   s p i r a l l y ,  

w o u n d .   I f   t h e   c o i l   i s   to   be  s h a r e d   b e t w e e n   two  s w i t c h e s ,  

i t   i s   to   be  a p p r e c i a t e d   t h a t   t h e   i n h e r e n t   a s y m m e t r y   of   t h e  

h e l i c a l   c o i l   may  r e s u l t   in   some  d i f f e r e n c e   in  o p e r a t i n g  

c h a r a c t e r i s t i c s   b e t w e e n   t h e   two  s w i t c h e s .   B e c a u s e   t h e  

h e l i c a l   c o i l   309  i s   n o t   s e l f - s u p p o r t i n g ,   a  s e p a r a t e   m e c h a n i c a l  

s u p n o r t   i s   p r o v i d e d   f o r   t h e   a r c i n g   e l e c t r o d e   3 2 4 .   T h i s  

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

m e m b e r   342  as  s h o w n ,   o r   t h e   c o i l   can  be  c a s t   o n t o   t h e  

e l e c t r o d e   u s i n g ,   f o r   e x a m p l e ,   an  e p o x y   r e s i n .  

An  e l e c t r i c a l l y   c o n d u c t i v e   f i n d e r   343  i s   p r o v i d e d   o n  

t h e   s u p p o r t   arm  306  a d j a c e n t   t h e   c o n t a c t   f i n d e r s   3 0 7 ,   t h e  

i n i t i a l   a r c   b e i n g   drawm  f r o m   t h i s   f i n g e r   r a t h e r   t h a n   f r o m  

t h e   c o n t a c t   f i n d e r s   307  w h e n   t h e   c o n t a c t   arm  312  m o v e s   a w a y  

f r o m   t h e  l a t t e r .   The  f i n g e r   343  can  t h u s   be  made  of  a r c -  

r e s i s t a n t   m a t e r i a l ,   w h e r e a s   t h i s   may  n o t   be  d e s i r a b l e .  

f o r   t h e   c o n t a c t   f i n d e r s   3 0 7 .  

F i g u r e s   8  and  9  show  two  m o d i f i c a t i o n s   ( u s a b l e   s i n g l y  

or   in   c o m b i n a t i o n )   to   t h e   s w i t c h g e a r   of  F i g u r e s   1  and  2  b u t  

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

o f   F i g u r e s   3  to   6  and  w h i c h   c an   be  u s e d   in   c o m b i n a t i o n   w i t h  



m o d i f i c a t i o n s   shown   in  F i g u r e   7.  C o m m o n e n t s   or   c l e m e n t s  

showm  in  F i g u r e s   8  and  9  w h i c h   c o r r e s p o n d   to  p a r t s   d e s e r i b e d  

a l r e a d y   a r e   g i v e n   t h e   same  r e f e r e n c e   n u m e r a l s   as  u s e d   i n  

F i g u r e s   1  and  2  b u t   w i t h   400  a d d e d ,   and  w i l l   n o t   in  g e n e r a l  

be  d e s c r i b e d   a g a i n .  

In  F i g u r e s   8  and  9,  an  i n s u l a t e d   s u p p o r t i n g   cup  450  i s  

p r o v i d e d   w i t h i n   t h e   a r e i n g   e l e c t r o d e   424  and  has   m o u n t e d   t h e r s i n  

a  f e r r o m a g n e t i c   r i n g   4 5 1 .   The  cup  450  s h i e l d s   t h e   r i n g   4 5 1  

f rom  t h e   a r e ,   and  t h e   r i n g   c o n c e n t r a t e s   t h e   m a g n e t i c   f i e l d  

p r o d u c e d   by  t h e   f i e l d   c o i l   409  to  a id   a r e   e x t i n c t i o n .   T h e  

a c t i o n   of   t h e   r i n g   i s   of   n a r t i c u l a r   b e n e f i t   wher   b r e a k i n g  

r e l a t i v e l y   low  c u r r e n t s .   F o r   some  a p p l i c a t i o n s   of   t h e  

s w i t c h g e a r ,   i t   may  be  d e s i r a b l e   t o  p e r m i t   a  f l o w   of   g a s  

a x i a l l y   t h r o u g h   t h e   e l e c t r o d e   4 2 4 ,   and  f o r   t h i s   r e a s o n ,  

t h e   s u p  o r t i n g   c u n  4 5 0   can   be  made  of  a n n u l a r   c o n f i g u r a t i o n  

as  i n d i c a t e d   in   b r o k e n   l i n e  i n   F i g u r e   8 .  

A  f e r r o m a g n e t i c   y o k e   452  i s   p r o v i d e d   t o   c o n c e n t r a t e  

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

t h e   end  of   t h e   c o n t a c t   arm  412  to   f a . c i l i t a t e   t r a n s f e r   t o  

t h e   e l e c t r o d e   4 2 4 .   I f   d e s i r e d ,   t h e   y o k e   452  can  b e  

c o v e r e d   i n   i n s u l a t i n g   m a t e r i a l   ( f o r   e x a m p l e ,   epoxy   r e s i n )  

to   e n a b l e   i t   to   be  p l a c e d   c l o s e   to  t h e   i n i t i a l   a r c .   T h e  

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

d e f i n e d   by  t h e   c o n t a c t s   and  t h e   a r c .  

F i g u r e   10  shows   s c h e m a t i c a l l y   how  t h e   f e a t u r e s   s h o w n  

in   F i g u r e s   6  and  7  can  be  c o m b i n e d   to  p r o d u c e d   r i n g   m a i n  



s w i t c h g e a r   of   c o m p a c t   f o r m .   A  m e t a l   h o u s i n g   500  f i l l e d   w i t h  

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

s w i t c h e s   501  and  502  w h i c h   s h a r e   a  common  f i e l d   c o i l   a s s e m b l y  

503  and  a.  t e e - o f f   c i r c u i t   b r e a k i n g   o r   l o a d   b r e a k   s w i t c h   5 0 4  

( w h i c h   h a s   a  s i m i l a r   f u n c t i o n   t o   t h e   s w i t c h   201c  i n   t h e  

e m b o d i m e n t   o f   F i g u r e   6)  w h i c h   h a s   an  a s s o c i a t e d   f i e l d   c o i l  

a s s e m b l y   505 .   The  f i e l d   c o i l   a s s e m b l i e s   503  and  505  a n d  

f i x e d   c o n t a . c t   a s s e m b l i e s   506  f o r   t h e   v a r i o u s   s w i t c h e s   a r e  

a l l   c a r r i e d   by  a  common  i n s u l a t i n g   s u p p o r t   507 .   An  i n s u l a t i n g  

m e m b e r   5 0 7 '   i s   p r o v i d e d   t r a n s v e r s e l y   o f   t h e   s h a r e d   c o i l  

a s s e m b l y   503  to   i s o l a t e   t h e   c o n t a c t   a r m s   of   t h e   r i n g   m a i n  

s w i t c h e s   501  and   502  f r o m   one  a n o t h e r   when   i n   t h e i r   o p e n  

p o s i t i o n s .   I f   d e s i r e d ,   a  f o u r t h   s w i t c h   w h o s e   b u s h i n g   i s  

i n d i c a t e d   in   b r o k e n   l i n e   a t   508  c a n   a l s o   be  p r o v i d e d   t o  

s h a r e   t h e   f i e l d   c o i l   a s s e m b l y   505  w i t h   t h e   s w i t c h   5 0 4 .   T h e  

c o n d u c t o r   b u s h i n g s   f o r   t h e   s w i t c h e s   5 0 1 ,   502  and  504  c a n   b e  

a r r a n g e d   r a d i a l l y   o f   t h e   h o u s i n g   500  as   s h o w n   in  f u l l   l i n e s ,  

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

I f   d e s i r e d ,   f e a t u r e s   s h o w n   i n   F i g u r e s  8   a n d  9   c a n   a l s o  

be  p r o v i d e d   i n   t h i s   a r r a n g e m e n t .  

F i g u r e s   1 1 ,   12  and  13  show  p a r t   of   a  c i r c u i t   b r e a k e r  

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

r e f e r e n c e   to   F i g u r e s   1  and  2,  s i m i l a r   p a r t s   b e i n g   a c c o r d e d  

t h e   same  r e f e r e n c e   n u m e r a l s   b u t   w i t h   600  a d d e d .   The  a r r a n g e -  

m e n t   of   t h e   p i v o t a b l e   c o n t a c t   arm  i s ,   h o w e v e r ,   s o m e w h a t  

m o d i f i e d   as  w i l l   now  be  d e s c r i b e d .  

The  c o n t a . c t   arm  612  i s   now  p i v o t a l l y   m o u n t e d   by  m e a n s  



of   a.  p i v o t   670  on  one  end  o f   a.  c o n d u c t i v e   l i n k   m e m b e r   6 7 1 ,   a  

c o m p r e s s i o n   s p r i n g   672  b e i n g   i n t e r p o s e d   b e t w e e n   t h e   c o n t a c t  

arm  and  an  a b u t m e n t   673  on  t h e   l i n k   m e m b e r .   The  l i n k   m e m b e r  

671  i s   p i v o t a . l l y   m o u n t e d   a t   i t s   o t h e r   end  on  m o u n t i n g   611  a n d  

i s   a l s o   p i v o t a l l y   c o n n e c t e d   to   l i n k a . g e   61b  by  m e a n s   of   a  

p i v o t   p i n   b 7 4 .  

F i g u r e   11  s h o w s   t h e   c i r c u i t   b r e a k e r   i n   a  c l o s e d   p o s i t i o n ,  

i n   w h i c h   a  m a i n   body   p o r t i o n   675  of  t h e   c o n t a c t   arm  612  i s  

b i a s e d   i n t o   e n g a g e m e n t   w i t h   a  ma in   c o n t a c t   676  c o n n e c t e d   t o  

c o n d u c t o r   b 0 5 .   i n   t h i s   p o s i t i o n ,   an  end  p o r t i o n   677  of   t h e  

c o n t a . c t   arm  i s   s p a c e d   f r o m   t h e   a r c i n g   e l e c t r o d e   6 2 4 .   T h e  

c i r c u i t   b r e a k e r   i s   o p e n e d   by  r o t a t i n g   o p e r a t i n g   s h a i t   b l 6   i n  

t h e   d i r e c t i o n   of   a r r o w  A   w h i c h   r e s u l t s   i n   The  c o n t a c t   arm  b 1 2  

r o c k i n g   on  t h e   t i p   of  t h e   m a i n   c o n t a c t   676  u n t i l   t h e   end  p o r t i o n  

677  of  t h e   c o n t a c t   arm  e n g a g e s   an  a r c   r u n n e r   678  on  t h e   i n t e r i o r  

of   t h e   e l e c t r o d e   624 .   F u r t h e r   r o t a t i o n   of   t h e   o p e r a t i n g   s h a f t  

616  c a u s e s   t h e   c o n t a c t   arm  612  to   d i s e n g a g e   f rom  t h e   m a i n   c o n t a c t  

676  w h i l e   s t i l l   r e m a . i n i n g   i n   c o n t a c t   w i t h   t h e   a r c   r u n n e r   6 7 8 ,  

as  shown  in  F i g u r e   1 2 .  

On  c o n t i n u e d   r o t a t i o n   of   t h e   s h a f t   616 ,   t h e   end  p o r t i o n  

677  of  t h e   c o n t a c t   arm  612  m a i n t a i n s   c o n t a c t   w i t h   t h e   a r c  

r u n n e r   678  u n t i l   t h e   m a i n   b o d y   p o r t i o n   675  comes  i n t o   e n g a g e -  

m e n t   w i t h   t h e   p i v o t   p i n   674  w h i c h   a . c t s   as  a  s t o p .   T h e r e a f t e r ,  

t h e   end  p o r t i o n   677  m o v e s   away  f r o m   t h e   a r c   r u n n e r   6 7 8  

t r a n s v e r s e l y   of   t h e   f i e l d   c o i l   a x i s   so  t h a t   an  a r c   i s   d r a w n  

t h e r e b e t w e e n   r a d i a l l y   w i t h i n   t h e   f i e l d   c o i l   609 .   In  t h e   f u l l y -  

o p e n   p o s i t i o n   of   t h e   c i r c u i t   b r e a k e r ,   shown  in   F i g u r e   13 ,   t h e  



end  p o r t i o n   677  o f   t h e   c o n t a c t   arm  l i e s   a l o n g   t h e   f i e l d   c o i l  

a x i s   and  t h e   a r c   r o t a t e s   to   e x t i n c t i o n   u n d e r   t h e   e f f e c t   of   t h e  

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

The  c i r c u i t   b r e a k e r   s h o w n   i n   F i g u r e s   11  to   13  i s   of  t h e  

s o - c a l l e d   s i n g l e   b r e a k   t y p e .   F i g u r e   14  s h o w s   a  s i m i l a r   fo rm  o f  

c i r c u i t   b r e a k e r   b u t   of   d o u b l e   b r e a k   t y p e .   A  m e t a l   h o u s i n g   ( n o t  

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

t e r m i n a l   b u s h i n g s   701  and  702  t h r o u g h   w h i c h   p a s s   r e s p e c t i v e  

c o n d u c t o r s   703  and   7 0 4 .   A  m o u n t i n g   705  f o r   a  c o n t a c t   arm  7 0 6  

i s   p r o v i d e d   a t   an  end  of  t h e   c o n d u c t o r   7 0 3 ,   t h e   arm  706  b e i n g  

p i v o t e d   on  t h e   m o u n t i n g   705  a t   a.  p o i n t   7 0 7 .  - A   h e l i c a l   c o n t a c t  

s p r i n g   708  i n   c o m p r e s s i o n   a c t s   b e t w e e n   t h e   m o u n t i n g   705  and  t h e  

c o n t a c t   arm  7 0 6 .   A  m o u n t i n g   7 0 9 ,   c o n t a c t   arm  7 1 0 ,   p i v o t   p o i n t  

711  and   s p r i n g   712  a r e   s i m i l a r l y   a s s o c i a t e d   w i t h   t h e   c o n d u c t o r  

7 0 4 .   The  c o n t a . c t   a r m s   706  and  710  e a c h   c o m p r i s e   a  m a i n   b o d y  

p o r t i o n   7 1 3 ,   714  o f   r e c t a n g u l a r   c r o s s - s e c t i o n   and  an  end  p o r t i o n  

7 1 5 ,   716  o f   l e s s e r   and  c i r c u l a r   c r o s s - s e c t i o n .   The  t i p s   o f   t h e  

end  p o r t i o n   715   and  716  c a n   be  - p r o v i d e d   w i t h   a r c - r e s i s t a n t  

m a t e r i a l .  

A  m a i n   c o n t a c t   b a r   717   h a s   e n d s   718  and  719  w h i c h   i n  

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

t h e   m a i n   b o d y   p o r t i o n s   713  and  714  o f   t h e   c o n t a . c t   a rms   706  a n d  

7 1 0 .   The  s p r i n g s   708  and   712  a.ct  to   u r g e   t h e i r   a s s o c i a t e d  

c o n t a c t   a r m s   i n t o   c o n t a c t   w i t h   t h e   ma in   c o n t a c t   b a r   7 1 7 ,   a n d  

a  c u r r e n t   p a t h   t h u s   e x i s t s   f r o m   c o n d u c t o r   703  to   c o n d u c t o r   7 0 4  

by  way  of   m o u n t i n g   7 0 5 ,   arm  7 0 6 ,   ma in   c o n t a c t   ba.r   7 1 7 ,   arm  7 1 0  

and  m o u n t i n g   7 0 9 .  



The  main   c o n t a c t   b a r   717  and  a  f i e l d   c o i l   a s s e m b l y   7 2 0  

a r e   m o u n t e d   on  t h e   end  of   r e c i p r o c a b l e   i n g u l a t i n g   s h a f t   7 2 1  

by  m e a n s   of   a  s u p n o r t   m e m b e r   7 2 2 .   The  f i e l d   c o i l   a s s e m b l y  

720   c o m p r i s e s   a  t u b u l a r   a r c i n g   e l e c t r o d e   723  f o r m e d   in  t w o  

c o n d u c t i n g   s e c t i o n s   7 2 3 a   and  7 2 3 b   w h i c h   a r e   s e p a r a t e d   by  a  

c e n t r a l   i n s u l a t i n g   b a r r i e r   7 2 4 ,   and  a  h e l i c a l   f i e l d   c o i l  

725  wound  on  t h e   o u t s i d e   of   t h e   e l e c t r o d e   723.   One  end  o f  

t h e   c o i l   725  i s   c o n n e c t e d   t o   t h e   e l e c t r o d e   s e c t i o n   723a   a t  

a  p o i n t   726 ,   t h e   o t h e r   end  of   t h e   c o i l   b e i n g   c o n n e c t e d  t o  

Lhe  s e c t i o n   7 2 3 b   a t   a  p o i n t   7 2 7 :   o t h e r w i s e ,   t he   c o i l   i s  

i n s u l a t e d   f r o m   t h e   e l e c t r o d e   723  by  i n s u l a t i o n   7 3 3 .   T h e  

s e c t i o n s   723a   and  7 2 3 b   a r e   p r o v i d e d   w i t h   r e s p e c t i v e   i n t e r n a l  

a n n u l a r   p r o j e c t i o n s   o r   a r c i n r   r i n g s   728  and  729  w h i c h   c a n  

be  s u r f a c e d   w i t h   a r c - r e s i s t a n t   m a t e r i a l .   The  end  p o r t i o n s  

715  and  716  of  t h e   c o n t a c t   a r m s   l i e   w i t h i n   t he   f i e l d   c o i l  

a s s e m b l y   720  and  a r e   a d j a c e n t   to   b u t   s p a c e d   f rom  t h e   a r c i n g  

r i n g s   728  and  729  in  t h e   c l o s e d   p o s i t i o n   of  t he   c i r c u i t  

b r e a k e r .  

The  c o n t a c t s   of   t h e   c i r c u i t   b r e a k e r   a re   o p e n e d   by  m o v e -  

m e n t   of   t h e   s h a f t   721  in   t h e   d i r e c t i o n   of   t he   a r r o w   B  by  a 

s u i t a b l e   m e c h a n i s m   ( n o t   s h o w n ) ,   t h e   f i e l d   c o i l   a s s e m b l y   7 2 0  

and  main   c o n t a c t   b a r   717  m o v i n g   w i t h   t h e   s h a f t   s i n c e   t h e y  

a r e   c a r r i e d   by  i t .   As  t h e   s h a f t   721  m o v e s   in  t h e   d i r e c t i o n  

of   a r r o w   B,  t h e   c o n t a c t   a r m s   706  and  710  p i v o t   u n d e r   t h e  

a c t i o n   of  t h e i r   r e s p e c t i v e   s p r i n g s   708  and  712  to   f o l l o w  

t h e   m o t i o n   of  t h e   main   c o n t a c t   b a r   7 1 7 .   On  f u r t h e r   m o v e m e n t  

of   t h e   s h a f t   7 2 1 ,   t h e   end  p o r t i o n s   715  and  716  e n g a g e   t h e  



a r c i n g   r i n g s   729  and  728  r e s p e c t i v e l y   and  t h e   ma in   b o d y  

p o r t i o n s   713  and  714  b e c o m e   s p a c e d   f r o m   t h e   ma in   c o n t a c t  

b a r   7 1 7 .   I g n o r i n g   any  m i n o r   a r c i n g   a t   t h e   m a i n   c o n t a c t   b a r  

7 1 7 ,   t h e   c u r r e n t   p a t h   f r o m   c o n d u c t o r   703  to   c o n d u c t o r   7 0 4  

i s   n o w  b y   way  o f   end  p o r t i o n   7 1 5 ,   s e c t i o n   7 2 3 b ,   c o i l   7 2 5 ,  

s e c t i o n   723a.  and  end  p o r t i o n   7 1 6 .   The  p i v o t a l   m o v e m e n t   o f  

t h e   a r m s   706  and  710  i s   l i m i t e d   by  n a r t s   731  and  732  of   t h e  

m o u n t i n g s   705  and  709  a c t i n g   as  s t o p s   and  a t   t h e i r   l i m i t s  

o f   m o v e m e n t   t h e   a r m s   l i e   a l o n g   a  common  a x i s .  

On  c o n t i n u e d   m o v e m e n t   o f   t h e   s h a f t   721 ,   t h e   a r c i n g  

r i n g s   728  and  729  move  o u t   o f   c o n t a c t   w i t h   t h e   c o n t a c t  

a r m s   706  and  710  and  an  a r c   i s   d r a w n   r a d i a l l y   b e t w e e n   t h e  

end  p o r t i o n   of   e a c h   c o n t a c t   arm  and  t h e   a s s o c i a t e d   a r c i n g  

r i n g .   M o v e m e n t   of   t h e   s h a f t   c e a s e s   when  t h e   a x i s   of   t h e  

f i e l d   c o i l   a s s e m b l y   720  i s   i n   a l i g n m e n t   w i t h   t h e   c o m m o n  

a x i s   of   t h e   c o n t a c t   a r m s .   The  c u r r e n t   p a t h   f r o m   c o n d u c t o r  

703  to   c o n d u c t o r   704  i s   now  by  way  o f   c o n t a . c t   arm  7 0 6 ,   t h e  

a r c   b e t w e e n   end  p o r t i o n   715  and  a r c i n g   r i n g   7 2 9 ,   c o i l   7 2 5 ,  

t h e   a.rc  b e t w e e n   a r c i n g   r i n g   728  and  end  p o r t i o n   7 1 6 ,   a n d  

c o n t a c t   arm  7 1 0 .   The  m a g n e t i c   f i e l d   g e n e r a t e d   by  t h e  

c u r r e n t   f l o w i n g   in   t h e   c o i l   725  c a u s e s   t h e   a r c s   t o   r e l a t e  

and  b e c o m e   e x t i n g u i s h e d .  

As  an  a l t e r n a t i v e   to   t h e   u s e   of   c i r c u l a r   c r o s s - s e c t i o n  

c o m p o n e n t s ,   t h e   c o n t a c t   a r m s   on  t h e   e m b o d i m e n t s   o f   F i g u r e s  

1  to   13  can  be  o f   r e c t a n g u l a r   c r o s s - s e c t i o n ,   and  t h e   f i e l d  

c o i l   and  a r c i n g   e l e c t r o d e   c an   be  of   o v a l   c r o s s - s e c t i o n .  



The  u s e   of  a  r e c t a n g u l a r   c r o s s - s e c t i o n   c o n t a c t   arm  i s  

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

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

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

c o n t a c t   arm  w h i c h   e n g a g e   t h e   f i x e d   c o n t a c t   f i n g e r s   i n  

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

u n a f f e c t e d   by  s u c h   b u r n i n g .  

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

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

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

and  t r a n s m i s s i o n   c i r c u i t s   a t   h i g h e r   v o l t a g e s .   I t   c a n  

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

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



1.  E l e c t r i c a l   s w i t c h g e a r   e m p l o y i n g   an  e l e c t r i c a l l y  

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

d i s e n g a g e m e n t   o f   f i r s t   and  s e c o n d   c o n t a c t s   an  a r c   i s   d r a w n  

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

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

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

w h i c h   c a u s e s   t h e   a r c   to   r o t a t e   and  b e c o m e   e x t i n g u i s h e d ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   f i r s t   c o n t a c t   (12)  i s   p i v o t a b l e  

a b o u t   an  a x i s   t r a n s v e r s e   to   t h e   a x i s   o f   t h e   f i e l d   c o i l   ( 9 )  

and  h a s   an  end  p o r t i o n   ( 1 9 )   w h i c h   m o v e s   t r a n s v e r s e l y   a n d  

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

a r e   o p e n e d .  

2.  E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n  

t h e   c o n t a c t   end   p o r t i o n   ( 1 9 )   i s   e l o n g a t e   and  l i e s   a l o n g   t h e  

f i e l d   c o i l   a x i s   when  t h e   s w i t c h g e a r   i s   f u l l y   o p e n .  

3.  E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   c l a i m   1  o r   2,  w h e r e i n  

t h e   c o n t a c t   end  p o r t i o n   ( 3 1 9 )   e x t e n d s   i n t o   t h e   f i e l d   c o i l  

( 3 0 9 )   when   t h e   s w i t c h g e a r   i s   f u l l y   o p e n .  

4.  E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   t o   c l a i m   1,  2  o r   3  

w h e r e i n   t h e   f i r s t   c o n t a c t   ( 3 1 2 )   i s   p i v o t e d   a t   a  p o i n t   ( 3 1 3 )  

s p a c e d   f r o m   t h e   f i e l d   c o i l   a x i s .  



5.  E l e c t r i c a l   s w i t c h g e a r   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   f i r s t   c o n t a c t   ( 3 1 2 )   i s   a  c r a n k e d   a r m  

w h i c h   i s   p i v o t e d   a t   an  end  t h e r e o f   r e m o t e   f r o m   s a i d   e n d  

p o r t i o n   ( 3 1 9 ) .  

6.  E l e c t r i c a l   s w i t c h g e a r   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 ,   f u r t h e r   c o m p r i s i n g   a  p r e f e r a b l y   a n n u l a r   f e r r o -  

m a g n e t i c   m e m b e r   ( 4 5 1 )   i s   d i s p o s e d   a t   l e a s t   p a r t l y   w i t h i n  

t h e   f i e l d   c o i l   ( 4 0 9 )   to  c o n c e n t r a t e   t h e   m a g n e t i c   f i e l d  

p r o d u c e d   by  t h e   l a t t e r .  

7.  E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   t o   c l a i m   6,  w h e r e i n  

t h e   a r c i n g   e l e c t r o d e   ( 4 2 4 )   i s   t u b u l a r   and  h a s   t h e   f e r r o -  

m a g n e t i c   m e m b e r   ( 4 5 1 )   d i s p o s e d   t h e r e i n .  

8.  E l e c t r i c a l   s w i t c h g e a r   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   f i e l d   c o i l   (9 )   i s   c o n n e c t e d   to   t h e   s e c o n d  

c o n t a c t   (7)   s u c h   t h a t   d u r i n g   o p e n i n g   of   t h e   s w i t c h g e a r   a n  

a r c   i s   f i r s t   d r a w n   b e t w e e n   t h e   f i r s t   c o n t a c t   ( 1 2 )   and  t h e  

s e c o n d   c o n t a c t   ( 7 ) ,   and  i s   t h e n   t r a n s f e r r e d   f rom  t h e   s e c o n d  

c o n t a c t   (7)   to   t h e   a r c i n g   e l e c t r o d e   ( 2 4 ) .  

9 .  E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   c l a i m   9,  w h e r e i n  

a  f e r r o m a g n e t i c   y o k e   ( 4 5 2 )   i s   a s s o c i a t e d   w i t h   t h e   s e c o n d  

c o n t a c t   ( 4 0 7 )   to   a s s i s t   i n   p o s i t i o n i n g   t h e   i n i t i a l   a r c   o n  

t h e   c o n t a c t   end  p o r t i o n   ( 4 1 9 ) .  



10 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   a n y  o n e   of   c l a i m s  

1  to   7  w h e r e i n   t h e   f i r s t   c o n t a c t   ( 6 1 2 )   e n g a g e s   t h e   a r c i n g  

e l e c t r o d e   ( 6 2 4 )   b e f o r e   d i s e n g a g i n g   f r o m   t h e   s e c o n d   c o n t a c t  

( 6 0 7 )   d u r i n g   o p e n i n g   of   t h e   s w i t c h g e a r .  

11 .   E l e c t r i c a l   s w i t c h g e a r   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   f i e l d   c o i l   ( 9 )   i s   c o m p o s e d   of  a.  s e l f -  

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

s p i r a l ,   an  o u t e r   end  of   t h e   s p i r a l   b e i n g   a t t a c h e d   t o  

m o u n t i n g   m e a n s   (8 )   and  an  i n n e r   end  t h e r e o f   m o u n t i n g   t h e  

a r c i n g   e l e c t r o d e   ( 2 4 ) .  

12 .   E l e c t r i c a l   s w i t c h g e a r   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   a r c i n g   e l e c t r o d e   ( 2 4 )   i s   i n   t h e   f o r m  

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

of  t h e   f i e l d   c o i l   (9 )   r u n .  

13 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   c l a i m   1 2 ,   w h e r e i n  

t h e   t u b u l a r   m e m b e r   ha.s  a  f l a n g e   ( 3 4 0 )   w h i c h   f a c e s   t h e   f i r s t  

c o n t a c t   ( 3 1 2 ) .  

1 4 . .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to  c l a i m   12  or   1 3 ,  

w h e r e i n   t h e   t u b u l a r   m e m b e r   h a s   an  i n t e r n a l   a n n u l a r  

p r o j e c t i o n   ( 3 4 1 )   a l o n g   w h i c h   t h e   r o t a t i n g   a r c   r u n s .  

15 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   a n y  p r e c e d i n g  



c l a i m ,   i n c l u d i n g   two  s w i t c h e s   ( 2 0 1 a ,   2 0 1 b )   e a c h   of  w h i c h  

has   r e s p e c t i v e   f i r s t   and  s e c o n d   c o n t a c t s   ( 2 1 2 ,   2 0 7 ) ,   t h e  

s w i t c h e s   s h a r i n g   a  common  f i e l d   c o i l   ( 2 0 9 )   on  o p p o s i t e  

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

16.   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to  c l a i m   15 ,   w h e r e i n  

the   a r c i n g   e l e c t r o d e   ( 2 2 4 )   i s   a  t u b u l a r   member  common  t o  

b o t h   s w i t c h e s   ( 2 0 1 a ,   2 0 1 b ) .  

17.   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to  c l a i m   15  o r   1 6 ,  

w h e r e i n   an  i n s u l a t i n g   member   ( 2 3 1 )   i s   a r r a n g e d   t r a n s v e r s e l y  

w i t h i n   t h e   a r c i n g   e l e c t r o d e   ( 2 2 4 ) .  

18.   E l e c t r i c a l   s w i t c h g e a r   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 c l u d i n g   a  p l u r a l i t y   of  s w i t c h e s   ( 2 0 1 a ,   2 0 1 b ,   2 0 1 c )  

e a c h   h a v 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   c o n t a c t s   ( 2 1 2 ,   2 0 7 ) ,  

t h e   s e c o n d   c o n t a c t s   ( 2 0 7 )   b e i n g   m o u n t e d   on  a  common  i n s u l -  

a t i n g   s u p p o r t   ( 2 3 2 ) .  

19.   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to  c l a i m   18 ,   i n c l u d i n g  

t h r e e   s w i t c h e s   ( 2 0 1 a ,   2 0 1 b ,   2 0 1 c )   and  two  f i e l d   c o i l s   ( 2 0 9 ) ,  

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

( 2 0 1 a ,   2 0 1 b ) .  

20 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   c l a i m   18 ,   i n c l u d i n g  

f o u r   s w i t c h e s   and  two  f i e l d   c o i l s ,   e a c h   f i e l d   c o i l   b e i n g  

common  to   a  r e s p e c t i v e   p a i r   of  t h e   s w i t c h e s .  



2 1 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   any  one  of   c l a i m s  

1  t o   1 5 ,   i n c l u d i n g   a  p l u r a l i t y   of  s w i t c h e s   ( 1 0 1 a ,   1 0 1 b ,   1 0 1 c )  

e a c h   h a v i n g   a  r e s p e c t i v e   f i e l d   c o i l   ( 1 0 9 )   and  a  r e s p e c t i v e  

a r c i n g   e l e c t r o d e   ( 1 2 4 ) ,   t h e   s w i t c h e s   b e i n g   d i s p o s e d  

s u b s t a n t i a l l y   on  a  common  a x i s   ( 1 2 7 )   w i t h   t h e   f i e l d   c o i l s  

( 1 0 9 )   m u t u a l l y   s t a g g e r e d   t r a n s v e r s e l y   of   s a i d   a x i s .  

22 .   E l e c t r i c a l   s w i t c h g e a r   a c c o r d i n g   to   c l a i m   2 1 ,  

i n c l u d i n g   t h r e e   s w i t c h e s   ( 1 0 1 a ,   l O l b ,   1 0 1 c )   w h o s e  

a . s s o c i a t e d   f i e l d   c o i l s   ( 1 0 9 )   a r e   d i s p o s e d   i n   a  t r i a n g u l a r  

a r r a y .  

23 .   E l e c t r i c a l   s w i t c h g e a r   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   e l e c t r i c a l l y   i n s u l a t i n g   f l u i d   i s   a.  h i g h l y  

i n s u l a t i n g   ga.s ,   p r e f e r a b l y   s u l p h u r   h e x a f l u o r i d e .  
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