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©  Contacts  for  vacuum  switches. 

  Contact  members  provided  at  the  opposing  ends  of  a 
pair  of  relatively  separable  electroconductive  rods  disposed 
in  a  vacuum  vessel  of  a  vacuum  switch  contains  0.005 -  2% 
by  weight  of  boron  in  addition  to  a  highly  electroconductive 
component  and  a  welding  prevention  component  to  obtain 
improved  workability  and  reduced  arc  restriking  probability. 



BACKGROUND  OF  THE  INVENTION 

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

p a r t i c u l a r l y ,   to   a  c o n t a c t   m a t e r i a l   f o r   use   in   a  v a c u u m  

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

r e d u c e d   o c c u r r e n c e   f r e q u e n c y   of  r e s t r i k i n g   p h e n o m e n o n .  

G e n e r a l l y ,   a  v a c u u m   s w i t c h   has   e x c e l l e n t   c h a r a c t e r -  

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

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

and  a d a p t a b i l i t y   f o r   v a r i o u s   e n v i r o n m e n t s .  

In  r e c e n t   y e a r s ,   t h e   v a c u u m   s w i t c h   has   b e e n   w i d e l y  

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

o p e r a t i n g   a t   a  v o l t a g e   of  b e l o w   36  KV  has   now  b e e n   a p p l i e d  

to  a  c i r c u i t   o p e r a t i n g   a t   a  h i g h   v o l t a g e   of  a b o v e   72  KV, 

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

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

e x h i b i t i n g   r e d u c e d   a r c   r e s t r i k i n g   p h e n o m e n o n   has   b e e n  

r e q u i r e d .   C o p p e r   b a s e   a l l o y s   c o n t a i n i n g   w e l d i n g   p r e v e n -  
t i o n   c o m p o n e n t s   s u c h   as  B i ,   Pb,   Te,   and  Sb  w h i c h   h a v e  

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

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

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

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

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

h i g h   v o l t a g e ,   i t   i s   g e n e r a l l y   d e s i r a b l e   t h a t   (1)  t h e  

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

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

be  as  s m a l l   as  p o s s i b l e   and  (2)  q u a n t i t y   of  gas   i m p u r i -  

t i e s   and  p i n - h o l e s   s h o u l d   be  h i g h l y   s u p p r e s s e d .   M o r e o v e r ,  

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

p r e s s u r e s   s u c h   as  B i ,   Pb,  Te  or   t h e   l i k e ,   a i r   v o i d s   a r e  

l i a b l e   to   be  f o r m e d   in  an  i n g o t .   More  p a r t i c u l a r l y ,   i n  

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

s e r i o u s   c a s t i n g   p r o b l e m s   o f t e n   o c c u r .   For   e x a m p l e ,   a  l o t  

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

s h r i n k a g e   h o l e s   a r e   f o r m e d   in  t h e   i n t e r i o r .   A l t h o u g h   a n  



o r i e n t e d   s o l i d i f i c a t i o n   m e t h o d   has   b e e n   a d a p t e d   in  o r d e r  

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

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

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

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

d e s c r i b e d   a b o v e   e x h i b i t s   d r a w b a c k s   s u c h   as  low  w o r k a b i l i t y  

and   g e n e r a t i o n   of  s e g r e g a t i o n   b e c a u s e   of  low  s o l u b i l i t y  

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

n e s s   of   t h e   c o n t a c t   a l l o y .  

SUMMARY  OF  THE  INVENTION 

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

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

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

no  d r a w b a c k s   s u c h   as   r e d u c t i o n   of  w o r k a b i l i t y   and  a r c  

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

i n g   r e s i s t a n c e .  

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

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

in   a d d i t i o n   to   c o m p o n e n t s   of   a  c o n v e n t i o n a l   c o n t a c t   m a t e r i a l  

A c c o r d i n g   to   t h i s   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  
v a c u u m   s w i t c h   of   t h e   t y p e   c o m p r i s i n g   a  vacuum  v e s s e l   a n d  

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

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

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

s w i t c h   i s   c h a r a c t e r i z e d   in   t h a t   e a c h   of  t h e   c o n t a c t   m e m b e r s  

c o n s i s t s   of  0 . 0 0 5  -   2%  by  w e i g h t  o f   b o r o n ,   a  h i g h l y  

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

c o m p o n e n t .  

A l t h o u g h   t h e   r e a s o n   i s   n o t   e n t i r e l y   a p p a r e n t   why  a  

c o n t a c t   m a t e r i a l   e x h i b i t i n g   i m p r o v e d   w o r k a b i l i t y   and  l i t t l e  

or   no  a r c   r e s t r i k i n g   p h e n o m e n o n   can   be  o b t a i n e d   by  a d d i n g  

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

i s   c o n s i d e r e d   t h a t   t h i s   can   be  a t t r i b u t e d   to  an  i m p r o v e -  

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

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

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

a d d e d   w e l d i n g   p r e v e n t i o n   c o m p o n e n t s   s u c h   as  Bi ,   Pb,  Te,  a n d  



Sb  e x h i b i t   low  s o l i d   s o l u b i l i t y   a g a i n s t   a  h i g h l y  

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

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

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

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

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

y i e l d   of  s a t i s f a c t o r y   p r o d u c t s   r e d u c e s .   M o r e o v e r ,   i t  

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

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

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

m a t e r i a l   i s   b o n d e d   to   a  s u b s t r a t e   by  a  b r a z i n g   m a t e r i a l ,  

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

b o u n d a r i e s   w h i c h   i n d u c e   b o u n d a r y   c o r r o s i o n   or  c r a c k i n g .  

T h u s ,   s u c h   p h e n o m e n o n   as  t h a t   t h e   b r a z i n g   m a t e r i a l   r e a c h e s  

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

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

t h e   p r o m o t i o n   of  t h e   a r c   r e s t r i k i n g   g e n e r a t i o n ,   t h e   p h e n o -  

menon  b e i n g   c a l l e d   c r e e p i n g - u p   of  t h e   b r a z i n g   m a t e r i a l .  

On  t h e   c o n t r a r y ,   when  b o r o n   i s   a d d e d   to  t h e   c o n v e n -  

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

c o m p a t i b i l i t y   of  t h e   h i g h   e l e c t r o c o n d u c t i v e   c o m p o n e n t  
w i t h   t h e   w e l d i n g   p r e v e n t i o n   c o m p o n e n t   can   be  i m p r o v e d .  

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

c o m p o n e n t   i s   p r e v e n t e d   and  t h e   i m p r o v e m e n t   of  t h e   f i n e  

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

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

be  a c h i e v e d .   T h u s ,   i t   i s   b e l i e v e d   t h a t   t h e   c o n t a c t  

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

can   be  i m p r o v e d   by  v i r t u e   of  t h e   i m p r o v e m e n t   of  t h e   w o r k -  

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

p a n i e d   w i t h   t h e   i m p r o v e d   w o r k a b i l i t y   as  w e l l   as  t h e   p r e -  
v e n t i o n   of  t h e   c r e e p i n g   up  of  t h e   b r a z i n g   m a t e r i a l   w h i c h  

a r e   c a u s e d   by  t h e   a d d i t i o n   of  t h e   b o r o n .   With   t he   c o n t a c t  

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

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

c o n t a c t   m a t e r i a l   d u r i n g   i n t e r r u p t i o n   a r e   no t   s u b s t a n t i a l l y  



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

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

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

t h e   l i k e   can   be  c a r r i e d   o u t   and  no  r e d u c t i o n   of   t h e  

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

of   t h e   b o r o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

FIG.   1  shows   a  v e r t i c a l   s e c t i o n   of  a  v a c u u m   s w i t c h  

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

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

FIG.   2  i s   a  f r a g m e n t a r y   e n l a r g e d   v i e w  o f   a  c o n t a c t  

member   shown  in  F IG.   1 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in   more   d e t a i l  

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

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

A  v a c u u m   s w i t c h   shown  in  FIG.   1  c o m p r i s e s   a  c y l i n -  

d r i c a l   i n s u l a t i n g   c a s i n g   2,  i . e .   v a c u u m   v e s s e l ,   w h i c h  

d e f i n e s   an  a i r   t i g h t   v a c u u m   c i r c u i t   b r e a k i n g   c h a m b e r   1 

and   m e t a l l i c   c a p s   4  and   5  a r e   p r o v i d e d   a t   b o t h   ends   o f  

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

2  i s   made  of   an  i n s u l a t i n g   m a t e r i a l .   A  p a i r   o f  

s e p a r a b l e   e l e c t r o c o n d u c t i v e   r o d s   6  and  7  p r o v i d e d   w i t h  

s t a t i o n a r y   and  m o v a b l e   e l e c t r o d e s   8  and  9  a t   t h e   o p p o s -  

i n g   e n d s   a r e   d i s p o s e d   w i t h i n   t h e   v a c u u m   c h a m b e r   1  a n d  

a  b e l l o w s   10  i s   a t t a c h e d   t o   t h e   l o w e r   end  cap   5  f o r  

p e r m i t t i n g   r e c i p r o c a t i o n   of   t h e   m o v a b l e   e l e c t r o d e   9 

w h i l e   m a i n t a i n i n g   t h e   v a c u u m   c o n d i t i o n   in  t h e   c h a m b e r   1 .  

The  b e l l o w s   10  i s   c o v e r e d   w i t h   a  m e t a l l i c   s h i e l d   11  t o  

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

of   t h e   v a c u u m   v e s s e l   2  and   a  c y l i n d r i c a l   m e t a l l i c   s h i e l d  

12  i s   a l s o   d i s p o s e d   in   t h e   c h a m b e r   1  as  shown  in  FIG.  1 

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

As  shown  in  F IG.   2,  t h e   m o v a b l e   e l e c t r o d e   9  i s   f i x e d  

to   t h e   c o n d u c t i v e   r o d   7  by  a  b r a z i n g   member   13  or  t i g h t l y  

c o n n e c t e d   t h e r e t o   by  c a l k i n g   and  a  m o v a b l e   c o n t a c t   14  i s  



a t t a c h e d   to   t h e   u p p e r   p o r t i o n   of   t h e   m o v a b l e   e l e c t r o d e   9 

by  b r a z i n g   means   15.  The  s t a t i o n a r y   e l e c t r o d e   8  h a s  

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

a b l e   e l e c t r o d e   9  and  i s   p r o v i d e d   w i t h   a  s t a t i o n a r y   c o n t a c t  

14a  a t   i t s   f r o n t   e n d .  

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

c o n t a c t s   14  and  1 4 a .  

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

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

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

a d d e d .   A l t h o u g h   Cu  a n d / o r   Ag  a r e   u s u a l l y   u s e d   as  a  h i g h l y  

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

can   be  r e p l a c e d   in  p a r t   w i t h   l e s s   t h a n   5%  ( b a s e d   on  t h e  

t o t a l   w e i g h t   of  t h e   c o n d u c t i v e   c o m p o s i t i o n )   of  Fe,   l e s s  

t h a n   5%  of   Co  or  l e s s   t h a n   1%  of  Cr .   Among  t h e s e   m e t a l s  

or   a l l o y s ,   as  t h e   e l e c t r o c o n d u c t i v e   c o m p o s i t i o n ,   Cu  or   a  

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

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

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

h e r e i n a f t e r .  

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

more   e l e m e n t s   of  B i ,   Pb,  Te,   Sb,  and  m i x t u r e s   t h e r e o f  

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

i ng   to  t h i s   i n v e n t i o n   in  an  a m o u n t   of  f rom  0.1%  to  15%.  

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

t h a n   0 . 1 % ,   t h e   w e l d i n g   r e s i s t a n c e   p r o p e r t y   a g a i n s t   l a r g e  

c u r r e n t   d e c r e a s e s   and  i f   t h e   a m o u n t   t h e r e o f   e x c e e d s   15%,  

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

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

m a t e r i a l .  

In  o r d e r   to  o b t a i n   t h e   c o n t a c t   m a t e r i a l   h a v i n g   e x c e l -  

l e n t   w o r k a b i l i t y   and  a r c   r e s t r i k i n g   p r e v e n t i o n   c h a r a c t e r -  

i s t i c 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 ,   0 .005%  to  2%, 

p r e f e r a b l y   f rom  0.01%  to  2%  of  b o r o n   is   a d d e d   to  t he   h i g h l y  
c o n d u c t i v e   c o m p o n e n t   and  t h e   w e l d i n g   p r e v e n t i o n   c o m p o n e n t .  

If   t h e   a m o u n t   of  a d d e d   b o r o n   i s   l e s s   t h a n   0 . 0 0 5 % ,   t h e  

o b j e c t   of  a d d i n g   i t   c a n n o t   be  e x p e c t e d   and  more  t h a n   2% 



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

a d d i n g   b o r o n   o f  0 . 0 0 5 %  -   2%.  T h u s ,   i t   was  f o u n d   t h a t  

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

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

m e l t i n g   t e c h n i q u e .   T h i s   m e a n s   t h a t   t h e   u se   of  m o r e  

t h a n   2%  of   b o r o n   i s   n o t   s u i t a b l e .   The  r a n g e   o f   t h e  

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

be  d e f i n e d   as  c o n t e n t   of  b o r o n   p r e s e n t i n g   in  t h e   r e s u l t -  

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

t i v e   t h e r e o f   by  t a k i n g   i n t o   c o n s i d e r a t i o n   t h e   e f f e c t s  

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

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

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

d e g r e e   of   t h e   v a c u u m   in  t h e   v a c u u m   c h a m b e r .  

In  o r d e r   to   o b t a i n   one  e x a m p l e   of   t h e   c o n t a c t  

m a t e r i a l   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   t h e   h i g h l y   c o n -  

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

1 x 1 0 - 3   to   1 x 1 0 - 5   mmHg  a t   a  t e m p e r a t u r e   of  f r o m   1 0 0 0 °  

to  1 3 0 0 ° C   and  t h e   w e l d i n g   p r e v e n t i o n   c o m p o n e n t   i s   t h e n  

a d d e d   t h e r e t o   so  as  to   be  u n i f o r m l y   d i s s o l v e d   i n t o   t h e  

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

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

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

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

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

v a p o r i z a t i o n   and  s c a t t e r i n g ,   i t   i s   a d v a n t a g e o u s   to   a d d  

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

ing   f u r n a c e   by  i n t r o d u c i n g   a r g o n   gas   t h e r e i n t o .   As  t h e  

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

s u c h   as  Cu-B  or   b o r i d e s   s u c h   as  FeB,  Fe2B  as  w e l l   as  b o r o n  

i t s e l f .  

C o n t a c t s ,   made  of  the  c o n t a c t   m a t e r i a l   and  h a v i n g  

d e s i r e d   s h a p e ,   can   be  o b t a i n e d   by  s u b j e c t i n g   t h e   r e s u l t -  

ing   c o n t a c t   m a t e r i a l   to  m e c h a n i c a l   w o r k i n g s   s u c h   a s  

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

s u c h   as  r o l l i n g ,   as  r e q u i r e d .  

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



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

w h i c h   a r e   b a s e d   on  e x p e r i m e n t s .  

E x a m p l e s   1  -   10  and   C o n t r o l   E x a m p l e s   1  -   5 

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

in  T a b l e   1  w e r e   p r e p a r e d   by  a  m e t h o d   c o m p r i s i n g   t h e   s t e p s  

o f   m e l t i n g   Cu  u n d e r   v a c u u m   of  a b o u t   1 0  m m H g   and  a t   a  

t e m p e r a t u r e   o f   1 2 0 0 ° C ,   c o m p l e t e l y   d e g a s s i n g ,   a d d i n g   a n d  

m e l t i n g   Cu-B  m o t h e r   a l l o y   ( c o n t a i n i n g   2.2%  of   B)  a n d  

w e l d i n g   p r e v e n t i o n   c o m p o n e n t s   (B i ,   Pb,   Te,   or   S b ) ,   p o u r i n g  

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

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

Each   t e s t   p i e c e   of   t h e s e   c o n t a c t   m e m b e r s   h a v i n g   a  

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

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

i ng   and  to  e x a m i n e   t h e   p r o b a b i l i t y   of   a r c   r e s t r i k i n g .   T h e  

r e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

S u r f a c e   R o u g h n e s s   C a u s e d   by  W o r k i n g  

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

a  d i a m e t e r   o f   75  mm  was  f i n i s h e d   to   o b t a i n   s u r f a c e   r o u g h n e s s  

of   l e s s   t h a n   6 p.  ( 6 - s ;   J a p a n e s e   I n d u s t r i a l   S t a n d a r d   0601)  b y  

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

m a t e r i a l   was  r o t a t e d   a t   180  r . p . m .   The  n u m b e r   of  d e f e c t s   s u c h  

as  s p a l l i n g s ,   b r e a k s   and  t h e   l i k e   on  t h e   end  s u r f a c e   w e r e  

v i s u a l l y   m e a s u r e d   and  t h e   min imum  and  maximum  n u m b e r s   of  t h e  

o b s e r v e d   d e f e c t s   of  s i x   s a m p l e s   a r e   shown  in   T a b l e   1 .  

P r o b a b i l i t y   of   Arc  R e s t r i k i n g  

A  d i s c - s h a p e d   c o n t a c t   p i e c e   h a v i n g   a  d i a m e t e r   of  30  mm 

and  a  t h i c k n e s s   of  5  mm  was  a t t a c h e d   to   t h e   end  of  e a c h  

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

h a v i n g   a  r a t i n g   of  6KV  a n d  5 0 0   A  was  i n t e r r u p t e d   2000  t i m e s .  
At  t h i s   t i m e ,   t h e   o b s e r v e d   f r e q u e n c y   of  t h e   a r c   r e s t r i k i n g   w a s  
r e p r e s e n t e d   by  a  r a n g e   of  d i f f e r e n c e   (maximum  and  m i n i m u m  

v a l u e s )   of  two  c i r c u i t   b r e a k e r s .   The  a t t a c h m e n t   of  t h e  

c o n t a c t s   was  p e r f o r m e d   o n l y   by  b a k i n g   f o r   30  m i n u t e s   a t   a  

t e m p e r a t u r e   of  450°C  and  n o t   o n l y   no  b r a z i n g   m a t e r i a l   w a s  

u s e d   b u t   a l s o   no  h e a t i n g   o p e r a t i o n   was  c a r r i e d   o u t .  





As  can   be  s e e n   f r o m   T a b l e   1,  t h e   c o n v e n t i o n a l   b o r o n -  

f r e e   c o n t a c t   m a t e r i a l s   ( C o n t r o l   E x a m p l e s   1  -   5)  e x h i b i t  

s i g n i f i c a n t   s u r f a c e   r o u g h n e s s   c a u s e d   by  w o r k i n g .   A c c o r d i n g -  

l y ,   r e s t r i k i n g   o c c u r s   w i t h   h i g h   p r o b a b i l i t y .   On  t h e   c o n t r a r y ,  

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

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

r e m a r k a b l y   i m p r o v e d   w o r k a b i l i t y   and  low  p r o b a b i l i t y ' o f _ a r c  

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

f r e e   c o n t a c t   m a t e r i a l   of  t h e   C o n t r o l   E x a m p l e   1  e x h i b i t   9 6  -   97% 

I . A . C . S .   ( I n t e r n a t i o n a l   A n n e a l e d   C o p p e r   S t a n d a r d ) ,  w h e r e a s  

t h e   c o n t a c t   m a t e r i a l   of  E x a m p l e   1  e x h i b i t s   9 5  -   97%  I . A . C . S ;  

T h i s   f a c t   shows   t h a t   t h e   i m p r o v e d   w o r k a b i l i t y   can   be  a c h i e v e d  

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

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

In  a d d i t i o n ,   o x y g e n   c o n t e n t   of  t h e   c o n t a c t   m a t e r i a l  

of  t h e   C o n t r o l   E x a m p l e   1  i s   7  ppm,  w h e r e a s   t h a t   of  t h e  

E x a m p l e   1  i s   f r o m   a b o u t   1 /2   to   1 / 7   of  t h e   C o n t r o l   E x a m p l e  

1.  T h i s   f a c t   s h o w s   t h a t  t h e   a d d e d   b o r o n   a c t s   as  a  d e -  

o x i d i z e r   and   t h e   r e d u c t i o n   of  t h e   o x y g e n   c o n t e n t   c o n t r i b u t e s  

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

E x a m p l e s   1 1  -   12  and  C o n t r o l   E x a m p l e s   6  -   7 

C o n t a c t   a l l o y   m a t e r i a l s   e a c h   h a v i n g   t h e   c o m p o s i t i o n  
shown  in  t h e   f o l l o w i n g   T a b l e   2  w e r e   p r e p a r e d   by  t h e   s a m e  

m a n n e r   as  a b o v e   d e s c r i b e d .   T e s t   p i e c e s   e a c h   h a v i n g   a  p r e -  
d e t e r m i n e d   s h a p e   w e r e   p r e p a r e d   and  s u b j e c t e d   to   t h e   f o l l o w -  

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

b r a z i n g   and  t h e   p r o b a b i l i t y   of  a r c   r e s t r i k i n g .   The  r e s u l t s  

o b t a i n e d   w i t h   s i x   s a m p l e s   a r e   shown  in  T a b l e   2 .  

Amount   of  S i l v e r   B r a z i n g   c r e p t   up  to  S u r f a c e   of  C o n t a c t  
M a t e r i a l  

A  s i l v e r   b r a z i n g   p l a t e   c o n s i s t i n g   of  72%  of  Ac  and  28% 

of  Cu  and  h a v i n g   a  d i a m e t e r   of  10  mm  and   a  t h i c k n e s s   of  0 . 1  

mm  was  i n s e r t e d   b e t w e e n   a  p u r e   c o p p e r   e l e c t r o d e   and  a  d i s c -  

s h a p e d   c o n t a c t   p i e c e   h a v i n g   a  d i a m e t e r   of  15  mm  and  a  t h i c k -  

n e s s   of  4 .2   mm.  The  s t r u c t u r e   t h u s   p r e p a r e d   was  h e a t e d   f o r  

30  m i n u t e s   in  H2  a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  820°C  t o  

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



of  s i l v e r   b r a z i n g   c r e p t   up  to   t h e   c o n t a c t   s u r f a c e   by  p a s s -  

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

was  m e a s u r e d   as   c o u n t   n u m b e r s   ( C . P . S . )   by  an  X - r a y   m i c r o -  

a n a l y z e r   u n d e r   c o n d i t i o n s   of  t h e   a b s o r p t i o n   c u r r e n t   o f  
5 x 1 0 - 8  A ,   a  s c a n n i n g   t i m e   of   50  s e c o n d s   and  an  a c c e l e r a t i o n  

v o l t a g e   of   25  KV.  B a c k g r o u n d   v a l u e   of   a  c o n t a c t   p i e c e   t o  

w h i c h   s i l v e r   b r a z i n g   i s   n o t   a p p l i e d   i s   shown  in  T a b l e   2 .  

P r o b a b i l i t y   of   Arc  R e s t r i k i n g  

W i t h   t h e s e   e x a m p l e s ,   t h e   p r o b a b i l i t y   of  a r c   r e s t r i k -  

i n g   was  m e a s u r e d   in   t h e   same  m a n n e r   as  t h a t   of  a f o r e m e n t i o n e d  

e x a m p l e s   e x c e p t   t h a t   t h e   b r a z e d   c o n t a c t s   w e r e   u s e d   in   t h e s e  

e x a m p l e s .  





As  c an   be  s e e n   f r o m   T a b l e   2,  t h e   b o r o n - c o n t a i n i n g  

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

an  e x t r e m e l y   s m a l l   a m o u n t   o f   c r e p t - u p   s i l v e r   b r a z i n g  

in   c o m p a r i s o n   w i t h   t h e   c o n v e n t i o n a l   b o r o n - f r e e   c o n t a c t  

m a t e r i a l s   and   a l s o   e x h i b i t   c o u n t   n u m b e r s   n e a r l y   e q u a l  

to   t h e   b a c k g r o u n d .   T h e s e   f a c t s   a r e   c o n s i d e r e d   to   b e  

c a u s e d   by  t h e   f a c t   t h a t   d e f e c t s   s u c h   as  b o u n d a r y   c o r -  

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

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

b o r o n .   As  a  r e s u l t ,   t h e   p r o b a b i l i t y   of   t h e   a r c   r e s t r i k -  

i n g   i s   r e m a r k a b l y   r e d u c e d .  

A l t h o u g h   i t   i s   d i f f i c u l t   to   j u d g e   w h e t h e r   t h e   a r c  

r e s t r i k i n g   i s   g o v e r n e d   by  t h e   e x i s t e n c e   of  Ag  i t s e l f   o n  
t h e   c o n t a c t   s u r f a c e   or   by  t h e   l o w e r i n g   of  t h e   m e l t i n g  

p o i n t   due  t o   t h e   e x i s t e n c e   of   Ag  w h i c h   r e s u l t s   in   t h e  

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

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

E x a m p l e s   1 3  -   15  and   C o n t r o l   E x a m p l e s   8  -   10  

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

p r e p a r e d   in   s u b s t a n t i a l l y   t h e   same  m a n n e r   as  t h a t   of   t h e  

E x a m p l e   1  e x c e p t   t h a t   i n - p l a c e   of   t h e   h i g h l y   c o n d u c t i v e  

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

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

r e p l a c e d   w i t h   Fe ,   Co,  or   Cr  in   a  p r o p o r t i o n   shown  in  T a b l e  

3.  T h e r e a f t e r ,   t h e   p r o b a b i l i t y   o f   a r c   r e s t r i k i n g   w a s  

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

same  m a n n e r   as  t h a t   of  t h e   E x a m p l e   1.  The  r e s u l t s   o b t a i n -  

ed  a r e   shown  in  t h e   f o l l o w i n g   T a b l e   3,  f r om  w h i c h   i t   w i l l  

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

r e m a r k a b l y   d e c r e a s e d   by  t h e   a d d i t i o n   of   b o r o n .  





E x a m p l e s   16  and   1 7  

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

p r e p a r e d   i n . s u b s t a n t i a l l y   t h e   same  m a n n e r   as  t h a t   o f  
t h e   E x a m p l e   1  e x c e p t  t h a t   an  Ag-Cu  a l l o y   ( E x a m p l e   1 6 )  
and   Ag  a l o n e   ( E x a m p l e   17)  w e r e   u s e d   as  t h e   h i g h l y  
c o n d u c t i v e   c o m p o n e n t .   The  w o r k a b i l i t y   and  t h e   p r o b a -  

b i l i t y   of  t h e   a r c   r e s t r i k i n g   w e r e   e x a m i n e d   in   s u b s t a n -  

t i a l l y   t h e   same  m a n n e r   as  t h a t   of   t h e   E x a m p l e   1.  T h e  

r e s u l t s   o b t a i n e d   a r e   shown  in   t h e   f o l l o w i n g   T a b l e   4 

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

of   b o r o n   w i l l   be  c l e a r l y   c o n f i r m e d .  





As  s t a t e d   h e r e i n b e f o r e ,   a c c o r d i n g   to   t h i s   i n v e n t i o n ,  

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

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

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

p o n e n t s   ( m a i n l y   Cu  a n d / o r   Ag;  p a r t i a l l y   r e p l a c e d   w i t h   F e ,  

Co  o r   Cr  and   w e l d i n g   p r e v e n t i o n   c o m p o n e n t s   ( s u c h   as  B i ,   P b ,  

Te,   Sb  and  t h e   l i k e ) .   The  c o n t a c t   m a t e r i a l s   t h u s   o b t a i n e d  

e x h i b i t   i m p r o v e d   w o r k a b i l i t y   and  a r c   r e s t r i k i n g   p r e v e n t i o n  

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

i s t i c s   r e q u i r e d   f o r   t h e   c o n t a c t   m a t e r i a l   s u c h   as  e l e c t r o -  

c o n d u c t i v i t y .   T h e s e   a d v a n t a g e o u s   e f f e c t s   c an   be  a c h i e v e d  

by  t h e   i n h e r e n t   d e g a s s i n g   e f f e c t   of   b o r o n   and  t h e r e f o r e ,  

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

can  be  a t t a i n e d .  



1.  A  v a c u u m   s w i t c h   of  t h e   t y p e   c o m p r i s i n g   a  v a c u u m  

v e s s e l   and  a  p a i r   of   r e l a t i v e l y   s e p a r a b l e   e l e c t r o c o n -  

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

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

c h a r a c t e r i z e d   in  t h a t   e a c h   of  s a i d   c o n t a c t   m e m b e r s  

c o n s i s t s   of  0 . 0 0 5  -   2%  by  w e i g h t   of  b o r o n ,   a  h i g h l y  

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

p o n e n t .  

2.  The  v a c u u m   s w i t c h   a c c o r d i n g   to   c l a i m   1  w h e r e i n  

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

e i t h e r   one  or   b o t h   of  c o p p e r   and  s i l v e r   or   an  a l l o y   i n  

w h i c h   a  p o r t i o n   of  s a i d   e i t h e r   one  or  b o t h   of  c o p p e r   a n d  
s i l v e r   i s   r e p l a c e d   w i t h   l e s s   t h a n   5%  of  i r o n ,   l e s s   t h a n  

5%  of   c o b a l t   or  l e s s   t h a n   1%  of  c h r o m i u m .  

3.  The  v a c u u m   s w i t c h   a c c o r d i n g   to   c l a i m   1  or  2  w h e r e -  

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

one  m e t a l   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  b i s m u t h ,  
l e a d ,   t e l l u r i u m ,   or   t i n .  
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