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©  Manufacture  of  vacuum  interrupter  contacts. 

  A  method  of  manufacturing  vacuum  interrupter  contacts 
by  mixing  powdered  copper  with  powdered  chromium  and 
less  than  0.25%  powdered  bismuth,  cold  pressing  the 
mixture  up  to  more  than  90%  of  theoretical  maximum 
density,  sintering  under  vacuum,  and  then  cold  coining  the 
contact  up  to  more  than  97%  of  theoretical  maximum 
density.  The  bismuth  may  in  some  cases  be  replaced  by  lead, 
tellurium,  thallium,  antimony,  tungsten  or  a  mixture  thereof. 



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  vacuum  t y p e  

c i r c u i t   i n t e r r u p t e r s   and  more  p a r t i c u l a r l y   to  a  m e t h o d  

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

vacuum  i n t e r r u p t e r s .  

Vacuum  t y p e   c i r c u i t   i n t e r r u p t e r s   g e n e r a l l y  

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

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

e n v e l o p e .   The  c o n t a c t s   a r e   m o v a b l e   b e t w e e n   a  c l o s e d  

p o s i t i o n   in  w h i c h   the   c o n t a c t s   a r e   e n g a g e d   and  an  o p e n  

p o s i t i o n   in  w h i c h   the   c o n t a c t s   a r e   s e p a r a t e d   and  a n  

a r c i n g   gap  is   e s t a b l i s h e d   t h e r e b e t w e e n .   An  a r c   i s  

i n i t i a t e d   b e t w e e n   the   c o n t a c t   s u r f a c e s   when  t h e   c o n t a c t s  

move  i n t o   or  ou t   of  e n g a g e m e n t   w h i l e   t h e   c i r c u i t   in  w h i c h  

t h e   i n t e r r u p t e r   is   used   i s   e n e r g i z e d .  

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

c o n t a c t   m o v e m e n t   an  a r c   may  be  f o r m e d   t h a t   r e s u l t s   in  t h e  

m e l t i n g   and  v a p o r i s i n g   of   some  c o n t a c t   m a t e r i a l .   T h e n  

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

s u r e   e n g a g e m e n t   w e l d s   may  be  f o r m e d   b e t w e e n   t h e   c o n t a c t  

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

a r c i n g .   C u r r e n t   s u r g e s   a l s o   o c c u r   in  t he   f i r s t   f e w  

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

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

to  b r e a k   t he   we ld   so  t h a t   t he   c o n t a c t s   can  be  o p e n e d   d e p -  

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

f o r   e x a m p l e ,   t h e   c o n t a c t   a r e a ,   and  t h e   c o n t a c t   m a t e r i a l .  



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

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

may  r e s u l t   in  t h e   f a i l u r e   of  t h e   vacuum  i n t e r r u p t e r  

to  o p e n .  
One  p r o p o s e d   s o l u t i o n   to  t h i s   p r o b l e m ,   i s   t o  

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

t h a t   t he   w e l d i n g   w h i c h   may  t a k e   p l a c e   i s   of  s u f f i c i e n t l y  

low  s t r e n g t h   t h a t   t h e   w e l d   may  be  r e a d i l y   b r o k e n   w i t h o u t  

u n d u l y   d i s t o r t i n g   or  c h a n g i n g   t h e   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   a t   w h i c h   t h e   we ld   o c c u r s .   In  a d d i t i o n ,   t h e  

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

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

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

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

mus t   no t   be  a l t e r e d   d u r i n g   o p e r a t i o n .  

One  a p p r o a c h   has   been   to  u t i l i z e   a  m a j o r  

p r o p o r t i o n   of  a  v e r y   s t r o n g   e l e m e n t   and  form  a  s i n t e r e d  

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

a f t e r   i n f i l t r a t e   t h e   same  w i t h   a  l e s s e r   a m o u n t   of  a n o t h e r  

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

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

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

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

c h r o m i u m   w h i c h   i s   c h a r a c t e r i s e d   by  an  h i g h  

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

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

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

r e q u i r e d   e l e c t r i c a l   c o n d u c t i v i t y   nor   t h e   c h o p p i n g  

c h a r a c t e r i s t i c s   and  h i g h   v o l t a g e   w i t h s t a n d   c a p a b i l i t y .  
T h e s e   c h a r a c t e r i s t i c s   a r e   s u p p l i e d   by  i n f i l t r a t i n g   t h e  
s i n t e r e d   m a t r i x   w i t h   a  m a t e r i a l   of  good  e l e c t r i c a l  

c o n d u c t i v i t y   and  low  c h o p p i n g   c h a r a c t e r i s t i c s   bu t   w h i c h  

may  s u f f e r   f rom  h i g h   e r o s i o n   and  l o w e r   v o l t a g e   w i t h s t a n d  

c a p a b i l i t y ,   s u c h   as  c o p p e r   or  s i l v e r .  

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

f o r   e x a m p l e   U.K.  P a t e n t   No.  1 , 1 9 4 , 6 7 4   and  U.S .   P a t e n t   N o s .  

3 , 9 6 0 , 5 5 4   and  4 , 0 4 8 , 1 1 7 .   In  e a c h   of  t h e s e   c a s e s ,   t h e  



c h r o m i u m   is   f i r s t   p r e s s e d   i n t o   a  m a t r i x   and  t h e n   i n f i l -  

t r a t e d   w i t h   c o p p e r .   In  US  4 , 0 4 8 , 1 1 7   a  f u r t h e r   c o m p o n e n t  

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

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

e n v i r o m e n t .   In  t h i s   c a s e   b e t w e e n   0 .3%  and  2%  of   b i s m u t h  

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

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

s i n t e r e d   b e f o r e h a n d .   B i s m u t h   i s   one  e x a m p l e   of  e l e m e n t s  

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

m e t a l s   w h i c h   form  a  b r i t t l e   i n t e r m e t a l l i c   p h a s e   t h e r e b y  

d e c r e a s i n g   the   d u c t i l i t y   of  t he   w e l d s   and  so  e n a b l i n g  

t h e   we ld   to  be  b r o k e n   more  e a s i l y .  

I t   h a s ,   h o w e v e r ,   b e e n   f o u n d   t h a t   t h e   a m o u n t   of  s u c h  

an  e m b r i t t l i n g   a g e n t   t h a t   i s   r e q u i r e d   to  p r o v i d e   t h e  

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

can   be  c o n s i d e r a b l y   r e d u c e d   i f   t h e   c o n s t i t u e n t s   of  t h e   c o n -  

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

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

a l l   m i x e d   t o g e t h e r   as  p o w d e r s   and  a r e   t h e n   c o l d   p r e s s e d .  

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

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

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

in  p o w d e r   form  w i t h   an  e m b r i t t l i n g   a g e n t   in  p o w d e r   f o r m  

and  a  r e f r a c t o r y   m e t a l   in  p o w d e r   f o r m ,   t h e  m a s s   o f  

t h e   e m b r i t t l i n g   a g e n t   b e i n g   l e s s   t h a n   0 .25%  of   t h e   t o t a l  

mass   of   t h e   m i x t u r e ,   c o l d   p r e s s i n g   t h e   m i x t u r e   to  a  

d e n s i t y   of  g r e a t e r   t h a n   90%  r e l a t i v e   to  t h e o r e t i c a l  

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

t h e   s i n t e r e d   c o n t a c t   up  to  a  d e n s i t y   of  g r e a t e r   t h a n  

97%  r e l a t i v e   to  t h e   t h e o r e t i c a l   m a x i m u m .  

In  one  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e  

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

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

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

t h a l l i u m ,   a n t i m o n y   or  t u n g s t e n   o r ,   in  some  c a s e s ,   a  

m i x t u r e   t h e r e o f .  



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

s i z e   r a n g e   of   up  to  a p p r o x i m a t e l y   100  µm  i s   c o n v e n i e n t l y  

f i r s t   m i x e d   w i t h   t he   b i s m u t h   w h i c h   p r e f e r a b l y   has   a  

p a r t i c l e   s i z e   r a n g e   of  up  to  a p p r o x i m a t e l y   4 0 µ m .   T h i s  

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

p r e f e r a b l y   h a s   a  p a r t i c l e   s i z e   r a n g e   of   up  to  2 2  µ m .   T h e  

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

t h e   r a n g e   4 0 - 9 0 %   by  mass  of  b a s e   m i x t u r e   to  60-10%  o f  

c h r o m i u m   and   i s   mos t   p r e f e r a b l y   a p p r o x i m a t e l y   75%  b a s e  

m i x t u r e   to  25%  of   c h r o m i u m .  

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

p r e s s e d   to   a  d e n s i t y   of  a p p r o x i m a t e l y   93%  r e l a t i v e   t o  

t h e o r e t i c a l   max imum,   vacuum  s i n t e r e d   a t   a  t e m p e r a t u r e   o f  

b e t w e e n   a b o u t   9 5 0 - 1 0 5 0 ° C   and  t h e n   c o l d   c o i n e d   to  a  d e n s i t y  

of   a p p r o x i m a t e l y   98%  r e l a t i v e   to   t h e o r e t i c a l   m a x i m u m .  

One  e x a m p l e   of  a  m e t h o d   of  m a n u f a c t u r i n g   a  v a c u u m  

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

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

d r a w i n g .  

In  t h i s   e x a m p l e   c o p p e r   p o w d e r   1  w i t h   a  p a r t i c l e  

s i z e   of  l e s s   t h a n   100 µm  is   f i r s t   t h o r o u g h l y  m i x e d   w i t h  

b i s m u t h   p o w d e r   3  w i t h   a  p a r t i c l e   s i z e   r a n g e   of  l e s s   t h a n  

4 0  µ m .   T h i s   b a s e   m i x t u r e   4  i s   t h e n   t h o r o u g h l y   mixed   w i t h  

c h r o m i u m   p o w d e r   2  w i t h   a  p a r t i c l e   s i z e   r a n g e   of  up  t o  

2 0 0  µ m   in  t h e   p r o p o r t i o n s   of  75%  by  m a s s   of  b a s e   m i x t u r e   4 

to  t h e   r e m a i n d e r   c h r o m i u m   2.  The  a m o u n t   o f  b i s m u t h   3  i n  

t h i s   m i x t u r e   b e i n g   0 .15%  by  m a s s .  

The  m i x t u r e   5  i s   t h e n   c o l d   p r e s s e d   6  a t   a p p r o x i m -  

a t e l y   45  t o n / s q . i n c h   (70  x  1 0 6 k g / m 2 )   to   a  d e n s i t y   o f  

a p p r o x i m a t e l y   93%  r e l a t i v e   to  t h e o r e t i c a l   maximum.   I t   i s  

t h e n   s i n t e r e d   7  u n d e r   vacuum  a t   a  t e m p e r a t u r e   of  a b o u t  

10250C  f o r   f o u r   h o u r s   to  a c h i e v e   p a r t i a l   b o n d i n g   of  t h e  

c o p p e r / c o p p e r   and  c o p p e r / c h r o m i u m   and  a n n e a l i n g   of  t h e  

c o m p a c t   m a t e r i a l .  

The  s i n t e r e d   c o m p a c t   i s   t h e n   c o l d   c o i n e d   8  a t  

a p p r o x i m a t e l y   72  t o n / s q . i n c h   (113   x  1 0 6 k g / m 2 )   to  a  d e n s i t y  

of  a p p r o x i m a t e l y   98%  r e l a t i v e   to  t h e o r e t i c a l   maximum.   I t  

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

c o n t a c t   in   a  v a c u u m   i n t e r r u p t e r .  



1.  A  m e t h o d   of  m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

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

e l e c t r i c a l   c o n d u c t i v i t y   in  p o w d e r   form  w i t h   an  e m b r i t t -  

l i n g   a g e n t   in  p o w d e r   fo rm  and  a  r e f r a c t o r y   m e t a l   i n  

p o w d e r   form  c h a r a c t e r i s e d   in  t h a t   t h e   mass  of  t h e  

e m b r i t t l i n g   a g e n t   i s   l e s s   t h a n   0 .25%  of  t h e   t o t a l   m a s s  

of  t he   m i x t u r e ,   t h e   m i x t u r e   i s   c o l d   p r e s s e d   to  a  d e n s i t y  

of  g r e a t e r   t h a n   90%  r e l a t i v e   to  t h e o r e t i c a l   m a x i m u m ,  

t h e n   s i n t e r e d   u n d e r   v a c u u m ,   and  t h e   s i n t e r e d   mass  i s  

t h e n   c o l d   c o i n e d   up  to  a  d e n s i t y   of  g r e a t e r   t h a n   97% 

r e l a t i v e   to  t h e   t h e o r e t i c a l   m a x i m u m .  

2.  A  m e t h o d   of   m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t  

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

3.  A  m e t h o d   of  m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to   C l a i m   2,  c h a r a c t e r i s e d   in  t h a t  

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

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

4.  A  m e t h o d   of  m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   2,  c h a r a c t e r i s e d   in  t h a t  

t he   e m b r i t t l i n g   a g e n t   is   e i t h e r   l e a d   or  t e l l u r i u m   o r  

t h a l l i u m   or  a n t i m o n y   or  t u n g s t e n .  

5.  A  m e t h o d   of  m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   2,  c h a r a c t e r i s e d   in  t h a t   t h e  

e m b r i t t l i n g   a g e n t   i s   a  m i x t u r e   of  any  of  l e a d , t e l l u r i u m ,  

t h a l l i u m ,   a n t i m o n y ,   t u n g s t e n   or  b i s m u t h .  

6.  A  m e t h o d   of  m a n u f a c t u r i n g   vacuum  i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   3,  c h a r a c t e r i s e d   in  t h a t  

t he   c o p p e r   p o w d e r   1  has   a  p a r t i c l e   s i z e   r a n g e   up  t o  

a p p r o x i m a t e l y   1 0 0 µ m ,   and  t h e   b i s m u t h   3  has   a  p a r t i c l e  

s i z e   of  up  to  a p p r o x i m a t e l y   4 0 µ m ,   and  t h e   c o p p e r   p o w d e r  

1  i s   f i r s t   m ixed   w i t h   t h e   b i s m u t h   3,  to  form  a  b a s e  

m i x t u r e   4  w h i c h   i s   t h e n   mixed   w i t h   t he   c h r o m i u m   2 .  



7.  A  m e t h o d   of  m a n u f a c t u r i n g   v a c u u m   i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   6,  c h a r a c t e r i s e d   in  t h a t  

t h e   b a s e   m i x t u r e   4  of  c o p p e r   p o w d e r   and  b i s m u t h   i s  

mixed   w i t h   c h r o m i u m   p o w d e r   2  h a v i n g   a  p a r t i c l e   s i z e  

r a n g e   of   up  to   a p p r o x i m a t e l y   2 0 0  µ m .  

8.  A  m e t h o d   of  m a n u f a c t u r i n g   v a c u u m   i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   7,  c h a r a c t e r i s e d   in  t h a t  

t h e   p r o p o r t i o n   of  b a s e   m i x t u r e   4  to  c h r o m i u m   2  i s   i n  

t h e   r a n g e   4 0 - 9 0 %   by  mass   of  b a s e   m i x t u r e   to  6 0 - 1 0 %  

by  mass   of   c h r o m i u m ,   t h i s   m i x t u r e   i n c l u d i n g   a p p r o x -  

i m a t e l y   0 . 1 5 %   by  mass   of  b i s m u t h   3 .  

9.  A  m e t h o d   of  m a n u f a c t u r i n g   v a c u u m   i n t e r r u p t e r  

c o n t a c t s   a c c o r d i n g   to  C l a i m   8,  c h a r a c t e r i s e d   in  t h a t  

t h e   m i x t u r e   5  i s   f i r s t   c o l d   p r e s s e d   6  to  a  d e n s i t y   o f  

a p p r o x i m a t e l y   93%  r e l a t i v e   to  t h e o r e t i c a l   m a x i m u m ,  

v a c u u m   s i n t e r e d   7  a t   a  t e m p e r a t u r e   of   b e t w e e n   a b o u t  

9 5 0 - 1 0 5 0 ° C   and  t h e n   c o l d   c o i n e d   8  to  a  d e n s i t y   o f  

a p p r o x i a m t e l y   98%  r e l a t i v e   to  t h e o r e t i c a l   m a x i m u m .  
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