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(55)  Electrode  of  vacuum  circuit  breaker. 
©  An  electrode  for  using  in  the  vacuum  circuit  breaker,  has 
at  least  one  gap  part,  for  generating  the  magnetic  field  in 
axial  direction  of  its  moving  action.  In  an  electrode  of 
vacuum  circuit  breaker  in  accordance  with  the  present 
invention,  the  electrode  is  constituted  by  a  main  electrode 
having  at  least  one  gap  for  generating  the  magnetic  field  in 
axial  direction  of  its  moving  action,  a  sub-electrode  having 
the  same  shape  and  disposed  the  back  face  of  the  main 
electrode.  And  the  electric  conductivity  of  the  material  of  the 
sub-electrode  is  higher  than  that  of  the  main  electrode,  for 
generating  the  magnetic  field  effectively  in  the  axial  direc- 
tion. 
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BACKGROUND  OF  THE  IVNENTION 

1.  FIELD  OF  THE  INVENTION:  

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

of  a  v a c u u m   c i r c u i t   b r e a k e r ,   and  e s p e c i a l l y   to  t h e  

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

f a c e   of  main   e l e c t r o d e .  

2.  DESCRIPTION  OF  THE  RELATED  ART 

In  F I G . 1 ,   w h i c h   is  a  s e c t i o n a l   s i d e   v i ew  of  a  

t y p i c a l   e x a m p l e   of  a  g e n e r a l   vacuum  c i r c u i t   b r e a k e r , t h e  

vacuum  c i r c u i t   b r e a k e r   c o m p r i s e s ,   an  u p p e r   and  a  l o w e r  

e l e c t r o d e s   3  and  3'  f a c i n g   to  e a c h   o t h e r ,   a  p a i r   o f  

c o n d u c t o r   r o d s   1  and  2,  a  vacuum  t u b e   6  to  d e f i n e   a  

c h a m b e r ,   a  f i x e d   b a s e   5a ,   a  m o v i n g   b a s e   5b,  s h i e l d  

m e m b e r s   9  and  a  b e l l o w s   10.  The  u p p e r   e l e c t r o d e   3  i s  

f i x e d   on  t h e   f i x e d   b a s e   5a  v i a   t he   c o n d u c t o r   rod   1 

c o n n e c t e d   i n b e t w e e n ,   and  t h e   l o w e r   e l e c t r o d e   3'  i s  

m o u n t e d   on  t he   m o v i n g   b a s e   5b  v i a   t h e   c o n d u c t o r   rod  2 

and  t h e   b e l l o w s   1 0 .  

F I G . 2   is  a  p e r s p e c t i v e   v i e s   of  a  c o n v e n t i o n a l  

e l e c t r o d e   of  vacuum  c i r c u i t   b r e a k e r ,   w h i c h   is  s h o w n ,  

f o r   e x a m p l e ,   in  t he   J a p a n e s e   p u b l i s e d   p a t e n t   u n e x a m i n e d  

a p p l i c a t i o n   Sho  5 8 - 1 0 0 3 2 5 .   In  F I G . 2 ,   the   top   p a r t   o f  

t he   c o n d u c t o r   rod   1  has   a  c y l i n d e r   p a r t   l a ,   w h i c h   f i t s  

i n t o   a  c e n t e r   h o l e   7e  of  a  c o n n e c t i o n   r i n g   7a  of  a  



c o n n e c t i o n   member   7.  The  c o n n e c t i o n   member  7  has  f o u r  

arms  7b  e x t e n d e d   in  r a d i a l   d i r e c t i o n s ,   and  t h e   t i p   p a r t  

of  t h e   arms  7b  h a v e   r e s p e c t i v e l y   c o n t a c t   p a r t s   7c  i n  

v e r t i c a l l y   u p p e r   d i r e c t i o n   of  t h e   a rms  7b.  The  m a i n  

e l e c t r o d e   3  is  f i x e d   on  the   c o n n e c t i o n   member  7,  w h i c h  

has   a  d i s k   p a r t   3a,  and  f o u r   c o i l   p a r t s   3b  a l l  

e x t e n d i n g   in  t h e   same  t a n g e n t i a l   d i r e c t i o n   a l o n g   a n d  

o u t s i d e   t h e   c i r c u m f e r e n c e .   And  f o u n d a t i o n   p a r t s   3c  o f  

t h e   c o i l   p a r t s   3b  a r e   f o r m e d   c o n t i n u o u s l y   f rom  t he   d i s k  

p a r t   3a.   The  b a c k   f a c e s   3d  of  t h e   end  t i p   p a r t s   of  t h e  

c o i l   p a r t s   3b  and  t h e   c o r r e s p o n d i n g   f r o n t   f a c e s   7d  o f  

t h e   c o n t a c t   p a r t s   7c  of  t he   c o n n e c t i o n   member  7  a r e  

r e s p e c t i v e l y   c o n n e c t e d   w i t h   e a c h   o t h e r .   T h e r e b y ,   t h e  

ma in   e l e c t r o d e   3  and  t h e   c o n d u c t o r   rod   1  a r e  

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   e a c h   o t h e r .   F u r t h e r ,   t h e  

s t i c k   p a r t   8a  of  t h e   f i x i n g   member   8  is  f i t t e d   i n t o   t h e  

h o l e   lc   of  t he   c y l i n d e r   p a r t   la   of  t h e   c o n d u c t o r   rod  1 ,  

and  t h e   c y l i n d e r   p a r t   la  is  f i t t e d   in  t he   h o l e   7e  a t  

t h e   f a c e   of  t h e   c e n t e r   p a r t   of  t h e   c o n n e c t i o n   member   7 .  

And  a  p a i r   of  c o n d u c t o r   r o d s   1,  t he   c o n n e c t i o n   m e m b e r s  

7,  t h e   ma in   e l e c t r o d e s   3  and  t h e   f i x i n g   member s   8  a r e  

d i s p o s e d   a g a i n s t   e a c h   o t h e r   in  a  vacuum  t u b e   6,  w h i c h  

is   shown  in  F I G . l .  

In  F I G . 2   and  F I G . 3 ,   in  c a s e   t h a t   an  a r c   s p o t  

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

c e n t e r   p a r t   of  t h e   main   e l e c t r o d e   3  w h i c h   is  d e s i g n a t e d  



by  P,  an  e l e c t r i c   c u r r e n t s   f l o w   from  t he   c e n t e r   p o i n t   P 

in  r a d i a l   d i r e c t i o n   a l o n g   t h e   p a t h   d e s i g n a t e d   by  R,  a n d  

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

3c,   t h e   c o i l   p a r t s   3b,  t h e   b a c k   p a r t s   3d  of  t he   c o i l  

p a r t s   3b,  t h e   c o n t a c t   p a r t s   7c  of  t he   c o n n e c t i o n   m e m b e r  

7,  t he   arms  7b,  and  t h e   c o n n e c t i o n   r i n g   7a  and  to  t h e  

c o n d u c t o r   rod   1.  T h e r e f o r e ,   a  m a g n e t i c   f i e l d   is  f o r m e d  

in  t he   a x i a l   d i r e c t i o n   of  t h e   wain   e l e c t r o d e   3.  I n  

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

main  e l e c t r o d e   3  to  t h e   c o n d u c t o r   rod  1  t h r o u g h   t h e  

f i x i n g   member   8.  S i n c e   t h e   l a t t e r   e l e c t r i c   p a t h  

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

s u c h   a  h i g h   e l e c t r i c a l   r e s i s t a n c e   m a t e r i a l   as  to  l i m i t  

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

f i x i n g   member   8,  t h e r e b y   i n t e n d i n g   e f f e c t i v e l y   to  f o r m  

the   m a g n e t i c   f i e l d   of  t h e   a x i a l   d i r e c t i o n .  

G e n e r a l l y ,   t h e   vacuum  c i r c u i t   b r e a k e r   h a s  

s u c h   c o n s t i t u t i o n   as  m e n t i o n e d   a b o v e ,   f o r   m a k i n g   t h e  

m a g n e t i c   f i e l d   in  t h e   a x i a l   d i r e c t i o n   in  o r d e r   t o  

e f f e c t i v e l y   b l o w   out   t h e   a r c   to  a v o i d   m e l t i n g   down  o f  

the   e l e c t r o d e .   H o w e v e r ,   s i n c e   a  m a t e r i a l   of  t he   m a i n  

e l e c t r o d e   3  g e n e r a l l y   has   a  h i g h   r e s i s t a n c e ,   t h e  

e l e c t r i c   c u r r e n t   f rom  t h e   main  e l e c t r o d e   3  to  t h e  

c o n d u c t o r   rod   1  does   no t   f l o w   t h r o u g h   t he   p a t h   of  t h e  

c u r r e n t   f o r m e d   of  t he   d i s k   p a r t   3a  of  t he   m a i n  

e l e c t r o d e   3,  t h r o u g h   t h e   b a s e   p a r t   3c,   t h e   c o i l   p a r t  



3b,  t h e   b a c k   p a r t   3d,  t h e   c o n t a c t   p a r t   7c  of  t h e  

c o n n e c t i o n   member   7,  t h e   arm  7b,  t he   c o n n e c t i o n   r i n g   7 a  

and  to  t h e   c o n d u c t o r   rod  1,  b u t   a c t u a l   c u r r e n t   f l o w s  

t h r o u g h   a  p a t h   f rom  t he   main   e l e c t r o d e   3,  t h r o u g h   t h e  

f i x i n g   m e m b e r   8  and  to  t he   c o n d u c t o r   rod  1,  ( t h i s   i s  

b e c a u s e   t h e   d i s k   p a r t   3a,   t h e   c o i l   p a r t   3b,  t h e   b a s e  

p a r t   3c  and  t h e   back   p a r t   3d  w h i c h   a r e   p a r t s   of  t h e  

main   e l e c t r o d e   3  have   a  low  c o n d u c t i v i t y .   T h u s ,   t h e  

m a g n e t i c   f i e l d   in  a x i a l   d i r e c t i o n   is  not   f o r m e d  

e f f e c t i v e l y .  

SUMMARY  OF  THE  INVENTION 

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

i n v e n t i o n   is   to  p r o v i d e   an  i m p r o v e d   e l e c t r o d e   of  v a c u u m  

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

p a r t   on  i t s   c i r c u m f e r e n c e   and  f u r t h e r   h a v i n g   a  s u b -  

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

m a t e r i a l s   t h a n   t he   m a t e r i a l   of  t h e   m a i n  

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

a r c   e x t i n g u i s h i n g .  

An  e l e c t r o d e   of  vacuum  c i r c u i t   b r e a k e r   i n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   c o m p r i s e s ;  

a  c o n d u c t o r   rod   to  be  c o n n e c t e d   to  a n  

e l e c t r i c   p o w e r   l i n e ,  

a  ma in   e l e c t r o d e   of  an  e l e c t r i c   c o n t a c t   m e t a l  

w h i c h   has   a  c e n t e r   d i s k   p a r t   at  i t s   c e n t e r   p a r t ,   p l u r a l  

n u m b e r   of  arm  p a r t s   p r o v i d e d   a t   i t s   p e r i p h e r a l   p a r t   a n d  



e x t e n d i n g   in  t h e   same  c i r c u m f e r e n c e   d i r e c t i o n   w i t h   g a p  

p a r t s   t h e r e b e t w e e n ,  

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

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

same  s h a p e   as  and  b o n d e d   on  t h e   back   f a c e   of  t h e   m a i n  

e l e c t r o d e ,  a n d  

a  c o n n e c t i o n   member  w h i c h   is  of  a n  

e l e c t r i c a l l y   c o n d u c t i v e   m e t a l ,   has  a  c e n t e r   p a r t   to  b e  

c o n n e c t e d   to  t h e   c o n d u c t o r   rod   and  p l u r a l   arm  p a r t s  

c o n n e c t e d   by  t h e i r   ends   to  t h e   ends   of  t he   arm  p a r t s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F I G . 1   is  t he   c r o s s - s e c t i o n a l   v iew  of  t h e  

vacuum  c i r c u i t   b r e a k e r   in  g e n e r a l ,   w h e r e i n   t h e  

c o n v e n t i o n a l   e l e c t r o d e   as  w e l l   as  an  e l e c t r o d e   i n  

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   is  u s e d .  

F I G . 2   is   t he   p e r s p e c t i v e   v iew  of  t h e  

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

vacuum  c i r c u i t   b r e a k e r .  

F I G . 3   is   t he   p l a n   v i e w   of  t he   c o n v e n t i o n a l  

e l e c t r o d e   of  t h e   vacuum  c i r c u i t   b r e a k e r .  

F I G . 4   is  a  p e r s p e c t i v e   v i ew  of  a  p r e f e r r e d  

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

vacuum  c i r c u i t   b r e a k e r   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 .  

F I G . 5   is  a  p e r s p e c t i v e   v iew  of  an  e l e c t r o d e  

of  F I G . 1 ,   w h i c h   shows  an  a r c   s p o t   P  and  an  e l e c t r i c  



c u r r e n t .  

F I G . 6 ( a )   and  F I G . 6 ( b )   a r e   c r o s s - s e c t i o n a l  

v i e w s   of  two  modes   of  ma in   e l e c t r o d e   103  and  s u b -  

e l e c t r o d e   104  of  F I G . 5 .  

F I G . 7 ( a ) , , i s   a  s i d e   v i ew  of  a n o t h e r   e m b o d i m e n t  

of  e l e c t r o d e s   of  vacuum  c i r c u i t   b r e a k e r   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 .  

F I G . 7 ( b )   and  F I G . 7 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i e w   of  t h e   e l e c t r o d e   of  F I G . 7 ( a ) , r e s p e c t i v e l y .  

F I G . 8 ( a )   i s   a  s i d e   v i ew  of  s t i l l   o t h e r  

e m b o d i m e n t   of  e l e c t r o d e s   of  vacuum  c i r c u i t   b r e a k e r   i n  

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 .  

F I G . 8 ( b )   and  F I G . 8 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i e w g s   of   e l e c t r o d e   of  F I G . 8 ( a ) , r e s p e c t i v e l y .  

F I G . 9 ( a )   is   a  s i d e   v i ew   of  s t i l l   o t h e r  

e m b o d i m e n t   of  e l e c t r o d e s   of  vacuum  c i r c u i t   b r e a k e r   i n  

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 .  

F I G . 9 ( b )   and  F I G . 9 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i e w   of  e l e c t r o d e s   of  F I G . 9 ( a ) , r e s p e c t i v e l y .  

F I G . 1 0   is   a  p l a n   v i ew   of  s t i l l   o t h e r  

e m b o d i m e n t   of  an  e l e c t r o d e   u s e d   in  t he   vacuum  c i r c u i t  

b r e a k e r   of  F I G . 9 ( a ) ,  

F I G . 1 1   is   a  p l a n   v i ew   or  b o t t o m   v iew  of  s t i l l  

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

c i r c u i t   b r e a k e r   of   F I G . 9 ( a ) .  

F I G . 1 2   is   a  p l a n   v i ew  or  b o t t o m   v iew  of  s t i l l  



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

c i r c u i t   b r e a k e r   of  F I G . 9 ( a ) .  

F I G . 1 3 ( a )   is  a  s i d e   v iew  of  s t i l l   o t h e r  

e m b o d i m e n t   of  e l e c t r o d e s   of  vacuum  c i r c u i t   b r e a k e r   i n  

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 .  

F I G . 1 3 ( b )   and  F I G . 1 3 ( c )   a r e   b o t t o m   v i ew   a n d  

p l a n   v i ew  of  e l e c t r o d e s   of  F I G . 1 3 ( a ) , r e s p e c t i v e l y .  

F I G . 1 4 ( a )   and  F I G . 1 4 ( b )   a r e   b o t t o m   v i ew   a n d  

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

in  t h e   vacuum  c i r c u i t   b r e a k e r   o f  

F I G . 1 3 ( a ) , r e s p e c t i v e l y .  

F I G . 1 5 ( a )   and  F I G . 1 5 ( b )   a r e   b o t t o m   v i ew   a n d  

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

in  t he   vacuum  c i r c u i t   b r e a k e r   o f  

F I G . 1 3 ( a ) , r e s p e c t i v e l y .  

F I G . 1 6 ( a )   is  a  c r o s s - s e c t i o n a l   s i d e   v i ew  o f  

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

b r e a k e r   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n .  

F I G . 1 6 ( b )   and  F I G . 1 6 ( c )   a r e   b o t t o m   v i ew   a n d  

p l a n   v i ew  of  e l e c t r o d e s   of  F I G . 1 6 ( a ) , r e s p e c t i v e l y .  

F I G . 1 7 ( a )   is  a  c r o s s - s e c t i p n a l   s i d e   v i ew  o f  

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

b r e a k e r   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n .  

F I G . 1 7 ( b )   and  F I G . 1 7 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i ew  of  e l e c t r o d e s   of  F I G . 1 7 ( a ) , r e s p e c t i v e l y .  

F I G . 1 8 ( a )   is  a  c r o s s - s e c t i o n a l   s i d e   v iew  o f  



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

b r e a k e r   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 .  

F I G . 1 8 ( b )   and  F I G . 1 8 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i e w   of  e l e c t r o d  s   of  F I G . 1 8 ( a ) , r e s p e c t i v e l y .  

F I G . 1 9 ( a )   is  a  c r o s s - s e c t i o n a l   s i d e   v i ew  o f  

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

b r e a k e r   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 .  

F I G . 1 9 ( b )   and  F I G . 1 9 ( c )   a r e   b o t t o m   v iew  a n d  

p l a n   v i e w   of  e l e c t r o d e s   of  F I G . 1 9 ( a ) , r e s p e c t i v e l y .  

F I G . 2 0 ( a )   is  a  c r o s s - s e c t i o n a l   s i d e   v i ew   o f  

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

c i r c u i t   b r e a k e r   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 .  

F I G . 2 0 ( b )   is   a  p l a n   v i ew  of  an  e l e c t r o d e   o f  

F I G . 2 0 ( a ) .  

F I G . 2 1   is   a  p l a n   v i ew   of  s t i l l   o t h e r  

e m b o d i m e n t   of  an  e l e c t r o d e   u s e d   in  t h e   vacuum  c i r c u i t  

b r e a k e r   of  F I G . 2 9 .  

F I G . 2 2   is   a  p l a n   v i ew   of  s t i l l   o t h e r  

e m b o d i m e n t   of  an  e l e c t r o d e   u s e d   in  t he   vacuum  c i r c u i t  

b r e a k e r   of  F I G . 2 0 . .  

F I G . 2 3   is  a  p l a n   v i ew   of  s t i l l   o t h e r  

e m b o d i m e n t   of  an  e l e c t r o d e   of  vacuum  c i r c u i t   b r e a k e r   i n  

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

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

A  f i r s t   p r e f e r r e d   e m b o d i m e n t   is   d e s c r i b e d  



w i t h   r e f e r e n c e   to  F I G . 4 ,   F I G . 5 ,   F I G . 6 ( a )   and  ( b ) .  

In  F I G . 4 ,   t h e ' t o p   p a r t   of  a  c o n d u c t o r   rod  101  

has  a  c y l i n d e r   p a r t   l O l a ,   w h i c h   f i t s   i n t o   the   c e n t e r  

h o l e   107e  of  a  c o n n e c t i o n   r i n g   107a  of  a  c o n n e c t i o n  

member  107.  The  c o n n e c t i o n   member   107  a l s o   has  f o u r  

arms  107b  e x t e n d e d   in  r a d i a l   d i r e c t i o n s ,   and  the   t i p  

p a r t   of  t he   arms  107b  h a v e   r e s p e c t i v e l y   c o n t a c t   p a r t s  

107c  in  v e r t i c a l l y   u p p e r   d i r e c t i o n   of  t he   arms  1 0 7 b .  

A  s u b - e l e c t r o d e   104  is  f i x e d   on  t he   c o n n e c t i o n   m e m b e r  

107,  w h i c h   has  d i s k   p a r t   104a   and  f o u r   c o i l   p a r t s   1 0 4 b  

a l l   e x t e n d i n g   in  t he   same  t a n g e n t i a l   d i r e c t i o n   a l o n g  

and  o u t s i d e   t h e   c i r c u m f e r e n c e .   And  t h e   f o u n d a t i o n  

p a r t s   104c  of  t h e   c o i l   p a r t s   104b  a r e   f o r m e d  

c o n t i n u o u s l y   f rom  t h e   d i s k   p a r t   1 0 4 a .   The  back   f a c e s  

104d  of  t he   end  t i p   p a r t s   of  t he   c o i l   p a r t   104b  and  t h e  

c o r r e s p o n d i n g   f r o n t   f a c e s   107d  of  t he   c o n t a c t   p a r t s  

107c  of  t he   c o n n e c t i o n   member   107  a r e   r e s p e c t i v e l y  

c o n n e c t e d   w i t h   e a c h   o t h e r .   F u r t h e r ,   a  main  e l e c t r o d e  

103,  w h i c h   is  made  of  a  known  e l e c t r o d e   a l l o y   m a t e r i a l ,  

and  has  t he   same  s h a p e   as  t h a t   of  t h e   s u b - e l e c t r o d e  

104,  is  b o n d e d   on  t he   s u b - e l e c t r o d e  1 0 4   by  b r a z i n g   o r  

the   l i k e .   So  t he   main  e l e c t r o d e   103  and  the   s u b -  

e l e c t r o d e   104  a r e   e l e c t r i c a l l y   and  m e c h a n i c a l l y  

c o n n e c t e d   w i t h   e a c h   o t h e r .  

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

as  shown  in  F IG .1   to  c o n s t i t u t e   a  s w i t c h .   In  t u r n i n g -  



on  of  t h e   s w i t c h ,   t h e   b e l l o w s   10  is   e x t e n d e d  a n d   t h e  

e l e c t r o d e s   3  and  3'  a r e   a d h e r e d   to  each   o t h e r ,   and  i n  

t u r n i n g - o f f   of  t he   s w i c h ,   t h e   e l e c t r o d e s   3  and  3'  a r e  

p u l l e d   a p a r t   of  e a c h   o t h e r .   At  t h a t   t i m e ,   an  a r c   s p o t  

is  p r o d u c e d   b e t w e e n   t h e   two  e l e c t r o d e s .   F IG .5   shows  a n  

a r c   p r o d u c e d   in  t he   c e n t e r   p o i n t   P  of  main  e l e c t r o d e  

103.  E l e c t r i c   c u r r e n t s   11  and  12  a r e   g e n e r a t e d   by  t h e  

a r c .   The  e l e c t r i c   c u r r e n t   I1  f l o w s   f rom  the   p o i n t   P 

t h r o u g h   the   c e n t e r   p a r t   1 0 3 a ,   t he   f o u n d a t i o n   p a r t   1 0 3 c ,  

t he   c o i l   p a r t   103b ,   t h e   b a c k   p a r t   103d  of  c o i l   p a r t  

103b ,   t h e   c o i l   p a r t   of  s u b - e l e c t r o d e   104b ,   t he   b a c k  

p a r t   104b ,   t he   c o n t a c t   p a r t   107c  of  the   c o n n e c t i o n  

member   107,  t h e   arm  1 0 7 b ,   t h e   c o n n e c t i o n   r i n g   107a  a n d  

to  t h e   c o n d u c t o r   rod   101,   and  the   e l e c t r i c   c u r r e n t   12  

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

e l e c t r o d e   1 0 4 a ,   t he   f o u n d a t i o n   of  s u b - e l e c t r o d e   1 0 4 c ,  

t h e   c o i l   p a r t   of  s u b - e l e c t r o d e   104b ,   t he   back   p a r t   o f  

t h e   c o i l   p a r t   of  s u b - e l e c t r o d e   104d ,   t h e   c o n t a c t   p a r t  

107c  of  the   c o n n e c t i o n   member   107,   t h e   arm  107b,   t h e  

c o n n e c t i o n   r i n g   107a  and  to  t h e   c o n d u c t o r   rod  1 0 1 .  

H e r e u p o n ,   in  c a s e   t h a t   t h e   main  e l e c t r o d e   103  

has  l o w e r   c o n d u c t i v i t y   and  t h e   s u b - e l e c t r o d e   104  h a s  

h i g h e r   c o n d u c t i v i t y ,   d e t a i l e d   e x p l a n a t i o n   is  g i v e n   i n  

f o l l o w i n g .   For  e x a m p l e ,   t h e   m a t e r i a l   of  t he   m a i n  

e l e c t r o d e   103  is  Cu  a l l o y ,   Ag  a l l o y   or  t he   l i k e ,   t h e i r  

e l e c t r i c   c o n d u c t i v i t y   is  a b o u t   2 0  -   50  %  of  t h e  



c o n d u c t i v i t y   of  t he   p u r e   Cu  e l e c t r o d e ,   and  t he   m a t e r i a l  

of  the   s u b - e l e c t r o d e   104  is  Cu,  i t   has  a b o u t   100  %  o f  

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

c o n d u c t i v i t y   of  t he   m a t e r i a l   of  t he   main  e l e c t r o d e   1 0 3  

is  as  h i g h   as  20  %  of  t he   c o n d u c t i v i t y   of  t he   m a t e r i a l  

of  the   s u b - e l e c t r o d e   104,   in  o t h e r   w o r d s ,   t he   m a i n  

e l e c t r o d e   103  has   a  r e s i s t a n c e   of  as  h i g h   as  f i v e   t i m e s  

of  t h a t   of  t he   s u b - e l e c t r o d e   104,   and  t he   t h i c k n e s s   o f  

the   main  e l e c t r o d e   103  and  t h a t   of  the   s u b - e l e c t r o d e  

104  a r e   e q u a l ,   t h e n   t h e   c o m p o s i t e   e f f e c t i v e   r e s i s t a n c e  

of  the   e m b o d i m e n t   is  as  h i g h   as  a b o u t   33  %  o f  

r e s i s t a n c e   of  c o n v e n t i o n a l   e l e c t r o d e   shown  in  F I G . 2 ,  

w h i c h   is  made  of  t h e   e l e c t r o d e   a l l o y   m e t a l   and  has  a  

t h i c k n e s s   e q u a l   to  t h e   t o t a l   t h i c k n e s s   of  t he   m a i n  

e l e c t r o d e   103  and  t he   s u b - e l e c t r o d e   104.  In  o t h e r  

w o r d s ,   the   t o t a l   t h i c k n e s s   of  t h e   main  e l e c t r o d e   a n d  

t he   s u b - e l e c t r o d e   104  in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n   can  be  made  t h i n n e r   t h a n   t h a t   of  t h e  

c o n v e n t i o n a l   e l e c t r o d e ,   w h i c h   can  make  t h e   s a m e  

m a g n i t u d e   of  e l e c t r i c   c u r r e n t   f o r   m a k i n g   t he   a r c  

e x t i n g u i s h   m a g n e t i c   f i e l d   e f f e c t i v e l y .   In  a n o t h e r   c a s e  

t h a t   the   main  e l e c t r o d e   103  has  t he   same  c o n d u c t i v i t y  

as  the   s u b - e l e c t r o d e   104,   t he   t o t a l   t h i c k n e s s   of  t h e  

main  e l e c t r o d e   103  and  t he   s u b - e l e c t r o d e   104  is  e q u a l  

to  t h a t   of  t he   c o n v e n t i o n a l   e l e c t r o d e .   The  m a t e r i a l   o f  

t he   main  e l e c t r o d e ,   h o w e v e r ,   is   g e n e r a l l y   e x p e n s i v e ,  



and  t he   m a t e r i a l   of  t he   s u b - e l e c t r o d e   is  r e l a t i v e l y  

i n e x p e n s i v e .   A c c o r d i n g l y ,   by  f o r m i n g   t h e   s u b - e l e c t r o d e  

104  b e h i n d   t h e   b a c k   f a c e   of  the   main  e l e c t r o d e   103,  c a n  

make  t h e   t h i c k n e s s   of  t he   main  e l e c t r o d e   103  can  b e  

made  t h i n n e r ,   so  t h a t   the   t o t a l   c o s t   of  t he   e l e c t r o d e  

can  be  r e d u c e d .   The  m a g n e t i c   f i e l d   is   g e n e r a t e d   in  t h e  

a x i a l   d i r e c t i o n   of  t h e   c o n d u c t o r   rod  101  by  t h e  

e l e c t r i c   c u r r e n t s   as  shown  in  F I G . 5 ,   so  t h a t   m a k i n g   o f  

a r c   in  t he   c e n t e r   p a r t   of  t he   e l e c t r o d e   d e s i g n a t e d   by  P 

is  e f f e c t i v e   f o r   c i r c u i t   b r e a k i n g .   F I G . 6 ( a )   shows  t h e  

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

t e r r a c e d   s h a p e ,   and  F I G . 6 ( b )   shows  t h e   c r o s s - s e c t i o n a l  

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

s h a p e .   T h e s e   s h a p e s   a r e   d e s i g n e d   f o r   c o n f i n i n g   the   a r c  

s p o t   in  t h e   c e n t e r   p a r t   of  t he   e l e c t r o d e .  

F I G . 7 ( a ) ,   F I G . 7 ( b )   and  F I G . 7 ( c )   show  a n o t h e r  

e m b o d i m e n t   in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n .  

In  F I G . 7 ( a ) ,   F I G . 7 ( b )   and  F I G . 7 ( c ) ,   c o n d u c t o r   r o d s   151  

and  151 '   r e s p e c t i v e l y   have   one  c o n n e c t i o n   arm  157  a n d  

1 5 7 ' .   F u r t h e r m o r e ,   ma in   e l e c t r o d e s   153  and  1 5 3 ' ,   a n d  

s u b - e l e c t r o d e s   154  and  154 '   r e s p e c t i v e l y   have   a  c e n t e r  

s l i t .   H o l d i n g   m e m b e r s   158  and  158 '   a r e   r e s p e c t i v e l y  

d i s p o s e d   b e t w e e n   t h e   c o n d u c t o r   r o d s   151,   151 '   and  t h e  

s u b - e l e c t r o d e s   154,   1 5 4 ' ,   and  r e s p e c t i v e   h o l d i n g  

members   158  and  158 '   a r e   made  of  h i g h   e l e c t r i c  

l e s i s t a n c e   m a t e r i a l .   A c c o r d i n g l y ,   t h e   e l e c t r i c  



c u r r e n t s   does   not   f l o w   f rom  the   c o n d u c t o r   rod  151  

t h r o u g h   t he   h o l d i n g   member   158  to  t h e   s u b - e l e c t r o d e  

154,   bu t   d i s i r a b l y   f l o w   as  d e s i g n a t e d   by  a r r o w   m a r k s .  

And  t h e   m a g n e t i c   f i e l d   i s   g e n e r a t e d   c i r t a i n l y   in  t h e  

a x i a l   d i r e c t i o n .   The  a r c   is   g e n e r a t e d   b e t w e e n   P  a n d  

P ' .  

F I G . 8 ( a ) ,   F I G . 8 ( b )   and  F I G . 8 ( c )   show  s t i l l  

o t h e r   e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .   T h i s   e m b o d i m e n t   d o e s   no t   have   a n y  

c o n n e c t i o n   member ,   and  c o n d u c t o r   rod   is  t h i c k e r   t h a n  

t he   o t h e r   e m b o d i m e n t   shown  in  F I G . 7 s .   And  t h e   c o n t a c t  

p a r t   of  e a c h   o f  t h e   c o n d u c t o r   r o d s   161  and  161 '   i s  

c o n s t i t u t e d   by  a  low  e l e c t r i c   r e s i s t a n c e   p a r t   165  a n d  

1 6 5 '   and  a  h i g h   e l e c t r i c   r e s i s t a n c e   p a r t   168  and  1 6 8 ' .  

The  h i g h   e l e c t r i c   r e s i s t a n c e   p a r t   168  and  168 '   have   a  

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

h a t c h e d   w i t h   d o t t e d   l i n e s   in  F I G . 8 ( a ) , F I G . 8 ( b )   a n d  

F I G . 8 ( c ) .   The  main  e l e c t r o d e s   163  and  1 6 3 ' ,   and  t h e  

s u b - e l e c t r o d e s   164  and  164 '   h ave   r e s p e c t i v e l y   c r o s s -  

s h a p e d   s l i t   163a ,   1 6 3 ' a .   The  e l e c t r i c   c u r r e n t   f l o w s  

f rom  t he   c o n d u c t o r   rod   161  t h r o u g h   t h e   low  e l e c t r i c  

r e s i s t a n c e  p a r t   165  and  t he   s u b - e l e c t r o d e   164  to  t h e  

main   e l e c t r o d e   163.  The  m a g n e t i c   f i e l d   is  g e n e r a t e d   i n  

t he   a x i a l   d i r e c t i o n ,   and  t he   a r c   s p o t   is  g e n e r a t e d  

b e t w e e n   P  and  P ' .  

F I G . 9 ( a ) ,   F I G . 9 ( b )   and  F I G . 9 ( c )   show  s t i l l  



o t h e r   e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .   In  s u c h   e m b o d i m e n t   c o n d u c t o r   r o d s   171  a n d  

171 '   h ave   one  c o n n e c t i o n   arm  177  and  177 '   of  l o w  

e l e c t r i c   r e s i s t a n c e ,   r e s p e c t i v e l y ,   and  the   c o r  t a c t  

p a r t s   178  and  178 '   of  t h e   c o n d u c t o r   r o d s   171  and  1 7 1 '  

a r e   made  of   h i g h   e l e c t r i c   r e s i s t a n c e   m a t e r i a l ,  

r e s p e c t i v e l y .  

F I G . 1 0 ,   F I G . 1 1   and  F I G . 1 2   a r e   p l a n   v i e w s   o f  

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

F I G . 9 s .   Of  c o u r s e ,   the   s u b - e l e c t r o d e s   h a v e  

r e s p e c t i v r e l y   t he   same  p l a n   v i e w s   in  e a c h   c a s e .  

F I G . 1 3 ( a ) ,   F I G . 1 3 ( b )   and  F I G . 1 3 ( c )   show  s t i l l  

o t h e r   e m b o d i m e n t   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 .   In  t h i s   e m b o d i m e n t ,   t h e   main   e l e c t r o d e s ,   o f  

c o u r s e   t h e   s u b - e l e c t r o d e s   have   p l u r a l   s l i t s   i n  

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

g e n e r a t e d   as  shown  in  t h e   f i g u r e s .  

F I G . 1 4 ( a ) ,   F I G . 1 4 ( b ) ,   F I G . 1 5 ( a )   and  F I G . 1 5 ( b )  

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

t h e   e m b o d i m e n t   of  F I G . 1 3 ( a ) ,   F I G . 1 3 ( b )   and  F I G . 1 3 ( c ) .  

F I G . 1 6 ( a ) ,   F I G . 1 6 ( b )   and  F I G . 1 6 ( c )   show  s t i l l  

o t h e r   e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .   In  t h i s   e m b o d i m e n t ,   t he   c o n n e c t i o n   arms  1 9 7  

and  197 '   f a c e   a l t e r n a t e l y   e a c h   o t h e r .  

And  F I G . 1 7 ( a ) ,   F I G . 1 7 ( b )   and  F I G . 1 7 ( c )   s h o w  

s t i l l   o t h e r   e m b o d i m e n t   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 .   In  t h i s   e m b o d i m e n t ,   t he   c o n n e c t i o n   arms  2 0 7  

and  207 '   c o n f r o n t   w i t h   e a c h   o t h e r .   In  s u c h   e m b o d i m e n t s  

shown  in  F I G . 1 3   t h r o u g h   F I G . 1 7 ,   t h e   e l e c t r i c   c u r r e n t s  

f l o w   as  l i n e s   d e s i g n a t e d   by  a r r o w   m a r k s ,   and  a r c s   o c c u r  

p l u r a l l y   as  shown  in  t he   f i g u r e s .  

F I G . 1 8 ( a ) ,   F I G . 1 8 ( b )   and  F I G . 1 8 ( c )   show  s t i l l  

o t h e r   e m b o d i m e n t   in  a c c o r c a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .  

F I G . 1 9 ( a ) ,   F I G . 1 9 ( b )   and  F I G . 1 9 ( c )   show  s t i l l  

o t h e r   e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .  

F I G . 2 0 ( a )   and  F I G . 2 0 ( b )   show  s t i l l   o t h e r  

e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n .  

In  t h i s   e m b o d i m e n t ,   a  c o n n e c t i o n   member   237  has  a  p a i r  

of  o p p o s i t   a r m s ,   and  a  main   e l e c t r o d e   233  has  t e r r a c e d  

s h a p e .  

F I G . 2 1   and  F I G . 2 2   a r e   t h e   p l a n   v iew  of  t h e  

main  e l e c t r o d e   233  u s e d   in  t he   e m b o d i m e n t   shown  i n  

F I G . 2 1 .  

F I G . 2 3   shows   s t i l l   o t h e r   e m b o d i m e n t   i n  

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

e m b o d i m e n t ,   t h e   c o n n e c t i o n   member   247  has  t h r e e   a r m s  

2 4 7 a .  



1.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   c o m p r i s i n g ;  

( i n   F i g .   4 )  

a  c o n d u c t o r   r o d   t o   be  c o n n e c t e d   to   an  e l e c t r i c   p o w e r  

l i n e ,  

a  m a i n   e l e c t r o d e   ( 1 0 3 )   of  an  e l e c t r i c   c o n t a c t   m e t a l  

w h i c h   h a s   a  c e n t e r   d i s k   p a r t   ( 1 0 3 a )   a t   i t s   c e n t e r  

p a r t ,   p l u r a l   n u m b e r   of  arm  p a r t s   ( 1 0 3 b )   p r o v i d e d   a t  

i t s   p e r i p h e r a l   p a r t   and  e x t e n d i n g   in  t h e   same  c i r c u m -  

f e r e n c e   d i r e c t i o n   w i t h   gap  p a r t s   t h e r e b e t w e e n ,  

a  s u b - e l e c t r o d e   ( 1 0 4 )   of  a  m e t a l   of  h i g h e r   c o n d u c t i -  
-  v i t y   t h a n   s a i d   e l e c t r i c   c o n t a c t   m e t a l   h a v i n g   t h e   s a m e  

s h a p e   as  and  b o n d e d   on  b a c k   f a c e   of  s a i d   m a i n   e l e c -  

t r o d e   ( 1 0 3 ) ,   a n d  

a  c o n n e c t i o n   m e m b e r   (107)   w h i c h   i s   on  an  e l e c t r i c a l l y  

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

s a i d   c o n d u c t o r   r o d   ( 1 0 1 )   and  p l u r a l   arm  p a r t s   c o n n e c -  

t e d   by  t h e i r   e n d s   to   s a i d   e n d s   of  s a i d   arm  p a r t s .  

2.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   in   a c c o r d a n c e  

w i t h   c l a i m   1,  w h e r e i n  

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

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

3.  An  e l e c t r o d e   of   v a c u u m   c i r c u i t   b r e a k e r   in   a c c o r d a n c e  

w i t h   c l a i m   1,  w h e r e i n   ( F i g .   6 a )  

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

4.  An  e l e c t r o d e   of   v a c u u m   c i r c u i t   b r e a k e r   in   a c c o r d a n c e  

w i t h   c l a i m   1,  w h e r e i n   ( F i g .   6 b )  

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

5.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   c o m p r i s i n g ;  

( F i g .   7 )  



a  m a i n   e l e c t r o d e   ( 1 5 3 )   h a v i n g   a t   l e a s t   one  gap  p a r t ,  

a  s u b - e l e c t r o d e   ( 1 5 4 )   h a v i n g   t h e   same  s h a p e   of   s a i d  

m a i n   e l e c t r o d e   and  b e i n g   d i s p o s e d   on  b a c k   f a c e   o f  

s a i d   m a i n   e l e c t r o d e ,  

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

and  h a v i n g   a t   l e a s t   one   c o n n e c t i o n   p a r t   ( 1 5 7 )   w i t h  

s a i d   s u b - e l e c t r o d e ,   a n d  

a  f i x i n g   means   ( 1 5 8 )   d i s p o s e d   b e t w e e n   s a i d   c o n d u c t o r  

rod   ( 1 5 1 )   and  s a i d   s u b - e l e c t r o d e   ( 1 5 4 ) ,   and  h a v i n g  

low  e l e c t r i c   c o n d u c t i v i t y .  

6.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   in  a c c o r d a n c e  

-  w i t h   c l a i m   5,  w h e r e i n  

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

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

7.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   in   a c c o r d a n c e  

w i t h   c l a i m   5,  w h e r e i n  

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

8.  An  e l e c t r o d e   of  v a c u u m   c i r c u i t   b r e a k e r   in   a c c o r d a n c e  

w i t h   c l a i m   5,  w h e r e i n  

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