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@)  Electrical  bushing  and  method  of  manufacture  thereof. 

An  electric  bushing  comprises  an  electrical  conductor 
(6),  a  first  insulating  layer  (12)  on  the  conductor,  a  stress 
grading  layer  (14)  over  the  insulating  layer,  and  an  outer 
insulating  layer  (4)  mechanically  connected  to  a  flange  (2) 
which  is  electrically  connected  to  the  stress  grading  layer  in 
such  a  manner  that  minimal,  if  any,  mechanical  stress  is 
transmitted  from  the  flange  (2)  to  the  stress-grading  layer 
(14).  The  flange  (2)  serves  to  mount  the  bushing  on  to  the 
metal  housing  of  an  electrical  apparatus,  such  as  switch- 
gear  or  transformers.  The  flange  (2)  is  of  metal  or  contains  a 
metal  element  and  is  electrically  connected  to  the  housing, 
when  installed,  making  an  electrical  connection  between 
the  housing  and  the  stress  grading  layer  (14).  The  outer 
insulating  layer  (4)  is  sealed  to  the  end  regions  (8,  10)  of  the 
electrical  conductor  (6)  providing  mechanical  attachment 
between  the  conductor  (6)  and  the  flange  (2)  which  secures 
the  bushing  to  the  electrical  apparatus. 



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

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

b u s h i n g .  

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

v o l t a g e   e l e c t r i c a l   power   s a f e l y   f rom  a  p o w e r   l i n e   i n t o   a n  

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

The  m e t a l   h o u s i n g   of   such   e l e c t r i c a l   e q u i p m e n t   i s   an  e l e c t r i c a l  

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

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

t h r o u g h   an  o p e n i n g   in  t h e   h o u s i n g .   E l e c t r i c a l   b u s h i n g s  

p r o v i d e ,   as  min imum  f e a t u r e s ,   a  c o n d u c t o r   f o r   h i g h   v o l t a g e  

p o w e r ,   i n s u l a t i o n   means   and  means   f o r   m o u n t i n g   t h e   b u s h i n g  

in  e l e c t r i c a l   e q u i p m e n t .  

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

e l e c t r i c a l   c o n d u c t o r   s u r r o u n d e d   by  m e t a l   c y l i n d e r s   o f  

d e c r e a s i n g   l e n g t h   at   p r e d e t e r m i n e d   s p a c i n g s   f rom  t h e  

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

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

w i t h   i n s u l a t i o n   m a t e r i a l .   Such  i n s u l a t i o n   m a t e r i a l   c a n  

be  of  p h e n o l i c   i m p r e g n a t e d   p a p e r ,   c a s t   e p o x y   or  p o l y e s t e r  

or  r e s i n .   Such  b u s h i n g s   a r e   d i f f i c u l t   to  m a n u f a c t u r e  

a s  t h e   i n s u l a t i o n   mus t   be  v o i d - f r e e .   T h i s   i s   d i f f i c u l t  

to  a c h i e v e   and  can  i n v o l v e   c a s t i n g   of  t h e   i n s u l a t i o n  

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



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

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

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

a p p a r a t u s   w i t h   w h i c h   i t   i s   to  be  u s e d   and  an  o u t e r  

i n s u l a t i n g   l a y e r .   The  s t r e s s - g r a d i n g   m a t e r i a l   c a n  
e x t e n d   a  p r e d e t e r m i n e d   d i s t a n c e   f rom  t h e   g r o u n d   p l a n e .  
The  i n s u l a t i o n   of   t h e   f i r s t   l a y e r   can   be ,   f o r   e x a m p l e ,  

a  c u r e d   e p o x y   r e s i n ,   or  t h e   l i k e .   A  t y p i c a l   b u s h i n g   o f  

t h i s   t y p e   i s   d i s c l o s e d   in   U .S .   P a t e n t   No.  3 , 6 4 6 , 2 5 1   t o  

F r e i d r i c h .   I t   i s   i m p o r t a n t   t h a t   t h e   i n s u l a t i o n   l a y e r ,  

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

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

t h e   c o n d u c t o r   be  v o i d - f r e e .   When  an  e p o x y   r e s i n   s y s t e m  
is   u s e d ,   t h i s   g e n e r a l l y   r e q u i r e s   t h a t   t h e   e p o x y   r e s i n  

be  d e g a s s e d   t h e n   c a s t   in  a  v a c u u m   and  c u r e d   u n d e r  

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

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

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

b u s h i n g s   b e i n g   p r o d u c e d .  

In  a c c o r d a n c e   w i t h   o n e  a s p e c t   of   t h e   p r e s e n t  

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

c o m p r i s i n g :  

(a )   an  e l e c t r i c a l   c o n d u c t o r ;  

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

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

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

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

t he   c o n d u c t o r   e x t e n d i n g   b e y o n d   s a i d   l a y e r ;  



(c )   a  l a y e r   of  s t r e s s - g r a d i n g   m a t e r i a l   s u p e r -  

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

of  s a i d   f i r s t   i n s u l a t i n g   l a y e r ;  

(d)   a  f l a n g e   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   s t r e s s -  

g r a d i n g   l a y e r ;   a n d  

(e)   an  o u t e r   r i g i d   i n s u l a t i o n   l a y e r   b o n d e d   t o  

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

of   t h e   c o n d u c t o r ,   t h e r e b y   p r o v i d i n g   r i g i d  

m e c h a n i c a l   c o n n e c t i o n   b e t w e e n   t h e   f l a n g e   a n d  

t h e   c o n d u c t o r .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,  

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

c o m p r i s i n g   t h e   s t e p s   o f :  

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

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

o v e r   an  i n t e r m e d i a t e   l e v e l   of   an  e l e c t r i c a l  

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

c o n d u c t o r   e x t e n d i n g   b e y o n d   s a i d   l a y e r ;  

(b)   a p p l y i n g   a  l a y e r   of  s t r e s s - g r a d i n g   m a t e r i a l  

o v e r   a t   l e a s t   an  i n t e r m e d i a t e   l e n g t h   o f   t h e  

f i r s t   i n s u l a t i o n   l a y e r ;  

(c)   e l e c t r i c a l l y   c o n n e c t i n g   a  f l a n g e   to  s a i d  

s t r e s s - g r a d i n g   l a y e r ;   a n d  

(d)  b o n d i n g   an  o u t e r   r i g i d   i n s u l a t i o n   l a y e r   t o  

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

of  t he   c o n d u c t o r   t h e r e b y   p r o v i d i n g   r i g i d  

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

and  t h e   c o n d u c t o r .  



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

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

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

v o i d - f r e e   l a y e r   of  e p o x y ,   or  s i m i l a r   r e s i n   on  a n  

e l e c t r i c a l   c o n d u c t o r .   F u r t h e r m o r e ,   t h e   e l e c t r i c a l  

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

to  t h e   e l e c t r i c a l   a p p a r a t u s   a r e   s e p a r a t e d .  

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

be  u s e d   in  h i g h   v o l t a g e   a p p l i c a t i o n s   of  up  to  a b o u t   69  

k i l o v o l t s ,   t y p i c a l l y   of  15,  35  or  69  k i l o v o l t s .   T h e  

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

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

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

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

p l a t e d   c o p p e r   and  t h e   l i k e .  

The  e l e c t r i c   c o n d u c t o r   i s   a d a p t e d   f o r   u s e  

w i t h   s w i t c h g e a r ,   t r a n s f o r m e r s   and  t h e   l i k e .   Use  of   t h e  

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

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

e l e c t r i c a l   a p p a r a t u s .   The  e l e c t r i c   c o n d u c t o r   of   t h e  

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

p e r m i t   i t   to  be  c o n n e c t e d   to  t h e   i n c o m i n g   power   l i n e  

and  to   t h e   e l e c t r i c   c i r c u i t   of   t he   e l e c t r i c a l   a p p a r a t u s  



w i t h   w h i c h   i t   is   u s e d .   For   e x a m p l e ,   t h e   c o n d u c t o r   c a n  

be  p r o v i d e d   a t   one  end  w i t h   a  f l a t t e n e d   t e r m i n a l   p l a t e  

to  w h i c h   t h e   power   l i n e   can  be  b o l t e d .   The  o t h e r   e n d  

of   t h e   c o n d u c t o r   can  be  in  t h e   s h a p e   of   a  p l u g   to  b e  

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

The  means   u s e d   f o r   c o n n e c t i n g   t h e   c o n d u c t o r   to   t h e   p o w e r  

s u p p l y   and  to  t h e   e l e c t r i c a l   c i r c u i t   of   t h e   e q u i p m e n t  

is   no t   c r i t i c a l   and  any  c o n v e n i e n t   means   can  be  u s e d .  

The  f i r s t   i n s u l a t i o n   l a y e r   i s   p o s i t i o n e d   o v e r  

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

t he   e l e c t r i c a l   c o n d u c t o r   so  as  to  l e a v e   t h e   end  r e g i o n s  

u n i n s u l a t e d ,   i . e .   no t   c o v e r e d   by  t h e   f i r s t   l a y e r   o f  

i n s u l a t i o n .  

The  f i r s t   l a y e r   of  i n s u l a t i o n   can  be  r e s i l i e n t  

or  n o n - r e s i l i e n t ,   and  may  c o m p r i s e   a  l a y e r   of  v o i d - f r e e  

t h e r m o p l a s t i c ,   p r e f e r a b l y   p o l y m e r i c ,   m a t e r i a l .   By 

" v o i d - f r e e "   i s   m e a n t   m a t e r i a l   t h a t   i s   r e l a t i v e l y   f r e e  

of  v o i d s   and  c o n t a i n s   e s s e n t i a l l y   no  v o i d s   g r e a t e r  

t h a n   a b o u t   0 . 0 0 7   i n c h   ( 0 . 0 1 8   c m s ) ,   p r e f e r a b l y   n o n e  

g r e a t e r   t h a n   a b o u t   0 . 0 0 5   i n c h   ( 0 . 0 1 3   c m s ) .   T h e  

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

s t r e n g t h   of   a t  l e a s t   200  V o l t s / m i l   (78  k i l o v o l t s / c m )  

and  p r e f e r a b l y   a t   l e a s t   300  v o l t s / m i l   (118   k i l o v o l t s / e m ) .  

When  t h e   m a t e r i a l   i s   p o l y m e r i c ,   i t   can  be ,   f o r   e x a m p l e ,  

p o l y e t h y l e n e ,   e t h y l e n e - p r o p y l e n e   c o p o l y m e r   or  e t h y l e n e  

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

p o l y m e r s   and  e p o x y   r e s i n s .   The  p o l y m e r   can  c o n t a i n  

t h e   u s u a l   a d d i t i v e s ,   s u c h   as  s t a b i l i s e r s ,  

a n t i o x i d a n t s ,   a n t i - t r a c k i n g   a g e n t s   and  t h e   l i k e .  



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

m a t e r i a l   a r e   d e s c r i b e d   in   U .S .   P a t e n t s   Nos .   4 , 0 0 1 , 1 2 8  

to  P e n n e c k ,   4 , 1 0 0 , 0 8 9   to  Cammack,   4 , 1 8 9 , 3 9 2   to  P e n n e c k  

and  4 , 2 1 9 , 6 0 7   to   Cammack  e t   a l ,   and  U.K.  P a t e n t s   N o s .  

1 , 3 3 7 , 9 5 1   and  1 , 3 3 7 , 9 5 2   of  P e n n e c k .  

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

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

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

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

t h e   r a n g e   of   a b o u t   0 .1  cm  to  a b o u t   5 . 0   cm,  p r e f e r a b l y   i n  

t h e   r a n g e   of  a b o u t   0 . 5   cm  to  a b o u t   2 .0   c m .  

The  f i r s t   l a y e r   of  i n s u l a t i o n   can   be  a p p l i e d  

by  any  c o n v e n t i o n a l   t e c h n i q u e .   One  m e t h o d   of  a p p l y i n g  

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

in  p a r t i c u l a r   a  h e a t - s h r i n k a b l e ,   t u b u l a r   a r t i c l e   o f  

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

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

t h e   c o n d u c t o r .   H e a t - s h r i n k a b l e   p o l y m e r i c   t u b u l a r  

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

see   f o r   e x a m p l e ,   U .S .   P a t e n t   No.  3 , 0 8 6 , 2 4 2   to   C o o k .  

D i m e n s i o n a l l y - r e c o v e r a b l e   a r t i c l e s   w h i c h   r e c o v e r  

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

see   U . S .   P a t e n t   No.  4 , 1 3 5 , 5 5 3   to  E v a n s   e t   a l .  



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

and  t h e   c o n d u c t o r   s h o u l d   be  v o i d - f r e e ,   as  v o i d s   a t   t h e  

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

t h e   c o n d u c t o r   and  t h e   i n s u l a t i o n   w h i c h   c a u s e   e l e c t r i c a l  

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

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

c o n d u c t o r   and  t h e   i n s u l a t i o n   l a y e r ,   i t   is   d i f f i c u l t   t o  

p r o v i d e   a  v o i d - f r e e   i n t e r f a c e   b e t w e e n   t h e   c o n d u c t o r   a n d  

t h e   f i r s t   i n s u l a t i o n   l a y e r .   To  o b v i a t e   t h i s   p r o b l e m ,  

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

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

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

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

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

F a r a d a y ' s   Law,  r e s u l t   in  d e s t r u c t i v e   e l e c t r i c   f i e l d s .  

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

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

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

c o n d u c t i v e   l a y e r   can  be  a p p l i e d   by  v a c u u m   d e p o s i t i o n   o f  

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

by  s p r a y i n g   t h e   p a i n t   o n t o   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 o n .   A l t e r n a t i v e l y ,   a  l a y e r   of  m e t a l ,   e g .  
a l u m i n u m   f o i l   can  be  a p p l i e d   o v e r   t h e   c o n d u c t o r   b e f o r e  

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

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

The  s t r e s s - g r a d i n g   l a y e r   is   a p p l i e d   o v e r   t h e  

f i r s t   i n s u l a t i o n   l a y e r .   The  s t r e s s - g r a d i n g   l a y e r   c a n  

be  c o e x t e n s i v e   w i t h ,   i . e .   can  e x t e n d   t h e   f u l l   l e n g t h  

o f ,   t he   i n s u l a t i o n   l a y e r   bu t   i s   g e n e r a l l y   s h o r t e r   so  a s  

to  e x t e n d   o v e r   an  i n t e r m e d i a t e   l e n g t h ,   f o r   e x a m p l e   a  

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



t h a t   t h e   end  r e g i o n s   of   t h e   f i r s t   i n s u l a t i o n   l a y e r  

e x t e n d   b e y o n d   t h e   s t r e s s - g r a d i n g   l a y e r .   T h e  s t r e s s - g r a d i n g  

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

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

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

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

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

in  more   d e t a i l   b e l o w ,   u s i n g   t h e   b u s h i n g   of   t h i s   i n v e n t i o n  

' t he   a p p a r a t u s   i s   e l e c t r i c a l l y   c o n n e c t e d   t h r o u g h   t h e  

f l a n g e   to  t h e   s t r e s s   c o n t r o l   l a y e r   of   t h e   b u s h i n g .   T h e  

s t r e s s - g r a d i n g   l a y e r   s h o u l d   e x t e n d   f rom  t h e   p o i n t   a t  

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

to  p r o d u c e   a  min imum  e l e c t r i c   f i e l d   a t   e a c h   end  of  t h e  

s t r e s s - g r a d i n g   l a y e r .  

S t r e s s - g r a d i n g   m a t e r i a l s   w h i c h   can   be  u s e d  

a r e   w e l l   k n o w n .   Such  m a t e r i a l s   t y p i c a l l y   c o m p r i s e   a  

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

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

p a r t i c l e s   can  be ,   f o r   e x a m p l e ,   c a r b o n   b l a c k ,   p a r t i c u l a t e  

g r a p h i t e ,   s i l i c o n   c a r b i d e   p a r t i c l e s   and  t h e   l i k e .   S u c h  

m a t e r i a l s   can   be  in   t h e   fo rm  of   a  p a i n t   or  s o l i d  

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

a r t i c l e s .   An  e x a m p l e   of  a  s t r e s s - g r a d i n g   m a t e r i a l   c a n  

be  f o u n d   in   U . S .   P a t e n t   No.  3 , 9 5 0 , 6 0 4   to  P e n n e c k .  

The  s t r e s s - g r a d i n g   m a t e r i a l   can   be  a p p l i e d   t o  

t h e   f i r s t   i n s u l a t i o n   l a y e r   by  any  c o n v e n i e n t   t e c h n i q u e .  

I f   t h e   s t r e s s - g r a d i n g   m a t e r i a l   i s   in  t h e   fo rm  of   a  

p a i n t ,   eg .   a  m i x t u r e   of   s i l i c o n   c a r b i d e   p a r t i c l e s   in  a  

l i q u i d   c u r a b l e   r e s i n   s y s t e m   s u c h   as  an  e p o x y   r e s i n ,   t h e  

m a t e r i a l   can   be  c o a t e d   on  to  t h e   s u r f a c e   o f   t h e   f i r s t  

i n s u l a t i o n   l a y e r   by  s p r a y i n g ,   b r u s h i n g   or  t h e   l i k e .  



The  s t r e s s - g r a d i n g   m a t e r i a l   can  be  in  t h e  

fo rm  of   a  d i m e n s i o n a l l y - r e c o v e r a b l e ,   f o r   e x a m p l e   a  

h e a t - s h r i n k a b l e ,   t u b u l a r   a r t i c l e ,   f o r   e x a m p l e ,   a s  

d e s c r i b e d   in   a b o v e - m e n t i o n e d   U .S .   P a t e n t   No.  3 , 9 5 0 , 6 0 4 .  

The  s t r e s s - g r a d i n g   l a y e r   can  t h e n   be  a p p l i e d ,   f o r  

e x a m p l e ,   by  p o s i t i o n i n g   a  h e a t - s h r i n k a b l e   t u b u l a r  

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

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

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

A n o t h e r   m e t h o d   of  a p p l y i n g   t he   s t r e s s - g r a d i n g  

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

i n s u l a t i o n   m a t e r i a l   and  t h e   s t r e s s - g r a d i n g   m a t e r i a l   t o  

fo rm  a  l a m i n a t e   of  t he   two  m a t e r i a l s .   A  c o e x t r u d e d  

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

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

known  m e t h o d s ,   s u c h   as  t h a t   d e s c r i b e d   in  t h e   a b o v e -  

m e n t i o n e d   U .S .   P a t e n t   Nos.   3 , 0 8 6 , 2 4 2 ,   and  4 , 1 3 5 , 5 5 3 .  

C o e x t r u s i o n   of  t he   m a t e r i a l s   p r o d u c e s   a  v o i d - f r e e  

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

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

w h i c h   can  u n t i m a t e l y   l e a d   to  f a i l u r e   of   t h e   b u s h i n g .  

The  f l a n g e   i s   e l e c t r i c a l l y   g r o u n d e d   and  i s  

e l e c t r i c a l l y   c o n n e c t e d   to  t he   s t r e s s - g r a d i n g   l a y e r   o f  

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

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

The  c o n n e c t i o n   is   g e n e r a l l y   made  a t   a b o u t   t h e   m i d - p o i n t  

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



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

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

d i r e c t   m e c h a n i c a l   and  e l e c t r i c a l   c o n n e c t i o n   b e t w e e n   t h e  

c e n t r e   of   t h e   b u s h i n g   and  t h e   f l a n g e .   T h i s   p l a c e s  

m e c h a n i c a l   s t r e s s   on  t h e   b u s h i n g   a t   t h e   same  p l a c e   a s  

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

be  d i s a d v a n t a g e o u s .   Wi th   t he   p r e s e n t   b u s h i n g   t h e  

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

t he   a p p a r a t u s   a r e   s e p a r a t e d .   The  f l a n g e   i s   p r e f e r a b l y  

of  m e t a l   b u t   need   no t   be  e n t i r e l y   of   m e t a l ,   f o r   e x a m p l e ,  

i t   can   be  p r i m a r i l y   of  p l a s t i c   c o n t a i n i n g   a  m e t a l  

e l e m e n t .   Such  a  m e t a l   e l e m e n t   can  be  e m b e d d e d   in  t h e  

p l a s t i c   or  can   be  a  m e t a l   b o l t   i n s e r t e d   t h r o u g h  

t h e   p l a s t i c   f l a n g e   to  f a s t e n   i t   to  t h e   w a l l   of  t h e  

e l e c t r i c a l   a p p a r a t u s .   R e f e r e n c e   to  a  m e t a l   f l a n g e  

h e r e i n   i s   to  be  u n d e r s t o o d   to  r e f e r   to  an  a l l   m e t a l  

f l a n g e   or  a  n o n - m e t a l   f l a n g e   h a v i n g   a  m e t a l   e l e m e n t  

t h e r e i n   or  p a s s i n g   t h e r e t h r o u g h .  

The  e l e c t r i c a l   c o n n e c t i o n   is   made  b e t w e e n   t h e  

s t r e s s - g r a d i n g   l a y e r   and  t h e   m e t a l   f l a n g e   by  p l a c i n g   a n  

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

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

i n s u r e   m i n i m a l   m e c h a n i c a l   s t r e s s   on  t h e   s t r e s s - g r a d i n g  

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

e x a m p l e ,   as  d e s c r i b e d   in  more  d e t a i l   h e r e i n a f t e r ,   t h e  

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

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

b e t w e e n   t h i s   l a y e r   and  t h e   m e t a l   f l a n g e   or  m e t a l  

e l e m e n t   of  a  n o n - m e t a l   f l a n g e .  



The  m e c h a n i c a l   c o n n e c t i o n   b e t w e e n   t h e  

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

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

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

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

w i t h s t a n d i n g   f o r c e s   to  w h i c h   t h e   b u s h i n g   may  be  s u b j e c t e d  

d u r i n g   i n s t a l l a t i o n   or  u s e .   Such  f o r c e s   can  be  in  t h e  

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

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

o r d e r   of  4 , 0 0 0   p o u n d s   ( 1 8 , 0 0 0   N e w t o n s ) .   M a t e r i a l s   t h a t  

can  be  u s e d   in  t he   o u t e r   i n s u l a t i n g   l a y e r   i n c l u d e ,   f o r  

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

f i b e r - r e i n f o r c e d   e p o x y   r e s i n s   and  p o l y e s t e r s ,   e s p e c i a l l y  

g l a s s - f i b r e   r e i n f o r c e d   e p o x y   r e s i n s   and  p o l y e s t e r s ,   a n d  

t h e   l i k e .   The  c u r e d   e p o x y   r e s i n   may  be  a  c y c l o a l i p h a t i c  

e p o x y   r e s i n .   The  m a t e r i a l   u s e d   s h o u l d   be  s u b s t a n t i a l l y  

n o n - t r a c k i n g   and  known  a n t i t r a c k i n g   a d d i t i v e s   s u c h   a s  

a l u m i n a   t r i h y d r a t e   can  be  a d d e d   to  t h e   r e s i n .   In  t h e  

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

l a y e r   can  be  c o a t e d   on  to  t h e   m a t e r i a l .  

In  some  e m b o d i m e n t s ,   t he   o u t e r   i n s u l a t i o n   c a n  

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

l a y e r   by  a  s m a l l   g ap .   The  gap ,   i f   p r e s e n t ,   is   p r e f e r a b l y  

an  a i r   g a p ,   b u t   can  be  f i l l e d   w i t h   a  f l e x i b l e   m a t e r i a l  

such   as  a  s i l i c o n e   r e s i n   or  gas   s u c h   as  s u l f u r   h e x a f l u o -  

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

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

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

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

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

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

l a y e r   and  t h e   c o n d u c t o r .  



In  some  e m b o d i m e n t s   t h e   s t r e s s   g r a d i n g   l a y e r  

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

t op   of   i t   b u t   no t   t o u c h i n g   t h e   o u t e r   i n s u l a t i o n ,   t h u s  

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

The  o u t e r   i n s u l a t i o n   l a y e r   can  be  c a s t   i n  

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

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

r e s i n   wet  t h e   c o n d u c t o r   and  t h e   o u t e r   e n d s   of   t h e   f i r s t  

i n s u l a t i n g   l a y e r   in  o r d e r   to  e f f e c t   a  s e a l .   In  t h i s  

-  c a s e ,   i f   an  a i r   gap  is   to  be  p r o v i d e d   b e t w e e n   t h e  

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

be  c r e a t e d   by  use   of   a  mou ld   r e l e a s e   a g e n t   a p p l i e d   o v e r  

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

The  o u t e r   i n s u l a t i n g   l a y e r   can  be  p r e f o r m e d  

in  one  p i e c e   or  in  s e g m e n t s   by  c a s t i n g   t h e   m a t e r i a l   i n  

an  a p p r o p r i a t e   mould   o r  m o u l d s .   The  i n s u l a t i n g   l a y e r  

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

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

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

l a y e r   by  a p p r o p r i a t e   m e a n s ,   f o r   e x a m p l e ,   by  t h e   i n - p l a c e  

c a s t i n g   of   a  p l u g   of  t h e   same  t y p e   of   m a t e r i a l   as  t h e  

o u t e r   i n s u l a t i n g   l a y e r .   I f   t h e   o u t e r   i n s u l a t i n g   l a y e r  

is   p r e f o r m e d   in  s e g m e n t s ,   t h e   s e g m e n t s   a r e   p o s i t i o n e d  

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

fo rm  a  u n i t a r y   i n s u l a t i n g   l a y e r .   In  one  e m b o d i m e n t ,  

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

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

m e t a l   e n d  c a p s   a t   e a c h   end  of   t h e   i n s u l a t i n g   t u b e .   T h e  

m e t a l   end  c a p s   a r e   m a c h i n e d   to  f i t   t i g h t l y   b e t w e e n   t h e  

c o n d u c t o r   and  i n s u l a t i n g   t u b e .  



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

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

w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e  

to  t h e   a c c o m p a n y i n g   d r a w i n g ,   in  w h i c h :  

F i g . l   is   a  s i d e   e l e v a t i o n   of  t he   b u s h i n g ;  

a n d  

F i g . 2   is   an  e n l a r g e d   s i d e   e l e v a t i o n   o f  

p a r t   of  t he   b u s h i n g   of  F i g . l   s h o w i n g   t h e  

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

t he   s t r e s s - g r a d i n g   l a y e r   and  t he   m e c h a n i c a l  

a t t a c h m e n t   b e t w e e n   t h e   f l a n g e   and  t h e   e l e c t r i c a l  

c o n d u c t o r .  

R e f e r r i n g   to  F i g u r e   1,  a  m e t a l   f l a n g e   2 

is   e m b e d d e d   in  an  o u t e r   i n s u l a t i o n   l a y e r   4.  T h e  

i n s u l a t i o n   l a y e r   i s   s e a l e d   to  an  e l e c t r i c a l  

c o n d u c t o r   6  at  end  r e g i o n s   8  and  10  t h e r e o f .   A 

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

c o n d u c t o r   6  b e t w e e n   t he   ends   8  and  10.  The  f i r s t  

i n s u l a t i o n   l a y e r   12  i s   a  v o i d - f r e e   l a y e r   o f  

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

a b o u t   300  V o l t s / m i l   (118  k i l o v o l t s / c m ) .   T h e  

i n n e r   s u r f a c e   of  i n s u l a t i o n   l a y e r   12  has   a  d e p o s i t e d  

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

g r a p h i t e  ( n o t   s h o w n ) .   A  l a y e r   of  s t r e s s - g r a d i n g  

m a t e r i a l   14  is   o v e r   t he   f i r s t   i n s u l a t i o n   l a y e r   1 2 .  

The  f l a n g e   2  is  of  m e t a l   and  i s   e l e c t r i c a l l y  

c o n n e c t e d   to  t he   s t r e s s - g r a d i n g   m a t e r i a l   (as   s h o w n  

in  more  d e t a i l   in  F i g u r e   2)  t h r o u g h   a  c o n d u c t i v e  

l a y e r   16,  w h i c h   p a s s e s   u n d e r   two  s l e e v e s   o f  

s t r e s s - g r a d i n g   m a t e r i a l   18  and  2 0 .  

The  b u s h i n g   shown  in  F i g u r e   1,  can  be  m a n u f a c t u r e d  

by  p o s i t i o n i n g   p o l y m e r i c   i n s u l a t i n g   m a t e r i a l   12  in  t h e  



fo rm  of   a  t u b e   or  s l e e v e   of  h e a t - s h r i n k a b l e   o v e r   t h e  

e l e c t r i c a l   c o n d u c t o r   6  l e a v i n g   end  r e g i o n s   8  and  10  o f  

t he   c o n d u c t o r   e x t e n d i n g   b e y o n d   t h e   t u b e   12.  The  i n n e r  

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

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

g r a p h i t e .   The  s l e e v e   of  h e a t - s h r i n k a b l e   m a t e r i a l   i s  

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

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

m a t e r i a l   14  in  t h e  f o r m   of  a  h e a t - s h r i n k a b l e   t u b e   o r  

s l e e v e   i s   t h e n   p o s i t i o n e d   o v e r   t h e   h e a t - r e c o v e r e d  

i n s u l a t i o n   l a y e r   12  and  h e a t e d   so  t h a t   i t   s h r i n k s  

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

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

s h o r t e r   t h a n   t h e   i n s u l a t i o n   l a y e r   as  shown  i n  

F i g u r e   1,  so  t h a t   end  r e g i o n s   22  and  24  of  t h e  

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

m a t e r i a l .  

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

and  t h e   s t r e s s - g r a d i n g   l a y e r   14  s h o u l d   be  v o i d - f r e e .  

The  i n s u l a t i o n   l a y e r   12  and  s t r e s s - g r a d i n g   l a y e r   14  c a n  

be  c o e x t r u d e d   in  w h i c h   c a s e   a  v o i d - f r e e   i n t e r f a c e   i s  

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

s e p a r a t e   h e a t - s h r i n k a b l e   t u b e s   or  s l e e v e s .   To  p r o v i d e  

a  v o i d - f r e e   i n t e r f a c e   b e t w e e n   t h e   h e a t - r e c o v e r e d  

t u b e s   i t   i s   d e s i r a b l e   to  a p p l y   a  l a y e r   of  g r e a s e ,   f o r  

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

i n s u l a t i o n   l a y e r   12  b e f o r e   t h e   s t r e s s - g r a d i n g   l a y e r  
14  i s   a p p l i e d .  

The  m e t a l   f l a n g e   2  is  e l e c t r i c a l l y   c o n n e c t e d  

t o  t h e   s t r e s s - g r a d i n g   l a y e r   14  as  shown  in  d e t a i l   i n  



F i g u r e   2.  The  s t r e s s - g r a d i n g   l a y e r   and  t h e  

c o n n e c t i o n   to  t he   m e t a l   f l a n g e   i s   c o a t e d   w i t h   a  

mou ld   r e l e a s e   a g e n t .   The  o u t e r   i n s u l a t i n g   l a y e r  

4,  c o m p r i s i n g   a  n o n - t r a c k i n g   e p o x y   r e s i n ,   i s  

m o u l d e d   i n t o   p o s i t i o n .   The  l a y e r  4   need   no t   b e  

v o i d - f r e e .   The  e p o x y   r e s i n   w e t s   t h e   m e t a l   f l a n g e  

2,  t h e   end  r e g i o n s   8  and  10  of  t he   c o n d u c t o r ,   a n d  

t h e   end  r e g i o n s   of  t he   f i r s t   i n s u l a t i n g   l a y e r   12 

at   22  and  24.   On  c u r i n g ,   t h e   r e s i n   s o l i d i f i e s ,  

s e a l i n g   to  t h e   c o n d u c t o r   a t   8  and  10  to  p r e v e n t  

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

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

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

to  t h e   f i r s t   i n s u l a t i o n   l a y e r   a t   22  and  24.   As 

m e n t i o n e d   a b o v e ,   t he   o u t e r   i n s u l a t i n g   l a y e r  4   c a n  

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

c o m p o n e n t s   of   t he   b u s h i n g   or  can  be  p r e f o r m e d   b y  

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

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

t h e   f l a n g e   and  c o n d u c t o r .  

To  f a c i l i t a t e   t he   e l e c t r i c a l   c o n n e c t i o n   b e t w e e n  

t he   f l a n g e   2  and  s t r e s s - g r a d i n g   l a y e r   14,  a  h o l e   5 

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

l a y e r   4.  ( F o r   p u r p o s e s   of  i l l u s t r a t i o n ,   o n l y   o n e  

h o l e   i s   s h o w n ,   a d d i t i o n a l   h o l e s   t h r o u g h   t h e  

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

i f   d e s i r e d ) . ,   The  c o n d u c t i v e   l a y e r   16,   w h i c h  

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

l a y e r   14,  i s   a  l a y e r   of  c a r b o n   b l a c k - c o n t a i n i n g  

c o n d u c t i v e   p a i n t .   The  use   of  o t h e r   c o n d u c t i v e  



l a y e r s ,   f o r   e x a m p l e ,   a  m e t a l   p l a t e   in  t h e   o r d e r   o f  

10  m i l s   ( 0 . 0 2 5   cm)  t h i c k   i s   a l s o   c o n t e m p l a t e d .  

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

s l e e v e s   18  and  20  of   s t r e s s - g r a d i n g   m a t e r i a l   a n d  

i s   c o n n e c t e d   to  t h e   s t r e s s - g r a d i n g   l a y e r   14.  A 

m e t a l   w i r e   9  i s   wound  a r o u n d   t h e   c o n d u c t i v e   l a y e r  
16  and  i n s e r t e d   t h r o u g h  t h e   h o l e   5  in  i n s u l a t i n g  

l a y e r  4   and  m e t a l   f l a n g e   2.  The  w i r e   i s   c o n n e c t e d  

to  t h e   m e t a l   f l a n g e   2  by  a  p l u g   11.  As  can   b e  

s e e n   in   F i g u r e   2,  an  a i r   gap  13  e x i s t s   b e t w e e n  

s t r e s s - g r a d i n g   l a y e r   14  and  i n s u l a t i n g   l a y e r   4 .  

T h u s ,   i t   can   be  s e e n   t h a t   a t   t h e   c e n t r a l   r e g i o n   o f  

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

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

m e c h a n i c a l l y   c o n n e c t e d   t h e r e t o .   T h i s   m i n i m i z e s  

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

s t r e s s - g r a d i n g   l a y e r ,   in  p a r t i c u l a r   a t   t h e  

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

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

to  one   end  of   t he   c o n d u c t o r   of  t h e   b u s h i n g   i s   a l s o  

shown  in  F i g u r e   2.  M e t a l   f l a n g e ,   2,  i s   b o l t e d   t o  

t h e   e l e c t r i c a l   a p p a r a t u s   w i t h   w h i c h   i t   i s   u s e d  

( n o t   s h o w n ) .   M e t a l   f l a n g e   2  i s   e m b e d d e d   in  o u t e r  

i n s u l a t i n g   l a y e r   4.  The  o u t e r   i n s u l a t i n g   l a y e r   i s  

s e p a r a t e d   f rom  t h e   s t r e s s - g r a d i n g   l a y e r   14  of   t h e  

b u s h i n g   by  a i r   gap  13.  The  o u t e r   i n s u l a t i n g   l a y e r  

4  i s   s e a l e d   to  c o n d u c t o r   end  r e g i o n   8.  T h e  

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

mus t   be  a b l e   to  w i t h s t a n d   an  a x i a l   l o a d   of  a b o u t  

4 , 0 0 0   p o u n d s   ( 1 8 , 0 0 0   N e w t o n s )   and  a  b e n d i n g   m o m e n t  

of  a b o u t   3 , 0 0 0   i n c h - p o u n d s   ( 4 9 , 0 0 0   Nm)  w i t h   a  

d e f l e c t i o n   of  l e s s   t h a n   a b o u t   1 * .  



1.  An  e l e c t r i c a l   b u s h i n g   c o m p r i s i n g :  

(a)   an  e l e c t r i c a l   c o n d u c t o r ;  

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

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

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

c o n d u c t o r   w i t h   t he   end  r e g i o n s   of  t h e  

c o n d u c t o r   e x t e n d i n g   b e y o n d   s a i d   l a y e r ;  

(c)   a  l a y e r   of  s t r e s s - g r a d i n g   m a t e r i a l   s u p e r -  

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

s a i d   f i r s t   i n s u l a t i n g   l a y e r ;  

(d)  a  f l a n g e   e l e c t r i c a l l y   c o n n e c t e d   t o  

s a i d   s t r e s s - g r a d i n g   l a y e r ;   a n d  

(e)  an  o u t e r   r i g i d   i n s u l a t i o n   l a y e r   b o n d e d   t o  

the   f l a n g e   and  to  t he   e x t e n d i n g   end  r e g i o n s   o f  

the   c o n d u c t o r ,   t h e r e b y   p r o v i d i n g   r i g i d  

m e c h a n i c a l   c o n n e c t i o n   b e t w e e n   t h e   f l a n g e   a n d  

the   c o n d u c t o r .  

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

w h e r e i n   t h e   s t r e s s - g r a d i n g   l a y e r   is   c o e x t e n s i v e   w i t h   s a i d  

f i r s t   i n s u l a t i o n   l a y e r .  

3.  A  b u s h i n g   in  a c c o r d a n c e   w i t h   C l a i m   1,  w h e r e i n  

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

of  s a i d   f i r s t   i n s u l a t i o n   l a y e r   l e a v i n g   end  r e g i o n s   of  t h e  

i n s u l a t i o n   l a y e r   e x t e n d i n g   b e y o n d   the   s t r e s s - g r a d i n g   l a y e r .  



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

C l a i m ,   w h e r e i n   s a i d   f i r s t   i n s u l a t i o n   l a y e r   is   a  

l a y e r   of  r e s i l i e n t   m a t e r i a l .  

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

C l a i m ,   w h e r e i n   s a i d   f i r s t   i n s u l a t i o n   l a y e r   i s   a  

l a y e r   of  t h e r m o p l a s t i c   m a t e r i a l .  

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

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

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

d i s p e r s e d   t h e r e i n .  

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

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

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

c y c l o a l i p h a t i c   e p o x y   r e s i n .  

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

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

is  s u b s t a n t i a l l y   n o n - t r a c k i n g .  

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

C l a i m ,   w h e r e i n   s a i d   f i r s t   i n s u l a t i o n   l a y e r   a n d / o r  

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

r e c o v e r a b l e ,   p r e f e r a b l y   h e a t - s h r i n k a b l e ,   t u b u l a r  

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

10.  A  m e t h o d   of  m a n u f a c t u r i n g   an  e l e c t r i c a l  

b u s h i n g   c o m p r i s i n g  t h e  s t e p s   o f :  

(a)   a p p l y i n g  a  f i r s t   i n s u l a t i o n   l a y e r  

c o m p r i s i n g ' a   v o i d - f r e e   e l e c t r i c a l  

i n s u l a t i o n   m a t e r i a l   o v e r   an  i n t e r m e d i a t e  

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

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

e x t e n d i n g   b e y o n d   s a i d   l a y e r ;  



(b)  a p p l y i n g   a  l a y e r   of  s t r e s s - g r a d i n g  

m a t e r i a l   o v e r   at   l e a s t   an  i n t e r m e d i a t e  

l e n g t h   of  t he   f i r s t   i n s u l a t i o n   l a y e r ;  

(c)   e l e c t r i c a l l y   c o n n e c t i n g   a  f l a n g e   t o  

s a i d   s t r e s s - g r a d i n g   l a y e r ;   a n d  

(d)  b o n d i n g   an  o u t e r   r i g i d   i n s u l a t i o n   l a y e r  

to  t he   f l a n g e   and  to  t he   e x t e n d i n g   e n d  

r e g i o n s   of  t he   c o n d u c t o r   t h e r e b y  

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

b e t w e e n   t he   f l a n g e   and  t h e   c o n d u c t o r .  

11.  A  m e t h o d   in  a c c o r d a n c e   w i t h   C l a i m   10,  w h e r e i n  

s a i d   f i r s t   i n s u l a t i o n   l a y e r   is   a p p l i e d   by  p o s i t i o n i n g  

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

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

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

i n t o   i n t i m a t e   c o n t a c t   w i t h   t h e   c o n d u c t o r .  

12.  A  m e t h o d   in  a c c o r d a n c e   w i t h   C l a i m   10  or  1 1 ,  

w h e r e i n   s a i d   s t r e s s - g r a d i n g   l a y e r  i s   a p p l i e d   b y  

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

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

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

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

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

13.  A  m e t h o d   in  a c c o r d a n c e   w i t h   C l a i m   10,  w h e r e i n  

s a i d   f i r s t   i n s u l a t i o n   l a y e r   and  s a i d   s t r e s s - g r a d i n g  

l a y e r   a r e   a p p l i e d   by  p o s i t i o n i n g   a  d i m e n s i o n a l l y -  

r e c o v e r a b l e ,   p r e f e r a b l y   h e a t - s h r i n k a b l e ,   c o e x t r u d e d  

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

the   a r t i c l e   to  r e c o v e r   i n t o   i n t i m a t e   c o n t a c t   w i t h  

t h e   c o n d u c t o r .  



14.  A  m e t h o d   in  a c c o r d a n c e   w i t h   any  of   C l a i m s   10  

to  13,  w h e r e i n   s a i d   o u t e r   r i g i d   i n s u l a t i o n   l a y e r   i s  

b o n d e d   to  t h e   f l a n g e   and  t h e   e x t e n d i n g   e n d s   of  t h e  

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

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

15.  A  m e t h o d   i n  a c c o r d a n c e   w i t h   any  of  C l a i m s   10  to   1 3 ,  

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

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

and  s e a l e d   to  t h e   f l a n g e   and  to  t he   e x t e n d i n g   e n d  

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