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©  Vacuum  circuit  interrupter. 

A  vacuum  circuit  interrupter  includes  a  cylinder  (21, 111) 
made  of  a  metal  relatively  easy  to  deform  platically,  and  first 
and  second  insulating  disks  (22,  23,  112,  113)  closing  the 
ends  of  the  metallic  cylinder  (21, 111)  to  form  therewith  an 
evacuated  envelope  (20,  110).  A  stationary  conductive  rod 
(31,  121)  enters  the  envelope  (20,  110)  through  the  first  disk 
(22,  112)  in  such  a  manner  as  to  provide  a  seal  therewith.  A 
movable  conductive  rod  (32,  122)  movably  enters  the 
envelope  (20,  110)  through  the  second  disk  (23,  113).  A 
bellows  (39,  129)  is  fixed  at  its  one  end  to  the  movable  rod 
(32,  122)  and  at  its  other  end  to  the  second  disk  (23,  113)  in 
such  a  manner  as  to  provide  a  seal  about  the  movable  rod 
(32,  122)  to  allow  for  movement  thereof  without  impairing 
the  vacuum  inside  the  envelope  (20,  110).  Stationary  and 
movable  electrodes  (33,  34,  123,  124)  are  connected  to  the 
stationary  and  movable  rods  (31,32,121,122)  respectively  in 
such  a  manner  as  to  engage  and  disengage  with  each  other 
according  to  the  movement  of  the  movable  rod  (32,  122). 





T h i s   i n v e n t i o n   r e l a t e s   to  a  c i r c u i t   i n t e r r u p t e r  

and  more   p a r t i c u l a r l y   to  an  i n t e r r u p t e r   of  t he   vacuum  t y p e  

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

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

and  c l o s e   a  c i r c u i t .  

In  a  vacuum  c i r c u i t   i n t e r r u p t e r   of  the   p r i o r   a r t ,  

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

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

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

b e i n g   made  of  g l a s s   or  c e r a m i c   and  the   l a t t e r   b e i n g   made  o f  

an  i r o n - n i c k e l   or  i r o n - n i c k e l - c o b a l t   a l l o y   h a v i n g   a  

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

of  t he   g l a s s   or  c e r a m i c .   H o w e v e r ,   t he   i r o n - n i c k e l   or  i r o n -  

n i c k e l - c o b a l t   a l l o y   is  r e l a t i v e l y   e x p e n s i v e .  

I t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  vacuum  c i r c u i t   i n t e r r u p t e r   which   has   a  r e l a t i v e l y  

h i g h   r e l i a b i l i t y .  

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

p r o v i d e   a  vacuum  c i r c u i t   i n t e r r u p t e r   wh ich   has   a  r e l a t i v e l y  

h i g h   d u r a b i l i t y .  

I t   is  a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  vacuum  c i r c u i t   i n t e r r u p t e r  w h i c h   is   r e l a t i v e l y  

i n e x p e n s i v e .  

The  vacuum  c i r c u i t   i n t e r r u p t e r   of  t he   p r e s e n t  

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



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

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

form  t h e r e w i t h   an  e v a c u a t e d   e n v e l o p e .   The  f i r s t   and  s e c o n d  

d i s k s   each   have   a  c e n t r a l   a p e r t u r e .   A  s t a t i o n a r y  

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

c e n t r a l   a p e r t u r e   of  t he   f i r s t   d i s k ,   and  is   f i x e d   to  t h e  

f i r s t   d i s k   in  such   a  m a n n e r   as  to  p r o v i d e   a  s e a l   t h e r e w i t h .  

A  m o v a b l e   c o n d u c t i v e   rod  c o a x i a l l y   and  m o v a b l y   e n t e r s   t h e  

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

w i t h o u t   i m p a i r i n g   t he   vacuum  i n s i d e   the   e n v e l o p e .  

S t 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   a r e   c o n n e c t e d   to  t h e  

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

as  to  e n g a g e  w i t h   each   o t h e r   when  the   m o v a b l e   rod   m o v e s  

t o w a r d   the   s t a t i o n a r y   rod  and  d i s e n g a g e   when  the   m o v a b l e  

rod  moves  away  f rom  the   s t a t i o n a r y   r o d .  

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   be  a p p a r e n t   f r o m  

the   f o l l o w i n g   d e s c r i p t i o n   of  p r e f e r r e d   e m b o d i m e n t s  

t h e r e o f ,   t a k e n   in  c o n j u n c t i o n   w i t h   t he   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  l o n g i t u d i n a l   p a r t l y   s e c t i o n e d   v i ew  o f  

a  vacuum  c i r c u i t   i n t e r r u p t e r   a c c o r d i n g   to  a  f i r s t  

e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   an  e n l a r g e d   v i ew   of  the  j o i n t   b e t w e e n  

the   m e t a l l i c   c y l i n d e r ,   t he   u p p e r   i n s u l a t i n g   d i s k   and  t h e  

u p p e r   a u x i l i a r y   s h i e l d ,   in  F i g .   1 ;  

F i g .   3  is  an  e n l a r g e d   v i ew  of  the  j o i n t   b e t w e e n  

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



l o w e r   a u x i l i a r y  s h i e l d ,   i n  F i g .   1 ;  

F i g s .   4  to  10  a r e   each   s e c t i o n a l   v i e w s   of  t h e  

j o i n t s   b e t w e e n   a  m e t a l l i c   c y l i n d e r ,   an  i n s u l a t i n g   d i s k   a n d  

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

of  t h e   p r e s e n t - i n v e n t i o n ;  

F i g .   11  is  a  g r a p h   of  t e n s i l e   s t r e n g t h   a n d  

e x p a n s i o n   r a t e   a g a i n s t   t e m p e r a t u r e   fo r   c o p p e r   and  i r o n ,  

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

the   b r o k e n   c u r v e s   d e n o t e   the   e x p a n s i o n   r a t e s ;  

F i g .   12  is  a  l o n g i t u d i n a l   p a r t l y   s e c t i o n e d   v i e w  

of  a  vacuum  c i r c u i t   i n t e r r u p t e r   a c c o r d i n g   to  a  s e c o n d  

e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   13,  i s   a  l o n g i t u d i n a l   p a r t l y   s e c t i o n e d  v i e w  

of  a  vacuum  c i r c u i t   i n t e r r u p t e r   a c c o r d i n g   to  a  t h i r d  

e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   14  is  a  l o n g i t u d i n a l   p a r t l y   s e c t i o n e d   v i e w  

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

e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   15  i s   a  l o n g i t u d i n a l l y   h a l f - s e c t i o n e d  

d i a g r a m m a t i c   v iew  of  a  vacuum  c i r c u i t   i n t e r r u p t e r   a c c o r d i n g  

to  a  f i f t h   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   16  is  a  s e c t i o n   of  the   i n s u l a t i n g   d i s k   o f  

the   vacuum  c i r c u i t   i n t e r r u p t e r   in  F i g .   15  t a k e n   a l o n g   t h e  

d i a m e t e r   l i n e   t h e r e o f ;   a n d  

F i g .   17  is   a  d e t a i l e d   and  e n l a r g e d   v iew  of  t h e  

e n g a g e m e n t   b e t w e e n   the   i n s u l a t i n g   d i s k   and  the   c y l i n d r i c a l  

s h i e l d   of  the   vacuum  c i r c u i t   i n t e r r u p t e r   in  F i g .  1 6 .  



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

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

i n v e n t i o n   w h i c h   is   in  i t s   c l o s e d   s t a t e   and  has   an  e v a c u a t e d  

h o u s i n g   or  e n v e l o p e   20.  The  e n v e l o p e   20  c o n s i s t s   of  a  

m e t a l l i c   c y l i n d e r   21  and  a  p a i r   of  i n s u l a t i n g   d i s k s   22  a n d  

23  c l o s i n g   t h e   o p p o s i t e   e n d s   of  t h e   c y l i n d e r   2 1 .  

Each   of  the   d i s k s   22  and  23  has   a  c i r c u l a r  

c e n t r a l   a p e r t u r e   2.4  t h e r e i n   and  c o n c e n t r i c a l l y   a r r a n g e d  

a n n u l a r   p r o j e c t i o n s   25  and  26  on  t h e   i n n e r   s u r f a c e   t h e r e o f .  

In  o t h e r   w o r d s ,   t he   d i s k s   22  and  23  e a c h   have   an  a n n u l a r  

g r o o v e   27  so  as  to  form  t h e   p r o j e c t i o n s   25  and  26  on  i t s  

i n n e r   and  o u t e r   p e r i p h e r i e s   r e s p e c t i v e l y .   The  p r o j e c t i o n s  

25  and  2 6  e a c h   have   t h e i r   s u r f a c e s   g r o u n d   b e f o r e h a n d   t o  b e  

c o v e r e d   w i t h   m e t a l i z e d l a y e r s   28  and  29  r e s p e c t i v e l y .   T h e  

g r o o v e s   27  f a c i l i t a t e   t he   g r i n d i n g   of  the   p r o j e c t i o n s   25  

and  26  and  a r e   a p p r o x i m a t e l y   0 . 1   to   0 .5   mm  in  d e p t h .   T h e  

m e t a l l i c   c y l i n d e r   21  is   b r a z e d   a t   i t s   o p p o s i t e   e n d s   to  t h e  

o u t e r   m e t a l i z e d   l a y e r s   29  on  t h e   i n s u l a t i n g   d i s k s   2 2  a n d   23  

r e s p e c t i v e l y   to  f i x   t he   d i s k s   22  and  23  t h e r e t o .  

The  c y l i n d e r   21  i s   made  of  a  p l a s t i c a l l y  

d e f o r m a b l e   m e t a l ,   such   as  c o p p e r   or  i r o n ,   w h i c h   i s  

r e l a t i v e l y   i n e x p e n s i v e   and  i s   r e l a t i v e l y   e a s y   to  d e f o r m  

p l a s t i c a l l y ,   in  t he   c o o l i n g   p r o c e s s   a f t e r   b r a z i n g ,   t o  

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

n o n - m a g n e t i c   m e t a l   s u c h  a s   c o p p e r   is   more  p r e f e r a b l e   to  a  

m a g n e t i c   m e t a l   such  as  i r o n   f o r   t he   c y l i n d e r   11,  b e c a u s e  

v i b r a t i o n   f o r c e   e x e r t e d   t h e r e o n   by  an  a l t e r n a t i n g   c u r r e n t  



p a s s i n g   t h r o u g h   the   i n t e r r u p t e r   is  weake r   t h a n   t h a t   on  a  

m a g n e t i c   m e t a l   and  c o n s e q u e n t l y   the   i n t e r r u p t e r   has   a  

r e l a t i v e l y   h i g h   d u r a b i l i t y   and  r e l i a b i l i t y .   The  d i s k s   22  

and  23  a r e  m a d e   of  an  i n o r g a n i c   i n s u l a t o r ,   such   as  a l u m i n a  

c e r a m i c   or  c r y s t a l l i z e d   g l a s s .   The  m e t a l i z e d   l a y e r s   28  a n d  

29  a r e   made  of  a  m a n g a n e s e - t i t a n i u m   a l l o y   or  m o l y b d e n u m -  

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

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

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

s t a t i o n a r y   and  m o v a b l e   c o n t a c t   r o d s   31  and  3 2  p r o j e c t  

t h r o u g h   the   a p e r t u r e s   24  in  t he   u p p e r   and  l o w e r   d i s k s   22 

and  23  r e s p e c t i v e l y   to  e n t e r   t he   e n v e l o p e   20  in  such   a  

manner   as  to  e x t e n d   c o a x i a l l y   w i t h i n  t h e  c y l i n d e r   21  in  a n  

a l i g n e d   c o n f i g u r a t i o n .   The  r o d s  3 1   and  32  a r e   made  o f  

c o p p e r   or  a  c o p p e r   a l l o y .   A  p a i r   of  s t a t i o n a r y   and  m o v a b l e  

d i s k - s h a p e d   e l e c t r o d e s   33  and  3 4  a r e   s e c u r e d   c o a x i a l l y   t o  

the   s t a t i o n a r y   and  m o v a b l e   c o n t a c t   r o d s   31'  and  32 

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

m o v a b l e   e l e c t r o d e s   33  and  3 4  h a v e   c i r c u l a r   r e c e s s e s   35  a n d  

36  r e s p e c t i v e l y   on  t h e i r   o u t e r   s u r f a c e s .   T h e  i n n e r   e n d s   o f  

the   s t a t i o n a r y   and  m o v a b l e   c o n t a c t   r o d s   31  a n d   32  a r e  

f i t t e d   i n t o   the   r e c e s s e s   35  and  36  r e s p e c t i v e l y   and  b r a z e d  

to  the   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   33  and  34 

r e s p e c t i v e l y .   The  m o v a b l e   e l e c t r o d e   34  is  f o rmed   w i t h   a  

c o a x i a l   a n n u l a r   g r o o v e   37  on  i t s   uppe r   s u r f a c e .   A  r i n g -  

s h a p e d   c o n t a c t   38  i s  f i t t e d   i n t o   the  g r o o v e   37  and  i s  

b r a z e d   to  the   m o v a b l e   e l e c t r o d e   34.  The  s t a t i o n a r y   c o n t a c t  



rod  31  is   s e c u r e d   to  t he   u p p e r   d i s k   22,  w h i l e   t he   m o v a b l e  

c o n t a c t   rod   32  i s   s u i t a b l y   m o u n t e d   fo r   v e r t i c a l   m o v e m e n t ,  

as  d e s c r i b e d   h e r e i n a f t e r .   When  the   m o v a b l e   c o n t a c t   rod  32  

moves  u p w a r d   or  t o w a r d   the   s t a t i o n a r y   c o n t a c t   rod   31,   t h e  

c o n t a c t   38  e n g a g e s   the   s t a t i o n a r y   e l e c t r o d e   33  as  shown  i n  

F i g .   1,  t h e r e b y   c l o s i n g   the   i n t e r r u p t e r .   When  t he   m o v a b l e  

c o n t a c t   rod   32  moves  downward   or  away  f rom  t h e   s t a t i o n a r y  

c o n t a c t   r o d   31,  t he   c o n t a c t   38  d i s e n g a g e s   t he   s t a t i o n a r y  

e l e c t r o d e   33,   t h e r e b y   o p e n i n g   the   i n t e r r u p t e r .   S u i t a b l e  

a c t u a t i n g   means   (no t   shown)  i s   c o u p l e d   to  t h e   m o v a b l e  

c o n t a c t   rod   32  to  d r i v e   t he   same  upward   or  d o w n w a r d .  

A  f l e x i b l e   m e t a l l i c   b e l l o w s   39,  made  o f  

a u s t e n i t i c   s t a i n l e s s   s t e e l ,   c o a x i a l l y   s u r r o u n d s   t h e  

m o v a b l e   c o n t a c t   rod   32  i n s i d e   t he   e n v e l o p e   20  to   p r o v i d e   a  

s e a l   a b o u t   t he   rod  32  to  a l l o w   fo r   v e r t i c a l   m o v e m e n t  

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

e n v e l o p e   20.   The  b e l l o w s   39  i s   b r a z e d   c i r c u m f e r e n t i a l l y   a t  

i t s   u p p e r   end  to  t he   l o w e r   s u r f a c e   of  an  a n n u l a r   f l a n g e   40  

fo rmed   on  t h e   rod  32  n e a r   t he   u p p e r   end  t h e r e o f ,   and  a t   i t s  

l ower   end  to   t he   i n n e r   m e t a l i z e d   l a y e r   28  on  t h e   l o w e r   d i s k  

23.  The  s t a t i o n a r y   c o n t a c t   rod  31  is  p r o v i d e d   w i t h   a n  

a n n u l a r   g r o o v e   41  a b o u t   i t s   p e r i p h e r y   j u s t   b e l o w   t he   u p p e r  

d i s k   12  i n t o   w h i c h   a  r i n g   42  is   f i t t e d   and  b r a z e d   to  t he   r o d  

31.  An  a n n u l a r   s u p p o r t i n g   member  43  made  of  c o p p e r   or  i r o n  

is  p r o v i d e d   b e t w e e n   the  r i n g   42  and  the   i n n e r   m e t a l i z e d  

l a y e r   28  on  t he   u p p e r   d i s k   22  and  i s   b r a z e d   to  t he   r i n g   4 2  

and  the   l a y e r   28  to  p r o v i d e   a  s e a l   a b o u t   the   rod  31.   T h u s  



t he   s t a t i o n a r y   c o n t a c t   rod  31  is  s e c u r e d   to  t he   u p p e r  

d i s k  2 2 .  

A  p a i r   of  c y l i n d r i c a l   u p p e r   and  l o w e r   a u x i l i a r y  

s h i e l d s   44  and  45  a r e   c o a x i a l l y   s e c u r e d   to  t he   u p p e r   a n d  

l o w e r   e n d s   of  t he   m e t a l l i c   c y l i n d e r   21  r e s p e c t i v e l y .   T h e  

u p p e r   a u x i l i a r y   s h i e l d  4 4   has   an  i n t e g r a l l y  f o r m e d  f l a n g e  

46  a t   i t s   u p p e r   end ,   whose   p e r i p h e r y   is  b r a z e d  t o   t h e  

c y l i n d e r   21.  The  l o w e r  - a u x i l i a r y   s h i e l d   45  has   a  s i m i l a r  

f l a n g e   47  a t   i t s   l o w e r   end ,   whose   p e r i p h e r y   is   a l s o   b r a z e d  

to  t h e   c y l i n d e r   21.  The  a u x i l i a r y   s h i e l d s   44  and  4 5  a r e  

made  of   a u s t e n i t i c   s t a i n l e s s   s t e e l ,   or  may  be  m a d e  o f  

c o p p e r   or  i r o n .  

A  p a i r   of  c u p - s h a p e d  m a i n   s h i e l d s   48  and  49  a r e  

c o a x i a l l y   s e c u r e d   to  t he   s t a t i o n a r y   and  m o v a b l e   c o n t a c t  

r o d s   31  and  32  r e s p e c t i v e l y   nea r   t h e i r   i n n e r   e n d s .   T h e  

s h i e l d s   48  and  49  a r e   made  of  a  s i m i l a r   m e t a l   to  t h a t  

f o r m i n g   t he   s h i e l d s   44  and   45.  The  m a i n  s h i e l d s   48  and  49 

a r e   p r o v i d e d   in  t h e i r   b a s e s   w i t h   c e n t r a l   a p e r t u r e s   50  a n d  

51  r e s p e c t i v e l y   t h r o u g h   w h i c h   the   r o d s   31  and  32  p a s s ,   a n d  

h a v e  a   g r e a t e r   d i a m e t e r   t h a n   t h a t   of  t h e  s h i e l d s   44  and  4 5 .  

The  u p p e r   m a i n  s h i e l d   48  f a c e s   upward   in  s u c h   a  manner   a s  

to  c o v e r   t he   l o w e r   o p e n i n g   of  t he   u p p e r   a u x i l i a r y   s h i e l d   44 

and  p a r t l y   o v e r l a p   the   l o w e r   end  of  t he   s h i e l d   44  a x i a l l y .  

The  s t a t i o n a r y   c o n t a c t   rod   31  is   p r o v i d e d   n e a r   i t s   l o w e r  

end  w i t h   an  a n n u l a r   g r o o v e   52  a b o u t  i t s   p e r i p h e r y   i n t o  

w h i c h   a  r i n g   53  is   f i t t e d   and  b r a z e d   to  t he   rod   31.  T h e  

u p p e r   main   s h i e l d   48  is   b r a z e d   a l o n g   the   p e r i p h e r y   of  i t s  



c e n t r a l   a p e r t u r e   50  to  t he   u p p e r   s u r f a c e   of  t he   r i n g   5 3 .  

The  l o w e r   main   s h i e l d   49  f a c e s   downward   in  such   a  m a n n e r   a s  

to  c o v e r   t h e   u p p e r   o p e n i n g   of  t h e   l o w e r   a u x i l i a r y   s h i e l d   4 5  

and  t e r m i n a t e   a t   i t s   l o w e r   end  n e a r   the   same  r e l a t i v e   a x i a l  

p o s i t i o n   t h e r e w i t h   as  t h a t   of  t h e   uppe r   end  of  t he   s h i e l d  

45  when  t h e   m o v a b l e   rod   32  i s   in  the   c l o s e d   p o s i t i o n   a s  

shown  in  F i g .   1.  The  l o w e r   ma in   s h i e l d   49  is   b r a z e d   a l o n g  

the   p e r i p h e r y   of  t he   c e n t r a l   a p e r t u r e   51  to  t he   u p p e r  

s u r f a c e   of  the   f l a n g e   40  on  t h e   rod  32.  The  l o w e r   s h i e l d s  

45  and  49  s u b s t a n t i a l l y   e n c l o s e   t he   b e l l o w s   39  to  p r o t e c t  

the   same  f rom  the   d e p o s i t i o n   of  m e t a l l i c   v a p o r s   p r o d u c e d   b y  

a r c i n g   a c r o s s   t he   e l e c t r o d e s   3 3  a n d   34  or  the   c o n t a c t   3 8 .  

The  u p p e r   s h i e l d s   44  and  48,   and  the   l o w e r   s h i e l d s   45  a n d  

49  s u b s t a n t i a l l y   i s o l a t e   t he   u p p e r   and  l o w e r   d i s k s   22  a n d  

23  r e s p e c t i v e l y   f rom  t he   e l e c t r o d e s   33,  34  and  the   c o n t a c t  

38  to   p r o t e c t   t he   i n n e r   s u r f a c e s   of  the   d i s k s   22  and  23  

r e s p e c t i v e l y   f rom  the   d e p o s i t i o n   of  m e t a l l i c   v a p o r s .  

As  b e s t   i l l u s t r a t e d   in  F i g .   2  ( s h o w i n g   t h e   u n -  

b r a z e d   c o n d i t i o n ) ,   t he   u p p e r   end  of  the   c y l i n d e r   21  has   a n  

a n n u l a r   d o u b l e - s t e p   54  on  i t s   i n n e r   s u r f a c e .   The  i n s i d e  

d i a m e t e r   of  t he   c y l i n d e r   21  d i s c o n t i n u o u s l y   i n c r e a s e s   w i t h  

the   u p w a r d   d i r e c t i o n   a t   t he   d o u b l e - s t e p   54.  The  u p p e r   d i s k  

22  i s   f i t t e d   i n t o   t he   l a r g e s t   d i a m e t e r   p a r t   55  of  t h e  

d o u b l e - s t e p   54  and  i s   b r a z e d   a t   the   m e t a l i z e d   l a y e r   29  t o  

the   l a r g e r   d i a m e t e r   s h o u l d e r   56  of  the   d o u b l e - s t e p   54  w i t h  

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

57  i n t e r p o s e d   t h e r e b e t w e e n .   The  f l a n g e   46  of  t he   u p p e r  



a u x i l i a r y   s h i e l d   44  is   f i t t e d   i n t o   the   m i d d l e   d i a m e t e r   p a r t  

58  of  the   d o u b l e - s t e p   54  and  is  b r a z e d  t o   the   m e t a l l i c  

c y l i n d e r   21  in  such   a  m a n n e r   as  to  be  p a r a l l e l   to  b u t  

s p a c e d   away  from  the   u p p e r   d i s k   2 2 .  

As  b e s t   i l l u s t r a t e d   in  F i g .   3  ( s h o w i n g   the   u n -  

b r a z e d   c o n d i t i o n ) ,   t h e   l o w e r   end  of  t he   c y l i n d e r   21  has  a n  

a n n u l a r   d o u b l e - s t e p   59  on  i t s   i n n e r   s u r f a c e .   The  i n s i d e  

d i a m e t e r   of  the   c y l i n d e r   21  d i s c o n t i n u o u s l y   i n c r e a s e s   w i t h  

t h e   downward   d i r e c t i o n   a t   t he   d o u b l e - s t e p   59.  The  l o w e r  

d i s k   23  is  f i t t e d   i n t o   t h e   l a r g e s t   d i a m e t e r   p a r t   60  of  t h e  

d o u b l e - s t e p   59  and  is   b r a z e d   at   the   m e t a l i z e d   l a y e r   29  t o  

t h e   l a r g e r   d i a m e t e r   s h o u l d e r   61  of  t he   d o u b l e - s t e p   59  w i t h  

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

62  i n t e r p o s e d  t h e r e b e t w e e n .   The  f l a n g e   47  of  the   l o w e r  

a u x i l i a r y   s h i e l d   45  i s   f i t t e d   i n t o   t he   m i d d l e   d i a m e t e r   p a r t  

63  of  the   d o u b l e - s t e p   59  and  is  b r a z e d   to  the   m e t a l l i c  

c y l i n d e r   21  w i t h   a  r i n g - s h a p e d   w i r e   of  b r a z i n g   m e t a l   64  

i n t e r p o s e d   b e t w e e n   t he   u p p e r   s u r f a c e   of  t he   f l a n g e   47  a n d  

t he   l e s s e r   d i a m e t e r   s h o u l d e r   65  of  the   d o u b l e - s t e p   59.  A 

r i n g - s h a p e d   t h i n   s p a c e r   66  made  of  a u s t e n i t i c   s t a i n l e s s  

s t e e l ,   c o p p e r ,   or  i r o n   is  p r o v i d e d   b e t w e e n   the  l o w e r  

s u r f a c e   of  the   f l a n g e   47  and  the   m e t a l i z e d   l a y e r   28  on  t h e  

l o w e r   d i s k   23  i n s i d e   t he   p i e c e   of  b r a z i n g   m e t a l   62  t o  

l o c a t e   the  l ower   a u x i l i a r y   s h i e l d   45  so  t h a t   the   f l a n g e   47  

of  t he   s h i e l d   45  w i l l   be  p a r a l l e l   to  b u t   s p a c e d   away  f r o m  

t h e   l o w e r   d i s k   23  so  as  no t   to  t o u c h   the   same  when  t h e  

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



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

As  i l l u s t r a t e d   in  F i g .   4  ( s h o w i n g   the   u n - b r a z e d  

c o n d i t i o n ) ,   t he   u p p e r   end  of  t he   m e t a l l i c   c y l i n d e r   21  may  

be  p r o v i d e d   w i t h   an  a n n u l a r   s t e p   70  on  i t s   o u t e r   s u r f a c e  

i n s t e a d   of  t h e   d o u b l e - s t e p   54.  In  t h i s   c a s e ,   t he   o u t e r  

p r o j e c t i o n   26  of  t he   u p p e r   d i s k   22  is  f i t t e d   and  t h e n  

b r a z e d   to  t he   s t e p   70  w i t h   a  r i n g - s h a p e d ,   r e c t a n g u l a r  

s e c t i o n   p i e c e   of  b r a z i n g   m e t a l   71  i n t e r p o s e d   b e t w e e n   t h e  

m e t a l i z e d   l a y e r   29  on  t h e   p r o j e c t i o n   26  and  the   s h o u l d e r   7 2  

of   the  s t e p   70,   w h i l e   t h e   f l a n g e   46  of  the   s h i e l d   44  i s  

p l a c e d   on  the   t o p   end  of  t he   c y l i n d e r   21.  The  l o w e r   end  o f  

t he   m e t a l l i c   c y l i n d e r   21  may  be  d e s i g n e d   in  a  s i m i l a r  

manner   to  t he   u p p e r   end  t h e r e o f .  

As  i l l u s t r a t e d   in  F i g .   5  ( s h o w i n g   the   u n - b r a z e d  

and  i n v e r t e d   c o n d i t i o n ) ,   the   m e t a l l i c   c y l i n d e r   21  may  b e  

p r o v i d e d   w i t h   an  a n n u l a r   s t e p   73  on  the   o u t e r   s u r f a c e   o f  

i t s   upper   end  i n s t e a d   of  t he   d o u b l e - s t e p   54,  and  may  be  o f  

a  l e s s e r   o u t s i d e   d i a m e t e r   t h a n   t h a t   of  t he   u p p e r   d i s k   22  s o  

as  to  form  an  a n n u l a r   s h o u l d e r   74  o u t s i d e   t he   c y l i n d e r   2 1 .  

In  t h i s   c a s e ,   t h e   o u t e r   p r o j e c t i o n   26  of  t he   d i s k   22  i s  

f i t t e d   and  t h e n   b r a z e d   to   the   s t e p   73  w i t h   a  r i n g - s h a p e d ,  

c i r c u l a r   s e c t i o n   p i e c e   of  b r a z i n g   m e t a l   75  p l a c e d   on  t h e  

m e t a l i z e d   l a y e r   29  of  t h e   p r o j e c t i o n   26  or  the   s h o u l d e r   7 4  

and  a b u t t e d   a g a i n s t   t he   m e t a l l i c   c y l i n d e r   21  a t   the   i n n e r  

c o r n e r ,   w h i l e   t he   f l a n g e  4 6   of  t he   s h i e l d  4 4   is   p l a c e d  

s i m i l a r l y   to  t h a t   shown  in  F i g .   4.  The  l ower   end  of   t h e  

m e t a l l i c   c y l i n d e r   21  may  be  d e s i g n e d   in  a  s i m i l a r   m a n n e r   t o  



t he   u p p e r   end  t h e r e o f .  

As  i l l u s t r a t e d   in  F i g .   6  ( s h o w i n g   the   u n - b r a z e d  

c o n d i t i o n ) ,   the   u p p e r   end  of  t he   m e t a l l i c   c y l i n d e r   21  may 

be  p r o v i d e d   w i t h   an  a n n u l a r   d o u b l e - s t e p   76  on  i t s   o u t e r  

s u r f a c e   in  such  a  m a n n e r   t h a t   the   o u t s i d e   d i a m e t e r   of  t h e  

c y l i n d e r   a t   the   d o u b l e - s t e p   76  d i s c o n t i n u o u s l y   d e c r e a s e s  

w i t h   t he   upward   d i r e c t i o n ,   and  t h a t   t he   l e a s t   d i a m e t e r  

p a r t   77  of  the   d o u b l e - s t e p   76  has   a  s l i g h t l y   l e s s   o u t s i d e  

d i a m e t e r   t h a n   the   i n s i d e   d i a m e t e r   of  t he   p r o j e c t i o n   26  o f  

the   u p p e r   d i s k   22  and  has   a  s l i g h t l y   l o w e r   h e i g h t   t h a n   t h a t  

of  t he   p r o j e c t i o n   26.  In  t h i s   c a s e ,   the   o u t e r   p r o j e c t i o n  

26  of  t h e   d i s k   22  is   f i t t e d   and  t h e n  b r a z e d   to  t he   s m a l l e r  

and  l a r g e r   d i a m e t e r   s h o u l d e r s   78  and  79  of  t he   d o u b l e - s t e p  

76  w i t h   a  r i n g - s h a p e d ,   c i r c u l a r   s e c t i o n   p i e c e   of  b r a z i n g  

m e t a l   80  i n t e r p o s e d   b e t w e e n   t he   m e t a l i z e d   l a y e r   29  on  t h e  

p r o j e c t i o n   26  and  the   l a r g e r   d i a m e t e r   s h o u l d e r   79  of  t h e  

d o u b l e - s t e p   76,  w h i l e   t he   f l a n g e   46  of  t he   s h i e l d   44  i s  

p l a c e d   s i m i l a r l y   to  t h a t   shown  in  F i g .   4.  The  l o w e r   end  o f  

the   m e t a l l i c   c y l i n d e r   21  may  be  d e s i g n e d   in  a  s i m i l a r  

manne r   to  the   u p p e r   end  t h e r e o f .  

The  m e t a l l i c   c y l i n d e r   21  may  be  made  o f  

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

and  has   a  r e l a t i v e l y   h i g h   m e c h a n i c a l   s t r e n g t h .   In  t h i s  

c a s e ,   t he   m e t a l l i c   c y l i n d e r   21  s h o u l d   be  p r o v i d e d   w i t h   a  

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

c o m p o s e d   of  an  a n n u l a r ,   s e m i c i r c u l a r   s e c t i o n   g r o o v e   81  

f o r m e d   on  each   of  t he   end  s u r f a c e s   of  t he   c y l i n d e r   21  i n  



c o n t a c t   w i t h   t he   p r o j e c t i o n s   26  of  t he   d i s k   22  or  2 3 ,  

w h i l e   t he   f l a n g e s   46  or  47  of  the   s h i e l d s   44  or  45  a r e  

p l a c e d   on  the   p r o j e c t i o n s   26,   as  shown  in  F i g .   7.  T h e  

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

82  f o r m e d   on  e a c h   of  t he   e n d s   of  the   c y l i n d e r   21  by  a n n u l a r  

s t e p - s h a p e d   g r o o v e s   83  on  t h e   i n n e r   end  s u r f a c e s   of  t h e  

d i s k   22  or  23,  as  shown  in  F i g .   8.  The  end  of  e a c h   t h i n  

s e g m e n t   82  i s   in  c o n t a c t   w i t h   t he   p r o j e c t i o n   26  of  t he   d i s k  

22  or  23.  As  shown  in  F i g .   9,  the   s t r u c t u r e   may  b e  

c o n s t r u c t e d   of  an  t h i n   a n n u l a r   s e g m e n t   84  f o r m e d   on  e a c h   o f  

the   e n d s   of  t he   c y l i n d e r   21  by  an  a n n u l a r ,   r e c t a n g u l a r  

g r o o v e   85  on  the   i n n e r   s u r f a c e   of  the   c y l i n d e r   21.  T h e  

g r o o v e   85  i s   p o s i t i o n e d   away  f rom  the   end  of  t h e   c y l i n d e r  

21  so  t h a t   a  t h i c k   c y l i n d r i c a l   s e g m e n t   86  w i l l   be  p r o v i d e d  

b e t w e e n   t h e   t h i n   s e g m e n t   84  and  the   p r o j e c t i o n   26  of  t h e  

d i s k   22  or  23  and  t h a t   t he   end  s u r f a c e   of  t he   t h i c k   s e g m e n t  

86  or  t he   c y l i n d e r   21  w i l l   be  in  c o n t a c t   w i t h   t h e  

p r o j e c t i o n .   As  shown  in  F i g .   10,  the   s t r u c t u r e   may  b e  

c o n s t r u c t e d   of  an  t h i n   a n n u l a r ,   w a v e - s h a p e d   s e g m e n t   87 

fo rmed   a t   e a c h   of  the   e n d s   of  the   c y l i n d e r   21.   The  t h i n  

s e g m e n t   87  is   b e n t   i n w a r d   to  form  a  U - s h a p e d   s e c t i o n  

t h e r e o f   and  i s   in  c o n t a c t   a t   t he   end  s u r f a c e   t h e r e o f   w i t h  

the   p r o j e c t i o n   26  of  t he   d i s k   22  or  2 3 .  

To  m a n u f a c t u r e   t h e   vacuum  c i r c u i t   i n t e r r u p t e r  

d e s i g n e d   as  a b o v e ,   t h e   vacuum  c i r c u i t   i n t e r r u p t e r   i s  

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

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



v a c u u m   c i r c u i t   i n t e r r u p t e r   is  b r a z e d   w i t h i n   a  v a c u u m  

f u r n a c e .  

In  o r d e r   to  t e m p o r a r i l y   a s s e m b l e   the   v a c u u m  

c i r c u i t   i n t e r r u p t e r ,   f i r s t   t h e   i n s u l a t i n g   d i s k   23  i s  

s u p p o r t e d   h o r i z o n t a l l y   so  t h a t   t he   m e t a l i z e d   l a y e r s   28  a n d  

29  t h e r e o n   f a c e   u p w a r d   and  s e c o n d l y   the   b e l l o w s   39  i s  

p l a c e d   c o a x i a l l y   on  the   d i s k   23  w i t h   b r a z i n g   m e t a l   ; 

i n t e r p o s e d   b e t w e e n   the   i n n e r   m e t a l i z e d   l a y e r   28  and  t h e  

l o w e r   end  of  the   b e l l o w s   39.  T h i r d l y   the   a u x i l i a r y   s h i e l d  

45  i s   p l a c e d   c o a x i a l l y   on  the   d i s k   23  w h i l e   t he   s p a c e r   66 

( s e e   F i g .   3)  is   i n t e r p o s e d   b e t w e e n   the   f l a n g e   47  t h e r e o f  

and  t he   o u t e r   m e t a l i z e d   l a y e r   29.  Then  t he   m o v a b l e   c o n t a c t  

rod  32  is   i n s e r t e d   i n t o   t he   b e l l o w s   39  f rom  a b o v e  u n t i l   t h e  

f l a n g e   40  t h e r e o f  a b u t s   on  the   u p p e r   end  of  the   b e l l o w s   39 

w i t h   b r a z i n g   m e t a l   i n t e r p o s e d   b e t w e e n   t h e  f l a n g e   40  and  t h e  

u p p e r   end  of  t he   b e l l o w s   3 9 .  

A t  t h e   u p p e r   end  of  t he   m o v a b l e   c o n t a c t   rod  3 2 ,  

t he   s h i e l d   49  i s   f i r s t   e n g a g e d   to   the   f l a n g e   40  w i t h  

b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n ,   and  the   m o v a b l e  

e l e c t r o d e   34  w i t h   the   c o n t a c t   38  f i t t e d   i n t o   the   g r o o v e   37 

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

the   u p p e r   end  of  t he   m o v a b l e   c o n t a c t   rod  32  w i t h   b r a z i n g  

m e t a l   p l a c e d   a t   t he   b o t t o m   of  t he   r e c e s s   3 6 .  

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

m o v a b l e   e l e c t r o d e   34  and  the   o t h e r   p a r t s   a r e   t e m p o r a r i l y  

a s s e m b l e d   on  the   d i s k   23  as  m e n t i o n e d   a b o v e ,   the   m e t a l l i c  

c y l i n d e r   21  is  f i t t e d  o n   the   p e r i p h e r y   of  the   d i s k   23  a n d  



t he   p e r i p h e r y   of  t he   f l a n g e   47  of  t he   s h i e l d   45  a t   t h e  

d o u b l e - s t e p   59.  As  shown  in  F i g .   3,  t he   b r a z i n g   m e t a l  

p i e c e s   62  and  64  a r e   f i r s t   i n t e r p o s e d   b e t w e e n   t he   c y l i n d e r  

21  and  the   d i s k   23  a t   t he   m e t a l i z e d   l a y e r   29,  and  b e t w e e n  

the   c y l i n d e r   21  and  the   f l a n g e   47  of  t he   s h i e l d   45  

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

The  s t a t i o n a r y   e l e c t r o d e   33  is  f i t t e d   by  t h e  

r e c e s s   35  to  t he   end  of  t he   s t a t i o n a r y   c o n t a c t   rod   31  w i t h  

b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n ,   w h i l e   t he   s h i e l d   48 

is   e n g a g e d   to  t he   r i n g   53  m o u n t e d   on  t he   rod   31  w i t h  

b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n .   A f t e r   t he   rod  31  

w i t h   t he   e l e c t r o d e   33  and  the   s h i e l d   48  i s   i n s e r t e d   i n t o  

the   c y l i n d e r   21  so  as  to  be  c a r r i e d   on  the   m o v a b l e  

e l e c t r o d e   34,  t h e   f l a n g e   46  of  t he   u p p e r   a u x i l i a r y   s h i e l d  

44  is   f i t t e d   to  t he   c y l i n d e r   21  a t   t he   d o u b l e - s t e p   54  ( s e e  

F i g .   2)  t h e r e o f .   Then  t he   s u p p o r t i n g   member  43  i s   f i t t e d  

to  t he   s t a t i o n a r y   c o n t a c t   rod  31  and  is   e n g a g e d   to  t he   r i n g  

42  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n .   The  u p p e r  

d i s k   22  is  p l a c e d   on  t h e   s u p p o r t i n g   member  43  w i t h   b r a z i n g  

m e t a l   i n t e r p o s e d   b e t w e e n   the   i n n e r   m e t a l i z e d   l a y e r   28 

t h e r e o n   and  t he   s u p p o r t i n g   member  43,   and  l a s t l y   t he   d i s k s  

22  i s   f i t t e d   i n t o   t he   c y l i n d e r   21  a t   t he   d o u b l e - s t e p   5 4  

w i t h   t he   p i e c e   of  b r a z i n g   m e t a l   57  ( s e e   F i g .   2)  i n t e r p o s e d  

b e t w e e n   the   o u t e r   m e t a l i z e d   l a y e r   29  and  t he   s h o u l d e r   56  o f  

t he   d o u b l e - s t e p   54  of  t h e   c y l i n d e r   2 1 .  

The  vacuum  c i r c u i t   i n t e r r u p t e r   a s s e m b l e d  

t e m p o r a r i l y   as  m e n t i o n e d   above   is   p l a c e d   w i t h i n   a  v a c u u m  



f u r n a c e   and  h e a t e d   w h i l e   the   f u r n a c e   is  e v a c u a t e d   to  a  

p r e s s u r e   u n d e r   1 0 - 5   T o r r .   S i n c e   the   h e a t i n g   a c t s   t o  

d e a e r a t e   the   c o m p o n e n t s ,   and  a l s o   p r e v e n t   o x i d i z e d   f i l m s  

from  f o r m i n g   o n   t he   b r a z e d   s u r f a c e s ,   t he   h e a t i n g  

t e m p e r a t u r e   is   d e s i r a b l e   to  be  h i g h e r   i f   i t   d o e s   no t   c a u s e  

the   b r a z e   to  m e l t   a n d  t h e   vacuum  p r e s s u r e   i s   p r e f e r a b l y  

above   10 -5   T o r r .   Then  the   t e m p e r a t u r e   in  t he   v a c u u m  

f u r n a c e   is   r a i s e d   to   a  r a n g e   f rom  900°C  to  1050°C  in  o r d e r  

to  a c t i v a t e   t he   s u r f a c e   of  t he   a u s t e n i t i c   s t a i n l e s s   s t e e l ,  

and  the   c o m p o n e n t s   a r e   h e r m e t i c a l l y   j o i n e d   by  the   b r a z i n g  

m e t a l s   w h i l e   t he   v a c u u m   f u r n a c e   is   e v a c u a t e d   so  as  to  m a k e  

the   p r e s s u r e   t h e r e i n   u n d e r   10-5   T o r r .   T h e  i n s i d e   of  t h e  

vacuum  f u r n a c e   i s   g r a d u a l l y   c o o l e d   f rom  the   b r a z i n g  

t e m p e r a t u r e   to  a  p r e d e t e r m i n e d   t e m p e r a t u r e   by  f u r n a c e  

c o o l i n g   fo r   e x a m p l e   and  t h e n   c o o l e d   g r a d u a l l y   a g a i n   to  r o o m  

t e m p e r a t u r e   a f t e r   b e i n g   m a i n t a i n e d   a t   t he   p r e d e t e r m i n e d  

t e m p e r a t u r e   fo r   a  p r e d e t e r m i n e d   t i m e ,   or  is  g r a d u a l l y  

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

t e m p e r a t u r e  b e f o r e   t he   c i r c u i t   i n t e r r u p t e r   is  t a k e n   o u t  

f rom  the   vacuum  f u r n a c e .  

In  t he   a b o v e   m e n t i o n e d   m a n u f a c t u r i n g   m e t h o d ,   t h e  

u p p e r   l i m i t   of  t h e   h e a t i n g   t e m p e r a t u r e   can  be  made  u n d e r  

900°C  by  f i r s t   p l a t i n g   the   b r a z i n g   s u r f a c e s   of  t he   b e l l o w s  

39  and  the   o t h e r   p a r t s   made  of  a u s t e n i t i c   s t a i n l e s s   s t e e l  

w i t h   n i c k e l .  

The  j o i n t s   b e t w e e n   the   d i s k s   22  and  23,  made  o f  

i n o r g a n i c   i n s u l a t o r   such   as  a l u m i n a   c e r a m i c   or  t he   l i k e ,  



and  the   m e t a l l i c   c y l i n d e r   21,  made  of  c o p p e r   or  i r o n   can  b e  

made  to  have   an  a d e q u a t e   a i r t i g h t   p r o p e r t y   and  m e c h a n i c a l  

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

t h e r e o f   a r e   e x t r e m e l y   d i f f e r e n t   f rom  each   o t h e r .   As  s h o w n  

by  the   s o l i d   c u r v e s   in  F i g .   11,   t he   t e n s i l e   s t r e n g t h s   o f  

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

w h e r e a s   as  shown  by  the   b r o k e n   c u r v e s   the   e x p a n s i o n   r a t e s  

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

t e m p e r a t u r e .   T h e r e f o r e ,   when  t h e   c o p p e r   or  i r o n   c y l i n d e r  

21  is   b r a z e d   to  the   d i s k s   22  and  23  of  an  i n o r g a n i c  

i n s u l a t o r   such   as  a l u m i n a   c e r a m i c   or  the   l i k e   a t   a  h i g h  

t e m p e r a t u r e   of  900°C  to  1 0 5 0 ° C ,   t he   c y l i n d e r   21  i s  

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

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

s i n c e   the   t e n s i l e   s t r e n g t h   t h e r e o f  i s   e x t r e m e l y   s m a l l  

r e l a t i v e   to  t he   m e c h a n i c a l   s t r e n g t h   of  the   d i s k s   22  and  2 3 .  

Thus   t he   a i r t i g h t   p r o p e r t y   of  t h e   j o i n t s   t h e r e o f   is   n o t  

damaged   and  t h e   r e s i d u a l   t h e r m a l   s t r e s s e s   a r e   e x t r e m e l y  

s m a l l   when  t he   j o i n t s   a r e   c o o l e d   to  room  t e m p e r a t u r e .  

I r o n   can  be  j o i n e d   h e r m e t i c a l l y   to  an  i n o r g a n i c  

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

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

s t r e n g t h   t h e r e o f   a t   each   t e m p e r a t u r e   is  g r e a t e r   t h a n   t h a t  

of  c o p p e r   as  shown  by  t he   s o l i d   c u r v e s   in  F i g .   11,  and  t h e  

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

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

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



shown  by  the   b r o k e n   c u r v e s   in  F i g .   1 1 .  

The  j o i n t   b e t w e e n   t he   l o w e r   d i s k   23  of  a n  

i n o r g a n i c   i n s u l a t o r   such   as  a l u m i n a   c e r a m i c   or  t he   l i k e   a n d  

the   b e l l o w s   39  of  a u s t e n i t i c   s t a i n l e s s   s t e e l   can  be  made  t o  

have   an  a d e q u a t e   a i r t i g h t   p r o p e r t y   and  m e c h a n i c a l   s t r e n g t h ,  

s i n c e   the   b e l l o w s   39  i s   a p p r o x i m a t e l y   0 .1   to  0 .2  mm  i n  

t h i c k n e s s   and  the   t h e r m a l   s t r e s s   c a u s e d   d u r i n g   b r a z i n g   i s  

e x t r e m e l y   s m a l l   r e l a t i v e   to  t h e   m e c h a n i c a l   s t r e n g t h   of  t h e  

d i s k   23  and  c o n s e q u e n t l y   t he   b e l l o w s   39  i t s e l f   d e f o r m s  

p l a t i c a l l y   in  the   g r a d u a l   c o o l i n g   p r o c e s s .  

In  F i g .   12  is   i l l u s t r a t e d   a  vacuum  c i r c u i t  

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

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

d e s i g n a t e d   by  the  same  n u m e r a l s   as  t h o s e   in  F i g .   1.  T h i s  

i n t e r r u p t e r   is  s i m i l a r   to  t h a t   in  F i g .   1  e x c e p t   fo r   t h e  

f o l l o w i n g   p o i n t s .  

The  m e t a l l i c   c y l i n d e r   21  has   s t e p s   100  and  101  o n  

e a c h   of  i t s   i n n e r   end  s u r f a c e s .   The  u p p e r   and  l o w e r  

i n s u l a t i n g   d i s k s   22  and  23  e a c h   have   m e t a l i z e d   l a y e r s   1 0 2  

and  103  on  t h e i r   i n n e r   and  o u t e r   c i r c u m f e r e n t i a l   s u r f a c e s  

r e s p e c t i v e l y .   The  i n n e r   s u r f a c e   of  e ach   d i s k   is  f l a t .   T h e  

o u t e r   end  of  the  u p p e r   d i s k   22  i s   f i t t e d   and  b r a z e d ,   at   t h e  

m e t a l i z e d   l a y e r   103,   to  t he   u p p e r   s t e p   100  of  t he   c y l i n d e r  

21,  w h i l e   the   f l a n g e   46  of  t h e   u p p e r   a u x i l i a r y   s h i e l d   44  i s  

f i t t e d   b e t w e e n   the   s h o u l d e r   of  the   s t e p   100  and  the   d i s k  

22,  so  as  to  p r o v i d e   a  c o m p r e s s i o n   s e a l   a b o u t   the   u p p e r  

d i s k   22.  The  o u t e r   end  of  t h e  l o w e r   d i s k   23  is  f i t t e d   a n d  



b r a z e d ,   a t   t he   m e t a l i z e d   l a y e r   103 ,   to  t he   l o w e r   s t e p   1 0 1  

of  the  c y l i n d e r   21  so  as  to  p r o v i d e   a  s i m i l a r   s e a l   a b o u t  

the  lower   d i s k   23.  The  f l a n g e   47  of  t he   l o w e r   a u x i l i a r y  

s h i e l d   45  i s   e n g a g e d ,   by  c r i m p i n g ,   to  t he   l o w e r   s t e p   1 0 1  

above   the   l o w e r   d i s k   22  w h i l e   a b u t t i n g   w i t h   t he   s h o u l d e r   o f  

the  s t e p   101 ,   in  o r d e r   to  p r e v e n t   i t   f rom  b e i n g   p u l l e d   a w a y  

from  the  c y l i n d e r   21  when  the   i n t e r r u p t e r   is  t e m p o r a r i l y  

a s s e m b l e d .   The  f l a n g e   47  i s   so  p o s i t i o n e d   as  to   b e  

p a r a l l e l   to  b u t   s p a c e d   f rom  the   l o w e r   d i s k   22.  A  r i n g - l i k e  

s u p p o r t i n g   member  104  of  an  L - s h a p e d   s e c t i o n   has   a  c o a x i a l  

a p e r t u r e   105  a c c o m m o d a t i n g   s n u g l y   the   s t a t i o n a r y   c o n t a c t  

rod  31.  The  s u p p o r t i n g   member  104  is   s e a t e d   on  and  b r a z e d  

to  the  u p p e r   s u r f a c e   of  the   r i n g   42,  and  is  a l s o   s e a t e d   o n  

and  b r a z e d   to  t h e   i n n e r   end  of  t he   u p p e r   d i s k   22  a t   t h e  

i n n e r   m e t a l i z e d   l a y e r   102 ,   so  as  to  p r o v i d e   a  s e a l   a b o u t  

the  rod  31.  The  c y l i n d r i c a l   l o w e r   end  of  the   b e l l o w s   39  i s  

c i r c u m f e r e n t i a l l y   b r a z e d   to  t he   l o w e r   d i s k   22  a t   t he   i n n e r  

m e t a l i z e d   l a y e r   102  t h e r e o n   so  as  to  p r o v i d e   a  s e a l   a b o u t  

the  m o v a b l e   c o n t a c t   rod   32  and  a l l o w   f o r   v e r t i c a l   m o v e m e n t  

t h e r e o f .  

In  F i g .   13  is  i l l u s t r a t e d   a  vacuum  c i r c u i t  

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

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

the  same  n u m e r a l s   as  t h o s e   in  F i g .   1  or  F i g .   12.  T h i s  

i n t e r r u p t e r   i s   s i m i l a r   to  t h a t   of  F i g .   1  or  F i g .   12  e x c e p t  

for   the  f o l l o w i n g   p o i n t s .  

The  m e t a l l i c   c y l i n d e r   21  is   p r o v i d e d   a t   i t s   e n d s  



w i t h   a  l a r g e r   d i a m e t e r   s e g m e n t   or  a n n u l a r   l i p   106  e a c h  

f o r m e d   i n t e g r a l l y   by  w i d e n i n g   the   end  of  the   c y l i n d e r   2 1 .  

The  u p p e r   i n s u l a t i n g   d i s k   22  and  the   f l a n g e   46  of  t he   l o w e r  

s h i e l d   44  a r e   f i t t e d   i n t o   t he   a n n u l a r   l i p   106  a t   t he   u p p e r  

end  of  t he   c y l i n d e r   21.  The  l o w e r   i n s u l a t i n g   d i s k   23  a n d  

the   f l a n g e   47  of  t h e  l o w e r   s h i e l d   45  a r e   f i t t e d   i n t o   t h e  

a n n u l a r   l i p   106  a t   the   l o w e r   end  of  t he   c y l i n d e r   21.  T h e  

l o w e r   i n s u l a t i n g   d i s k   23  is   c u t   a r o u n d   i t s   u p p e r   edge   t o  

form  an  a n n u l a r   g r o o v e   107  j u s t   b e n e a t h   the   f l a n g e   47  o f  

the   l o w e r   s h i e l d   45.  The  g r o o v e   107  a c c o m m o d a t e s   t he   b r a z e  

p r o v i d i n g   a  c o m p r e s s i o n - s e a l   a b o u t   t he   d i s k   2 3 .  

In  F i g .   14  i s   i l l u s t r a t e d   a  vacuum  c i r c u i t  

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

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

d e s i g n a t e d   by  the   same  n u m e r a l s   as  t h o s e   in  F i g .   12  or  1 3 .  

T h i s   i n t e r r u p t e r   is  s i m i l a r   to  t h a t   of  F i g .   12  or  13  e x c e p t  

f o r   t he   f o l l o w i n g   p o i n t s .   The  l o w e r   end  of  the   c y l i n d e r   21  

has   a  c o n s t a n t   i n s i d e   d i a m e t e r   and  the   o u t e r   ends   of  t h e  

l o w e r   d i s k   23  and  the   f l a n g e   47  of  the   l o w e r   s h i e l d   45  f i t  

w i t h i n   i t .  

R e f e r r i n g   to  F i g .   15,   t h e r e   is  shown  a  v a c u u m  

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

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

e v a c u a t e d   h o u s i n g   or  e n v e l o p e   110 .   The  e n v e l o p e   1 1 0  

c o n s i s t s   of  a  m e t a l l i c   c y l i n d e r   111  and  a  p a i r   o f  

i n s u l a t i n g   d i s k s   112  and  113  c l o s i n g   the   o p p o s i t e   e n d s   o f  

t he   c y l i n d e r   1 1 1 .  



As  is  b e s t   i l l u s t r a t e d   in  F i g .   2,  e a c h   of  t h e  

d i s k s   112  and  l13  has   a  c i r c u l a r   c e n t e r   a p e r t u r e  1 1 4  

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

1 1 5 ,   116  and  117  on  the   i n n e r   s u r f a c e   t h e r e o f .   The  a n n u l a r  

p r o j e c t i o n s   115 ,   116  and  117  a r e   0 .1   to  0 .5   mm  in  h e i g h t  

and  have   f l a t   s u r f a c e s   c o v e r e d   w i t h   m e t a l i z e d   l a y e r s   1 1 8 ,  

119  and  120  r e s p e c t i v e l y .   The  o u t e r m o s t   m e t a l i z e d  

l a y e r s   120  have   a  d i a m e t e r   c o r r e s p o n d i n g   to  t h a t   of  t h e  

m e t a l l i c   c y l i n d e r   111 ,   whose   e n d s   a r e   b r a z e d   to  t h e  

l a y e r s   120  to  f i x   the   i n s u l a t i n g   d i s k s   112  and  113  t h e r e t o .  

The  i n n e r m o s t   m e t a l i z e d   l a y e r s   118  a r e   p o s i t o n e d   on  t h e  

p e r i p h e r i e s   of  the   a p e r t u r e s   114  in  t he   d i s k s   112  and  1 1 3 .  

The  c y l i n d e r   111  i s   made  of  a  p l a s t i c a l l y  

d e f o r m a b l e   m e t a l ,   such  as  c o p p e r   or  i r o n ,   w h i c h   i s  

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

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

s t r e s s   g e n e r a t e d   d u r i n g   b r a z i n g .   N o n - m a g n e t i c   m e t a l   s u c h  

as  c o p p e r   is   more  p r e f e r a b l e   to   m a g n e t i c   m e t a l   s u c h   as  i r o n  

f o r   t he   c y l i n d e r   111 ,   b e c a u s e   v i b r a t i n g   f o r c e   e x e r t e d  

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

i n t e r r u p t e r   i s   w e a k e r   t h a n   t h a t   on  m a g n e t i c   m e t a l   a n d  

c o n s e q u e n t l y   the   i n t e r r u p t e r   has   r e l a t i v e l y   h i g h  

d u r a b i l i t y   and  r e l i a b i l i t y .   I f   c o p p e r   or  i r o n   s u p p o r t i n g  

r i n g s   ( n o t   shown)  a r e   i n t e r p o s e d   b e t w e e n   the   c y l i n d e r   1 1 1  

and  t he   d i s k s   l12  and  113,   t h e   c y l i n d e r   111  may  be  made  o f  

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

and  has   a  c o m p a r a t i v e l y   h i g h   m e c h a n i c a l - s t r e n g t h .   T h e  



d i s k s   112  and  113  a re   made  of  an  i n o r g a n i c   i n s u l a t o r ,   s u c h  

as  a l u m i n a   c e r a m i c   or  c r y s t a l l i z e d   g l a s s .   The  m e t a l i z e d  

l a y e r s   118 ,   1 1 9  a n d   120  a r e   made  of  a  m a n g a n e s e - t i t a n i u m  

a l l o y   or  a  m o l y b d e n u m - m a n g a n e s e - t i t a n i u m   a l l o y   wh ich   has   a  

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

c e r a m i c .  

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

s t a t i o n a r y   and  m o v a b l e   c o n t a c t   r o d s   121  and  1 2 2  

r e s p e c t i v e l y   p r o j e c t   t h r o u g h   t he   a p e r t u r e s   114  in  the   u p p e r  

and  l o w e r   d i s k s   112  and  l13   r e s p e c t i v e l y   to  e n t e r   t h e  

e n v e l o p e   110  in  such   a  manner   as  to  e x t e n d   c o a x i a l l y   a l o n g  

the   c y l i n d e r   l l l ,   n a m e l y   in  an  a l i g n e d   c o n f i g u r a t i o n .   T h e  

r o d s   121  and  122  a r e   made  of  c o p p e r   or  a  c o p p e r  a l l o y .   A 

p a i r   of  s t a t i o n a r y   and  m o v a b l e   d i s k - s h a p e d   e l e c t r o d e s   1 2 3  

and  124  a r e   a t t a c h e d   c o a x i a l l y   to  t h e  s t a t i o n a r y   a n d  

m o v a b l e   c o n t a c t   r o d s   121  and  122  r e s p e c t i v e l y   a t   the   i n n e r  

ends   t h e r e o f .   The  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   1 2 3  

and  124  have   c i r c u l a r   r e c e s s e s   125  and  126  r e s p e c t i v e l y   o n  

t h e i r   o u t e r   s u r f a c e s .   The  i n n e r   e n d s   of  the   s t a t i o n a r y   a n d  

m o v a b l e   c o n t a c t   r o d s   121  and  122  a r e   f i t t e d   i n t o   t h e  

r e c e s s e s   125  and  126  r e s p e c t i v e l y   and  b r a z e d   to  t h e  

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   123  and  124  r e s p e c t i v e l y .  

The  m o v a b l e   e l e c t r o d e   124  is  f o r m e d   w i t h   a  c o a x i a l   a n n u l a r  

g r o o v e   127  on  i t s   u p p e r   s u r f a c e .   The  r i n g - s h a p e d  

c o n t a c t   128  is  f i t t e d   i n t o   t he   g r o o v e   127  and  is  b r a z e d   t o  

the  m o v a b l e   e l e c t r o d e   124.   T h e  s t a t i o n a r y   c o n t a c t   rod  1 2 1  

is  s e c u r e d   to  t he   uppe r   d i s k   112 ,   w h i l e   the   m o v a b l e   c o n t a c t  



rod  122  is  s u i t a b l y   m o u n t e d   to  a l l o w   v e r t i c a l   m o v e m e n t ,   a s  

d e s c r i b e d   h e r e i n a f t e r .   When  the   m o v a b l e   c o n t a c t   rod   1 2 2  

moves  upward   or  t o w a r d   the   s t a t i o n a r y   c o n t a c t   rod  121 ,   t h e  

c o n t a c t   128  e n g a g e s   the   s t a t i o n a r y   e l e c t r o d e   123  as  s h o w n  

in  F i g .   15,   t h e r e b y   c l o s i n g   the   i n t e r r u p t e r .   When  t h e  

m o v a b l e   c o n t a c t   rod   122  moves   d o w n w a r d   or  away  f rom  t h e  

s t a t i o n a r y   c o n t a c t   rod  121 ,   t he   c o n t a c t   128  d i s e n g a g e s  

from  the   s t a t i o n a r y   e l e c t r o d e  1 2 3 ,   t h e r e b y   o p e n i n g   t h e  

i n t e r r u p t e r .   S u i t a b l e   a c t u a t i n g   means   (no t   shown)  i s  

c o u p l e d   to  t h e   m o v a b l e   c o n t a c t   rod  122  to  d r i v e   t he   s a m e  

upward   or  d o w n w a r d .  

A  f l e x i b l e   m e t a l l i c   b e l l o w s   129 ,   made  o f  

a u s t e n i t i c   s t a i n l e s s   s t e e l   w i t h   a  t h i c k n e s s   o f  

0 .1   to  0 .2mm,  c o a x i a l l y   s u r r o u n d s   t he   m o v a b l e   c o n t a c t  

rod  122  i n s i d e   t h e   e n v e l o p e   110  to  p r o v i d e   a  s e a l   a b o u t   t h e  

r o d  1 2 2   to   a l l o w   f o r   v e r t i c a l   m o v e m e n t   t h e r e o f   w i t h o u t  

i m p a i r i n g   t h e   vacuum  i n s i d e   the   e n v e l o p e   110.   T h e  

b e l l o w s   129  is   b r a z e d   a t   i t s   u p p e r   end  c i r c u m f e r e n t i a l l y   t o  

the   l o w e r   s u r f a c e   of  an  a n n u l a r   f l a n g e   130  f o r m e d   on  t h e  

rod  122  n e a r   t he   u p p e r   end  t h e r e o f ,   and  a t   i t s   l o w e r   end  t o  

the   i n n e r m o s t   m e t a l i z e d   l a y e r   18  on  t h e   l o w e r   d i s k   1 1 3 .  

The  s t a t i o n a r y   c o n t a c t   rod  121  is   p r o v i d e d   w i t h   an  a n n u l a r  

g r o o v e   131  on  i t s   p e r i p h e r y   j u s t   b e l o w   t h e   u p p e r   d i s k   1 1 2  

i n t o   wh ich   a  r i n g   132  is  f i t t e d   and  b r a z e d   to  the   rod  1 2 1 .  

An  a n n u l a r   s u p p o r t i n g   member  133  made  of  c o p p e r   or  i r o n   i s  

p r o v i d e d   b e t w e e n   t he   r i n g   132  and  t h e   i n n e r m o s t   m e t a l i z e d  

l a y e r  1 1 8   on  t h e   u p p e r   d i s k  1 1 2   and  is   b r a z e d   to   t h e  



r i n g   132  and  the   l a y e r   118  to  p r o v i d e   a  s e a l   a b o u t   t h e  

rod   121 .   Thus  the   s t a t i o n a r y   c o n t a c t   rod  121  i s   s e c u r e d   t o  

t he   u p p e r   d i s k   1 1 2 .  

A  p a i r   of  c y l i n d r i c a l   u p p e r   and  l o w e r   s h i e l d s   1 3 4  

and  135  r e s p e c t i v e l y   e a c h   a r e   c o a x i a l l y   b r a z e d   a t   one  e n d  

to  t he   i n t e r m e d i a t e   m e t a l i z e d   l a y e r s   119  on  t h e   u p p e r   a n d  

l o w e r   d i s k s   112  and  113  r e s p e c t i v e l y .   The  s h i e l d s   134  a n d  

135  a r e   made  of  a u s t e n i t i c   s t a i n l e s s   s t e e l ,   or  may  be  m a d e  

of  p l a s t i c a l l y   d e f o r m a b l e   c o p p e r   or  i r o n .   The  s h i e l d s   1 3 4  

and  135  a r e   e l e c t r i c a l l y   i s o l a t e d   f rom  t he   c o n d u c t i v e   r o d s  

121  and  122 ,   the   m e t a l l i c   c y l i n d e r   111 ,   and  the   b e l l o w s   1 2 9  

to  fo rm  t h e r e i n   a  f l o a t i n g   v o l t a g e   to  r a i z e   b r e a k d o w n  

v o l t a g e s   a l o n g   t he   i n n e r   s u r f a c e s   of  t he   u p p e r   and  l o w e r  

d i s k s   112  and  113  r e s p e c t i v e l y   and  to  even   ou t   t h e  

d i s t r i b u t i o n   of  t he   e l e c t r i c   f i e l d   i n s i d e   t he   e n v e l o p e   1 1 0 .  

A  p a i r   of  c u p - s h a p e d   s h i e l d s   136  and  137  a r e   c o a x i a l l y  

s e c u r e d   to  the   s t a t i o n a r y   and  m o v a b l e   c o n t a c t   r o d s   121  a n d  

122  r e s p e c t i v e l y   n e a r   t h e i r   i n n e r   e n d s .   The  s h i e l d s   1 3 6  

and  137  a r e   made  of  a  s i m i l a r   m e t a l   to  t h a t   f o r m i n g   t h e  

s h i e l d s   134  and  135.   The  s h i e l d s   136  and  137  a r e   p r o v i d e d  

in  t h e i r   b a s e s   w i t h   c o a x i a l   a p e r t u r e s   138  and  1 3 9  

r e s p e c t i v e l y   t h r o u g h   w h i c h   the   r o d s   121  and  1 2 2  

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

t he   s h i e l d s   134  and  135.   The  u p p e r   c u p - s h a p e d   s h i e l d   1 3 6  

f a c e s   upward   in  such   a  m a n n e r   as  to  c o v e r   t he   o p e n i n g   o f  

t he   u p p e r   c y l i n d r i c a l   s h i e l d   134  and  o v e r l a p   t he   end  of  t h e  

s h i e l d   134 ,   so  t h a t   t he   s h i e l d s   134  and  136  may 



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

i n s i d e   s u r f a c e   of  the   u p p e r   i n s u l a t i n g   d i s k   112  f rom  t h e  

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   123 ,   124  and  t h e  

c o n t a c t   128 .   Thus  the   s h i e l d s   134  and  136  p r o t e c t   t h e  

i n n e r   p o r t i o n   of  the   i n s u l a t i n g   d i s k   112  f rom  t h e  

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

e l e c t r o d e s   123  and  124  or  t he   c o n t a c t   128 .   The  s t a t i o n a r y  

c o n t a c t   rod  121  i s   p r o v i d e d   n e a r   i t s   l o w e r   end  w i t h   a n  

a n n u l a r   g r o o v e  1 4 0   a r o u n d   i t s   p e r i p h e r y   i n t o   w h i c h   a  

r i n g   141  is   f i t t e d   and  b r a z e d   to  t he   rod   121 .   The  u p p e r  

c u p - s h a p e d   s h i e l d   136  i s   b r a z e d   a l o n g   t he   p e r i p h e r y   of  i t s  

c e n t e r   a p e r t u r e   138  to  t he   l o w e r   s u r f a c e   of  t he   r i n g   1 4 1 .  

The  l o w e r   c u p - s h a p e d   s h i e l d   137  f a c e s   downward   in  s u c h   a  

m a n n e r   as  to  c o v e r   t he   o p e n i n g   of  t h e   l o w e r   c y l i n d r i c a l  

s h i e l d   135  and  t e r m i n a t e   a t   i t s   l o w e r   end  n e a r   t he   s a m e  

a x i a l   p o s i t i o n   as  t h a t   of  t he   u p p e r   end  of  t he   s h i e l d   1 3 5  

when  t h e   m o v a b l e   rod  122  is  p o s i t i o n e d   in  the   c l o s e d   s t a t e  

as  shown  in  F i g .   1.  The  l o w e r   c u p - s h a p e d   s h i e l d   137  i s  

b r a z e d   a l o n g   the   p e r i p h e r y   of  i t s   c e n t r a l   a p e r t u r e   139  t o  

the   u p p e r   s u r f a c e   of  the   f l a n g e   130  on  the   rod   122 .   T h u s  

the   s h i e l d s   135  and  137  s u b s t a n t i a l l y   i s o l a t e   t h e   b e l l o w s  

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

the   l o w e r   i n s u l a t i n g   d i s k   13  f rom  the   e l e c t r o d e s   123 ,   1 2 4  

and  t h e   c o n t a c t   128 ,   in  o r d e r   to  p r o t e c t   them  f rom  t h e  

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

e l e c t r o d e s   123  and  124  or  the   c o n t a c t   1 2 8 .  

To  m a n u f a c t u r e   the   vacuum  c i r c u i t   i n t e r r u p t e r  



d e s i g n e d   as  a b o v e ,   f i r s t   t he   c y l i n d r i c a l   s h i e l d  1 3 4 ,   t h e  

s t a t i o n a r y   c o n t a c t   rod  121 ,   and  the  o t h e r   p a r t s   a r e   p l a c e d  

on  the   i n s u l a t i n g   d i s k   112  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d  

t h e r e b e t w e e n   to  t e m p o r a r i l y   a s s e m b l e   t h e   s t a t i o n a r y  

s e c t i o n ,   w h i l e   the   c y l i n d r i c a l   s h i e l d   135 ,   t he   b e l l o w s   1 2 9 ,  

the   m o v a b l e   c o n t a c t   rod   122 ,   and  the   o t h e r   p a r t s   a r e   p l a c e d  

on  the   i n s u l a t i n g   d i s k   113  w i th   b r a z i n g   m e t a l   i n t e r p o s e d  

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

S e c o n d l y ,   t he   t e m p o r a r i l y   a s s e m b l e d   s t a t i o n a r y   and  m o v a b l e  

s e c t i o n s   a r e   b r a z e d   w i t h i n   a  vacuum  f u r n a c e   or  a  f u r n a c e  

f i l l e d   w i t h   a  n o n - o x i d i z i n g   a m b i e n t   gas   s u c h   as  h y d r o g e n .  

F i n a l l y ,   the   s t a t i o n a r y   and  m o v a b l e   s e c t i o n s   a r e   a t t a c h e d  

to  t he   r e s p e c t i v e   e n d s   of  t he   m e t a l l i c   c y l i n d e r   111  w i t h  

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

a s s e m b l e   the   vacuum  c i r c u i t   i n t e r r u p t e r ,   and  t h e  

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

vacuum  f u r n a c e .  

In  o r d e r   to  t e m p o r a r i l y   a s s e m b l e   t h e   s t a t i o n a r y  

s e c t i o n ,   the   i n s u l a t i n g   d i s k   112  is  s u p p o r t e d   h o r i z o n t a l l y  

so  as  to  make  the   m e t a l i z e d   l a y e r s   118 ,   119  and  120  f a c e  

u p w a r d ,   and  t h e n   t he   s u p p o r t i n g   member  133  i s   p l a c e d   on  t h e  

m e t a l i z e d   l a y e r   118  on  t he   p e r i p h e r y   of  t he   a p e r t u r e   114  i n  

t he   i n s u l a t i n g   d i s k   112  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d  

t h e r e b e t w e e n   w h i l e   t he   c y l i n d r i c a l   s h i e l d   134  is  p l a c e d   o n  

the   i n t e r m e d i a t e   m e t a l i z e d   l a y e r   119  on  t he   d i s k   112  w i t h  

b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n .   As  shown  in  F i g .   3 ,  

t he   b r a z i n g   m e t a l   150  i n t e r p o s e d   b e t w e e n   t h e   i n t e r m e d i a t e  



m e t a l i z e d   l a y e r   119  on  t he   d i s k   l12  and  the   c y l i n d r i c a l  

s h i e l d   134  is   f o r m e d   by  a  p r e s s   or  some  s i m i l a r   m e t h o d   i n t o  

a  r i n g   p r o v i d e d   w i t h   a n n u l a r   p o r t i o n s   151  and  152  e x t e n d i n g  

a x i a l l y   a t   t he   i n n e r   and  o u t e r   c i r c u m f e r e n t i a l   e n d s   so  a s  

to  have  a  c r a n k - s h a p e d   s e c t i o n .   The  b r a z i n g   m e t a l   150  i s  

p r o v i d e d   to  f a c i l i t a t e   t he   p o s i t i o n i n g   of  t he   s h i e l d   1 3 4  

w i t h  r e s p e c t   to  t he   i n s u l a t i n g   d i s k   112  by  f i t t i n g   t h e  

a n n u l a r   p o r t i o n   151  to  t h e   s h o u l d e r   of  t h e   a n n u l a r  

p r o j e c t i o n   116  of  t he   d i s k   112  and  a l s o   f i t t i n g   t h e  a n n u l a r  

p o r t i o n   152  to  t he   o u t e r   c i r c u m f e r e n c e   of  t he   s h i e l d   e n d  

134 .   S i m i l a r   c r a n k - s h a p e d   r i n g s   of  b r a z i n g   m e t a l   a r e  

e m p l o y e d   fo r   t h e   b r a z i n g   m e t a l   i n t e r p o s e d   b e t w e e n   t h e  

s u p p o r t i n g   member  133  and  t he   m e t a l i z e d   l a y e r   118 ,   and  t h a t  

i n t e r p o s e d   b e t w e e n   t he   m e t a l l i c   c y l i n d e r   111  and  t h e  

m e t a l i z e d   l a y e r   120 .   N e x t ,   t he   s t a t i o n a r y   c o n t a c t   rod  1 2 1  

is   i n s e r t e d   i n t o   t h e   s u p p o r t i n g   member  133  f rom  a b o v e ,   a n d  

is  e n g a g e d   w i t h   t he   member  133  by  means   of  t h e   s t o p   r i n g  

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

member  133  and  t he   s t o p   r i n g   132.   The  c u p - s h a p e d   s h i e l d  

136  is  f i t t e d   to  t he   s t a t i o n a r y   c o n t a c t   rod   121  and  i s  

e n g a g e d   to  the   s t o p   r i n g   141  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d  

t h e r e b e t w e e n .   T h e n ,   b r a z i n g   m e t a l   i s   p l a c e d   on  t h e   end  o f  

t he   s t a t i o n a r y   e l e c t r o d e   rod  121,   and  the   s t a t i o n a r y  

e l e c t r o d e   123  i s   f i t t e d   to  the   r o d  1 2 1   in  t he   r e c e s s   1 2 5  

t h e r e o f .  

In  o r d e r   to  t e m p o r a r i l y   a s s e m b l e   t he   m o v a b l e  

s e c t i o n ,   the   i n s u l a t i n g   d i s k   113  is   s u p p o r t e d   h o r i z o n t a l l y  



so  as  to  make  the   m e t a l i z e d   l a y e r s   118 ,   119  and  120  f a c e  

u p w a r d ,   and  the   b e l l o w s   129  is  p l a c e d   t h e r e o n   w i t h   b r a z i n g  

m e t a l   i n t e r p o s e d   b e t w e e n   i t s   end  and  the   m e t a l i z e d   l a y e r  

118  on  the   p e r i p h e r y   of  t he   a p e r t u r e   l14   in  t he   d i s k   1 1 3  

w h i l e   t he   c y l i n d r i c a l   s h i e l d   135  is  p l a c e d   t h e r e o n   w i t h  

b r a z i n g   m e t a l   p l a c e d   on  the   i n t e r m e d i a t e   m e t a l i z e d   l a y e r  

119  on  the   d i s k   113 .   The  m o v a b l e   c o n t a c t   rod  122  i s  

i n s e r t e d   i n t o   the   b e l l o w s   129  f rom  a b o v e ,   and  t h e   f l a n g e  

130  is   p l a c e d   on  the   o t h e r   end  of  the   b e l l o w s   129  w i t h  

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

s h i e l d   137  is  f i t t e d   to  t he   m o v a b l e   c o n t a c t   rod  122  and  i s  

e n g a g e d   to  the   f l a n g e   130  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d  

t h e r e b e t w e e n .   T h e n ,   b r a z i n g   m e t a l   is  p l a c e d   on  t he   end  o f  

t he   m o v a b l e   c o n t a c t   rod  122 ,   and  the   m o v a b l e   e l e c t r o d e   1 2 4  

is   f i t t e d   to  the   end  of  the   rod  122  in  t he   r e c e s s   l 2 6  

t h e r e o f .   Then ,   t he   c o n t a c t   128  is  f i t t e d   to  t he   g r o o v e   1 2 7  

in  t he   m o v a b l e   e l e c t r o d e   124  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d  

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

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

t e m p o r a r i l y   as  m e n t i o n e d   above   a r e   p l a c e d   w i t h i n   t he   v a c u u m  

f u r n a c e   and  h e a t e d   w h i l e   t he   f u r n a c e   is  e v a c u a t e d   so  as  t o  

make  t h e   p r e s s u r e   t h e r e i n   u n d e r   10 -5   T o r r   in  o r d e r   t o  

p e r f o r m   the   d e a e r a t i o n   t r e a t m e n t   of  e ach   c o m p o n e n t .   N e x t ,  

t he   vacuum  f u r n a c e   is   h e a t e d   to  a  t e m p e r a t u r e   of  900°C  t o  

1 0 5 0 ° C   in  o r d e r   to  a c t i v a t e   the   s u r f a c e s   of  t he   a u s t e n i t i c  

s t a i n l e s s   s t e e l ,   and  the   c o m p o n e n t s   a r e   b r a z e d   h e r m e t i c a l l y  

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



l o w e r   t h a n   10-5   T o r r .   The  i n s i d e   of  t he   vacuum  f u r n a c e   i s  

g r a d u a l l y   c o o l e d   f r o m   the   b r a z i n g   t e m p e r a t u r e   to   a  

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

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

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

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

f rom  the   b r a z i n g   t e m p e r a t u r e   to  room  t e m p e r a t u r e   b e f o r e   t h e  

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

vacuum  f u r n a c e .  

B r a z i n g   t h e   c o m p o n e n t s   of  t h e   s t a t i o n a r y   a n d  

m o v a b l e   s e c t i o n s   c a n n o t   o n l y   be  done   i n s i d e   the  v a c u u m  

f u r n a c e ,   and  may  be  p e r f o r m e d ,   f o r   e x a m p l e ,   w i t h i n  

d e o x i d i z i n g   a m b i e n t   g a s   such   as  h y d r o g e n   a l l o w i n g   t h e  

o x i d i z e d   f i l m   of  a u s t e n i t i c   s t a i n l e s s   s t e e l   to  be  r e m o v e d  

a t   a  t e m p e r a t u r e   r a n g i n g   f rom  t he   minimum  b r a z i n g  

t e m p e r a t u r e   d e t e r m i n e d   by  the   m e l t i n g   p o i n t   to  1 0 5 0 ° C .  

The  i n s u l a t i n g   d i s k s   112  and  113  of  t h e  

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

a r e   f i t t e d   to  t h e   o p p o s i t e   ends   of  the   m e t a l l i c  

c y l i n d e r   111  w i t h   b r a z i n g   m e t a l   i n t e r p o s e d   t h e r e b e t w e e n   t o  

a s s e m b l e   t e m p o r a r i l y   t h e   vacuum  c i r c u i t   i n t e r r u p t e r .   T h e  

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

v e r t i c a l l y   w i t h i n   t h e   vacuum  f u r n a c e   b e f o r e   t he   f u r n a c e   i s  

e v a c u a t e d   to  a  p r e s s u r e   u n d e r   10-4   T o r r .   Then ,   w h i l e   t h e  

f u r n a c e   i s   h e a t e d   a t   a  t e m p e r a t u r e   of  500°C  to  1050°C  a n d  

e v a c u a t e d   to  a  p r e s s u r e   u n d e r   1 0   T o r r ,   t h e   s t a t i o n a r y   a n d  

m o v a b l e   s e c t i o n s   a r e   b r a z e d   h e r m e t i c a l l y   to  the  m e t a l l i c  



c y l i n d e r   111  s i m u l t a n e o u s l y   w i t h   t he   d e a e r a t i o n   t r e a t m e n t  

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

is  g r a d u a l l y   c o o l e d   f rom  the   b r a z i n g   t e m p e r a t u r e   to  a  

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

to  room  t e m p e r a t u r e   a f t e r   b e i n g   m a i n t a i n e d   a t   t h e  

p r e d e t e r m i n e d   t e m p e r a t u r e   f o r   a   p r e d e t e r m i n e d   t i m e ,   o r  

a f t e r   the   i n s i d e   of  the   vacuum  f u r n a c e   i s   g r a d u a l l y   c o o l e d  

c o n t i n u o u s l y   f rom  the   b r a z i n g   t e m p e r a t u r e   to  r o o m  

t e m p e r a t u r e ,   t he   vacuum  c i r c u i t   i n t e r r u p t e r   i s  t a k e n   o u t  

f rom  the   f u r n a c e .  

In  t he   a f o r e m e n t i o n e d   m a n u f a c t u r i n g   m e t h o d ,   t h e  

u p p e r   l i m i t   of  t he   h e a t i n g   t e m p e r a t u r e   can  be  made  b e l o w  

900°C  by  n i c k e l - p l a t i n g   the   b r a z e d   p o r t i o n s   of  the   s h i e l d s  

134  and  135,   the   b e l l o w s   129,   and  t he   o t h e r   p a r t s   made  o f  

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

As  w i l l   be  u n d e r s t o o d   f rom  the   f o r e g o i n g  

d e s c r i p t i o n   of  t he   p r e f e r r e d   e m b o d i m e n t s   of  the   p r e s e n t  

i n v e n t i o n ,   the   i n s u l a t i n g   d i s k s   and  the   m e t a l l i c   c y l i n d e r  

can  be  b r a z e d   to  have   an  a d e q u a t e   m e c h a n i c a l - s t r e n g t h   w i t h   ; 

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

e x p a n s i o n   c o e f f i c i e n t s   a re   d i f f e r e n t   f rom  each   o t h e r ,  

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

p l a s t i c a l l y .   M o r e o v e r ,   s i n c e   the   m e t a l l i c   c y l i n d e r   may  b e  

made  of  c o p p e r   or  i r o n ,   the   vacuum  c i r c u i t   i n t e r r u p t e r   c a n  

be  m a n u f a c t u r e d   a t   a  r e l a t i v e l y   low  c o s t .   E s p e c i a l l y   i n  

the   f i f t h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ,   t h e  

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



i n s u l a t i n g   d i s k s   can   be  r a i s e d   a d e q u a t e l y ,   b e c a u s e   t h e  

c o n d u c t i v e   c y l i n d r i c a l   s h i e l d s   a re   f i x e d   to  the   i n s i d e  

s u r f a c e s   of  the   d i s k s   r e s p e c t i v e l y   in  an  e l e c t r i c a l l y  

i s o l a t e d   s t a t e .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   f u r t h e r  

m o d i f i c a t i o n s   and  v a r i a t i o n s   may  be  made  in  t he   p r e s e n t  

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

the  p r e s e n t   i n v e n t i o n   as  s e t   f o r t h   in  t h e   a p p e n d e d   c l a i m s .  



1.  A  vacuum  c i r c u i t   i n t e r r u p t e r   c o m p r i s i n g :  

a)  a  c y l i n d e r   (21 ,   111)  made  of  a  m e t a l   w h i c h  

is  r e l a t i v e l y   e a s y   to  d e f o r m   p l a s t i c a l l y ;  

b)  f i r s t   and  s e c o n d   i n s u l a t i n g   d i s k s   (22 ,   2 3 ,  

112,   113)  c l o s i n g   the  o p p o s i t e   e n d s   of  the   m e t a l l i c  

c y l i n d e r   (21 ,   l l l )   to  form  t h e r e w i t h   an  e v a c u a t e d   e n v e l o p e  

(20,   1 1 0 ) ,   t he   f i r s t   and  s e c o n d   d i s k s   (22 ,   23,  112 ,   1 1 3 )  

h a v i n g   e a c h   a  c o a x i a l   c e n t r a l   a p e r t u r e   (24 ,   1 1 4 ) ;  

c)  a  s t a t i o n a r y   c o n d u c t i v e   rod  (31 ,   1 2 1 )  

c o a x i a l l y   e n t e r i n g   the   e n v e l o p e   ( 2 0 ,   110)  t h r o u g h   t h e  

c e n t r a l   a p e r t u r e   (24 ,   114)  of  the   f i r s t   d i s k   (22 ,   1 1 2 ) ,   t h e  

s t a t i o n a r y   rod  (31 ,   121)  b e i n g   f i x e d   to  the  f i r s t   d i s k   ( 2 2 ,  

112)  in  such   a  m a n n e r   as  to  p r o v i d e   a  s e a l   t h e r e w i t h ;  

d)  a  m o v a b l e   c o n d u c t i v e   rod  (32 ,   1 2 2 )  

c o a x i a l l y   and  m o v a b l y   e n t e r i n g   t he   e n v e l o p e   (20 ,   1 1 0 )  

t h r o u g h   the   c e n t r a l   a p e r t u r e   (24 ,   114)  of  the   s e c o n d   d i s k  

(23,   113)  w i t h o u t   i m p a i r i n g   the   vacuum  i n s i d e   the   e n v e l o p e  

(20 ,   1 1 0 ) ;  

e)  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   (33 ,   3 4 ,  

123,   124)  c o n n e c t e d   to  the  s t a t i o n a r y   and  m o v a b l e   r o d s   ( 3 1 ,  

32,  121 ,   122)  r e s p e c t i v e l y   in  such   a  m a n n e r   as  to  e n g a g e  

w i t h   e a c h   o t h e r   when  the  m o v a b l e   rod  ( 32 ,   122)  moves  t o w a r d  

the   s t a t i o n a r y   rod  (31,   121)  and  d i s e n g a g e   from  e a c h   o t h e r  

when  the   m o v a b l e   rod  (32 ,   122)  moves   away  f rom  t h e  

s t a t i o n a r y   rod  (31 ,   1 2 1 ) .  



2.  A  v a c u u m   c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m   1,  f u r t h e r   c o m p r i s i n g   a  b e l l o w s   (39 ,   129)  s u r r o u n d i n g  

the  m o v a b l e   rod  (32 ,   122)  i n s i d e   the   e n v e l o p e   (20 ,   1 1 0 ) ,  

the  b e l l o w s   ( 3 9 ,   129)  b e i n g   f i x e d   a t   one  end  to  the   m o v a b l e  

rod  (32,   122)   and  a t   i t s   o t h e r   end  to  the   s e c o n d   d i s k   ( 2 3 ,  

113)  in  s u c h   a  m a n n e r   as  to  p r o v i d e   a  s e a l   a b o u t   t h e  

m o v a b l e   rod  (32 ,   122)   to  a l l o w   fo r   m o v e m e n t   t h e r e o f   w i t h o u t  

i m p a i r i n g   vacuum  i n s i d e   the   e n v e l o p e   (20 ,   1 1 0 ) .  

3.  A  v a c u u m   c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m  2 ,   f u r t h e r   c o m p r i s i n g   f i r s t   and  s e c o n d   c u p - s h a p e d  

main   s h i e l d s   ( 4 8 ,   4 9 ) ,   and  f i r s t   and  s e c o n d   c y l i n d r i c a l  

a u x i l i a r y   s h i e l d s   (44 ,   45)  e a c h   w i t h   a  f l a n g e   (46,   4 7 ) ,   t h e  

f i r s t   main   s h i e l d   (48)  b e i n g   f i x e d   to  the   s t a t i o n a r y   r o d  

(31)  w h i l e   t he   f i r s t   a u x i l i a r y   s h i e l d   (44)   is  f i x e d   by  i t s  

f l a n g e   (46)  to  t he   m e t a l l i c   c y l i n d e r   (21)   in  such   a  m a n n e r  

t h a t   the   f i r s t   main   and  a u x i l i a r y   s h i e l d s   (48 ,   4 4 )  

s u b s t a n t i a l l y   i s o l a t e   the  f i r s t   i n s u l a t i n g   d i s k   (22)   f r o m  

the  m o v a b l e   and  s t a t i o n a r y   e l e c t r o d e s   (33 ,   3 4 ) ,   t he   s e c o n d  

main  s h i e l d   (49)   b e i n g   f i x e d   to  the   m o v a b l e   rod  (32)   w h i l e  

the  s e c o n d   a u x i l i a r y   s h i e l d   (45)  is   f i x e d   by  i t s   f l a n g e  

(47)  to  the   m e t a l l i c   c y l i n d e r   (21)  in  s u c h   a  m a n n e r   t h a t  

the   s e c o n d   m a i n   and  a u x i l i a r y   s h i e l d s   (49 ,   4 5 )  

s u b s t a n t i a l l y   i s o l a t e   the  b e l l o w s   ( 3 9 )   and  the   s e c o n d  

i n s u l a t i n g   d i s k   (23)   from  the  m o v a b l e   and  s t a t i o n a r y  

e l e c t r o d e s   (33 ,   3 4 ) .  



4.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m  1 ,   2,  or  3,  w h e r e i n   t he   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   (33 ,   34,  123,   124)  a r e   in  the  form  of  d i s k s   a n d  

a re   c o a x i a l l y   c o n n e c t e d   to  t he   i n n e r   ends   of  the   s t a t o n a r y  

and  m o v a b l e   r o d s   (31 ,   32,  121 ,   122)  r e s p e c t i v e l y ,   t h e  

m o v a b l e   e l e c t r o d e   (34 ,   124)  h a v i n g   a  c o a x i a l   a n n u l a r  

c o n t a c t   (38 ,   128)  on  the   end  a d j a c e n t   to  the   ' s t a t i o n a r y  

e l e c t r o d e   (33 ,   1 2 3 ) ,   the   c o n t a c t   (38,   128)  e n g a g i n g   a n d  

d i s e n g a g i n g   w i t h   the   s t a t i o n a r y   e l e c t r o d e   ( 3 3 ,   1 2 3 )  

a c c o r d i n g   to  the   m o v e m e n t   of  t he   m o v a b l e   rod  (32 ,   1 2 2 ) .  

5.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   by  c l a i m  

1,  2,  or  3 ,  w h e r e i n   the   m e t a l l i c   c y l i n d e r   (21,   111)   is  m a d e  

of  a  n o n - m a g n e t i c   m e t a l .  

6.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   by  

c l a i m   5,  w h e r e i n   the   m e t a l l i c   c y l i n d e r   (21,   1 1 1 )  i s   made  o f  

c o p p e r .  

7.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d  b y   c l a i m  

1,  2,  or  3,  w h e r e i n   the   m e t a l l i c   c y l i n d e r   (21,   111)   is  m a d e  

of  i r o n .  

8.  A  vacuum  c i r c u i t   i n t e r r u p t e r   c o m p r i s i n g :  

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

( 1 1 1 ) ;  

b)  f i r s t   and  s e c o n d   i n s u l a t i n g   d i s k s   ( 1 1 2 ,  



.  113)   c l o s i n g   the   o p p o s i t e   e n d s   of  t he   m e t a l l i c   c y l i n d e r  

( 1 1 1 )   to  form  t h e r e w i t h   an  e v a c u a t e d   e n v e l o p e   ( 1 1 0 ) ,   t h e  

f i r s t   and  s e c o n d   d i s k s   ( 1 1 2 ,   113)  e a c h   h a v i n g   a  c o a x i a l  

c e n t r a l   a p e r t u r e   ( 1 1 4 ) ;  

c)  a  s t a t i o n a r y   c o n d u c t i v e   rod  (121)   c o a x i a l l y  

e n t e r i n g   the   e n v e l o p e   (110)   t h r o u g h   the   c e n t r a l   a p e r t u r e  

( 1 1 4 )   of  the   f i r s t   d i s k   ( 1 1 2 ) ,   t he   s t a t i o n a r y   rod  ( 1 2 1 )  

b e i n g   f i x e d   to  the  f i r s t   d i s k   ( 1 1 2 )   in  s u c h   a  m a n n e r   as  t o  

p r o v i d e   a  s e a l   t h e r e a b o u t ;  

d)  a  m o v a b l e   c o n d u c t i v e   rod  (122)   c o a x i a l l y  

and  m o v a b l y   e n t e r i n g   the   e n v e l o p e   (110)   t h r o u g h   t he   c e n t r a l  

a p e r t u r e   (114)   of  the   s e c o n d   d i s k   (113)   in  s u c h   a  m a n n e r   a s  

to  a l i g n   w i t h   the  s t a t i o n a r y   rod   ( 1 2 1 ) ;  

e)  a  b e l l o w s   (129)   s u r r o u n d i n g   the   m o v a b l e   r o d  

( 1 2 2 )   i n s i d e   the  e n v e l o p e   ( 1 1 0 ) ,   the   b e l l o w s   (129)   b e i n g  

f i x e d   a t   i t s   one  end  to  the   m o v a b l e   rod  (122)   and  a t   i t s  

o t h e r   end  to  the   s e c o n d   d i s k   ( 1 1 3 )   in  s u c h   a  m a n n e r   as  t o  

p r o v i d e   a  s e a l   a b o u t   the  m o v a b l e   rod  (122)   to  a l l o w   f o r  

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

e n v e l o p e   ( 1 1 0 ) ;  

f)  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   ( 1 2 3 ,  

124)  c o n n e c t e d   to  the  s t a t i o n a r y   and  m o v a b l e   r o d s   ( 1 2 1 ,  

122)   r e s p e c t i v e l y   in  such   a  m a n n e r   as  to  e n g a g e   w i t h   e a c h  

o t h e r   when  the   m o v a b l e   rod  (122)   moves   t o w a r d   t h e  

s t a t i o n a r y   rod  (121)   and  d i s e n g a g e   f rom  e a c h   o t h e r   when  t h e  

m o v a b l e   rod  (122)   moves  away  f rom  the   s t a t i o n a r y   rod  ( 1 2 1 ) ;  

g)  a  f i r s t   c o n d u c t i v e   s h i e l d   (134)   s u r r o u n d i n g  



the   s t a t i o n a r y   rod  (121)  i n s i d e   t he   e n v e l o p e   ( 1 1 0 ) ,   t h e  

f i r s t   s h i e l d   (134)   b e i n g   f i x e d   to  the   f i r s t   d i s k   (112)   i n  

such   a  m a n n e r   as  to  be  i s o l a t e d   e l e c t r i c a l l y   f rom  t h e  

s t a t i o n a r y   rod  (121)   and  the  m e t a l l i c   c y l i n d e r   ( 1 1 1 ) ;   a n d  

h)  a  s e c o n d   c o n d u c t i v e   s h i e l d   ( 1 3 5 )  

s u r r o u n d i n g   the   b e l l o w s   (129)   i n s i d e   t he   e n v e l o p e   ( 1 1 0 ) ,  

t he   s e c o n d   s h i e l d   (135)  b e i n g   f i x e d   to  the   s e c o n d   d i s k  

(113)   in  such   a  m a n n e r   as  to  be  i s o l a t e d   e l e c t r i c a l l y   f r o m  

the   m o v a b l e   rod  (122)   and  the  m e t a l l i c   c y l i n d e r   ( 1 1 1 ) .  

9.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m   8,  f u r t h e r   c o m p r i s i n g   f i r s t   and  s e c o n d   c o a x i a l  

a n n u l a r   m e t a l i z e d   l a y e r s   (119)   f o r m e d   o n  t h e   i n n e r   s u r f a c e s  

of  the   f i r s t   and  s e c o n d   d i s k s   ( 1 1 2 ,   113)   r e s p e c t i v e l y ,   t h e  

f i r s t   and  s e c o n d   s h i e l d s   ( 1 3 4 ,   135)  b e i n g   s h a p e d  

c y l i n d r i c a l l y   and  c o a x i a l l y   b e i n g   b r a z e d   a t   o n e  e n d   to  t h e  

f i r s t   and  s e c o n d   m e t a l i z e d   l a y e r s   ( 1 1 9 )   r e s p e c t i v e l y .  

10.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m  8 ,   w h e r e i n   the  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  

( 1 2 3 ,   124)  a r e   e a c h   in  the  form  of  a  d i s k   and  a re   c o a x i a l l y  

c o n n e c t e d   to  t he   i n n e r   ends   of  the   s t a t i o n a r y   and  m o v a b l e  

r o d s   ( 1 2 1 ,   122)  r e s p e c t i v e l y ,   the   m o v a b l e   e l e c t r o d e   ( 1 2 4 )  

h a v i n g   a  c o a x i a l   a n n u l a r   c o n t a c t   ( 128 )   on  i t s   end  s u r f a c e  

a d j a c e n t   to  the   s t a t i o n a r y   e l e c t r o d e   ( 1 2 3 ) ,   the   c o n t a c t  

(128)   e n g a g i n g   and  d i s e n g a g i n g   w i t h   the   s t a t i o n a r y  

e l e c t r o d e   (123)   a c c o r d i n g   to  the   m o v e m e n t   of  the   m o v a b l e  



.  r o d   ( 1 2 2 ) .  

11.  A  vacuum  c i r c u i t   i n t e r r u p t e r   as  d e f i n e d   b y  

c l a i m   9,  f u r t h e r   c o m p r i s i n g   t h i r d   and  f o u r t h   c u p - s h a p e d  

s h i e l d s   ( 136 ,   137)  of  l a r g e r   d i a m e t e r s   t h a n   t h o s e   of  t h e  

f i r s t   and  s e c o n d   s h i e l d s   ( 1 3 4 ,   1 3 5 ) ,   t he   t h i r d   and  f o u r t h  

s h i e l d s   ( 1 3 6 ,   137)  c o a x i a l l y   c o n n e c t e d   to  t h e   s t a t i o n a r y  

and  m o v a b l e   r o d s   ( 1 2 1 ,   122)  r e s p e c t i v e l y   in  s u c h   a  m a n n e r  

t h a t   the   t h i r d   s h i e l d   (136)   c o v e r s   t he   o p e n i n g   of  the  f i r s t  

s h i e l d   (134)   to  s u b s t a n t i a l l y   i s o l a t e   t he   i n n e r   c i r c u l a r  

p o r t i o n   of  the   i n s i d e   s u r f a c e   of  the   f i r s t   d i s k   (112)   f r o m  

the   s t 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   ( 1 2 3 ,   1 2 4 ) ,   and  t h a t  

t h e   f o u r t h   s h i e l d   (137)   c o v e r s   the   o p e n i n g   of  the  s e c o n d  

s h i e l d   (135)   to  s u b s t a n t i a l l y   i s o l a t e   t he   b e l l o w s   (129)   a n d  

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

s e c o n d   d i s k   (113)   f rom  the   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   ( 1 2 3 ,   1 2 4 ) .  
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