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©  Bushing  for  gas-insulated  electrical  equipment. 

The  present  invention  relates  to  a  bushing  for  gas- 
insulated  electrical  equipment,  and  consists  in  a  bushing 
wherein  a  conductor  (1)  penetrates  through  a  porcelain  tube 
(7,8)  which  has  a  fitting  flange  (5)  connected  to  one  end 
thereof  and  wherein  main  electrodes  (3)  concentric  with  the 
conductor  (1)  are  interposed  between  layers  of  an  insulating 
member  (2)  which  insulates  an  outer  periphery  of  the 
conductor,  wherein  an  end  part  of  said  each  main  electrode 
(3)  closer  to  the  other  end  of  said  porcelain  tube  (8)  is 
exposed  a  predetermined  length  from  said  insulating  mem- 
ber.  and  wherein  annular  auxiliary  electrode  means  (12)  are 
electrically  connected  with  said  main  electrode  (3)  and  the 
external  shape  of  which  having  a  curved  surface  is  arranged 
at  the  exposed  end  part  of  said  main  electrode  (3),  whereby 
electric  fields  near  the  end  part  of  said  main  electrode  (3)  are 
moderated  so  as  to  enhance  the  dielectric  strength  of  the 
bushing. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  b u s h i n g   f o r   u s e   i n  

t he   l e a d - o u t   p o r t i o n   o f   t a n k   t y p e   e l e c t r i c a l   e q u i p m e n t  

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

In  g e n e r a l ,   a  b u s h i n g   f o r   u se   in  t h e   l e a d - o u t  

p o r t i o n   of   t a n k   t y p e   e l e c t r i c a l   e q u i p m e n t   i s   a  c o n d e n s e r  

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

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

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

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

p o s i t i o n s   in  t h e   s h a p e   of   c o n c e n t r i c   c y l i n d e r s   so  t h a t   t h e  

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

b u s h i n g   may  become   u n i f o r m .  

F i g u r e   1  shows  a  p r i o r - a r t   c o n d e n s e r   b u s h i n g .  

R e f e r r i n g   to  t h e   f i g u r e ,   n u m e r a l   1  d e s i g n a t e s   a  c e n t r a l  

c o n d u c t o r ,   r o u n d   w h i c h   an  i n s u l a t i n g   s h e e t   member   2  s u c h  

as  i n s u l a t i n g   p a p e r   and  s y n t h e r i c   r e s i n   f i l m   is   wound .   I n  

t h e   member   2,  c y l i n d r i c a l   ma in   e l e c t r o d e s   3  a r e   i n s e r t e d  

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

so  as  to  make  u n i f o r m   t h e   d i s t r i b u t i o n   of   e l e c t r i c   f i e l d s  

i n s i d e   and  o u t s i d e   t h e   b u s h i n g .   T h u s ,   a  c o n d e n s e r   c o r e   4 

i s   f o r m e d .   N u m e r a l   5  d e s i g n a t e s   a  f i t t i n g   f l a n g e ,   n u m e r a l   6 

a  l o w e r   p o r c e l a i n   t u b e ,   and  n u m e r a l   7  a  l o w e r   t e r m i n a l   w i t h  

w h i c h   t h e   l o w e r   end  p a r t   of   t h e   c e n t r a l   c o n d u c t o r   1  i s  

h e l d   in  t h r e a d a b l e   e n g a g e m e n t .   N u m e r a l   8  d e s i g n a t e s   an  u p p e r  



p o r c e l a i n   t u b e ,   and  n u m e r a l   9  a  h e a d   f i x t u r e   w h i c h   r e c e i v e s  

t h e r e i n   a  c o m p r e s s i o n   s p r i n g   ( n o t   shown)  t h a t   s e r v e s   t o  

f i x   t h e   u p p e r   p o r c e l a i n   t u b e   8,  f i t t i n g   f l a n g e   5  and  l o w e r  

p r o c e l a i n   t u b e   6  by  u t i l i z i n g   t h e   c e n t r a l   c o n d u c t o r   1  a s  

a  t e n s i b l e   s t r e n g t h   m e m b e r .   Shown  a t   n u m e r a l   10  i s   an  u p p e r  

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

w i t h   an  i n s u l a t i n g   med ium  1 1 .  

The  c o n d e n s e r   c o r e   4  i s   so  c o n s t r u c t e d   t h a t ,   i n  

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

t h e   ma in   e l e c t r o d e s   3  made  o f   an  e l e c t r i c a l l y   c o n d u c t i v e  

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

p r e d e t e r m i n e d   s i z e   a r e   i n s e r t e d   and   wound  a t   p r e d e t e r m i n e d  

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

T h u s ,   e a c h   m a i n   e l e c t r o d e   3  i s   s a n d w i c h e d   b e t w e e n   t h e  

l a y e r s   o f   t h e   i n s u l a t i n g   s h e e t   m a t e r i a l   2,  and  i t s   e n d  

p a r t   as  v i e w e d   in   s e c t i o n   i s   p o i n t e d .   For   t h i s   r e a s o n ,  

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

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

s u r f a c e s   20  c r o w d   on  t h e   e l e c t r o d e   e n d s   as  i l l u s t r a t e d  

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

e l e c t r o d e s   3  in  F i g u r e   2.  The  f i e l d   i n t e n s i t y   of  t h e   c r o w d e d  

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

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

end  o f   ma in   e l e c t r o d e   3  can   a m o u n t   to   s e v e r a l   t i m e s   o f  

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

n o t   v e r y   g o o d .   I f   t h e   e l e c t r i c   f i e l d   c r o w d i n g   a t   t h e   e n d  

p a r t   of  t h e   ma in   e l e c t r o d e   3  can   be  m o d e r a t e d ,   t h e   u t i l i z a -  

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

e n h a n c e m e n t   of   t h e   d i e l e c t r i c   s t r e n g t h   of   c o n d e n s e r   c o r e   4 



or  r e d u c t i o n   in  t h e   d i a m e t e r   t h e r e o f   w i l l   become   p o s s i b l e .  

In  o r d e r   to   m o d e r a t e   t h e   e l e c t r i c   f i e l d   c r o w d i n g  

a t   t h e   end  p a r t   of  t h e   m a i n   e l e c t r o d e   3,  t h e   end  p a r t   o f  

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

in   p a r a l l e l   w i t h   t h e   e q u i p o t e n t i a l   s u r f a c e s .   An  a l t e r -  

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

by  d i s p o s i n g   a  r o u n d e d   r i n g .   H o w e v e r ,   t h e s e   m e a s u r e s  

h a v e   b e e n   p u t   i n t o   p r a c t i c a l   use   i n   an  e p o x y - i n j e c t i o n  

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

end  of  t h e   m a i n   e l e c t r o d e   3  in  p a r a l l e l   w i t h   t h e   e q u i p o -  

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

c o r e   4  i s   f o r m e d   of   t h e   i n s u l a t i n g   s h e e t   m a t e r i a l .  

The  i n v e n t i o n   i s   i n t e n d e d   to   r e m e d y   t h e s e   d r a w -  

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

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  b u s h i n g   w h i c h   i s  

e a s y   fo  f a b r i c a t e   w h e r e i n   a n n u l a r   a u x i l i a r y   e l e c t r o d e s  

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

e l e c t r o d e s   and  t h e   e x t e r n a l   s h a p e   of  w h i c h   have   a  c u r v e d  

s u r f a c e ,   a r e   a r r a n g e d   a t   t h e   end  p a r t s   of  t h e   m a i n  

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

of  t h e   ma in   e l e c t r o d e s   a r e   m o d e r a t e d   to   e n h a n c e   t h e  

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

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

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

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

b u s h i n g ;  

F i g .   2  i s   an  e x p l a n a t o r y   v i e w   s h o w i n g   e l e c t r i c  

f i e l d   d i s t r i b u t i o n s   a t   t h e   end  p a r t s   of  ma in   e l e c t r o d e s  



in   F i g u r e   1 ;  

F i g u r e   3  i s   a  s e c t i o n a l   v i e w   of   an  e m b o d i m e n t   o f  

t h i s   i n v e n t i o n ;  

F i g u r e   4  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of   t h e  

v i c i n i t i e s   o f   t h e   end   p a r t s   o f   m a i n   e l e c t r o d e s   in   F i g u r e   3 ;  

F i g u r e   5  i s   a  s e c t i o n a l   v i e w   of   a n o t h e r   e m b o d i m e n t  

o f   t h i s   i n v e n t i o n ;  

F i g u r e   6  i s   a  s e c t i o n a l   v i e w   o f   s t i l l   a n o t h e r  

e m b o d i m e n t   o f   t h i s   i n v e n t i o n ;  

F i g u r e   7  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   of   t h e  

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

F i g u r e   6;  a n d  

F i g u r e   8  i s   a  s e c t i o n a l   v i e w   of   y e t   a n o t h e r  

e m b o d i m e n t   o f   t h i s   i n v e n t i o n .  

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

same  or   c o r r e s p o n d i n g   p a r t s .  

Now,  an  e m b o d i m e n t   o f   t h i s   i n v e n t i o n   w i l l   b e  

c o n c r e t e l y   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   3  and  4 .  

F i g u r e   3  i s   a  s e c t i o n a l   v i e w   s h o w i n g   one  e m b o d i m e n t   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n ,   w h i l e   F i g u r e   4  i s   an  e n l a r g e d  

s e c t i o n a l   v i e w   o f   t h e   end  p a r t s   of   e l e c t r o d e s .   In  t h e  

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

an  i n s u l a t i n g   s h e e t   member   2  i s   w o r k e d   s t e p w i s e   a t   t h e   e n d  

p a r t s   o f   m a i n   e l e c t r o d e s   3  so  as  to  e x p o s e   t h e   end  p a r t s  

o f   t h e s e   m a i n   e l e c t r o d e s   3.  F u r t h e r ,   a n n u l a r   a u x i l i a r y  

e l e c t r o d e s   12  f o r m e d   o f   w i r e   r o d s   c i r c u l a r   in  s e c t i o n   a r e  

f i x e d   to  e a c h   end   p a r t   o f   e a c h   m a i n   e l e c t r o d e   3  and  a r e  



e l e c t r i c a l l y   c o n n e c t e d   w i t h   t h e   main   e l e c t r o d e   3  by  m e a n s  

of  e l e c t r i c a l l y - c o n d u c t i v e   s u p p o r t e r s   13  w h i c h   a r e   a r r a n g e d  

in  a  number   o f   3  -   4  a t   e q u a l   i n t e r v a l s   in  t h e   p e r i p h e r a l  

d i r e c t i o n   of   t h e   m a i n   e l e c t r o d e   3.  In  a d d i t i o n ,   a n  

i n s u l a t i n g   f i l m   14  i s   d i s p o s e d   on  t h e   o u t e r   p e r i p h e r y   o f  

e a c h   a u x i l i a r y   e l e c t r o d e   12  in  s u c h   a  way  t h a t   a  t a p e   t y p e  

i n s u l a t i n g   m a t e r i a l   i s   wound   to  a  s u i t a b l e   t h i c k n e s s .  

Owing  to  s u c h   s t r u c t u r e ,   e l e c t r i c   f i e l d s   a t   t h e   end  p a r t  

of   t h e   main   e l e c t r o d e   3  a r e   m o d e r a t e d   by  t h e   d i a m e t e r   o f  

t h e   a u x i l i a r y   e l e c t r o d e s   12,   and  t h e   d i e l e c t r i c   s t r e n g t h  

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

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

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

t h a t   end  p a r t   o f   t h e   m a i n   e l e c t r o d e   3  a t   w h i c h   t h e   e l e c t r i c  

f i e l d s   c r o w d .   T h e r e f o r e ,   t h e   a t t a c h m e n t   of   t h e   a u x i l i a r y  

e l e c t r o d e s   12  as  d e s c r i b e d   a b o v e   a l l o w s   r e d u c t i o n   in  t h e  

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

e l e c t r o d e   3  of   a  c o n d e n s e r   c o r e   4.  I t   i s   a l s o   p o s s i b l e   t o  

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

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

of  t h e   main   e l e c t r o d e   3  and  t h e   a u x i l i a r y   e l e c t r o d e s   1 2 .  

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

The  a u x i l i a r y   e l e c t r o d e   12  i s   s u r r o u n d e d   w i t h   t h e  

i n s u l a t i n g   f i l m   14  o b t a i n e d   by  w i n d i n g   t h e   i n s u l a t i n g   t a p e  

m a t e r i a l   to  a  s u i t a b l e   t h i c k n e s s .   In  t h i s   r e g a r d ,   s i n c e  

t h e   d i e l e c t r i c   c o n s t a n t   of   t h e   i n s u l a t i n g   f i l m   14  i s   g r e a t e r  

t h a n   t h a t   of   an  i n s u l a t i n g   med ium  11  s u r r o u n d i n g   t h e   f i l m   1 4 ,  

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

a u x i l i a r y   e l e c t r o d e   12  i s   l o w e r e d   in  i n v e r s e   p r o p o r t i o n   t o  



t h e   f o r m e r   d i e l e c t r i c   c o n s t a n t ,   so  t h a t   t h e   d i e l e c t r i c  

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

t h e   d i e l e c t r i c   s t r e n g t h   of   t h e   i n s u l a t i n g   f i l m   1 4 .  

The  i n s u l a t i n g   f i l m   14  on  t h e   s u r f a c e   o f   t h e  

a u x i l i a r y   e l e c t r o d e   12  may  w e l l   be  f o r m e d   by  a  m e t h o d   i n  

w h i c h   t h e   e p o x y   r e s i n   p o w d e r   o r   t h e   l i k e ,   in   a  s e m i - h a r d e n e d  

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

or   t h e   l i k e   and  i s   t h e n   h a r d e n e d .   W i t h   t h i s   m e t h o d ,   t h e  

i n s u l a t i n g   j ob   f o r   t h e   a u x i l i a r y   e l e c t r o d e   12  i s   f a c i l i t a t e d ,  

and   an  e f f e c t   e q u i v a l e n t   to  t h a t   in   t h e   c a s e   of   t a p i n g   i s  

a t t a i n e d .  

F i g u r e   5  s h o w s   a n o t h e r   e m b o d i m e n t   of   t h i s   i n v e n t i o n  

a p p l i e d   to  a  b u s h i n g   in   w h i c h   a  c o n i c a l   s p a c e r   15  i s  

d i s p o s e d   in  t h e   l o w e r   p a r t   t h e r e o f .  

F i g u r e   6  shows   a n o t h e r   e m b o d i m e n t   of   t h i s  

i n v e n t i o n .   In  t h e   e m b o d i m e n t   shown  in   F i g u r e   6,  an  a u x i l i a r y  

e l e c t r o d e   16  i s   so  c o n s t r u c t e d   t h a t   an  e l a s t i c   m a t e r i a l  

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

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

s u c h   as  an  e l l i p t i c a l   or   o v a l   s h a p e ,   c a u s i n g   no  e l e c t r i c  

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

t h a t   o f   t h e   ma in   e l e c t r o d e   3,  t h e   d i a m e t e r s   b e i n g   t a k e n  

w i t h   r e s p e c t   to  t h e   a x i s   of  t h e   b u s h i n g .   As  shown  i n  

F i g u r e   7,  t he   a u x i l i a r y   e l e c t r o d e   16  i s   a r r a n g e d   a t   t h e  

end   p a r t   of   t h e   m a i n   e l e c t r o d e   3  in   a  m a n n e r   to  a b u t   o n  

t h i s   ma in   e l e c t r o d e   3.  The  a u x i l i a r y   e l e c t r o d e   16  of   t h e  

s m a l l e r   d i a m e t e r   i s   a t t a c h e d   to  t h e   c o n d e n s e r   c o r e   4  b y  

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

v e r y   e a s i l y   p e r f o r m e d .  



F i g u r e   8  shows  a n o t h e r   e m b o d i m e n t   of  t h i s  

i n v e n t i o n   w h e r e i n   an  a u x i l i a r y   e l e c t r o d e   16  h a v i n g  

e l a s t i c i t y   i s   d i s p o s e d   on  t h e   m a i n   e l e c t r o d e   3  of   a  

b u s h i n g   w h i c h   i s   e q u i p p e d   w i t h   a  c o n i c a l   s p a c e r   15  i n  

t h e   l o w e r   p a r t   t h e r e o f .  

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

t h e   end  p a r t   of   a  ma in   e l e c t r o d e   i s   e x p o s e d   a  p r e d e t e r m i n e d  

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

w h i c h   i s   e l e c t r i c a l l y   c o n n e c t e d   w i t h   t h e   ma in   e l e c t r o d e  

and  t h e   e x t e r n a l   s h a p e   of  w h i c h   has   a  c u r v e d   s u r f a c e   i s  

a r r a n g e d   a t   t h e   end  p a r t   of   t h e   m a i n   e l e c t r o d e ,   w h e r e b y   t h e  

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

of   t h e   m a i n   e l e c t r o d e   can   be  r e a d i l y   m o d e r a t e d ,   a n d  

t h e   d i e l e c t r i c  s t r e n g t h   can   be  e n h a n c e d .  



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

t h r o u g h   a  p o r c e l a i n   t u b e   w h i c h   has   a  f i t t i n g   f l a n g e  

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

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

l a y e r s   of   an  i n s u l a t i n g   member   w h i c h   i n s u l a t e s   t h e   o u t e r  

p e r i p h e r y   of  t h e   c o n d u c t o r ,   c h a r a c t e r i z e d   in   t h a t   a n  

end   p a r t   of  s a i d   e a c h   m a i n   e l e c t r o d e   (3)  c l o s e r   t o  

t h e   o t h e r   end   of  s a i d   p o r c e l a i n   t u b e   (8)  i s   e x p o s e d   a  

p r e d e t e r m i n e d   l e n g t h   f rom  s a i d   i n s u l a t i n g   m e m b e r ,   a n d  

t h a t   a n n u l a r   a u x i l i a r y   e l e c t r o d e   m e a n s   (12)  e l e c t r i c a l l y  

c o n n e c t e d   w i t h   s a i d   m a i n   e l e c t r o d e   (3)  and   t h e   e x t e r n a l  

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

e x p o s e d   end  p a r t   of  s a i d   m a i n   e l e c t r o d e   ( 3 ) .  

2.  A  b u s h i n g   a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   s a i d   a u x i l i a r y   e l e c t r o d e   means   (12)  has   a  c i r -  

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

3.  A  b u s h i n g   a c c o r d i n g   to   c l a i m   1  or   2,  c h a r a c t e r i z e d  

in   t h a t   s a i d   a u x i l i a r y   e l e c t r o d e   means   (12)  has   a n  

i n s u l a t i n g   f i l m   (14)  w h i c h   i s   f o r m e d   by  w i n d i n g   a  s h e e t  

i n s u l a t o r .  

4.  A  b u s h i n g   a c c o r d i n g   to   any  of  c l a i m s   1  to   3 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   a u x i l i a r y   e l e c t r o d e   means   ( 1 2 )  

has   an  i n s u l a t i n g   f i l m   (14)  w h i c h   i s   made  of   a  c o a t i n g  

of   a  h i g h   p o l y m e r .  

5.  A  b u s h i n g   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   a u x i l i a r y   e l e c t r o d e   means   (12)  i s   made  o f  



e l e c t r i c a l l y - c o n d u c t i v e   r u b b e r   or  e l e c t r i c a l l y - c o n d u c t i v e  

s y n t h e t i c   r e s i n   w h i c h   i s   e l a s t i c .  
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