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|3)  Core  for  electromagnetic  induction  device. 

A  magnetic  core  for  an  electromagnetic  induction 
device  has  a  plurality  of  magnetic  core  elements  (14).  Each 
of  the  core  elements  is  formed  by  winding  a  plurality  of 
layers  of  uninsulated  strip  (18)  of  magnetically  permeable 
material.  The  core  elements  are  juxtaposed  together  to 
form  a  core  stack,  the  height  of  which  is  large  relative  to 
the  strip  width  of  each  element.  The  core  elements  are 
electrically  isolated  from  each  other  by  insulating  material 
(22)  interposed  between  the  elements  at  the  region  of 
juxtaposition. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the   I n v e n t i o n  

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

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

such   as  t r a n s f o r m e r s ,   m o t o r s ,   g e n e r a t o r s   and  the   l i k e .  

D e s c r i p t i o n   of  the   P r i o r   A r t  

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

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

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

The  m a t e r i a l ,   in  the   form  of  c o n t i n u o u s   s t r i p   i s  

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

r e l i e v e   w i n d i n g   s t r e s s e s .   The  m a n d r e l   is  t h e n   r e m o v e d  

f rom  the   c o r e ,   w h i c h   is  c u t   and  t r e a t e d   f o r   r e c e i v i n g  

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

One  of  the   m a j o r   p r o b l e m s   w i t h   t o r o i d a l   c o r e  

m e m b e r s   is  t he   c o r e   l o s s   p r o d u c e d   by  eddy   c u r r e n t s  

p r e s e n t   in  and  b e t w e e n   wound  l a y e r s   of  the   s t r i p .   T h i s  

l o s s ,   w h i c h   v a r i e s   as  the   s q u a r e   of  s t r i p   w i d t h ,   is  s o  

l a r g e   t h a t   i t   has   p r e v i o u s l y   b e e n   n e c e s s a r y   to  form  t h e  

c o r e   f rom  a  number   of  l a m i n a t e d   p l a t e s   wound  or  s t a m p e d  

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

m a t e r i a l   and  wound  or  s t a c k e d   one  upon  a n o t h e r   on  t h e  

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

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

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

SUMMARY  OF  THE  INVENTION 

B r i e f l y   s t a t e d   the   p r e s e n t   i n v e n t i o n   p r o v i d e s  



a  m a g n e t i c   c o r e   f o r   an  e l e c t r o m a g n e t i c   i n d u c t i o n   d e v i c e  

t h a t   is  e c o n o m i c a l   to  make  and  h i g h l y   e f f i c i e n t   in  o p e r -  
a t i o n .   The  m a g n e t i c   c o r e   c o m p r i s e s   a  p l u r a l i t y   of  m a g -  
n e t i c   c o r e   e l e m e n t s ,   e a c h   of  w h i c h   is  f o r m e d   by  w i n d i n g  

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

i c a l l y   p e r m e a b l e   m a t e r i a l .   The  m a g n e t i c   c o r e   e l e m e n t s  

a r e   j u x t a p o s e d   t o g e t h e r   to  fo rm  a  c o r e   s t a c k ,   t h e  h e i g h t  

of  w h i c h   is  l a r g e   r e l a t i v e   to  the   s t r i p   w i d t h   of  e a c h  

e l e m e n t .   The  c o r e   e l e m e n t s   a r e   e l e c t r i c a l l y   i s o l a t e d  

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

b e t w e e n   the   e l e m e n t s   a t   t h e   r e g i o n   of  j u x t a p o s i t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   be  more  f u l l y   u n d e r s t o o d  

and  f u r t h e r   a d v a n t a g e s   w i l l   become  a p p a r e n t   w h e n  

r e f e r e n c e   is  made  to  t he   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

of   the   p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n   and  t h e  

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

F i g u r e   1  is   a  p e r s p e c t i v e   v iew  of  a  t r a n s -  

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

t i o n ;  

F i g u r e   2  is  a  s e c t i o n   t a k e n   t h r o u g h   l i n e   2 - 2  

of  F i g .   1;  a n d  

F i g u r e   3  is  an  e x p l o d e d   p e r s p e c t i v e   v i e w  

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

t r a n s f o r m e r   shown  in  F i g .   1 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to  F i g u r e s   1  and  2  of  t he   d r a w i n g s ,  

t h e r e   is  shown  g e n e r a l l y   a t   10  an  e l e c t r o m a g n e t i c   i n -  

d u c t i o n   d e v i c e   h a v i n g   the   m a g n e t i c   c o r e   12  of  t h i s   i n -  

v e n t i o n .   The  m a g n e t i c   c o r e   12  c o m p r i s e s   a  p l u r a l i t y   o f  

m a g n e t i c   c o r e   e l e m e n t s   14.  Each  of  the   c o r e   e l e m e n t s  

14  is   f o r m e d   by  w i n d i n g   a  p l u r a l i t y   of  l a y e r s   16  o f  

' u n i n s u l a t e d   s t r i p   18  of  m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l .  

The  e l e m e n t s   14  a r e   j u x t a p o s e d   t o g e t h e r   to  form  a  c o r e  

s t a c k   20,  t h e   h e i g h t ,   h,  of  w h i c h   is  l a r g e   r e l a t i v e   t o  

t h e   s t r i p   w i d t h ,   w,  of  e a c h   e l e m e n t .   Core   e l e m e n t s   14  

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

m a t e r i a l   22  i n t e r p o s e d   b e t w e e n   the   c o r e   e l e m e n t s   14  a t  



t he   r e g i o n   of  j u x t a p o s i t i o n   2 4 .  

The  s t r i p   18  u sed   to  wind  the  m a g n e t i c   c o r e  

e l e m e n t s   14  is  c o m p o s e d   of  m a g n e t i c a l l y   s o f t   m a t e r i a l .  

Such  m a t e r i a l   d e s i r a b l y   has  the   f o l l o w i n g   c o m b i n a t i o n   o f  

p r o p e r t i e s :   (a)  low  h y s t e r e s i s   l o s s ;   (b)  low  e d d y  

c u r r e n t   l o s s ;   (c)  low  c o e r c i v e   f o r c e ;   (d)  h i g h   m a g n e t i c  

p e r m e a b i l i t y ;   (e)  h i g h   s a t u r a t i o n   v a l u e ;   and  ( f )   m i n i m u m  

c h a n g e   in  p e r m e a b i l i t y   w i t h   t e m p e r a t u r e .   C o n v e n t i o n a l l y  

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

as  h i g h - p u r i t y   i r o n ,   s i l i c o n   s t e e l s ,   i r o n / n i c k e l   a l l o y s ,  

i r o n / c o b a l t   a l l o y s   and  the  l i k e ,   a r e   a l l   s u i t a b l e   f o r  

use  in  the   p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n .   P a r t i c u -  

l a r l y   s u i t a b l e ,   h o w e v e r ,   is  s t r i p   18  of  a m o r p h o u s  

( g l a s s y )   m a g n e t i c   a l l o y s   w h i c h   have   r e c e n t l y   b e c o m e  

a v a i l a b l e .   Such  a l l o y s   a re   a t   l e a s t   a b o u t   50% 

a m o r p h o u s ,   as  d e t e r m i n e d   by  x - r a y   d i f f r a c t i o n .   S u c h  

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

M60-90  T0-15   X 1 0 - 2 5 '   w h e r e i n   M  is   a t   l e a s t   one  of  t h e  

e l e m e n t s   i r o n ,   c o b a l t   and  n i c k e l ,   w h e r e i n   T  is  a t   l e a s t  

one  of  the   t r a n s i t i o n   m e t a l   e l e m e n t s ,   and  X  is  at   l e a s t  

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

c a r b o n .   Up  to  80  p e r c e n t   of  the   c a r b o n ,   p h o s p h o r u s  

a n d / o r   b o r o n   in  X  may  be  r e p l a c e d   by  a l u m i n u m ,   a n t i m o n y ,  

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

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

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

the   c o n v e n t i o n a l   p o l y c r y s t a l l i n e   m e t a l   a l l o y s   c o m m o n l y  

u t i l i z e d .   P r e f e r a b l y ,   s t r i p s   of  such   a m o r p h o u s   a l l o y s  

a r e   a t   l e a s t   a b o u t   80%  a m o r p h o u s ,   more  p r e f e r a b l y   y e t ,  

a t   l e a s t   a b o u t   95%  a m o r p h o u s .  
The  a m o r p h o u s   m a g n e t i c   a l l o y s   of  wh ich   s t r i p  

18  is  p r e f e r a b l y   c o m p o s e d   a r e   f o r m e d   by  c o o l i n g   a  m e l t  

a t   a  r a t e   of  a b o u t   105  to  1 0  " C / s e c .   A  v a r i e t y   of  w e l l -  

known  t e c h n i q u e s   a re   a v a i l a b l e   f o r   f a b r i c a t i n g   r a p i d -  

q u e n c h e d   c o n t i n u o u s   s t r i p .   When  used   in  m a g n e t i c   c o r e s  

f o r   e l e c t r o m a g n e t i c   i n d u c t i o n   d e v i c e s ,   the   s t r i p   18 

t y p i c a l l y   has  the   form  of  w i r e   or  r i b b o n .   The  s t r i p   18 

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



d i r e c t l y   o n t o   a  c h i l l   s u r f a c e   or  i n t o   a  q u e n c h i n g   m e d i u m  
of  some  s o r t .   Such  p r o c e s s i n g   t e c h n i q u e s   c o n s i d e r a b l y  

r e d u c e   the   c o s t   of  f a b r i c a t i o n ,   s i n c e   no  i n t e r m e d i a t e  

w i r e - d r a w i n g   or  r i b b o n - f o r m i n g   p r o c e d u r e s   a r e  r e q u i r e d .  

The  a m o r p h u s   m e t a l   a l l o y s   of  w h i c h   s t r i p   18  

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

t y p i c a l l y   a b o u t   2 0 0 , 0 0 0   to   6 0 0 , 0 0 0   p s i   ( 1 . 3 8 - 4 . 1 4   x  
106  k P a ) ,   d e p e n d i n g   on  the   p a r t i c u l a r   c o m p o s i t i o n .   T h i s  

is   to  be  c o m p a r e d   w i t h   p o l y c r y s t a l l i n e   a l l o y s ,   w h i c h   a r e  
u s e d   in  t he   a n n e a l e d   c o n d i t i o n   and  w h i c h   u s u a l l y   r a n g e  
f rom  a b o u t   4 0 , 0 0 0   to  8 0 , 0 0 0   p s i   ( 2 . 7 6 - 5 . 5 2   x  106  k P a ) .  
A  h i g h   t e n s i l e   s t r e n g t h   is  an  i m p o r t a n t   c o n s i d e r a t i o n   i n  

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

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

s p e e d s .  

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

to  form  s t r i p   18  e v i d e n c e   a  h i g h   e l e c t r i c a l   r e s i s t i v i t y ,  

r a n g i n g   f rom  a b o u t   160  to  180  m i c r o h m - c m   a t   25°C,   d e -  

p e n d i n g   on  the   p a r t i c u l a r   c o m p o s i t i o n .   T y p i c a l   p r i o r  

a r t   m a t e r i a l s   have   r e s i s t i v i t i e s   of  a b o u t   45  to  1 6 0  

m i c r o h m - c m .   The  h i g h   r e s i s t i v i t y   p o s s e s s e d   by  t h e  

a m o r p h o u s   m e t a l   a l l o y s   d e f i n e d   a b o v e   is  u s e f u l   in  AC 

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

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

a l l o y s   to  form  s t r i p   18  is   t h a t   l o w e r   c o e r c i v e   f o r c e s  

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

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

more  i r o n ,   w h i c h   is  r e l a t i v e l y   i n e x p e n s i v e ,   to  b e  

u t i l i z e d   in  the   s t r i p   18,  as  c o m p a r e d   w i t h   a  g r e a t e r  

p r o p o r t i o n   of  n i c k e l ,   w h i c h   is  more  e x p e n s i v e .  

R e f e r r i n g   to  F i g s .   2  and  3  of  t he   d r a w i n g s ,  

e a c h   of  t he   m a g n e t i c   c o r e   e l e m e n t s   14  is  f o r m e d   by  w i n d -  

ing   s u c c e s s i v e   t u r n s   of  s t r i p   18  on  a  m a n d r e l   ( n o t  

s h o w n ) .   D u r i n g   w i n d i n g   of  s u c c e s s i v e   t u r n s ,   s t r i p   18  i s  

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

e l e m e n t   14.  The  number   of  t u r n s   r e q u i r e d   f o r   a  g i v e n  



c o r e   e l e m e n t   14  can  r a n g e   f rom  a  few  t u r n s   to  s e v e r a l  

t h o u s a n d   t u r n s ,   d e p e n d i n g   upon  the   power   c a p a c i t y   of  t h e  

e l e c t r o m a g n e t i c   d e v i c e   d e s i r e d .   When  the   r e q u i r e d  

number   of  t u r n s   a re   wound  f o r   a  g i v e n   c o r e   e l e m e n t   1 4 ,  

the   s t r i p   18  is  cu t   a c r o s s   the   w i d t h ,   w,  t h e r e o f ,   t h e  

o u t e r   t u r n   b e i n g   h e l d   in  wound  r e l a t i o n   to  the   p r e c e d i n g  

t u r n .   T y p i c a l l y ,   t he   c u t   end  of  the   l a s t   t u r n   of  s t r i p  

18  is  s p o t   w e l d e d ,   c l a m p e d   or  o t h e r w i s e   s e c u r e d   to  t h e  

wound  c o r e   e l e m e n t   1 4 .  

When  s u f f i c i e n t   t u r n s   have  been   wound  to  f o r m  

a  g i v e n   m a g n e t i c   c o r e   e l e m e n t   14  as  a b o v e   d e s c r i b e d ,   t h e  

m a n d r e l   is  r e m o v e d   t h e r e f r o m   to  p r o d u c e   the  c o r e   e l e m e n t  

14  shown  in  F i g .   3.  The  c o r e   e l e m e n t   14  has  a  w i d t h  

d e f i n e d   by  the   w i d t h   of  s t r i p   18  and  a  b u i l d   d e f i n e d   b y  

the   number   of  t u r n s   of  s t r i p   18  t i m e s   the  s t r i p   t h i c k -  

n e s s ,   t .   A m o r p h o u s   m e t a l   s t r i p   is  r e l a t i v e l y   t h i n   a s  

c o m p a r e d   to  r o l l e d   c r y s t a l l i n e   s t r i p .   M o r e o v e r ,   t h e  

c o m p o s i t e   c o r e   c o n s t r u c t i o n   of  m a g n e t i c   c o r e   12  

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

wound  l a y e r   of  s t r i p   18  u sed   to  form  c o r e   e l e m e n t   1 4 .  

As  a  r e s u l t ,   t he   c o r e   e l e m e n t   14  can  be  wound  i n t o   a  

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

ing  and  m a t e r i a l   c o s t s   t h a n   m a g n e t i c   c o r e s   h a v i n g   a n  

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

w i d t h   of  s t r i p   18  r a n g e s   f rom  a b o u t   .25  to   2 .5   c e n t i -  

m e t e r s   and  the   t h i c k n e s s   of  s t r i p   18  r a n g e s   f rom  a b o u t   1 

to  2  m i l s .   The  b u i l d   of  e a c h   c o r e   e l e m e n t   14  can  r a n g e  
f rom  as  low  as  4  m i l s   to  as  g r e a t   as  25  c e n t i m e t e r s   o r  

more  d e p e n d i n g   upon  the   power   r e q u i r e m e n t s   of  t h e  

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

M a g n e t i c   c o r e   12  is  a s s e m b l e d   by  s a n d w i c h i n g  

a  l a y e r   of  i n s u l a t i n g   m a t e r i a l   22  b e t w e e n   p l u r a l   c o r e  

e l e m e n t s   14.  The  c o r e   e l e m e n t s   14  may  be  b o n d e d  

t o g e t h e r   by  the   i n s u l a t i n g   m a t e r i a l   22.  A l t e r n a t i v e l y ,  

c o r e   e l e m e n t s   14  and  i n s u l a t i o n   l a y e r s   22  c a n   be  p l a c e d  

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

t h e r m o s e t t i n g   m a t e r i a l .   The  number   of  c o r e   e l e m e n t s   14 

used   to  c o n s t r u c t   m a g n e t i c   c o r e   12,  as  w e l l   as  t h e  



d i m e n s i o n s   of  t he   c o r e   e l e m e n t s   14  and  o v e r a l l   h e i g h t ,  

h,  of  t he   m a g n e t i c   c o r e   12  w i l l   v a r y   d e p e n d i n g   on  t h e  

power   c a p a c i t y   and  o p e r a t i n g   f r e q u e n c y   of  t h e  e l e c t r o -  

m a g n e t i c   d e v i c e .   For   e l e c t r o m a g n e t i c   d e v i c e s   h a v i n g   a n  

o p e r a t i n g   f r e q u e n c y   of  60  Hz  and  a  p o w e r   c a p a c i t y   r a n g -  
i ng   f rom  100  to   2 0 , 0 0 0   w a t t s ,   t he   maximum  a c c e p t a b l e  

s t r i p   w i d t h   is   a b o u t   1  i n c h   ( 2 . 5 4   cm)  t h e   n u m b e r   of  c o r e  
e l e m e n t s   14  u s e d   to  c o n s t r u c t   m a g n e t i c   c o r e   12  is  a b o u t  

3  to  10,   t h e   h e i g h t ,   h,  of   m a g n e t i c   c o r e   12  i s   a b o u t   2 

to  10  i n c h e s   ( 5 . 0 8 - 2 5 . 4   cm)  t h e   i n s i d e   d i a m e t e r   of  e a c h  

c o r e   e l e m e n t   14  i s   a b o u t   1  to  6  i n c h e s   ( 2 . 5 4 - 1 . 5 2   cm) 

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

a b o u t   2  to   20  i n c h e s   ( 5 . 0 8 - 5 0 . 8   cm).   F o r  

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

a b o u t   10  KHz  and  a  power   c a p a c i t y   r a n g i n g   f rom  100  t o  

2 0 , 0 0 0   w a t t s ,   t he   maximum  a c c e p t a b l e   s t r i p   w i d t h   i s  

a b o u t   1 /4   i n c h   ( 6 . 3   x  1 0 "   cm),   the   number   of  c o r e  

e l e m e n t s   14  u s e d   to  c o n s t r u c t   m a g n e t i c   c o r e   12  is  a b o u t  

3  to  10 ,   t he   h e i g h t ,   h,  of  m a g n e t i c   c o r e   12  is   a b o u t   2 

to  10  i n c h e s   ( 5 . 0 8 - 2 5 . 4   cm) ,   the   i n s i d e   d i a m e t e r   of  e a c h  

c o r e   e l e m e n t   14  is   a b o u t   1  to  3  i n c h e s   ( 2 . 5 4 - 7 . 6 2   cm) 

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

a b o u t   2  to  10  i n c h e s   ( 5 . 0 8 - 2 5 . 4   c m ) .  

The  i n s u l a t i n g   l a y e r s   22  d i s p o s e d   b e t w e e n   c o r e  

e l e m e n t s   14  can  be  c o m p o s e d   of  any  s u i t a b l e   i n s u l a t i n g  
m a t e r i a l   s u c h   as  t h e r m o s e t t i n g   or  t h e r m o p l a s t i c  

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

m i c a ,   CAPSTAN,  LEXAN,  f i s h   p a p e r   and  the   l i k e ,   h a v i n g  

t he   r e q u i r e d   f l e x i b i l i t y ,   d i e l e c t r i c   s t r e n g t h ,   t o u g h n e s s  
and  s t a b i l i t y   a t   the   d e s i g n   o p e r a t i n g   t e m p e r a t u r e   of  t h e  

m a g n e t i c   c o r e   12,   n o r m a l l y   in  the   v i c i n i t y   of  130°C .   As 

shown  in  F i g .   3,  i n s u l a t i n g   l a y e r s   22  a r e   in  the   form  o f  

a  f l e x i b l e   f i l m   h a v i n g   a  t h i c k n e s s   o f  a b o u t   1 /2   mi l   a n d  
i n s i d e   and  o u t s i d e   d i a m e t e r s   s u b s t a n t i a l l y   e q u i v a l e n t   t o  

t h o s e   of  c o r e   e l e m e n t s   14.  E l e c t r i c a l   i s o l a t i o n   of  c o r e  
e l e m e n t s   14  can   a l t e r n a t i v e l y   be  a c c o m p l i s h e d   by  d i s p o s -  

ing  i n s u l a t i n g   m a t e r i a l   o v e r   p a r t   of  the   b u i l d   p o r t i o n s  
b e t w e e n   a d j o i n i n g   c o r e   e l e m e n t s   14.  T h u s ,   the   i n s u l a t i n g  



l a y e r   22  d i s p o s e d   b e t w e e n   a d j o i n i n g   c o r e   e l e m e n t s   14  c a n  
have   the   form  of  a  s p i d e r   or  o t h e r   s u i t a b l e   c o n f i g u r a -  

t i o n   a d a p t e d   to  p h y s i c a l l y   s e p a r a t e   and  e l e c t r i c a l l y  
i s o l a t e   the   a d j a c e n t   c o r e   e l e m e n t s   14.  In  such   a  c a s e ,  
e l e c t r i c a l   i s o l a t i o n   of  c o r e   e l e m e n t s   14  is   e f f e c t e d   b y  
an  i n s u l a t i n g   l a y e r   22  c o m p r i s e d   in  p a r t   of  a i r .   S t i l l  

f u r t h e r ,   t he   i n s u l a t i n g   l a y e r   22  can  be  p a i n t e d ,   s p r a y e d  

or  o t h e r w i s e   a p p l i e d   to  one  or  b o t h   of  the   a d j o i n i n g  

s u r f a c e s   of  c o r e   e l e m e n t s   1 4 .  

C o n s t r u c t i o n   of  a  t r a n s f o r m e r   11  i n c o r p o r a t i n g  

m a g n e t i c   c o r e   12  can  be  r e a d i l y   e f f e c t e d   by  t o r o i d a l  

w i n d i n g   of  p r i m a r y   and  s e c o n d a r y   t u r n s   30,  32  of  c o p p e r  

or  a l u m i n u m   w i r e   or  r i b b o n   a b o u t   the  m a g n e t i c   c o r e   1 2 ,  

or  by  hand  t h r e a d i n g   the   c o p p e r   or  a l u m i n u m   w i r e   t u r n s  

a b o u t   the   m a g n e t i c   c o r e   12  in  a  c o n v e n t i o n a l   m a n n e r .  
The  e l i m i n a t i o n   of  i n t e r l a m i n a r   i n s u l a t i o n   a f f o r d e d   b y  

t he   s e c t i o n a l i z e d   c o n s t r u c t i o n   of  m a g n e t i c   c o r e   12  

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

r e q u i r e d ,   a n d  d e c r e a s e s   the   c o p p e r   l o s s   of  t h e  

e l e c t r o m a g n e t i c   d e v i c e   1 0 .  

The  r e d u c t i o n   in  c o r e   l o s s   r e s u l t i n g   f rom  t h e  

c o m p o s i t e   c o r e   c o n s t r u c t i o n   of  m a g n e t i c   c o r e   12  has   b e e n  

d e m o n s t r a t e d   by  a  15  KVA  t r a n s f o r m e r   wound  w i t h   s e v e n  

c o r e   e l e m e n t s   14  of  1  i n c h   ( 2 . 5 4   cm)  wide   u n c o a t e d   s t r i p  

1 8 .  
I f   the   t r a n s f o r m e r   c o r e   had  been   wound  w i t h  

u n c o a t e d   s t r i p   18  in  the   form  of  wide   r i b b o n   in  a  s i n g l e  

s e c t i o n ,   a  c u r r e n t ,   I ,   wou ld   have   f l o w e d   b e t w e e n   t h e  

r i b b o n   l a y e r s .   T h i s   c u r r e n t   wou ld   b e  E   w h e r e   E  is   t h e  

v o l t a g e   i n d u c e d   in  the   m a g n e t i c   c o r e   and  R  t he   e f f e c t i v e  

i n t e r l a y e r   r e s i s t a n c e .   As  pe r   F a r a d a y ' s   Law  of  I n d u c -  

t i o n ,   E  i s   p r o p o r t i o n a l   to  the   f r e q u e n c y ,   the   f l u x  

d e n s i t y   and  the   c o r e   a r e a .   R,  t he   e f f e c t i v e   i n t e r -  

l a y e r   r e s i s t a n c e ,   is  p r o p o r t i o n a l   to  the  i n t e r l a y e r  

r e s i s t i v i t y   and  i n v e r s e l y   p r o p o r t i o n a l   to  t h e - a r e a   o f  

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

wou ld   t h e n   be:   P  =  I2R  =  E2 

I f ,   on  the   o t h e r   h a n d ,   the   m a g n e t i c   c o r e   12  is  s e c t i o n e d  



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

o t h e r ,   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e r e   w i l l   now 

be  a  c u r r e n t   i  f l o w i n g   in  e a c h   c o r e   e l e m e n t   14  due  to  a n  
i n d u c e d   v o l t a g e   e  and  an  i n t e r l a y e r   r e s i s t a n c e   r .  
S i n c e   the   c o r e   a r e a   of  the   c o r e   e l e m e n t   14  is   now  n  
t i m e s   s m a l l e r ,   t he   i n d u c e d   v o l t a g e   e  i s :  

The  c o n t a c t   a r e a   d e t e r m i n i n g   the   i n t e r l a y e r   r e s i s t a n c e  

is   now  n  t i m e s   s m a l l e r ,   t h e r e f o r e   t he   e f f e c t i v e   i n t e r -  

l a y e r   r e s i s t a n c e   of  e a c h   e l e m e n t   i s :  

The  i n t e r l a y e r   c o r e   l o s s ,   p,  of  e a c h   e l e m e n t   w i l l   b e :  

p  =  i 2 r   =  e 2  

S u b s t i t u t i n g   f o r   e  and  i  f rom  e q u a t i o n s   1  and  2 :  

S i n c e   the   c o r e   is  c o m p o s e d   of  n  s e c t i o n s ,   the   t o t a l  

i n t e r l a y e r   c o r e   l o s s ,   P,  w i l l   b e :  

Or ,   in  o t h e r   w o r d s ,   n2  t i m e s   l e s s   t h a n   when  the   c o r e   i s  

wound  as  a  s i n g l e   e l e m e n t .   In  the   15  KVA  t r a n s f o r m e r  

c o n s i s t i n g   of  s e v e n   e l e m e n t s ,   the   i n t e r l a y e r   c o r e   l o s s   i s  

49  t i m e s   l o w e r   t h a n   i t   wou ld   be  i f   i t   had  been   wound  a s  

a  s i n g l e   s e c t i o n   w i t h   7  i n c h   ( 1 7 . 7 8   cm)  wide   u n c o a t e d  

s t r i p .  

H a v i n g   t h u s   d e s c r i b e d   the   i n v e n t i o n   in  r a t h e r  

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

need   n o t   be  s t r i c t l y   a d h e r e d   to  bu t   t h a t   v a r i o u s   c h a n g e s  

and  m o d i f i c a t i o n s   may  s u g g e s t   t h e m s e l v e s   to  one  s k i l l e d  

in  the   a r t ,   a l l   f a l l i n g   w i t h i n   the   s c o p e   of  the   i n v e n -  

t i o n   as  d e f i n e d   by  the   s u b j o i n e d   c l a i m s .  



1.  A  m a g n e t i c   c o r e   f o r   an  e l e c t r o m a g n e t i c   i n -  

d u c t i o n   d e v i c e ,   c o m p r i s i n g :  

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

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

ing  a  p l u r a l i t y   of  l a y e r s   of  u n i n s u l a t e d   s t r i p  

of   m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l ;  

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

j u x t a p o s e d   t o g e t h e r   to  form  a  c o r e   s t a c k ,   t h e  

h e i g h t   of  w h i c h   is  l a r g e   r e l a t i v e   to  the  s t r i p  

w i d t h   of  e a c h   e l e m e n t ;   a n d  

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

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

ing  m a t e r i a l   i n t e r p o s e d   b e t w e e n   the   e l e m e n t s   a t  

the   r e g i o n   of  j u x t a p o s i t i o n .  
2.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   1 ,  

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

a t   l e a s t   50  p e r c e n t   a m o r p h o u s   and  has  a  c o m p o s i t i o n  

d e f i n e d   by  the   f o r m u l a   M60-90  TO-15  X 1 0 - 2 5  
w h e r e i n   M  is  a t   l e a s t   one  of  the   e l e m e n t s   i r o n ,   c o b a l t  

and  n i c k e l ,   T  is   at   l e a s t   one  of  the   t r a n s i t i o n   m e t a l  

e l e m e n t s   and  X  is  at  l e a s t   one  of  the   m e t a l l o i d   e l e m e n t s  

p h o s p h o r u s ,   b o r o n   and  c a r b o n .  

3.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   2 ,  

w h e r e i n   up  to  80  p e r c e n t   of  c o m p o n e n t   X  is  r e p l a c e d   by  

a t   l e a s t   one  of  a l u m i n u m ,   a n t i m o n y ,   b e r y l l i u m ,  

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

4.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   2 ,  

w h e r e i n   s a i d   s t r i p   is  a t   l e a s t   a b o u t   80  p e r c e n t   a m o r -  

p h o u s .  

5.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   2 ,  

w h e r e i n   s a i d   s t r i p   is  a t   l e a s t   a b o u t   95  p e r c e n t   a m o r -  

p h o u s .  
6.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   1 ,  

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

2  to  10  i n c h e s   ( 5 . 0 8 - 2 5 . 4   cm)  and  s a i d   s t r i p   w i d t h  

r a n g e s   f rom  a b o u t   .25  to  2 .5   c e n t i m e t e r s .  

7.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   1 ,  



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

2  to  1 0 .  

8.  A  m a g n e t i c   c o r e   as  r e c i t e d   in  c l a i m   1 ,  

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

f rom  a b o u t   4  m i l s   to  25  c e n t i m e t e r s .  

9.  An  e l e c t r o m a g n e t i c   d e v i c e   h a v i n g   a  

p r i m a r y ,   a  s e c o n d a r y   and  a  m a g n e t i c   c o r e ,   s a i d   m a g n e t i c  

c o r e   c o m p r i s i n g :  

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

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

ing  a  p l u r a l i t y   of  l a y e r s   of  u n i n s u l a t e d   s t r i p  
of  m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l ;  

b.  s a i d   m a g n e t i c   c o r e   e l e m e n t s   b e i n g   j u x -  

t a p o s e d   t o g e t h e r   to  form  a  c o r e   s t a c k ,   the   h e i g h t  

of  w h i c h   is  l a r g e   r e l a t i v e   to  the   s t r i p   w i d t h   o f  

e a c h   e l e m e n t ;   a n d  

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

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

ing  m a t e r i a l   i n t e r p o s e d   b e t w e e n   the   e l e m e n t s   a t  

t he   r e g i o n   of  j u x t a p o s i t i o n .  
10.  An  e l e c t r o m a g n e t i c   d e v i c e   as  r e c i t e d   i n  

c l a i m   9,  w h e r e i n   s a i d   d e v i c e   is  a  t r a n s f o r m e r .  
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