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High-voltage  transformer. 

A  high-voltage  transformer,  comprising  a  ferro- 
magnetic  core  on  which  at  least  one  primary  winding 
(3)  and  one  secondary  winding  (5)  are  provided,  said 
secondary  winding  (5)  consisting  of  a  series  of  wire- 
wound  cylindrical  coils  (7),  each  of  which  coaxially 
surrounds  the  preceding  coil  and  is  separated  therefrom 
by  a  cylindrical  insulating  body  (21),  every  two  succes- 
sive  coils  (7)  being  electrically  connected  by  a  diode 
(9),  all  of  said  diodes  (9)  being  connected  in  the  same 
rectifying  sense  and  each  coil  (7)  consisting  of  a  num- 
ber  of  series-connected  subcoils  (27).  Each  coil  is  wound 
on  a  dimensionally  stable  cylindrical  coil  former  (21) 
which  also  forms  the  insulating  body  and  on  the  sur- 
face  of  which  at  least  ten  winding  chambers  (25)  are 
defined  by  means  of  circumferential  ridges  (23),  the 
depth  of  said  chambers  preferably  being  at  the  most 
equal  to  their  width. 



The  i n v e n t i o n   r e l a t e s   to  a  h i g h - v o l t a g e   t r a n s -  

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

one  p r i m a r y   w i n d i n g   and   one  s e c o n d a r y   w i n d i n g   a r e   p r o -  

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

of  w i r e - w o u n d   c y l i n d r i c a l   c o i l s ,   e a c h   s u c c e s s i v e   c o i l   c o -  

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

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

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

a  d i o d e ,   a l l   of   s a i d  d i o d e s   b e i n g   p o l e d   i n   t h e   s a m e  

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

s e r i e s - c o n n e c t e d   s u b - c o i l s .  

A  h i g h - v o l t a g e   t r a n s f o r m e r   of   t h i s   k i n d   i s  

known  f r o m   N e t h e r l a n d s   P a t e n t   A p p l i c a t i o n   7 7 1 3 1 1 8   (PHN 

8 9 7 0 )   l a i d   o p e n   to  p u b l i c   i n s p e c t i o n .   The  d i v i s i o n   of   t h e  

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

t h e n   one  w i n d i n g   l a y e r ,   so  t h a t   e i t h e r   t h e   n u m b e r   of  c o i l s  

c o n s t i t u t i n g   t h e   s e c o n d a r y   w i n d i n g   ( a n d   h e n c e   a l s o   t h e  

n u m b e r   of   d i o d e s   r e q u i r e d )   may  be  s m a l l e r   or  e a c h   c o i l   m a y  
be  s h o r t e r ,   so  t h a t   t h e   d i m e n s i o n s   of   t h e   f e r r o m a g n e t i c  

c o i l   may  be  s m a l l e r .   The  c o s t   of   t h e   t r a n s f o r m e r   i s   r e -  

d u c e d   in   b o t h   c a s e s .  

I t   i s   a  d r a w b a c k   of  t h e   known   t r a n s f o r m e r   c o n -  

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

c o m p l e x ,   b e c a u s e   a  s p e c i a l   w i n d i n g   m e t h o d   h a s   to  be  u s e d  

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

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

c o i l   f r o m   t h e   n e x t   c o i l .  

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

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

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

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

To  t h i s   e n d ,   t h e   h i g h - v o l t a g e   t r a n s f o r m e r   i n  



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   i s   c h a r a c t e r i z e d   i n   t h a t  

e a c h   c o i l   i s   wound   on  a  d i m e n s i o n a l l y   s t a b l e   c y l i n d r i c a l  

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

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

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

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

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

m o s t   e q u a l s   t h e   w i d t h .  

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

s e p a r a t e l y   wound   on  a  c o i l   f o r m e r   of   i t s   own  w i t h o u t  

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

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

i n t o   one  a n o t h e r .   The  r i d g e s   p r e v e n t   d a m a g i n g   t h e  

w i n d i n g s   d u r i n g   t h i s   s l i d i n g   m o v e m e n t .   I f   d e s i r a b l e ,   t h e  

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

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

w i t h   t h e   p r i m a r y   w i n d i n g .   In   o r d e r   to  e n s u r e   t h a t   t h e  

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

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

t h e   t r a n s f o r m e r   i n   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   i s  

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

h a s   an  i n t e r r u p t i o n   i n   a t   l e a s t   two  l o c a t i o n s .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   i n   d e t a i l   h e r e -  

i n a f t e r   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 .  

T h e r e i n :  

F i g u r e   1  i s   a  d i a g r a m m a t i c   v i e w   of   t h e   c o n -  

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

f o r m e r   i n   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 ,  

F i g u r e   2  s h o w s   an  e l e c t r i c a l   d i a g r a m   of   t h e  

h i g h - v o l t a g e   t r a n s f o r m e r   shown   i n   F i g u r e   1 ,  

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

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

h i g h - v o l t a g e   t r a n s f o r m e r   shown  i n   F i g u r e   1,  a n d  

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

w i n d i n g   shown   i n   F i g u r e   3 .  

The  h i g h - v o l t a g e   t r a n s f o r m e r   shown  i n   t h e  



F i g u r e s   1  and   2  ( f o r   e x a m p l e ,   a  l i n e   o u t p u t   t r a n s f o r m e r  

f o r   a  t e l e v i s i o n   r e c e i v e r )   c o m p r i s e s   a  f e r r o m a g n e t i c   c o r e  

1  w h i c h   c o n s i s t s   of   two  U - s h a p e d   p o r t i o n s   and   w h i c h  

s u p p o r t s   a  p r i m a r y   w i n d i n g   3  and   a  s e c o n d a r y   w i n d i n g   5 .  

The  s e c o n d a r y   w i n d i n g   5  of  t h e   e m b o d i m e n t   shown  i n  

F i g u r e   1  i s   c o a x i a l l y   a r r a n g e d   a b o u t   t h e   p r i m a r y   w i n d i n g  

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

on  a n o t h e r   l i m b   of   t h e   c o r e ;   u n d e r n e a t h   t h e   s e c o n d a r y  

w i n d i n g   a  c o u p l i n g   w i n d i n g   may  be  p r o v i d e d ,   i f   d e s i r a b l e .  

The  s e c o n d a r y   w i n d i n g   5  i s   c o m p o s e d   ( s e e   a l s o  

F i g u r e   2)  of  a  s e r i e s   of   w i r e - w o u n d   c y l i n d r i c a l   c o i l s  

7  ( i n   t h i s   c a s e   t h r e e   c o i l s ) ,   e a c h   of   w h i c h   c o a x i a l l y  

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

member   ( n o t   shown  i n   t h e   F i g u r e s   1  and   2)  i s   p r o v i d e d   b e -  

t w e e n   a d j a c e n t   c o i l s   7.  S u c c e s s i v e   p a i r s   of   c o i l s   a r e  

e l e c t r i c a l l y   c o n n e c t e d   by  a  d i o d e   9,  a l l   of   s a i d   d i o d e s  

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

F i g u r e   2.  The  l a s t   c o i l  7   i s   c o n n e c t e d   to  an  o u t p u t  

c o n n e c t i o n   13  v i a   a  d i o d e   11  w h i c h   i s   c o n n e c t e d   i n  t h e  

same  r e c t i f y i n g   s e n s e .   The  d i o d e   9  and   11  a r e   m o u n t e d  

on  a  d i o d e   h o l d e r   15  w h i c h   i s   a r r a n g e d   on  t h e   s e c o n d a r y  

w i n d i n g   5  and   a r e   c o n d u c t i v e l y   c o n n e c t e d   to  t h e   c o i l s   v i a  

w i r e s   17.  The  c o m p l e t e   a s s e m b l y   f o r m e d   by  t h e   s e c o n d a r y  

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

s y n t h e t i c   r e s i n   ( n o t   s h o w n ) .   B e c a u s e   t h e   c o i l s  7   a r e  

c o a x i a l l y   a r r a n g e d   o v e r   one  a n o t h e r ,   t h e y   h a v e   a  g i v e n  

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

by  t h e   c a p a c i t o r s   19  ( d e n o t e d   by  b r o k e n   l i n e s )   i n   F i g u r e  
2 .  

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

t h e   s e c o n d a r y   w i n d i n g   5  w h i c h   shows   t h a t   e a c h   of  t h e   c o i l s  

7  i s   wound   on  a  c y l i n d r i c a l   c o i l   f o r m e r   21  w h i c h   i s   m a d e  

of   a  s u i t a b l e   s y n t h e t i c   m a t e r i a l ,   f o r   e x a m p l e ,   by  i n j e c -  
t i o n   m o u l d i n g .   C o n s e q u e n t l y ,   t h e   c o i l   f o r m e r s   a r e   d i -  

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

p r o v i d e d   w i t h   a  c o i l  7   in   a  w i n d i n g   m a c h i n e ,   a f t e r   w h i c h  

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

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



c o i l   f o r m e r   of   t h e   o u t e r   one  of  t h e s e   two  c o i l s .  

E a c h   c o i l   f o r m e r   21  c o m p r i s e s   a  l a r g e   n u m b e r  

of   c i r c u m f e r e n t i a l   r i d g e s   23  w h i c h   d e f i n e   w i n d i n g   c h a m b e r s  

25  on  t h e   s u r f a c e   of   t h e   c o i l   f o r m e r .   A  s u b - c o i l   27  i s  

wound   in   e a c h   w i n d i n g   c h a m b e r   25 .   A l l   s u b - c o i l s   2 7  

on  a  c o i l   f o r m e r   21  a r e   c o n n e c t e d   in   s e r i e s   and   t o g e t h e r  

t h e y   f o r m   one  c o i l   7 . . F o r   t h e   s a k e   of  s i m p l i c i t y ,   F i g u r e  

3  shows   o n l y   t h r e e   s u b - c o i l s   27  p e r   c o i l   f o r m e r   2 1 .   No 

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

of   t h e   s u b - c o i l s   27 ,   and  t h e   s e r i e s   c o n n e c t i o n   of   t h e  

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

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

i n   a  c h a m b e r ,   v i a   a  n a r r o w   s l i t   or   gap  ( n o t   s h o w n )   i n   t h e  

i n t e r m e d i a t e   c i r c u m f e r e n t i a l   r i d g e ,   to  t h e   n e x t   c h a m b e r  

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

The  c a p a c i t a n c e   19  b e t w e e n   two  s u c c e s s i v e   c o i l s  

7  d e p e n d s   m a i n l y   on  t h e   w a l l   t h i c k n e s s   and   t h e   m a t e r i a l  

of   t h e   c o i l   f o r m e r s   21  and   on  t h e   h e i g h t   of   t h e   r i d g e s  

23 .   In   o r d e r   to  r e a l i z e   a  s u f f i c i e n t l y   h i g h   c a p a c i t a n c e ,  

t h e   d e p t h   of   t h e   w i n d i n g   c h a m b e r s   25  p r e f e r a b l y   s h o u l d  

n o t   e x c e e d   t h e i r   w i d t h .   I n   o r d e r   to  r e d u c e   t h e   n u m b e r  

of   t u r n s   to  be  a c c o m m o d a t e d   i n   a  w i n d i n g   c h a m b e r ,   t h e  

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

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

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

t u r n s   can   no  l o n g e r   be  w i t h s t o o d   by  t h e   i n s u l a t i o n   o f  

t h e   w i n d i n g   w i r e .  

In   a  p r a c t i c a l   e m b o d i m e n t ,   e a c h   c o i l   f o r m e r   21  

c o m p r i s e s   t w e n t y   w i n d i n g   c h a m b e r s   25  w i t h   a  d e p t h   o f  

0 . 5   mm  and   a  w i d t h   of   1  mm.  The  t h i c k n e s s   of   t h e   r i d g e s  

23  i s   0 . 5   mm  and   e a c h   w i n d i n g   c h a m b e r   a c c o m m o d a t e s   4 5  

t u r n s   of   w i r e   h a v i n g   a  t h i c k n e s s   of   0 . 0 9   mm  ( i n   f i v e  

l a y e r s ) .  

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

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

r i d g e s   23  a r e   i n t e r r u p t e d   i n   f o u r   l o c a t i o n s   by  i n t e r r u p t -  

i o n   29 .   T h e s e   i n t e r r u p t i o n s   f a c i l i t a t e   t h e   p e n e t r a t i o n   o f  



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

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

The  n u m b e r   of  i n t e r r u p t i o n s   29  d e p e n d s   i n t e r   a l i a   o n  

t h e   d i m e n s i o n s   of   t h e   s e c o n d a r y   w i n d i n g   5  and   on  t h e  

n u m b e r   of  c o i l   f o r m e r s   21 .   F o r   t h o r o u g h   p e n e t r a t i o n   o f  

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

s h o u l d   a t   l e a s t   be  t w o .  



1.  A  h i g h - v o l t a g e   t r a n s f o r m e r ,   c o m p r i s i n g   a  f e r r o -  

m a g n e t i c   c o r e   on  w h i c h   a t   l e a s t   one  p r i m a r y   w i n d i n g   ( 3 )  

and   one  s e c o n d a r y   w i n d i n g   (5)   a r e   p r o v i d e d ,   s a i d   s e c o n -  

d a r y   w i n d i n g   (5)   c o n s i s t i n g   of   a  p l u r a l i t y   of  w i r e - w o u n d  

c y l i n d r i c a l   c o i l s   ( 7 ) ,   e a c h   s u c c e s s i v e   c o i l   c o a x i a l l y  

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

f r o m   by  a  c y l i n d r i c a l   i n s u l a t i n g   member   ( 2 1 ) ,   e a c h   p a i r  

of   s u c c e s s i v e   c o i l s   (7)   b e i n g   e l e c t r i c a l l y   i n t e r - c o n n e c t e d  

by  a  d i o d e   ( 9 ) ,   a l l   of   s a i d   d i o d e s   (9)   b e i n g   p o l e d   i n  

t h e   same  r e c t i f y i n g   s e n s e   and   e a c h   c o i l   (7)   c o n s i s t i n g  

of   a  n u m b e r   of  s e r i e s - c o n n e c t e d   s u b - c o i l s   ( 2 7 ) ,   c h a r a c t -  

e r i z e d   i n   t h a t   e a c h   c o i l   (7)   i s   wound   on  a  d i m e n s i o n a l l y  

s t a b l e   c y l i n d r i c a l   c o i l   f o r m e r   ( 2 1 )   w h i c h ,   b e t w e e n   s u c -  

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

f e r e n t i a l   r i d g e s   ( 2 3 )   on  t h e   s u r f a c e   of   e a c h   f o r m e r  

d e f i n i n g   a t   l e a s t   t e n   w i n d i n g   c h a m b e r s   ( 2 5 ) ,   i n   e a c h   o f  

w h i c h   a  s e p a r a t e   s u b - c o i l   ( 2 7 )   i s   w o u n d .  

2.  A  h i g h - v o l t a g e   t r a n s f o r m e r   as  c l a i m e d   in   C l a i m  

1,  c h a r a c t e r i z e d   i n   t h a t   t h e   d e p t h   of   e a c h   of  t h e   w i n d i n g  

c h a m b e r s   ( 2 5 )   a t   t h e   m o s t   e q u a l s   i t s   w i d t h .  

3.  A  h i g h - v o l t a g e   t r a n f r o m e r   as  c l a i m e d   i n   C l a i m  

1  or  2,  c h a r a c t e r i z e d   i n   t h a t   e a c h   of  t h e   c i r c u m f e r e n t i a l  

r i d g e s   ( 2 3 )   h a s   an  i n t e r r u p t i o n   ( 2 9 )   i n   a t   l e a s t   t w o  

l o c a t i o n s .  
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