
European  Patent  Office 

Office  europeen  des  brevets  

©  Publication  number: 0  2 0 0   4 6 5  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  86303052.4  ©  Int.  CI.4:  H  01  H  3 3 / 6 6  

©  Date  of  filing:  23.04.86 

©  Priority:  24.04.85  GB  8510440  ©  Applicant:  VACUUM  INTERRUPTERS  LIMITED 
68  Ballards  Lane 
Finchley  London  N3  2BU(GB) 

@  Date  of  publication  of  application: 
05.11.86  Bulletin  86/45  @  Inventor:  Falkingham,  Leslie  Thomas 

2A  Eton  Avenue 
©  Designated  Contracting  States:  North  Finchley  London  N12  OBB(GB) 

CH  DE  FR  IT  LI  NL 
©  Representative:  Kirby,  Harold  Victor  Albert 

Central  Patent  Department  Wembley  Office  The  General 
Electric  Company,  p.l.c.  Hirst  Research  Centre  East  Lane 
Wembley  Middlesex  HA9  7PP(GB) 

(54)  Vacuum  devices. 
©  A  vacuum  device  (10)  having  separable  contacts  or 
spaced  electrodes  (18,  20)  in  a  mainly  insulating  envelope 
(12)  wherein  only  a  short  length  of  the  insulating  wall  is 
shielded  from  metal  vapour  produced  by  arcing  (54)  between 
the  contacts  or  electrodes  (18,  20).  The  invention  relies  on  the 
fact  that  the  insulation  strength  in  a  vacuum  is  greater  than  in 
air. 
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T h i s   i n v e n t i o n   r e l a t e s   to   v a c u u m   d e v i c e s  o f  

t h e   k i n d   t h a t   h a v e   two  s e p a r a b l e   c o n t a c t s   or  s p a c e d  

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

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

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

c o n t a c t   f rom  t h o s e   to   t he   o t h e r .   More  p a r t i c u l a r l y ,  

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

as  v a c u u m   i n t e r r u p t e r s ,   c o n t a c t o r s   or  l o a d b r e a k  

s w i t c h e s ,   bu t   i s   a l s o   a p p l i c a b l e   to   o t h e r   v a c u u m  

d e v i c e s   as  w i l l   be  a p p a r e n t   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n .  

In  vacuum  s w i t c h   d e v i c e s   of  t h e   k i n d  

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

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

in  t h e   f o r m a t i o n   of  an  a r e   b e t w e e n   t h e m ,   and  t h e  

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

h a s   a l w a y s   been   s u b s t a n t i a l l y   f u l l y   s h i e l d e d   f rom  t h e  

m e t a l   v a p o u r   p r o d u c e d   by  t he   a r c   so  t h a t   t h e   m e t a l  

w o u l d   n o t   be  d e p o s i t e d   on  the   i n s u l a t o r   and  so  i m p a i r  

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

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

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

f u l l y   s h i e l d e d .  

We  h a v e   now  f o u n d ,   h o w e v e r ,   t h a t   i t   i s  

p o s s i b l e   to  a l l o w   mos t   of  t he   i n s u l a t o r   to   be  c o a t e d  

in  m e t a l ;   o n l y   p r o t e c t i n g   a  s m a l l   p a r t   so  as  to  g i v e  



a d e q u a t e   i n s u l a t i o n .   T h i s   i s   b e c a u s e   t h e   i n s u l a t i o n  

s t r e n g t h   in   v a c u u m   is   much  g r e a t e r   t h a n   t h a t   in  a i r .  

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

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

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

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

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

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

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

e n v e l o p e   b u t   i t   h a s   b e e n   f o u n d   t h a t   i n s u l a t i o n   of  t h e  

c o n n e c t i o n s   to   t h e   c o n t a c t s   or  e l e c t r o d e s ,   as  t h e  

c a s e   may  b e ,   f r o m   e a c h   o t h e r   can  be  m a i n t a i n e d   e v e n  

when  t h e   s h i e l d e d   l e n g t h   of  t h e   e n v e l o p e   i s   q u i t e  

s m a l l .  

The  m i n i m u m   l e n g t h   r e q u i r e d   to   m a i n t a i n   t h e  

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

and   t h e   v o l t a g e s   l i k e l y   to  be  e n c o u n t e r e d   in  u s e ,   b u t  

may  r e a d i l y   be  f o u n d   by  t r i a l .  

A  s h i e l d   may  be  in  t h e   fo rm  of   an  a n n u l u s  

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

t h e   or  e a c h   e n d ,   and  may  be  in  t h e   f o rm  of   a  m e t a l  

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

r e s p e c t i v e   end   o f   t h e   e n v e l o p e ,   t h e   c y l i n d e r   b e i n g  

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

e n v e l o p e .  

A l t e r n a t i v e l y   a  s h i e l d   may  be  f o r m e d   by  a n  

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

i n s u l a t i n g   w a l l .  

In  a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n  

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

e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l ,   e x t e n d i n g   i n w a r d s  

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

r i n g   may  be  f o r m e d   as  a  s e p a r a t e   member   f i x e d   to  t h e  

w a l l   o r ,   i f   of   i n s u l a t i n g   m a t e r i a l ,   may  be  f o r m e d  

i n t e g r a l l y   w i t h   t h e   w a l l .  

In   y e t   a  f u r t h e r   e m b o d i m e n t   of   t h e  

i n v e n t i o n   a t   l e a s t   one  end  of   t h e   i n s u l a t i n g   w a l l   o f  



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

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

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

s p a c e d   f rom  t h e   end  t h e r e o f ,   and  t h e   p r o j e c t i n g   e n d  

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

m e m b e r .   The  o u t e r   s u r f a c e   of  t h e   end  p a r t   of  t h e  

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

p r o d u c e d   on  a r c i n g .  

The  i n v e n t i o n   w i l l   now  be  more  f u l l y  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   as  a p p l i e d   to  a  v a c u u m  

i n t e r r u p t e r   w i t h   r e f e r e n c e   to   t h e   d r a w i n g s   of  w h i c h : -  

F i g u r e   1  s h o w s   in  p a r t i a l   c r o s s - s e c t i o n   a  

c o n v e n t i o n a l   v a c u u m   i n t e r r u p t e r ;   a n d  

F i g u r e s   2  to   5  show  d i f f e r e n t   ways  o f  

u t i l i s i n g   t h e   p r e s e n t   i n v e n t i o n   in  vacuum  i n t e r r u p t e r s  

of   t h e  g e n e r a l   k i n d   shown  in  F i g u r e   1 .  

F i g u r e   1  s h o w s   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   10  

and  c o m p r i s e s   a  h i g h l y   e v a c u a t e d   t u b u l a r   e n v e l o p e   12 

f o r m e d   f rom  g l a s s   or  c e r a m i c   m a t e r i a l   and  a  p a i r   o f  

m e t a l l i c   end  c a p s   14  and  16  c l o s i n g   o f f   t h e   e n d s   of  t h e  

i n s u l a t i n g   e n v e l o p e   12.  S e a l   means   24  a r e   p r o v i d e d  

b e t w e e n   t he   end  c a p s   14  and  16  and  t h e   i n s u l a t i n g  

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

e n v e l o p e   12  to   be  u n d e r   v a c u u m .   The  p r e s s u r e   w i t h i n  

t h e   i n s u l a t i n g   e n v e l o p e   12  u n d e r   n o r m a l   c o n d i t i o n s   i s  

l o w e r   t h a n   10 -4  t o r r   to   i n s u r e   t h a t   t h e   mean  f r e e  

p a t h   f o r   e l e c t r o n   t r a v e l   w i l l   be  l o n g e r   t h a n   t h e  

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

e n v e l o p e   12.  L o c a t e d   w i t h i n   t h e   i n s u l a t e d   e n v e l o p e   12  

a r e   a  p a i r   of  r e l a t i v e l y   m o v a b l e   c o n t a c t s   18  and  2 0 .  

When  t he   c o n t a c t s   18  and  20  a r e   s e p a r a t e d ,   t h e r e   i s  

f o r m e d   an  a r c i n g   gap  30  t h e r e b e t w e e n .   The  l o w e r   c o n t a c t  

18  i s   a  s t a t i o n a r y   c o n t a c t   s e c u r e d   to  a  c o n d u c t i n g  

r o d   32  by  c o n n e c t i n g   m e a n s   s u c h   as  w e l d i n g   or  b r a z i n g .  

The  c o n d u c t i n g   r o d   32  i s   r i g i d l y   j o i n e d   to   t h e  

s t a t i o n a r y   end  cap   14.  The  u p p e r   c o n t a c t   20  i s   a  

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



r e d   34 .   The  o p e r a t i n g   rod   34  i s   m o u n t e d   f o r   m o v e m e n t  

a l o n g   t h e   l o n g i t u d i n a l   a x i s   of   t h e   i n s u l a t i n g  

e n v e l o p e   12.  The  o p e r a t i n g   rod   34  p r o j e c t s   t h r o u g h   a n  

o p e n i n g   36  in   b e l l o w s   end  cap   16.  A  m e t a l   b e l l o w s   3 8  

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

o p p o s i t e   e n d s   to   t h e   o p e r a t i n g   r o d s   34  and  to   t h e  

b e l l o w s   end  cap   36.   F l e x i b l e   m e t a l l i c   b e l l o w s   3 8  

p r o v i d e s   a  s e a l   a r o u n d   t h e   o p e r a t i n g   rod   34  to   a l l o w  

f o r   m o v e m e n t   o f   o p e r a t i n g   rod   34  w i t h o u t   i m p a i r i n g  

t h e   v a c u u m   w i t h i n   t h e   i n s u l a t i n g   e n v e l o p e   1 2 .  

C o u p l e d   to   t he   end  of   t h e   o p e r a t i n g   rod   34 

i s   an  a c t u a t i n g   m e a n s   ( n o t   s h o w n )   p r o v i d e d   f o r   d r i v i n g  

t h e   m o v a b l e   c o n t a c t   20  i n t o   e n g a g e m e n t   w i t h   t h e  

s t a t i o n a r y   c o n t a c t   18  so  as  to   c l o s e   t h e   i n t e r r u p t e r   1 0 .  

The  a c t u a t i n g   means   i s   a l s o   c a p a b l e   of   r e t u r n i n g   t h e  

m o v a b l e   c o n t a c t   20  to   t h e   open   c i r c u i t   p o s i t i o n   d u r i n g  

c i r c u i t   i n t e r r u p t i o n .  

When  t h e   c o n t a c t s   18  and  20  a r e   s e p a r a t e d  

d u r i n g   c i r c u i t   i n t e r r u p t i o n ,   an  a r c   54  i s   f o r m e d   in  t h e  

a r c i n g   gap   30  b e t w e e n   c o n t a c t s   18  and  20 .   The  a r c  5 4 ,  

w h i c h   i s   f o r m e d   b e t w e e n   t h e   c o n t a c t s   18  and  2 0  

v a p o r i z e s   some  of   t h e   c o n t a c t   m a t e r i a l .   T h e s e   v a p o u r s  
and   p a r t i c l e s   a r e   d i s p e r s e d   f r o m   t h e   a r c i n g   gap   30  

t o w a r d s   t h e   i n s u l a t i n g   e n v e l o p e   12.  The  i n t e r n a l  

i n s u l a t i n g   s u r f a c e s   of   t h e   i n s u l a t i n g   e n v e l o p e   12  a r e  

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

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

t u b u l a r   m a i n   m e t a l l i c   a r c   s h i e l d   40 .   Main  a r c   s h i e l d   4 0  

i s   s u p p o r t e d   on  t h e   i n s u l a t i n g   e n v e l o p e   12  a n d  

e l e c t r i c a l l y   i s o l a t e d   f rom  end  c a p s   14  and  16,  b u t   may  
be  s u p p o r t e d   f r o m   or  e l e c t r i c a l l y   c o n n e c t e d   to   e i t h e r  

end   c a p   14  or   16,  i f   d e s i r e d .   The  s h i e l d   40  a c t s   t o  

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

v a p o u r s   and   p a r t i c l e s   b e f o r e   t h e y   can   r e a c h   t h e  

i n s u l a t i n g   e n v e l o p e   12.  To  f u r t h e r   r e d u c e   t h e  

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

e n v e l o p e   12,  by  b y p a s s i n g   t h e   s h i e l d   40,   end  c a p  



s h i e l d s   42  and  44  a r e   p r o v i d e d   s u r r o u n d i n g   t h e   e n d s   o f  

t h e   main   a r c   s h i e l d   40 .   A  c u p - s h a p e d   s h i e l d   43  i s  

a t t a c h e d   to  t h e   m o v a b l e   o p e r a t i n g   rod  34  and  p a r t i a l l y  

s u r r o u n d s   t he   f l e x i b l e   m e t a l l i c   b e l l o w s   38  to  p r e v e n t  

t h e   b e l l o w s   38  f rom  b e i n g   b o m b a r d e d   by  a r c   g e n e r a t e d  

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

A l l   i d e n t i c a l   p a r t s   a r e   r e f e r e n c e d   by  t h e  

same  n u m e r a l   in  t h e   d r a w i n g s   and  a l l   t he   p a r t s ,   a p a r t  

f r o m   t h e   s h i e l d s   40,   42 ,   44  a r e   t h e   same  in  F i g u r e s   2 

to  5  as  t h o s e   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to  F i g u r e   1 

and  w i l l   t h u s   no t   be  d e s c r i b e d   a g a i n .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   t h e r e f o r e ,  

t h e   i n s u l a t i n g   e n v e l o p e   12  o n l y   n e e d s   to  be  s h i e l d e d  

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

s h i e l d e d   p a r t   e x t e n d s   r i g h t   a r o u n d   t he   e n v e l o p e .   T h i s  

can   be  a c h i e v e d   in  many  d i f f e r e n t   ways  of  w h i c h   o n l y  

f o u r   a r e   i l l u s t r a t e d .  

Thus  in  F i g u r e   2,  t h e   ma in   s h i e l d   40  i s  

r e m o v e d   and  o n l y   end  cap   s h i e l d s   42  and  44  r e m a i n .   I n  

f a c t   o n l y   one  of  t h e s e   i s   s t r i c t l y   s p e a k i n g   r e q u i r e d  

f o r   t h e   i n s u l a t i n g   e n v e l o p e   12  to   s t i l l   work  p r o p e r l y .  

In  F i g u r e   3  a l l   t h e   s h i e l d s   40,  42,  44  a r e  

r e m o v e d   and  t h e   i n s u l a t i n g   e n v e l o p e   1 2  h a s   an  a n n u l a r  

p r o j e c t i o n   13  i n t e g r a l   w i t h   i t .   The  p r o j e c t i o n   13  

c u r v e s   o v e r   so  as  to   be  p a r a l l e l   w i t h   t he   e n v e l o p e   12 

and   e x t e n d s   a l o n g   f o r   a  s h o r t   l e n g t h   so  as  to  s h i e l d  

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

e n v e l o p e .   Once  a g a i n ,   a l t h o u g h   two  of  t h e s e  

p r o j e c t i o n s   13  a r e   s h o w n ,   i t   may  be  d e s i r a b l e   to  o n l y  

p r o v i d e   one  of   t h e m .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a l t h o u g h   t h e s e  

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

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

w i t h   them  in  p l a c e ,   t h e y   may  be  a t t a c h e d   to  t h e  

e n v e l o p e   a t   a  l a t e r   s t a g e   and  may  be  e i t h e r   n o n -  

m e t a l l i c   s u c h   as  c e r a m i c   or  may  even   be  m e t a l l i c .  



a l t e r n a t i v e l y ,   t h e   e n v e l o p e   may  be  m o u l d e d   w i t h   a  

r e c e s s   e x t e n d i n g   i n t o   t h e   e n v e l o p e   f rom  one  e n d ,   t h e  

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

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

a r o u n d   t h e   e n v e l o p e .  

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

a c c o r d i n g   to   t h e   i n v e n t i o n ,   i l l u s t r a t e d   in  F i g u r e   4 ,  

t h e   e n v e l o p e   12  i s   s l i g h t l y   r e c e s s e d   so  as  to   p r o v i d e  

a  s h o u l d e r   15  a g a i n s t   w h i c h   an  a n n u l a r   r i n g   17  i s  

f i x e d   so  as  to   s h i e l d   t h e   p a r t   of   t h e   e n v e l o p e  

d i r e c t l y   b e h i n d   t h e   r i n g   in  r e l a t i o n   to  t h e   a r e .  

The  r i n g   17  may  be  e i t h e r   m e t a l l i c   o r  

i n s u l a t i n g ,   and   in  a  m o d i f i c a t i o n   may  be  s i m p l y   a n  

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

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

w a l l .  

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

i n t e r r u p t e r   a c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e   o u t e r  

s u r f a c e   of   t h e   i n s u l a t i n g   e n v e l o p e   12  i s   f o r m e d  

w i t h   a  p a i r   o f   a n n u l a r   s t e p s   19  s p a c e d   f rom  t h e  

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

end  c a p s   14,  16,  a r e   b r a z e d   to   m e t a l   c y l i n d e r s   21 

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

end   p a r t s   23  o f   t h e   e n v e l o p e   e x t e n d i n g   b e y o n d   t h e  

s t e p s   19.  The  i n n e r   e n d s   of   t h e   c y l i n d e r s   21  a r e  

s e a l e d   to   t h e   s t e p s   19  to   c l o s e   t h e   e n d s   of   t h e  

e n v e l o p e   12,  and  i t   w i l l   be  s e e n   t h a t   t h e   o u t e r  

s u r f a c e s   of   t h e   end  p a r t s   23  of  t h e   e n v e l o p e  

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

T h u s ,   in  a l l   c a s e s ,   t h e r e   i s   a  s m a l l   a r e a   o f  

t h e   s u r f a c e   of   t h e   e n v e l o p e   12,  e x t e n d i n g   r i g h t   a r o u n d  

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

g e n e r a t e d   by  t h e   a r c ,   so  t h a t   e v e n   i f   t h e   r e s t   of   t h e  

e n v e l o p e   h a s   m e t a l   d e p o s i t e d   on  i t ,   t h i s   b a n d   w i l l  

r e m a i n   i n s u l a t i n g .  

H o w e v e r   t h e   i n v e n t i o n   i s   n o t   r e s t r i c t e d  

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



a p p l i c a b l e   to  o t h e r   f o r m s   of  vacuum  d e v i c e s ,   s u c h  

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

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



1.  A  v a c u u m   d e v i c e   of  t he   k i n d   d e s c r i b e d   a b o v e  

w h e r e i n   o n l y   a  m i n o r   f r a c t i o n   of  t he   l e n g t h   of  t h e  

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

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

2.  A  v a c u u m   d e v i c e   a c c o r d i n g   to   C la im  1 

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

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

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

d i s t a n c e   f rom  t h e   or  e a c h   e n d .  

3.  A  v a c u u m   d e v i c e   a c c o r d i n g   to   Cla im  2  w h e r e i n  

t h e   s h i e l d   is   in  t h e   fo rm  of  a  c y l i n d e r   l o c a t e d   c l o s e   t o  

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

t h e   end  of  t h e   e n v e l o p e .  

4.  A  v a c u u m   d e v i c e   a c c o r d i n g   to  C la im  1 

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

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

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

i n s u l a t i n g   w a l l   of   t h e   e n v e l o p e .  

5.  A  v a c u u m   d e v i c e   a c c o r d i n g   to   Claim  1 

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

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

c o n s i s t s   of  a  r i n g   p r o j e c t i n g   i n w a r d s   f rom  the   i n n e r  

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

6.  A  v a c u u m   d e v i c e   a c c o r d i n g   to   Cla im  5 

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

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

w a l l .  

7.  A  v a c u u m   d e v i c e   a c c o r d i n g   to  any  one  o f  

C l a i m s   2  to  6  h a v i n g   a  p a i r   of  s h i e l d s   l o c a t e d   o n e  

a t   e a c h   end  of  t h e   e n v e l o p e .  
8.  A  v a c u u m   d e v i c e   a c c o r d i n g   to  Claim  1  w h e r e i n  

a t   l e a s t   one  end  of   t h e   i n s u l a t i n g   w a l l   of  the   e n v e l o p e  

p r o j e c t s   i n t o   a  c y l i n d r i c a l   end  member   c l o s e d   at  i t s  

o u t e r   end ,   t h e   end  member   b e i n g   s e a l e d   to  the   o u t e r  

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



from  the  end  t h e r e o f ,   and  the  p r o j e c t i n g   end  p a r t   o f  

the   i n s u l a t i n g   wa l l   be ing   s p a c e d   f rom  the   end  m e m b e r .  

9.  A  vacuum  d e v i c e   s u b s t a n t i a l l y   as  shown  i n  

and  as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

a n y  o n e   of  F i g u r e s   2  to  5  of  the   a c c o m p a n y i n g   d r a w i n g s .  
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