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54)  Power  transformer. 

A  power  transformer  (1)  includes  a  heat  sensitive  inter- 
rupter (6)  connected  in  series  with  a  primary  winding  (2)  and 
disposed  between  primary  and  secondary  windings (2,3).  The 
resistances  of  the  primary  and  secondary  windings  are  cho- 
sen  so  that  the  primary  winding  exhibits  a  temperature  rise 
greater  than  that  of  the  secondary  winding  in  response  to  a 
flow  of  an  overcurrent  which  exceeds  a  normal  current. 



The  i n v e n t i o n   r e l a t e s   t o   p o w e r   t r a n s f o r m e r s   a n d ,  

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

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

Power   t r a n s f o r m e r s   a r e   known  w h i c h   a r e   p r o v i d e d  

w i t h   a  h e a t   s e n s i t i v e   i n t e r r u p t e r   s u c h   as  t h e r m a l   f u s e  

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

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

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

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

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

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

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

H o w e v e r ,   t h e   known   a r r a n g e m e n t s   s u f f e r   f r o m   t h e  

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

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

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

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

t h e   h e a t   s e n s i t i v e   i n t e r r u p t e r   i n   t h e   known  a r r a n g e m e n t s  

can   no t   a l w a y s   p r o v i d e   a  r a p i d ,   r e l i a b l e   r e s p o n s e   t o  

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

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   e l i m i n a t e   o r  

at   l e a s t   t o   m i t i g a t e   t h e   a b o v e   p r o b l e m   of  t h e   k n o w n  

a r r a n g e m e n t s .  

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 ,   t h e  

p r i m a r y   w i n d i n g   i s   a r r a n g e d   to   e x h i b i t   a  t e m p e r a t u r e   r i s e  

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

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

by  t h e   o c c u r r e n c e   of  an  o v e r c u r r e n t   w h i c h   e x c e e d s   a  n o r m a l  

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

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

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

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



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

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

c a n   be  a s s u r e d   by  a r r a n g i n g   f o r   t h e   p r i m a r y  w i n d i n g   t o  

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

w i n d i n g s .   In  t h i s   m a n n e r ,   i t   i s   a s s u r e d   t h a t  t h e   t h e r m a l  

f u s e   w i l l   be  r a p i d l y   b l o w n  i n   r e s p o n s e  t o   an  o v e r c u r r e n t  

f l o w i n g   i n   any   one  of  t h e   s e c o n d a r y   w i n d i n g s .  

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

d r a w i n g s ,   i n   w h i c h : -  

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

p o w e r   t r a n s f o r m e r   c o n s t r u c t e d   i n   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 ;  

F i g . 2   i s   a  c r o s s   s e c t i o n   of  t h e   p o w e r   t r a n s f o r m e r  

s h o w n   i n   F i g . l ;  

F i g . 3   i s   a  p e r s p e c t i v e   v i e w   o f  t h e   p o w e r  t r a n s f o r m e r  

of   F i g . l ;   a n d  

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

t r a n s f o r m e r   s h o w n  i n  F i g . 1 .  

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

a n d   s e c o n d a r y   w i n d i n g s   2,  3,  b o t h  d i s p o s e d   on  a  c o r e   4,  a  

p a i r  o f   i n p u t   t e r m i n a l s   5 ,  7   f o r   c o n n e c t i o n   w i t h   an  a . c .  

s o u r c e   10,   a  h e a t  s e n s i t i v e   i n t e r r u p t e r   6  s u c h   as  t h e r m a l  

f u s e   w h i c h   i s   c o n n e c t e d  b e t w e e n   t h e   i n p u t   t e r m i n a l   5  a n d  

t h e   a s s o c i a t e d   end   of   t h e   p r i m a r y   w i n d i n g   2,  and  a  p a i r  

of   o u t p u t   t e r m i n a l s   8 , 9   c o n n e c t e d   r e s p e c t i v e l y   t o   t h e  

two  e n d s   of  t h e   s e c o n d a r y   w i n d i n g  3  a n d  a c r o s s   w h i c h   a  

l o a d   11  i s   c o n n e c t e d .  

W h e n . t h e   o u t p u t   v o l t a g e  o f   t h e   s o u r c e   10  i s  

a p p l i e d   a c r o s s  t h e   i n p u t  t e r m i n a l s   5 , 7  a n d   t h e n c e   t o   t h e  

p r i m a r y   w i n d i n g   2  t h r o u g h  t h e   i n t e r r u p t e r   6,  a  v o l t a g e  

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

t e r m i n a l s   8,  9  by  e l e c t r o m a g n e t i c   i n d u c t i o n   and  i s  

a p p l i e d   t o  t h e   l o a d   1 1 .  

The  r e s i s t a n c e   v a l u e s   of  t h e  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   2,  3  a r e   c h o s e n   s u c h   t h a t   t h e   p r i m a r y   w i n d i n g   2  



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

w i n d i n g   3  i n   r e s p o n s e   t o   an  o v e r - c u r r e n t   w h i c h   e x c e e d s   a  

n o r m a l  o p e r a t i n g   c u r r e n t   and   w h i c h   may  o c c u r   u p o n  

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

8,  9  or   t h e   l o a d   1 1 .  

As  shown   i n   F i g s .   2  and   3,  t h e   c o r e   4  i s   of  an  E - I  

t y p e ,   and  t h e   p r i m a r y   w i n d i n g   2  i s   wound  d i r e c t l y   t h e r e o n .  

.The  s e c o n d a r y   w i n d i n g   3  i s   d i s p o s e d   on  t h e   p r i m a r y   w i n d i n g  

2,  and  t h e   h e a t   s e n s i t i v e   i n t e r r u p t e r   6  i s   d i s p o s e d  

b e t w e e n   t h e   w i n d i n g s   2,  3.  As  shown  i n   F i g . 3 ,   t h e   i n p u t  

and   o u t p u t   t e r m i n a l s   5,  7,  8,  9  a r e   d i s p o s e d   on  t h e  

o u t s i d e   of  t h e   s e c o n d a r y   w i n d i n g   3 .  

F i g . 4   i l l u s t r a t e s   t h e   e q u i v a l e n t   c i r c u i t   of  t h e  

p o w e r   t r a n s f o r m e r   1.  As  s h o w n ,   c o n n e c t e d   i n   s e r i e s  

b e t w e e n   t h e   i n t e r r u p t e r   6  and   t h e  o u t p u t   t e r m i n a l   8  a r e  

t h e   r e s i s t a n c e   R1  and   t h e   l e a k a g e   r e a c t a n c e   X 1  o f   t h e  

p r i m a r y   w i n d i n g   2,  and   t h e   r e s i s t a n c e   a2R2  and   t h e   l e a k a g e  

r e a c t a n c e   a2X2  of  t h e   s e c o n d a r y   w i n d i n g   3  as  c o n v e r t e d  

i n t o   t h e   p r i m a r y   c i r c u i t ,   w h e r e   "a"  r e p r e s e n t s   t h e   t u r n  

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

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

r e a c t a n c e   X1  and   t h e   r e s i s t a n c e   a2R2  and  t h e   i n p u t   t e r m i n a l  

7  a r e   t h e   r e s i s t a n c e   R0  and   t h e   r e a c t a n c e   X0  c a u s e d   by  t h e  

h y s t e r e s i s   l o s s   and   t h e   eddy   c u r r e n t   l o s s   of  t h e   c o r e   4 .  

D u r i n g   n o r m a l   o p e r a t i o n ,   c u r r e n t   I1  p a s s e s   t h r o u g h   t h e  

r e s i s t a n c e   R1  of  t h e   p r i m a r y   w i n d i n g   2  and   c u r r e n t   I 1 ,  
t h r o u g h   t h e   r e s i s t a n c e   a2R2  of  t h e   s e c o n d a r y   w i n d i n g   3 .  

An  e x c i t i n g   c u r r e n t   I0  w h i c h   c o m p e n s a t e s   f o r   t h e   i r o n   l o s s  

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

In  t h e   e v e n t   t h a t   t h e   s e c o n d a r y   c i r c u i t   i s   s h o r t -  

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

c i r c u i t ,   and  t h e   e x c i t i n g   c u r r e n t   I0  w i l l   be  n e g l i g i b l e  

as  c o m p a r e d   t h e r e w i t h .   A c c o r d i n g l y ,   t h e   p r i m a r y   c u r r e n t  

I1  w i l l   i n c r e a s e   i n   p r o p o r t i o n   t o   t h e   s e c o n d a r y   c u r r e n t  

I1 ,   and  w i l l   be  s u b s t a n t i a l l y   e q u a l   to   t h e   l a t t e r .  



T h e r e u p o n ,   a  p o w e r   l o s s   i s   d e v e l o p e d   as   t h e   sum  of   I 1 2 R 1  

a n d   I 1 , 2 R 2   t o  c a u s e   t h e   t r a n s f o r m e r  t o  b e  h e a t e d .   T h e  

h e a t   p r o d u c e d   c a u s e s  t h e   i n t e r r u p t e r   6  t o   be  b l o w n .   I n .  

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

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

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

i n e q u a l i t y :  

I n c o r p o r a t i n g   t h e   a p p r o x i m a t i o n  

t h e   e q u a t i o n   (1 )   c a n  b e   r e w r i t t e n   as   f o l l o w s :  

o r  

T h u s   t h e  c h o i c e   of   a  v a l u e  f o r   t h e   r e s i s t a n c e   R1  of   t h e  

p r i m a r y   w i n d i n g   2  w h i c h   i s   g r e a t e r   t h a n  t h e   c o n v e r t e d  

r e s i s t a n c e   a2R2  of   t h e   s e c o n d a r y   r e s i s t a n c e   R2  p e r m i t s   a  

g r e a t e r   a 2 R 2   of   t h e   s e c o n d a r y   r e s i s t a n c e   R2  p e r m i t s   a  

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

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

f u s e  t o   a v o i d   a  b u r n - o u t   of   t h e   s e c o n d a r y   w i n d i n g   3 .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   n o t  

l i m i t e d   t o   a  c o r e  o f   E - I   t y p e   o r   t o  a n y   p a r t i c u l a r  

c o n f i g u r a t i o n ,   b u t   i s   e q u a l l y   a p p l i c a b l e   t o   any   one  of  a  

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

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

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

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

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

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

l o c a t i o n .  



1.  A  p o w e r   t r a n s f o r m e r   w h i c h   i n c l u d e s   p r i m a r y   a n d  

s e c o n d a r y   w i n d i n g s   ( 2 , 3 )   and   a  h e a t   s e n s i t i v e   i n t e r r u p t e r  

(6 )   c o n n e c t e d   i n   s e r i e s   w i t h   t h e   p r i m a r y   w i n d i n g   ( 2 )  

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

i n   t h a t   t h e  r e s i s t a n c e s   ( R 1 ,   R2)  of  t h e   p r i m a r y  a n d   a  

s e c o n d a r y   w i n d i n g   ( 2 , 3 )   a r e   c h o s e n   s u c h   t h a t   t h e   p r i m a r y  

w i n d i n g   (2 )   e x h i b i t s   a  g r e a t e r   t e m p e r a t u r e   r i s e   t h a n   t h e  

s e c o n d a r y   w i n d i n g   (3)   i n   r e s p o n s e   t o   t h e   o c c u r e n c e   of   a n  

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

2.  A  p o w e r   t r a n s f o r m e r   as  c l a i m e d   i n   c l a i m   1,  i n  

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

(2 )   and   t h e   s e c o n d a r y   w i n d i n g   (3)   by  R1  and   R2,  r e s p e c t -  

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

s e c o n d a r y   w i n d i n g   ( 2 , 3 )   by  a ,   t h e   r e s i s t a n c e s   (R1,   R 2 )  

a r e   c h o s e n   t o   s a t i s f y   t h e   i n e q u a l i t y :  

3.  A  p o w e r   t r a n s f o r m e r   as  c l a i m e d   i n   c l a i m   1  h a v i n g  

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

t h e   r e s i s t a n c e s   of  t h e   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   a r e  

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

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

a l o n e   i n   t h e   e v e n t   of  t h e   o c c u r r e n c e   of  an  o v e r c u r r e n t .  
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