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Vacuum  circuit  breaker. 
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@  A  vacuum  circuit  breaker  has  a  vaccum  vessel  (2)  in 
which  are  disposed  a  pair  of  opposing  electrodes  (8,  9)  so 
as  to  be  moved  into  and  out  of  contact  with  each  other,  each 
of  the  electrodes  (8,  9)  being  made  of  a  material  consisting 
essentially  of  a  main  component  such  as  Cu,  Ag  or  the  like 
and  a  low-melting  point  metal  such  as  Bi,  Pb,  Te,  Se  or  the 
like.  A  film  (13)  is  formed  on  the  surface  of  each  electrode 
(8,  9)  by,  for  example,  evaporating  a  metal  having  a  melting 
point  equal  to  or  higher  than  that  of  the  main  component  of 
the  electrode  material. 
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BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  I N V E N T I O N :  

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   a  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   i m p r o v e d   e l e c t r o d e s .  

DESCRIPTION  OF  THE  PRIOR  ART:  

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

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

p l a t e s   so  as  to   f o r m  a   v a c u u m   v e s s e l   in   w h i c h   a r e   d i s p o s e d  

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

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

e x t e n d e d   in   t h e   a x i a l   d i r e c t i o n   of   t h e   v e s s e l   so  as  t o  

p r o j e c t   o u t s i d e   t h e   v e s s e l .   A  b e l l o w s   i s   s e c u r e d   a t   i t s  

one  end   to   one  of   t h e   c o n d u c t o r   b a r s   w h i c h   i s   a x i a l l y  

m o v a b l e   and  a t   i t s   o t h e r   end  to   t h e   i n n e r   s u r f a c e   of   t h e  

a d j a c e n t   end  p l a t e   so  t h a t   t h e   c o n d u c t o r   b a r   can   m o v e  

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

b a r   i s   moved   by  an  a c t u a t o r ,   t h e   e l e c t r o d e   on  t h i s   c o n -  

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

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

c i r c u i t .  

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

l a y e r ' f o r   c o n t a c t   w i t h   t h e   o t h e r   e l e c t r o d e .   The  c o n t a c t  

s u r f a c e   l a y e r   i s   made  of  a  m a t e r i a l   w h i c h   c o n t a i n s   a  m e t a l  

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

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



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

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

in   t h e   e v e n t   of   f u s i o n   and   w e l d i n g   of   two  e l e c t r o d e s   t o  

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

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

c u r r e n t   c a u s e d   by  an  a c c i d e n t .  

Fo r   i n s t a n c e ,   t h e   s p e c i f i c a t i o n s   of   U n i t e d   S t a t e s  

P a t e n t   Nos .   2 , 9 7 5 , 2 5 5   and   2 , 9 7 5 , 2 5 6 ,   as  w e l l   as  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   L a i d - O p e n   P u b l i c a t i o n   No.  9 0 1 9 / 8 2 ,  

d i s c l o s e   e l e c t r o d e s   m a t e r i a l s   w h i c h   c o n t a i n   B i ,   Pb,   T e ,  

Se ,   e t c .   as  t h e   l o w - m e l t i n g   p o i n t   m e t a l .   M e t a l s   s u c h   a s  

Cu,  Ag,  Co  and   Cr  a r e   u s e d   as  t h e   m a i n   c o m p o n e n t   of   t h e s e  

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

as  B i ,   Pb,   e t c .   m e n t i o n e d   a b o v e ,   h o w e v e r ,   c a n n o t   f o r m   a n y  

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

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

The  p r e s e n t   i n v e n t o r s   h a v e   f o u n d   t h a t ,   when  t h e  

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

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

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

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

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

e l e c t r o d e .   T h i s   i s   a t t r i b u t a b l e   to   a  f a c t   t h a t ,   when  t h e  

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

s u c h   as  Bi  or   Pb  e x i s t i n g   in   t h e   g r a i n   b o u n d a r i e s   of   Cu  

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

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

e l e c t r o d e .   When  s u c h   an  e l e c t r o d e   i s   u s e d ,   t h e   e l e c t r i c  



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

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

e l e c t r o d e .  

On  t h e   o t h e r   h a n d ,   o t h e r   l o w - m e l t i n g   p o i n t   m e t a l s  

s u c h   as  Se ,   Te,   e t c .   t e n d   to   c o m b i n e   w i t h   t h e   m a i n   e l e c -  

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

s u c h   as  C u 2 S e ,   Cu2Te  and  so  f o r t h .   When  t h e   e l e c t r o d e  

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

v a c u u m ,   Se  or   Te  h a v i n g   l o w - m e l t i n g   p o i n t   e x i s t i n g   in   t h e  

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

f o r c e   w h i c h   a c t s   t o   make  t h e   Cu  p r o j e c t   f r o m   t h e   e l e c t r o d e  

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

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

Cu  and  l o w - m e l t i n g   p o i n t   m e t a l   s u c h   as  Se  or   Te  e x h i b i t s  

s u c h   a  s p e c i f i c   p h e n o m e n o n   t h a t   t h e   m a i n   c o m p o n e n t   s u c h   a s  

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

b e t w e e n   a b o u t   2 5 0 ° C   and  5 0 0 ° C .   The  f r e e d   m a i n   c o m p o n e n t  

p r o j e c t s   in  t h e   f o r m   of   w h i s k e r ,   t h e r e b y   l o w e r i n g   t h e  

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

T h u s ,   t h e   c o n v e n t i o n a l   v a c u u m   c i r c u i t   b r e a k e r s  

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

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

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   an  o b j e c t   of   t h e   i n v e n t i o n   i s   t o  

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

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

c o n v e n t i o n a l   v a c u u m   c i r c u i t   b r e a k e r s .  



To  t h i s   e n d ,   a c c o r d i n g   to   t h e   i n v e n t i o n ,   a  d e n s e  

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

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

t r o d e   s u r f a c e   so  as  to   p r e v e n t   any   e x u d a t i o n   of   t h e   l o w -  

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

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

f r o m   b e i n g   f o r m e d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n a l   v i e w   of   a  

v a c u u m   c i r c u i t   b r e a k e 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 n d  

F i g .   2  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n a l   v i e w   o f  

an  e l e c t r o d e   i n c o r p o r a t e d   in   t h e   c i r c u i t   b r e a k e r   shown  i n  

F i g .   1 .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   f i r s t   to   F i g .   1,  a  v a c u u m   c i r c u i t  

b r e a k e 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 s   g e n e r a l l y  

d e s i g n a t e d   a t   a  r e f e r e n c e   n u m e r a l   1.  The  v a c u u m   c i r c u i t  

b r e a k e r   1  h a s   a  v a c u u m   v e s s e l   2  w h i c h   i s   c o m p o s e d   of   a n  

i n s u l a t i n g   c y l i n d e r   3  and  b o t h   end   p l a t e s   4A  and  4 B .  

A  p a i r   of   c o n d u c t o r   b a r s   5  and   6  a r e   d i s p o s e d   in   t h e   v a c u u m  

v e s s e l   so  as  to   o p p o s e   e a c h   o t h e r .   The  o t h e r   e n d s   of   t h e  

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

v e s s e l .   A  b e l l o w s   7  i s   s e c u r e d   a t   i t s   one   end  to   one  6 

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

s u r f a c e   of   t h e   end   p l a t e   4.  The  c o n d u c t o r   b a r   6  i s   a d a p t e d  



to   be  moved   by  an  a c t u a t o r   ( n o t   shown)   t o w a r d s   and  a w a y  

f r o m   t h e   o t h e r   c o n d u c t o r   b a r   5  as  i n d i c a t e d   by  a r r o w s .  

E l e c t r o d e s   8  and  9  a r e   a t t a c h e d   by  v a c u u m   b r a z i n g   to   t h e  

i n n e r   o p p o s i n g   e n d s   of   t h e   c o n d u c t o r   b a r s   5  and  6.  T h e  

e l e c t r o d e   9  c a r r i e d   by  t h e   c o n d u c t o r   b a r   6  i s   a d a p t e d   t o  

be  b r o u g h t   i n t o   and  o u t   of   c o n t a c t   w i t h   t h e   o t h e r   e l e c -  

t r o d e   8.  Arc  i s   g e n e r a t e d   b e t w e e n   two  e l e c t r o d e s   when  t h e  

e l e c t r o d e   9  i s   j u s t   g o i n g   to   c o n t a c t   t h e   o t h e r   e l e c t r o d e  

8  or   be  s e p a r a t e d   f r o m   t h e   s ame .   In  o r d e r   to   p r e v e n t  

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

i n n e r   s u r f a c e   of   t h e   i n s u l a t i n g   c y l i n d e r   3,  an  i n t e r m e d i a t e  

s h i e l d   11  i s   d i s p o s e d   b e t w e e n   t h e   i n s u l a t i n g   c y l i n d e r   3 

and  t h e   e l e c t r o d e s   8 , 9 .   The  i n t e r m e d i a t e   s h i e l d   11  i s  

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

t h r o u g h   b r a c k e t s   12.  S i n c e   b o t h   e l e c t r o d e s   8 ,9   h a v e   a n  

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

s e n t e d   by  a  n u m e r a l   10  w i l l   be  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 .   2 .  

An  a l l o y   s u c h   as  C o - A g - S e   a l l o y ,   C o - C u - T e   a l l o y  

or   t h e   l i k e   i s   u s e d   as  t h e   m a t e r i a l   of   t h e   e l e c t r o d e   1 0 .  

A l t e r n a t i v e l y ,   t h e   e l e c t r o d e   10  may  be  made  of  a  m a t e r i a l  

c o n t a i n i n g   a  m a i n   c o m p o n e n t   s u c h   as  Cu  or   Ag  w i t h   a d d i t i o n  

of   a  l o w - m e l t i n g   p o i n t   m e t a l   s u c h   as  B i ,   Pb  or   t h e   l i k e .  

A  f i l m   13  i s   f o r m e d   on  t h e   s u r f a c e   of   t h e   e l e c t r o d e   10  

made  of   t h e   m a t e r i a l   m e n t i o n e d   a b o v e .   The  f i l m   13  i s  

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

f i l m   13,   h o w e v e r ,   may  be  made  f rom  o t h e r   m a t e r i a l s   s u c h  

as  m e t a l s   b e l o n g i n g   to   i r o n   g r o u p   e . g . ,   Co,  N i ,   Fe ,   e t c . ,  



as  w e l l   as  r e f r a c t o r y   m e t a l s   s u c h   as  Ta,   Mo,  W,  e t c .  

A l l   w h a t   i s   r e q u i r e d   f o r   t h e   f i l m   m a t e r i a l   i s   t h a t   t h e  

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

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

The  e l e c t r o d e s   9 , 1 0   i n c o r p o r a t e d   in   t h e   v a c u u m  

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

13  o f ,   f o r   e x a m p l e ,   Cr  w h i c h   i s   n o t   r e a c t i v e   w i t h   Co,  Ag 

and   Se  e v e n   a t   an  e l e v a t e d   t e m p e r a t u r e   o f ,   f o r   e x a m p l e ,  

1 0 0 0 ° C   a t   w h i c h   t h e   v a c u u m   b r a z i n g   i s   c o n d u c t e d   in   t h e  

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

t h a t   t h e   u n d e s i r a b l e   p r o j e c t i o n   of   w h i s k e r   o f ,   f o r  

e x a m p l e ,   Ag  in   t h e   C o - A g - S e   a l l o y   i s   p r e v e n t e d   by  t h e  

d e n s e   f i l m   of   Cr  on  t h e   e l e c t r o d e   s u r f a c e .   T h i s   in   t u r n  

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

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

of   t h e   e l e c t r o d e .   On  t h e   o t h e r   h a n d ,   i t   may  a p p e a r   t h a t  

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

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

i n g   an  e a s y   c o n t a c t   and   s e p a r a t i o n   of   two  e l e c t r o d e s ,   i s  

i m p a i r e d   by  t h e   p r e s e n c e   of   t h e   f i l m   13  on  t h e   e l e c t r o d e  

s u r f a c e s .   The  f i l m   13,   h o w e v e r ,   i s   e a s i l y   b r o k e n   by  a  

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

s e p a r a t e d   f r o m   e a c h   o t h e r ,   i . e . ,   when  t h e   c i r c u i t   i s  

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

w e t t e d   to   e n s u r e   an  e a s y   s e p a r a t i o n   of   two  e l e c t r o d e s .  

A l t h o u g h   t h e   f i l m   in   t h e   d e s c r i b e d   e m b o d i m e n t   i s  

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

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



As  h a s   b e e n   d e s c r i b e d ,   t h e   v a c u u m   c i r c u i t   b r e a k e r  

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

m e t a l   f o r m e d   on  t h e   s u r f a c e   of  e a c h   e l e c t r o d e   made  of  a  

m a t e r i a l   c o n t a i n i n g   a  l o w - m e l t i n g   p o i n t   m e t a l .   The  f i l m  

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

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

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

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

b r e a k e r .   I t   i s   t h u s   p o s s i b l e   to   o b t a i n   a  v a c u u m   c i r c u i t  

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



1.  A  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   a  v a c u u m   v e s s e l   ( 2 )  

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

(8,  9)  so  as  to   be  moved   i n t o   and  o u t   of   c o n t a c t   w i t h   e a c h  

o t h e r ,   e a c h   of   s a i d   e l e c t r o d e s   ( 8 , 9 )   b e i n g   made  of  a  m a t e r i a l  

c o n s i s t i n g   e s s e n t i a l l y   o f   a  m a i n   c o m p o n e n t   s u c h   as  Cu,  Ag 

or   t h e   l i k e   and   a  l o w - m e l t i n g   p o i n t   m e t a l   s u c h   as  B i ,   P b ,  

Te,   Se  or   t h e   l i k e ,   c h a r a c t e r i s e d   in   t h a t   a  f i l m   .(13)  i s   f o r m e d  

on  t h e   s u r f a c e   o f   e a c h   e l e c t r o d e   ( 8 , 9 )   f r o m   a  m e t a l   h a v i n g   a  

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

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

2.  A  v a c u u m   c i r c u i t   b r e a k e 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   s a i d   f i l m   (13)  f o r m e d   on  t h e   e l e c t r o d e   s u r f a c e   i s   m a d e  

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

Fe ,   N i ,   Cr ,   Mn,  Ta,   Mo  and  W. 

3.  A  v a c u u m   c i r c u i t   b r e a k e r   a c c o r d i n g   t o   e i t h e r   o n e  

of   c l a i m s   1  o r   2,  w h e r e i n   s a i d   f i l m   (13)  i s   f o r m e d   by  a  m e t h o d  

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

and   p l a t i n g .  
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