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Switch  mode  transformer  for  proportional  control  of  static  commutating  elements. 

©  The  invention  relates  to  an  SMT  transformer  for  propor- 
tional  control  of  static  commutating  elements.  The  primary  (1) 
and  secondary  (2)  windings  of  the  transformer  are  formed  by 
winding  respective  metal  strips  (3),  superimposed  on  insulat- 
ing  film,  around  a  portion  of  a  ferrite  core  (5)  of  the  open  type. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  t r a n s f o r m e r   of  t h e   s o -  

c a l l e d   SMT  ( s w i t c h   mode  t r a n s f o r m e r )   t y p e ,   p a r t i c u l a r l y  

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

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

G r a n t e d   t h a t   by  " p r o p o r t i o n a l   c o n t r o l "   one  n o r m a l l y   u n d e r -  

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

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

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

/ c o n t r o l   c u r r e n t   r a t i o ,   i t   i s  k n o w n   t h a t   f o r   s a t i s f a c t o r y  

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

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

p r e s e n t i n g   a  min imum  p a r a s i t i c   i n d u c t a n c e   b e t w e e n   i t s  

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

The  c i r c u i t   s e p a r a t i o n ,   r e q u i r e d   f o r   s a f e t y   r e a s o n s ,   i s  

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

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

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

w i t h   t h e   r e q u i r e m e n t   to  m i n i m i z e   t h e   p a r a s i t i c   i n d u c t a n c e  

in   t h e   t r a n s f o r m e r   so  as  t o  p e r m i t  a   r a p i d   s i g n a l   t r a n s -  

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

and  to  t h u s   e n s u r e   t h e   c o r r e c t   c o n t r o l   of   t h e   c i r c u i t  

a s s o c i a t e d   to  t h e   t r a n s f o r m e r .  

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

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

s a f e t y   r e a s o n s ,   as  e x p l a i n e d   a b o v e )   i t   i s   c o m m o n  p r a c t i c e  

to  p r o v i d e   SMT  t r a n s f o r m e r s   of  t h e   t y p e   u n d e r   d i s c u s s i o n  

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

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

t r a n s f o r m e r .   In  t h i s   m a n n e r   t h e   m a g n e t i c   f l u x   a l w a y s   c i r c -  

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

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

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



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

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

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

u n d e s i r a b l e   and  t h e r e f o r e   k e p t   as  s m a l l   as  p o s s i b l e .  

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

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

of   t h e   w i n d i n g s ,   and   in  p a r t i c u l a r   as  r e g a r d s   t h e   a s s e m b l y  
of   t h e . v a r i o u s   c o m p o n e n t s .   T h e s e   d i f f i c u l t i e s   a r e   s u c h   a s  

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

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

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

e c o n o m y .  

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

p r o v i d e   an  SMT  t r a n s f o r m e r   o f   t h e   t y p e   d e f i n e d   in  t h e  

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

c h a r a c t e r i s t i c s   and  p e r m i t s   i t s   m a n u f a c t u r e   to   be  s u b -  

s t a n t i a l l y   s i m p l i f i e d   and  r e a d i l y   a u t o m a t i z e d -  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h i s   o b j e c t   i s   a t t a i n e d   in   a n  

SMT  t r a n s f o r m e r   f o r   p r o p o r t i o n a l   c o n t r o l   of   s t a t i c   c o m m u t -  

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

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

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

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

i t i o n   o f   an  i n s u l a t i n g   f i l m ,   on  a t   l e a s t   one  p o r t i o n   o f  

a  p e r   se  known  f e r r i t e   c o r e   of   t h e   open   t y p e .  

The  c h a r a c t e r i s t i c 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  

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

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

s e c t i o n e d   p e r s p e c t i v e   v i ew   of   a  p r e f e r r e d   e m b o d i m e t n   of   a  

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

The  SMT  t r a n s f o r m e r   shown  s u b s t a n t i a l l y   c o m p r i s e s   a t   l e a s t  

two  p r i m a r y   w i n d i n g s   1  and  a t   l e a s t   one  s e c o n d a r y   w i n d i n g   2 



f o r m e d ,   in  c o n t r a s t   to  t he   w i n d i n g s   of  a  c o n v e n t i o n a l  

t r a n s f o r m e r ,   of   a  m e t a l   s t r i p   (3)  p r e f e r a b l y  o f   a l u m i n u m ,  

s u p e r i m p o s e d   on  an  i n s u l a t i n g  f i l m .   T h i s   t e c h n i q u e   f o r   t h e  

f o r m a t i o n   of   w i n d i n g s   i s   p e r   se  known  f o r   i n s t a n c e   f r o m  

t h e   f i e l d   of   c o i l - w o u n d   c a p a c i t o r s   and  f rom  t h e   m a n u f a c t -  

u r e   of  c e r t a i n   t y p e s   of  t r a n s f o r m e r s ,   b u t   has   n e v e r   as  y e t  

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

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

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

a t i o n   w i t h   t h e   use   of   a  c o r e   of   t h e   " c l o s e d "   t y p e .   As  e x -  

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

to  be  i n d i s p e n s a b l e   in  an  SMT  t r a n s f o r m e r   f o r   p r o p o r t i o n a l  

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

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

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

m e t a l   s t r i p s   3  c o n s t i t u t i n g   t h e   p r i m a r y   w i n d i n g s   1  a n d  

s e c o n d a r y   w i n d i n g   2  a r e   wound  in   a  c o n c e n t r i c   a r r a n g e m e n t  

w i t h   w i n d i n g s  4   of  an  i n s u l a t i n g   f i l m   i n t e r p o s e d   t h e r e -  

b e t w e e n ,   on  a t   l e a s t   one  p o r t i o n   ( n o t   v i s i b l e   i n  t h e  

d r a w i n g )   of   a  f e r r i t e   c o r e   5  of   t h e   open   t y p e .  

In  t h e   e m b o d i m e n t   shown  in  t h e   d r a w i n g ,   f e r r i t e   c o r e   5 

c o m p r i s e s   two  s u b s t a n t i a l l y   E - s h a p e d   p o r t i o n s  6   and  7 

c o n n e c t e d   to   one  a n o t h e r   in   a  m i r r o r - s y m m e t r i c   a r r a n g e m e n t ,  

w i t h   t h e   w i n d i n g s   1,  2  s u p p o r t e d   on  t h e   c e n t r a l   l e g s .  

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

s t a n c e   a  C - s h a p e d   c o n f i g u r a t i o n .   In  e a c h   c a s e ,   t h e   e m p l o y  

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

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

a s s e m b l y   to  be  r e a d i l y   and  c o m p l e t e l y   a u t o m a t i z e d .  

As  g e n e r a l l y   known ,   t h e   e m p l o y   of  an  o p e n   f e r r i t e   c o r e   i n  

an  SMT  t r a n s f o r m e r   of  t h e   t y p e   u n d e r   d i s c u s s i o n   t e n d s   t o  

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

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

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



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

f o r m i n g   t h e   w i n d i n g s .  

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

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

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

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

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

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

The  t r a n s f o r m e r   a c c o r d i n g   to  t h e   i n v e n t i o n   may  of   c o u r s e  

be  m o d i f i e d   in   any  s u i t a b l e   m a n n e r   w i t h i n   t h e   s c o p e   o f  

t h e   b a s i c   c h a r a c t e r i s t i c s   of   t h e   p r e s e n t   i n v e n t i o n .  



An  SMT  t r a n s f o r m e r   f o r   p r o p o r t i o n a l   c o n t r o l   of   s t a t i c  

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

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

in  t h a t   s a i d   p r i m a r y   w i n d i n g s   (1)   and  s a i d   s e c o n d a r y  

w i n d i n g ( s )   (2)   a r e   f o r m e d   r e s p e c t i v e l y   o f  m e t a l   s t r i p s   ( 3 )  

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

a t   l e a s t   one  p o r t i o n   of   a  p e r  s e   known  f e r r i t e   c o r e   ( 5 )  

of  t h e   o p e n   t y p e .  
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