
J )  

Europaisches  Patentamt  

European  Patent  Office  ©  Publication  number:  0  1 1 6   3 6 7  

Office  europeen  des  brevets  A1 

(12 EUROPEAN  PATENT  APPLICATION 

(21)  Application  number:  84101233.9  ©  Int.  CI.3:  H  01  F  4 1 / 1 2  
H  01  F  5 /06  

(22)  Date  of  filing:  07.02.84 

©  Priority:  10.02.83  JP  20588/83  ©  Applicant:  TOKYO  SHIBAURA  DENKI  KABUSHIKI 
KAISHA 
72,  Horikawa-cho  Saiwai-ku 

©  Date  of  publication  of  application  :  Kawasaki-shi  Kanagawa-ken  210(JP) 
22.08.84  Bulletin  84/34 

@  Inventor:  Furukawa,  Hiroshi 
©  Designated  Contracting  States:  2-3,  Goken-cho  Nishinasuno-machi 

DE  FR  GB  NL  Nasu-gun  Tochigi-ken(JP) 

©  Inventor:  Sugimoto,  Hiroshi 
4-4-624,  Shimonagata  Nishinasuno-machi 
Nasu-gun  Tochigi-ken(JP) 

©  Inventor:  Tamura,  Hisaaki 
1998-85,  Usuba 
Ootawara-shi  Tochigi-ken(JP) 

©  Representative:  Patentanwalte  Henkel,  Pfenning,  Feiler, 
Hanzel  &  Meinig 
Mohlstrasse  37 
D-8000  Munchen  80(DE) 

(54)  Current-conductive  coil  and  method  for  manufacturing  the  same. 
  A  hollow  conductor  (22)  which  is  rectangular  in  section 
is  wound  in  a  spiral  to  form  a  single  pancake  coil  (20).  A 
prepreg  tape  (40)  is  sandwiched  between  the  already-wound 
portion  (28)  and  the  to-be-wound  portion  (30)  of  the  conduc- 
tor  (22)  when  the  conductor  is  wound.  The  single  pancake 
coil  (20)  which  has  been  wound  with  the  prepreg  tape  (40) 
sandwiched  is  press-fixed  by  a  metal  frame,  for  example, 
and  then  heated,  whereby  resin  impregnated  in  the  prepreg 
tape  is  made  liquid to  fill  between  the  overlapped  faces  of  the 
conductor  (22)  so  as  to  make  the  conductor  (22)  adhered  at 
its  overlapped  faces  and  to  electrically  insulate  one  of  the 
overlapped  faces  from  the  other.  In  the  case  of  coaxially 
putting  the  single  pancake  coils  (20)  one  upon  the  other  to 
form  a  double  pancake  coil,  a  prepreg  sheet  (42)  is  sand- 
wiched  between  the  single  pancake  coils  (20)  and  then 
heated  to  fix  the  single  pancake  coils  with  each  other  and  to 
insulate  the  single  pancake  coils  from  each  other. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  a   c u r r e n t -  

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

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

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

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

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

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

r e s e a r c h   d e v i c e s ,   and  the   l i k e   is  an  a i r   c o r e   c o i l   of  a  

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

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

c o o l i n g   w a t e r   is  f l o w e d   t h r o u g h   the   h o l l o w   p o r t i o n  o f  

a  c o i l   c o n d u c t o r   to  r emove   h e a t   c a u s e d   by  a  c u r r e n t  

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

c o i l   c o n d u c t o r .  

One  u n i t   of  t h i s   c u r r e n t - c o n d u c t i v e   a i r   c o r e   c o i l  

r e p r e s e n t s   e i t h e r   t he   s i n g l e   p a n c a k e   c o i l   2  as  shown  i n  

F i g .   1  or  t he   d o u b l e   p a n c a k e   c o i l   4  as  shown  in  F i g .   2 .  

The  s i n g l e   p a n c a k e   c o i l   2  is  c o n s t r u c t e d   by  w i n d i n g   a  

h o l l o w   c o n d u c t o r   in  a  s p i r a l   and  d o u b l e   p a n c a k e   c o i l   4 

is  c o n s t r u c t e d   by  c o n n e c t i n g   p a n c a k e   c o i l s   6  and  8  a t  

t h e   i n n e r   ends   t h e r e o f ,   s a i d   p a n c a k e   6  and  8  h a v i n g   b e e n  

wound  in  o p p o s i t e   d i r e c t i o n s   to  form  a  s p i r a l ,   r e s p e c -  

t i v e l y .   The  d o u b l e   p a n c a k e   c o i l   4  may  be  c o n s t r u c t e d   by  

w i n d i n g   a  h o l l o w   c o n d u c t o r .  

One  c o i l   u n i t   is  fo rmed   by  p i l i n g   s e v e r a l   or  t e n  



and  s e v e r a l   u n i t s   of  p a n c a k e   c o i l s   one  upon   the   o t h e r ,  

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

one  a n o t h e r   to   fo rm  a  c u r r e n t - c o n d u c t i v e   a i r   c o r e   c o i l .  

When  t h e   c u r r e n t - c o n d u c t i v e   a i r   c o r e   c o i l   is  c u r r e n t -  

a p p l i e d ,   c o o l i n g   l i q u i d   is   f l o w e d   t h r o u g h   e a c h   u n i t   o f  

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

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

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

r e s i s t a n c e   in  t h e   c o o l i n g   w a t e r   p a s s a g e   and  to  e n h a n c e  

t h e   c o o l i n g   e f f i c i e n c y .  

D i a g n o s t i c   n u c l e a r   m a g n e t i c   r e s o n a n c e   d e v i c e s   a n d  

n u c l e a r   f u s i o n   r e s e a r c h   d e v i c e s   a r e   d e m a n d e d   to  use  a n  

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

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

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

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

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

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

t h e   c u r r e n t - c o n d u c t i v e   a i r   c o r e   c o i l .  

The  c o n v e n t i o n a l   c u r r e n t - c o n d u c t i v e   c o i l   is  m a n u -  

f a c t u r e d ,   as  shown  in  F i g .   3,  in  s u c h   a  m a n n e r   t h a t   a n  

i n s u l a t i n g   t a p e   12  is   wound  a r o u n d   a  h o l l o w   c o n d u c t o r  

10  in  t h e   p r o c e s s   of  w i n d i n g   t he   c o n d u c t o r   10,  w h o s e  

s e c t i o n   is  r e c t a n g u l a r ,   in  a  s p i r a l ,   and  t h a t   t he   s i n g l e  

o r   d o u b l e   p a n c a k e   c o i l   t h u s   f o r m e d   is   f i x e d   by  f i x i n g  

t h e   c o n d u c t o r   by  p r e p r e g .   As  d e s c r i b e d   a b o v e ,   t h e  

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

a r o u n d   t he   c o n d u c t o r   10  when  t he   c o n d u c t o r   is  w o u n d  

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

i t s   a d j a c e n t   o n e .   T h e r e f o r e ,   t he   p r o c e s s   of  i n s u l a t i n g  

t h e   c o n d u c t o r   f rom  i t s   a d j a c e n t   one  in  t h e   c o u r s e   o f  

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

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

m a n u f a c t u r i n g   t i m e .   A  l ong   a i r   c o r e   c o i l   c o n d u c t o r  

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



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

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

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

u s e d ,   a c c o r d i n g l y ,   t a k e s   an  e x t r e m e l y   long   t ime   t o  

m a n u f a c t u r e .  

The  i n s u l a t i n g   t a p e   12  is  wound  a r o u n d   the   c o n -  

d u c t o r   10  in  s u c h   a  way  t h a t   t he   i n s u l a t i n g   t a p e   12 

is   p a r t l y   o v e r l a p p e d   upon  i t s e l f .   T h e r e f o r e ,   s t e p s  

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

i n s u l a t i n g   t a p e   12  a re   f o r m e d   on  the   s u r f a c e   of  t h e  

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

d i m e n s i o n   a c c u r a c y   of  the   s i n g l e   or  d o u b l e   p a n c a k e   c o i l  

t h u s   wound  is   p o o r   b e c a u s e   of  t h e s e   s t e p s ,   t h u s   m a k i n g  

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

the   c o n v e n t i o n a l   c u r r e n t - c o n d u c t i v e   c o i l .  

As  shown  in  F i g s .   3  and  4,  a  r e l i a b l y   s u f f i c i e n t  

i n s u l a t i o n   is   a c h i e v e d   by  w i n d i n g   t he   i n s u l a t i n g   t a p e   12  

a r o u n d   t he   c o n d u c t o r   10.  H o w e v e r ,   in  t he   c a s e   o f  

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

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

f l o w i n g   t h r o u g h   the   c o n d u c t o r   is  s m a l l .   In  s h o r t ,  

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

c o n d u c t o r   is  more  t h a n   e n o u g h   in  the   c a s e   of  d i a g n o s t i c  

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

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a  

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

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

e l e c t r i c a l l y - i n s u l a t i n g   p r o c e s s   in  o r d e r   to  s u b s t a n -  

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

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s  t o  

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

m a n u f a c t u r i n g   the   c u r r e n t - c o n d u c t i v e   c o i l ,   wh ich   e n a b l e s  

i t s   d i m e n s i o n   a c c u r a c y   to  be  made  e x t r e m e l y   h i g h   i n  

o r d e r   to  c r e a t e   a  h i g h l y - e q u a l i z e d   m a g n e t i c   f i e l d .  

A c c o r d i n g   to  the  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   a  c u r r e n t - c o n d u c t i v e   c o i l   c o m p r i s i n g   a  

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



and   o u t e r   f i x i n g   f a c e s   when  v i e w e d   in  t h e   d i r e c t i o n  

in   w h i c h   i t   is  wound  in  a  s p i r a l ,   and  a  p r e p r e g   t a p e  

i n t e r p o s e d   b e t w e e n   t h e   a d j a c e n t   f i x i n g   f a c e s   of  t h e  

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

to   c o v e r   t he   f i x i n g   f a c e ,   e x t e n d i n g   a l o n g   the   f i x i n g  

f a c e ,   and  b e i n g   h e a t e d   to  f i x   t he   f i x i n g   f a c e s   so  a s  

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

c o n d u c t o r   f rom  i t s   a d j a c e n t   o n e .  

F u r t h e r ,   a c c o r d i n g   to  t he   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   a  m e t h o d   f o r   m a n u f a c t u r i n g   t h e   c u r r e n t -  

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

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

t a p e   b e t w e e n   t h e   a l r e a d y - w o u n d   p o r t i o n   and  t o - b e - w o u n d  

p o r t i o n   of  t he   c o n d u c t o r   to  form  a  s i n g l e   p a n c a k e  

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

w i d t h   as  t h a t   f i x i n g   f a c e   of  t he   a l r e a d y - w o u n d   p o r t i o n  

o f   t h e   c o n d u c t o r   w h e r e   t he   t o - b e - w o u n d   p o r t i o n   of  t h e  

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

s i n g l e   p a n c a k e   c o i l ,   w h i c h - h a s   been   wound  w i t h   t h e  

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

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

f i x i n g   f a c e   of  t h e   c o n d u c t o r   f rom  i t s   a d j a c e n t   o n e .  

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

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

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

in   a  s p i r a l   and  h a v i n g   a  p a i r   of  i n n e r   and  o u t e r  

f i x i n g   f a c e s   when  v i e w e d   in  t h e   d i r e c t i o n   in  wh ich   i t  

i s   wound  in  a  s p i r a l ,   and  a  p r e p r e g   t a p e   i n t e r p o s e d  

b e t w e e n   the   a d j a c e n t   f i x i n g   f a c e s   of  t h e   c o n d u c t o r ,  

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

f i x i n g   f a c e ,   e x t e n d i n g   a l o n g   t he   f i x i n g   f a c e ,   and  b e i n g  

h e a t e d   to  f i x   t h e   f i x i n g   f a c e s   so  as  to   e l e c t r i c a l l y  

i n s u l a t e   t he   f i x i n g   f a c e s   of  t he   c o n d u c t o r   from  i t s  

a d j a c e n t   o n e ,   t he   p a n c a k e   c o i l s   h a v i n g   r i n g - s h a p e d   p l a i n  

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

p a n c a k e   c o i l s   w h i c h   a r e   c o a x i a l l y   pu t   one  upon  the   o t h e r  

w i t h   t h e i r   w o u n d - d i r e c t i o n s   o p p o s e d   to  e a c h   o t h e r ,   s a i d  



p r e p r e g   s h e e t   b e i n g   h e a t e d   to  f i x   t he   p a n c a k e   c o i l s   w i t h  

e a c h   o t h e r   and  to  e l e c t r i c a l l y   i n s u l a t e   t he   p a n c a k e  

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

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

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

t h e   two  s i n g l e   p a n c a k e   c o i l s ,   e a c h   of  w h i c h   has   b e e n  

wound  w i t h   t h e   p r e p r e g   t a p e   s a n d w i c h e d   a f t e r   t he   f i r s t  

p r o c e s s ,   one  upon  the   o t h e r   w i t h   a  p r e p r e g   s h e e t  

s a n d w i c h e d   b e t w e e n   them.   T h e n ,   t h e s e   two  s i n g l e   p a n c a k e  

c o i l s   a r e   h e a t e d   u n d e r  a   p r e s s u r i z e d   c o n d i t i o n   in  t h e  

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

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

p u t t i n g   t h e   two  s i n g l e   p a n c a k e   c o i l s   one  upon  t he   o t h e r  

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

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

p a n c a k e   c o i l s   u n d e r   p r e s s u r i z e d   c o n d i t i o n .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   t he   t r o u b l e s o m e  

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

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

d u c t o r   f rom  i t s   a d j a c e n t   o n e ,   i s   made  u n n e c e s s a r y .  

I n s t e a d ,   t h e   c o n d u c t o r   may  be  wound  w i t h   t he   p r e p r e g  

t a p e   s a n d w i c h e d   b e t w e e n   t he   f i x i n g   f a c e   of  t he   c o n -  

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

t h e   c u r r e n t - c o n d u c t i v e   c o i l   to   be  m a n u f a c t u r e d   w i t h  

g r e a t e r   e a s e   and  at   a  h i g h e r   s p e e d .   In  a d d i t i o n ,   t h e  

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

wound  and  i t s  a d j a c e n t   one ,   t h u s   e l i m i n a t i n g   t h e  

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

t h e   i n s u l a t i n g   t a p e   one  upon  t h e   o f h e r   when  i t   is  w o u n d  

a r o u n d   t h e   c o n d u c t o r .   T h i s   e n a b l e s   t he   d i m e n s i o n  

a c c u r a c y   of  t he   c o i l   wound  to  be  made  so  h i g h   t h a t   a  

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

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

two  s i n g l e   p a n c a k e   c o i l s   one  upon  t h e  o t h e r   w i t h   t h e  

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

p r e p r e g   s h e e t   to  f i x   the   s i n g l e   p a n c a k e   c o i l s   w i t h   e a c h  

o t h e r   and  to  i n s u l a t e   them  f rom  e a c h   o t h e r .   The  d o u b l e  



p a n c a k e   c o i l s   can  be  t h u s   m a n u f a c t u r e d   more   e a s i l y .   I n  

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

c o n d u c t i v e   c o i l   to  be  m a n u f a c t u r e d   w i t h   g r e a t e r   e a s e ,  
a t   h i g h e r   s p e e d   and  w i t h   a  l o w e r   c o s t   in  o r d e r   t h a t   a  
u n i f o r m   m a g n e t i c   f i e l d   may  be  c r e a t e d   by  t h e   c u r r e n t -  

c o n d u c t i v e   c o i l .  

T h i s   i n v e n t i o n   can  be  more   f u l l y   u n d e r s t o o d   f r o m  

t h e   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   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   t he   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 .   1  is   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  s i n g l e  

p a n c a k e   c o i l ;  

F i g .   2  is   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  d o u b l e  

p a n c a k e   c o i l ;  

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

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

c o i l ;  

F i g .   4  is   a  p e r s p e c t i v e   v i e w   s h o w i n g   t h e  

c o n v e n t i o n a l   c u r r e n t - c o n d u c t i v e   c o i l   s e c t i o n e d   p a r t l y ;  

F i g .   5  is   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  m e t h o d   f o r  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   6  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   a  s i n g l e  

p a n c a k e   c o i l   s e c t i o n e d   p a r t l y ;  

F i g .   7  is   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  p r o c e s s   o f  

i n s u l a t i n g   a  d o u b l e   p a n c a k e   c o i l ;   a n d  

F i g .   8  i s   a  s e c t i o n a l   v i e w   s h o w i n g   a  m o d i f i c a t i o n  

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

F i g s .   5,  6  and  7  show  m a n u f a c t u r i n g   p r o c e s s e s   o f  

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

p r e s e n t   i n v e n t i o n ,   in  w h i c h   F i g .   5  is   a  p e r s p e c t i v e   v i e w  

s h o w i n g   a  p r o c e s s   f o r   w i n d i n g   t h e   c o n d u c t o r ,   F i g .   6 

a  p e r s p e c t i v e   v i e w   s h o w i n g   a  s i n g l e   p a n c a k e   c o i l   s e c -  

t i o n e d   p a r t l y ,   and  F i g .   7  a  p e r s p e c t i v e   v i e w   s h o w i n g   a n  

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

a r e   p u t   one  upon  t he   o t h e r   to  make  a  d o u b l e   p a n c a k e  

c o i l .  

A  s i n g l e   p a n c a k e   c o i l   20  shown  in  F i g .   5  i n c l u d e s  



a  h o l l o w   c o n d u c t o r   22  wound  in  a  s p i r a l ,   and  a  p r e p r e g  

t a p e   40  i n t e r p o s e d   a l o n g   t he   c o n d u c t o r   22  when  t h i s  

i s   wound .   The  c o n d u c t o r   22  has   a  s u b s t a n t i a l l y  

r e c t a n g u l a r   s e c t i o n ,   and  a  h o l l o w   p o r t i o n   24  in  t h e  

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

a x i s   and  t h r o u g h   w h i c h   c o o l i n g   w a t e r   f l o w s .   F o u r  

c o r n e r s   of  t he   c o n d u c t o r   22  a r e   c h a m f e r e d   to  f o r m  

c h a m f e r e d   p o r t i o n s   2 6 .  

The  p r e p r e g   t a p e   40  is  p r e p a r e d   by  c u t t i n g   t h e  

p r e p r e g   in  s u c h   a  way  t h a t   i t   is  wide   e n o u g h   to  c o v e r  
t h e   f a c e   of  t he   c o n d u c t o r   w h e r e   t he   c o n d u c t o r   i s  

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

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

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

a s . f a b r i c ,   p a p e r   and  m a t  w i t h   t h e r m o s e t t i n g   r e s i n .   T h e  

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

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

may  be  c l o t h   of  g l a s s   f a b r i c ,   m a t ,   r o p e ,   r o b e ,   p a p e r ,  
c o t t o n   f a b r i c ,   n o n w o v e n   p o l y e s t e r   f a b r i c ,   or  k r a f t  

p a p e r .   The  g l a s s   c l o t h ,   f o r   e x a m p l e ,   is  i m m e r s e d   i n  

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

w i t h   e p o x y  r e s i n ,   t h u s   m a k i n g   t h e  p r e p r e g .   The  p r e p r e g  
i s   n o t   s t i c k y ,   and  is  e a s y   to  c u t   and  t r e a t .   When  t h e  

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

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

and  t h e n   h a r d e n s   to  f i x   t h e   c o n d u c t o r .  

When  the   h o l l o w   c o i l   c o n d u c t o r   22  is   wound  in  a  

s p i r a l ,   i t   is  wound  w i t h   t he   p r e p r e g   t a p e   40  i n t e r p o s e d  

b e t w e e n   i t s   a l r e a d y - w o u n d   p o r t i o n   28  and  i t s   t o - b e - w o u n d  

p o r t i o n   30,  as  shown  in  F i g .   5.  As  the   r e s u l t ,   t h e  

p r e p r e g   t a p e   40  is  s a n d w i c h e d   b e t w e e n   t he   o u t e r  

c i r c u m f e r e n t i a l   f a c e   ( f i x i n g   or  o v e r l a p p i n g   f a c e )   o f  

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

( f i x i n g   or  o v e r l a p p i n g   f a c e )   of  i t s   o u t s i d e   p o r t i o n   t o  

c o v e r   t he   who le   of  e a c h   of  t h e s e   f a c e s ,   so  t h a t   t h e  

s i n g l e   p a n c a k e   c o i l   20  in  w h i c h   i t s   i n s i d e   p o r t i o n   ( o r  



a l r e a d y - w o u n d   p o r t i o n )   has   b e e n   e l e c t r i c a l l y   i n s u l a t e d  

f rom  i t s   o u t s i d e   p o r t i o n   ( o r   t o - b e - w o u n d   p o r t i o n )   can  b e  

o b t a i n e d .  

Two  s i n g l e   p a n c a k e   c o i l s   20  a r e   t h e n   c o a x i a l l y  

p u t   one  u p o n   t he   o t h e r   w i t h   p r e p r e g   s h e e t s   42  s a n d w i c h e d  

b e t w e e n   t h e m .   In  t h i s   c a s e ,   h o w e v e r ,   the   d i r e c t i o n   i n  

w h i c h   one  of  t h e   p a n c a k e   c o i l s   20  is  wound  is   m a d e  

o p p o s i t e   to   t h a t   of  t he   o t h e r .   The  p r e p r e g   may  be  c u t  

in  a  r i n g   and  t h e n   a r r a n g e d   on  one  of  the   p a n c a k e   c o i l s  

20.  H o w e v e r ,   i t   is  p r e f e r a b l e   t h a t   t h e   p r e p r e g   be  c u t  

i n t o   f o u r   p r e p r e g   s h e e t s   4 2 , ' f o r   e x a m p l e ,   c o r r e s p o n d i n g  

to   t h e   s h a p e   d e v i d e d   f rom  t h e   r i n g - s h a p e d   p l a i n   f a c e   o f  

t h e   p a n c a k e   c o i l   20,  and  t h a t   t h e s e   f o u r   p r e p r e g   s h e e t s  

42  a r e   c o n n e c t e d   w i t h   one  a n o t h e r   in  t h e   c i r c u m f e r e n t i a l  

d i r e c t i o n   of  t h e   p a n c a k e   c o i l   20  and  t h e n   a r r a n g e d  

t h e r e o n .   The  d i m e n s i o n   e r r o r s   r e l a t i n g   to  t he   p l a i n  

f a c e   of  t h e   p a n c a k e   c o i l   20  and  t h e   s h a p e   of  t he   p r e p r e g  
s h e e t s   can   be  t h u s   a b s o r b e d   by  t h e   m a n n e r   of  a r r a n g i n g  

f o u r   p r e p r e g   s h e e t s   42  on  t h e   p l a i n   f a c e   of  t he   p a n c a k e  

c o i l   20.  As  a  r e s u l t ,   t h e   p l a n   f a c e   of  the   p a n c a k e   c o i l  

20  can  be  c o v e r e d   c o m p l e t e l y   by  t h e   p r e p r e g   s h e e t s   42  t o  

t h e r e b y   i n s u l a t e   one  of  t h e   p a n c a k e   c o i l s   20  f rom  t h e  

o t h e r   e l e c t r i c a l l y .  

T h e s e   two  p a n c a k e   c o i l s   20  a r e   t h e n   f i x e d   u n d e r   a  

p r e s s u r i z e d   c o n d i t i o n   by  m e a n s   of   a  t o o l   s u c h   as  a  m e t a l  

f r a m e .   The  p a n c a k e   c o i l s   20  t h u s   p r e s s u r i z e d   and  f i x e d  

a r e   h e a t e d   and  d r i e d   in  a  h e a t i n g   f u r n a c e   s u c h   as  a n  

e l e c t r i c   f u r n a c e .   The  r e s i n   i m p r e g n a t e d   in  t he   p r e p r e g  

t a p e   40  and  s h e e t s   42  t h u s   b e c o m e s   l i q u i d   to  f i l l  

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

f a c e s   of  t h e   c o n d u c t o r s   22  and  a l s o   b e t w e e n   t h e   p a n c a k e  
.  

c o i l s   20.  As  i t   h a r d e n s ,   i n s u l a t i n g   l a y e r s   of  r e s i n  

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

c o n d u c t o r s   22,  and  b e t w e e n   t h e   p l a i n   f a c e s   of  t h e  

p a n c a k e   c o i l s   20  to   f i x   t h e   c o n d u c t o r s   2 2 .  

When  a  p r e p r e g   made  by  i m p r e g n a t i n g   g l a s s   c l o t h  

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



h e a t i n g   the   p r e p r e g   a t   130  to  150°C  f o r   8  to  10  h o u r s .  

On  the   o t h e r   h a n d ,   when  a n o t h e r   p r e p r e g   made  by  

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

i s   u s e d ,   t he   r e s i n   b e c o m e s   h a r d e n e d   by  h e a t i n g   t h e  

p r e p r e g   at   120°C  f o r   two  h o u r s .  

The  c o n d u c t o r   22  has   c h a m f e r   p o r t i o n s   26  f o r m e d  

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

26  s e r v e   as  p a s s a g e s   t h r o u g h   w h i c h   the   h e a t e d   r e s i n  

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

t h u s   e n a b l i n g   the   i n s u l a t i n g   l a y e r   of  r e s i n   to  b e  

u n i f o r m .   Even  i f   any  e r r o r   is  c a u s e d   when  the   p r e p r e g  
i s   c u t  t o   a  t a p e   40  or  even   i f   any  p o s i t i o n a l   e r r o r  

i s   c a u s e d   when  the   c o n d u c t o r   22  is  wound ,   t he   c o n d u c t o r  

22  is  s e p a r a t e d   f rom  i t s   a d j a c e n t   i n s i d e   and  o u t s i d e  

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

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

The  t h i c k n e s s   of  t h e   p r e p r e g   t a p e   40  or  s h e e t   42 

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

b e t w e e n   the   p a n c a k e   c o i l   l i n e s .   In  t he   c a s e   of  t h e  

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

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

m a g e n t i c   f i e l d   of  s e v e r a l   k i l o - g a u s s e s .   T h e r e f o r e ,   a  

v o l t a g e   of  o n l y   s e v e r a l   t e n s   v o l t s   is  a p p l i e d   b e t w e e n  

t h e   p a n c a k e   c o i l s .   S i n c e   t he   i n s u l a t i n g   r e s i s t a n c e   o f  

e p o x y   r e s i n   is   l a r g e r   t h a n   1014  Ωcm  when  e x p r e s s e d   b y  

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

30  Mn  can  be  o b t a i n e d   when  t he   a r e a   of  t he   r e s i n   l a y e r  

i s   104  π cm2  and  i t s   t h i c k n e s s   is   0.1  mm.  T h e r e f o r e ,  

t h e   p r e p r e g   l a y e r ,   a b o u t   0.1  mm  t h i c k ,   is  e n o u g h  t o  

s e r v e   as  the   i n s u l a t o r   in  t he   above   a p p l i c a t i o n .   T h e  

p r e p r e g   t a p e   40  or  s h e e t   42  whose  t h i c k n e s s   is  l a r g e r  

t h a n   0 .1  mm  is  u s u a l l y   e m p l o y e d ,   t a k i n g   s a f e t y   i n t o  

c o n s i d e r a t i o n .   In  t he   c a s e   of  the   p r e p r e g   i m p r e g n a t e d  

w i t h   epoxy   r e s i n ,   r e s i s t a n c e   l a r g e r   t h a n   100  Mn  can  b e  

o b t a i n e d   at  a  common  t e m p e r a t u r e   when  t he   p r e p r e g   t a p e  

or   s h e e t   whose   t h i c k n e s s   is  0 . 3 2   mm  is  u s e d .   When  i t   i s  

i n t e n d e d   to  form  a  l a y e r   of  p r e p r e g   whose   t h i c k n e s s   i s  



0 . 6   mm,  f o r   e x a m p l e ,   i t   i s   p r e f e r a b l e   t h a t   p r e p r e g   t a p e s  

o r   s h e e t s   of  0 .3   mm  t h i c k   a r e   u s e d   in  an  o v e r l a p p e d  

m a n n e r   r a t h e r   t h a n   t he   p r e p r e g   t a p e s   or  s h e e t s   of  0 .6   mm 

t h i c k .   T h i s   is   b e c u a s e   e v e n   i f   one  of  t h e   p r e p r e g   t a p e s  
i s   s l i g h t l y   s h i f t e d   f rom  t h e   c i r c u m f e r e n t i a l   f a c e   o f  

t h e   c o n d u c t o r   22,  some  p o r t i o n s   of  t h e   c i r c u m f e r e n t i a l  

f a c e   a r e   l e f t   u n c o v e r e d .   H o w e v e r ,   when  t h e   t a p e   i s  

o v e r l a p p e d   on  t he   c i r c u m f e r e n t i a l   f a c e ,   t h e   o t h e r   t a p e  

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

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

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

f a c e   of  t h e   c o n d u c t o r   is  c o v e r e d   by  a  p r e p r e g   t a p e  

w h o s e   t h i c k n e s s   is  0 .5   mm  so  as  to   e s t a b l i s h   h i g h e r  

i n s u l a t i o n ,   b e c u a s e   the   o u t e r m o s t   c i r c u m f e r e n t i a l   f a c e  

of   t h e   c o n d u c t o r   is  l i k e l y   to  be  s u b j e c t e d   to  s e v e r e  

c i r c u m s t a n c e s .  

I t   i s   r e l a t i v e l y   e a s y   to   o b t a i n   a  c o i l   c o n d u c t o r  

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

t a p e   or   s h e e t   whose   t h i c k n e s s   i s   h i g h l y  a c c u r a t e .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t h e   c o n d u c t o r  

i s   n o t   wound  by  t he   i n s u l a t i n g   t a p e ,   bu t   t h e   p r e p r e g  

t a p e   40  is   o v e r l a p p e d   o n t o   t h e   c i r c u m f e r e n t i a l   f a c e  

o f   t h e   c o n d u c t o r   22,  t h u s   e n a b l i n g   t h e   i n s u l a t i n g  

l a y e r   to   be  h i g h   in  i t s   d i m e n s i o n   a c c u r a c y .   T h e r e f o r e ,  

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

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

by  o n l y   a b o u t   2  mm  f rom  t h e   d e s i r e d   d i a m e t e r   e v e n   i f  

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

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

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

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

c a n   be  c r e a t e d .   In  a d d i t i o n ,   t h e   i n s u l a t i n g   p r o c e s s   i s  

e a s i l y   done   in  t he   c a s e   of  t he   m e t h o d   f o r   m a n u f a c t u r i n g  

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

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

be  m a n u f a c t u r e d   w i t h   more  s i m p l i c i t y   and  a t   h i g h e r  

s p e e d .  



Two  p a n c a k e   c o i l s   20  a r e   p r e s s - f i x e d   w i t h   t h e  

p r e p r e g   s h e e t s   42  i n t e r p o s e d   b e t w e e n   t h e m ,   and  t h e n  

h e a t e d   to  make  the   c o n d u c t o r s   a d h e r e   as  in  the   a b o v e -  

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

p a n c a k e   c o i l s   may  be  f o r m e d   and  t h e n   h e a t e d   to  m a k e  

t h e   c o n d u c t o r s   a l s o   a d h e r e ,   and  t h e   two  p a n c a k e  

c o i l s   20  can  be  p r e s s - f i x e d   w i t h   t h e   p r e p r e g   s h e e t s  

42  s a n d w i c h e d   b e t w e e n   t hem,   and  t h e n   h e a t e d   to  m a k e  

t h e s e   two  p a n c a k e   c o i l s   20  a d h e r e   to  e a c h   o t h e r .   T h e  

c o n d u c t o r   is  no t   l i m i t e d   to   h a v i n g   a  r e c t a n g u l a r  

s e c t i o n ;   i t   may  a l s o   be  f l a t   in  s e c t i o n ,   as  s h o w n  

in  F i g .   8.  In  s h o r t ,   i t   may  have   a  l i n e a r l y - e x t e n d i n g  

p o r t i o n   at   t he   edge   of  t h a t   a r e a   w h e r e   i t s   i n n e r  

and  o u t e r   s e c t i o n s   32  and  34  a r e   o p p o s e d   f a c e   t o  

f a c e .   F u r t h e r ,   i t s   h o l l o w   p o r t i o n   24  t h r o u g h   w h i c h  

t h e   c o o l i n g   w a t e r   f l o w s   is  no t   l i m i t e d   to   h a v i n g   a  

c i r c u l a r   s e c t i o n ;   i t   may  a l s o   be  r e c t a n g u l a r   in  s e c t i o n ,  

as  shown  in  F i g .   8 .  

The  p a n c a k e   c o i l s   p r e s s - f i x e d   by  m e t a l   f r a m e   h a v e  

been   h e a t e d   in  a  h e a t i n g   f u r a n c e   in  t h e   a b o v e - d e s c r i b e d  

e m b o d i m e n t .   H o w e v e r ,   t he   r e s i n   may  be  h e a t e d   by  t h a t  

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

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

t h e   p a n c a k e   c o i l s   w h i c h   have   b e e n   p r e s s - f i x e d   by  a  m e t a l  

f r a m e .  



1.  A  c u r r e n t - c o n d u c t i v e   c o i l   c o m p r i s i n g :  

a  c o n d u c t o r   (22)   wound  in  a  s p i r a l   and  h a v i n g  

a  p a i r   of  i n n e r   and  o u t e r   f i x i n g   f a c e s   when  v i e w e d   i n  

t h e   d i r e c t i o n   in  w h i c h   t h e   c o n d u c t o r   is  wound  in  a  

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

a  p r e p r e g   t a p e   (40)   i n t e r p o s e d   b e t w e e n   t h e   a d j a c e n t  

f i x i n g   f a c e s   of  t h e   c o n d u c t o r   ( 2 2 ) ,   s a i d   p r e p r e g   t a p e  

(40)  b e i n g   w i d e   e n o u g h   to  c o v e r   t he   f i x i n g   f a c e ,  

e x t e n d i n g   a l o n g   t he   f i x i n g   f a c e ,   and  b e i n g   h e a t e d   t o  

f i x   t h e   f i x i n g   f a c e s   so  as  to  e l e c t r i c a l l y   i n s u l a t e  

t h e   f i x i n g   f a c e   of  t he   c o n d u c t o r   f rom  i t s   a d j a c e n t   o n e .  

2.  A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   t o  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t o r   ( 2 2 )  

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

3.  A  c u r r e n t - c o n d u c t o r   c o i l   a c c o r d i n g   to  c l a i m   2 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t o r   (22)  has   c h a m f e r  

p o r t i o n s   (26)   f o r m e d   a t   i t s   f o u r   c o r n e r s .  

4.  A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   p r e p r e g   t a p e   (40)   is  made  b y  

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

r e s i n ,   t h e   r e s i n   b e i n g   made  l i q u i d   to  f i l l   b e t w e e n   t h e  

f i x i n g   f a c e s   and  t h e n   h a r d e n e d   to  f i x   s a i d   f i x i n g   f a c e s  

when  i t   i s   h e a t e d .  

5.  A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   to  c l a i m   4 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   r e i n f o r c i n g   s h e e t   is  of  g l a s s  

f a b r i c   c l o t h ,   and  t he   t h e r m o s e t t i n g   r e s i n   is   of  e p o x y .  

6.  A  c u r r e n t - c o n d u c t i v e   c o i l   c o m p r i s i n g :  

two  p a n c a k e   c o i l s   (20)   e a c h   i n c l u d i n g   a  c o n d u c t o r  

(22)   wound  in  a  s p i r a l   and  h a v i n g   a  p a i r   of  i n n e r   a n d  

o u t e r   f i x i n g   f a c e s   when  v i e w e d   in  t he   d i r e c t i o n   in  w h i c h  

t h e   c o n d u c t o r   i s   wound  in  a  s p i r a l ;  

c h a r a c t e r i z e d   in  t h a t   t he   two  p a n c a k e   c o i l s   ( 2 0 )  

e a c h   i n c l u d i n g   a  p r e p r e g   t a p e   (40)   i n t e r p o s e d   b e t w e e n  

t h e   a d j a c e n t   f i x i n g   f a c e s   of  t he   c o n d u c t o r ,   s a i d  

p r e p r e g   t a p e   (40)   h a v i n g   a  w i d t h   e n o u g h   to  c o v e r   t h e  



f i x i n g   f a c e ,   e x t e n d i n g   a l o n g   the   f i x i n g   f a c e ,   and  b e i n g  

h e a t e d   to  f i x   the   f i x i n g   f a c e s   so  as  to  e l e c t r i c a l l y  

i n s u l a t e   t he   f i x i n g   f a c e s   of  t he   c o n d u c t o r   f rom  i t s  

a d j a c e n t   one ;   and  r i n g - s h a p e d   p l a i n   f a c e s ,   a n d  

c h a r a c t e r i z e d   by  c o m p r i s i n g   a  p r e p r e g   s h e e t   ( 4 2 )  

s a n d w i c h e d   b e t w e e n   the   two  p a n c a k e   c o i l s   (20)   w h i c h   a r e  

c o a x i a l l y   p u t   one  upon  t he   o t h e r   w i t h   t h e i r   w o u n d -  

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

(42)   b e i n g   h e a t e d   to  f i x   t he   p a n c a k e   c o i l s   (20)  w i t h  

e a c h   o t h e r   and  to  e l e c t r i c a l l y   i n s u l a t e   t he   p a n c a k e  

c o i l s   f rom  e a c h   o t h e r .  

7.  A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   t o  

c l a i m   6,  c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t o r   ( 2 2 )  

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

8 . .   A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   to  c l a i m   7 ,  

c h a r a c t e r i z e d   in  t h a t   t he   p r e p r e g   s h e e t   (42)   c o n s i s t s   o f  

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

f a c e   of  t h e   p a n c a k e   c o i l   ( 2 0 ) ,   and  a r e   a r r a n g e d   in  t h e  

c i r c u m f e r e n t i a l   d i r e c t i o n   of  t h e   p a n c a k e   c o i l .  

9.  A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   t o  

c l a i m   8,  c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t o r   ( 2 2 )  

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

10.   A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   t o  

c l a i m   9,  c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t o r   ( 2 2 )  

has   c h a m f e r   p o r t i o n s  ( 2 6 )   f o r m e d   a t   i t s   f o u r   c o r n e r s .  

11 .   A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o r d i n g   t o  

c l a i m   10,   c h a r a c t e r i z e d   i n  t h a t   t h e   p r e p r e g   t a p e   ( 4 0 )  

and  s h e e t   (42)   a re   made  by  i m p r e g n a t i n g   a  r e i n f o r c i n g  

s h e e t   w i t h   t h e r m o s e t t i n g   r e s i n ,   t h e   r e s i n   b e i n g   m a d e  

l i q u i d   to  f i l l   b e t w e e n   the   f i x i n g   f a c e s   and  a l s o   b e t w e e n  

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

f a c e s   w i t h   e a c h   o t h e r   and  a l s o   t he   p a n c a k e   c o i l s   w i t h  

e a c h   o t h e r ,   when  i t   is  h e a t e d .  

12.   A  c u r r e n t - c o n d u c t i v e   c o i l   a c c o d i n g   t o  

c l a i m   11,   c h a r a c t e r i z e d   in  t h a t   t he   r e i n f o r c i n g   s h e e t  

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

of  e p o x y .  



13.  A  m e t h o d   f o r   m a n u f a c t u r i n g   the   c u r r e n t -  

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

a  f i r s t   p r o c e s s   of  w i n d i n g   a  c o n d u c t o r   (22)  i n  

a  s p i r a l   and  s a n d w i c h i n g   a  p r e p r e g   t a p e   (40)   b e t w e e n   t h e  

a l r e a d y - w o u n d   p o r t i o n   (28)  and  t o - b e - w o u n d   p o r t i o n   ( 3 0 )  

of   t he   c o n d u c t o r   (22)   to  form  a  s i n g l e   p a n c a k e   c o i l  

( 2 0 ) ,   s a i d   p r e p r e g   t a p e   (40)  h a v i n g   s u b s t a n t i a l l y   s a m e  
w i d t h   as  t h a t   f i x i n g   f a c e   of  t he   a l r e a d y - w o u n d   p o r t i o n  

(28)   of  t h e   c o n d u c t o r   whe re   t he   t o - b e - w o u n d   p o r t i o n  

(30)   of  t h e   c o n d u c t o r   is  wound;   a n d  

a  s e c o n d   p r o c e s s   of  h e a t i n g   t h e   s i n g l e   p a n c a k e   c o i l  

( 2 0 ) ,   w h i c h   h a s   been   wound  w i t h   t h e   p r e p r e g   t a p e   ( 4 0 )  

s a n d w i c h e d ,   u n d e r   a  p r e s s u r i z e d   c o n d i t i o n   to   f i x   t h e  

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

t h e   c o n d u c t o r   f rom  i t s   a d j a c e n t  o n e .  

14.  A  m e t h o d   of  m a n u f a c t u r i n g   t h e   c u r r e n t -  

c o n d u c t i v e   c o i l   a c c o r d i n g   to  c l a i m   13,   c h a r a c t e r i z e d   b y  

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

and   t he   s e c o n d   p r o c e s s ,   of  c o a x i a l l y   p u t t i n g   two  s i n g l e  

p a n c a k e   c o i l s   ( 2 0 ) ,   e a c h   of  w h i c h   has   b e e n   wound  w i t h  

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

upon   t h e   o t h e r   w i t h   a  p r e p r e g   s h e e t   (42)   i n t e r p o s e d  

b e t w e e n   t h e m ,   and  c h a r a c t e r i z e d   in  t h a t   in  s a i d   s e c o n d  

p r o c e s s   t h e s e   two  s i n g l e   p a n c a k e   c o i l s   (20)   a r e   h e a t e d  

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

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

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

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

p a n c a k e   c o i l s   (20)   f rom  each   o t h e r .  

15.  A  m e t h o d   f o r   m a n u f a c t u r i n g   t h e   c u r r e n t -  

c o n d u c t i v e   c o i l   a c c o r d i n g   to  c l a i m   13,   c h a r a c t e r i z e d   b y  

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

a  f o u r t h   p r o c e s s   of  c o a x i a l l y   p u t t i n g   two  s i n g l e  

p a n c a k e   c o i l s   ( 2 0 ) ,   e a c h   of  w h i c h   has   b e e n   h e a t e d   u n d e r  

a  p r e s s u r i z e d   c o n d i t i o n   a f t e r   t h e   s e c o n d   p r o c e s s ,   o n e  

u p o n   the   o t h e r   w i t h   a  p r e p r e g   s h e e t   (42)   s a n d w i c h e d  

b e t w e e n   t h e m ;   a n d  



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

s i n g l e   p a n c a k e   c o i l s   (20)   u n d e r   a  p r e s s u r i z e d   c o n d i t i o n  

to   f i x   t he   s i n g l e   p a n c a k e   c o i l s   (20)  w i t h   e a c h   o t h e r   a n d  

to  e l e c t r i c a l l y   i n s u l a t e   t h e   s i n g l e   p a n c a k e   c o i l s   ( 2 0 )  

f rom  e a c h   o t h e r .  

16.   A  m e t h o d   a c c o r d i n g   to   c l a i m   14,  c h a r a c t e r i z e d  

in  t h a t   t he   p r e p r e g   t a p e   (40)   and  s h e e t   (42)  a r e   made  b y  

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

r e s i n ,   t he   r e s i n   b e i n g   made  l i q u i d   to  f i l l   b e t w e e n   t h e  

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

p a n c a k e   c o i l s ,   and  t h e n   h a r d e n e d   to  f i x   the   f i x i n g   f a c e s  

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

o t h e r ,   when  i t   is  h e a t e d .  

17.  A  m e t h o d   a c c o r d i n g   t o  c l a i m   16,  c h a r a c t e r i z e d  

in  t h a t   t he   r e i n f o r c i n g   s h e e t   is  of  g l a s s   f a b r i c  c l o t h  

and  the   t h e r m o s e t t i n g   r e s i n   is   of  e p o x y ,   and  t he   h e a t i n g  

t e m p e r a t u r e   r a n g e s   f rom  130°C  to  150°C  w h i l e   t h e   h e a t i n g  

t i m e   r a n g e s   f rom  8  to  10  h o u r s .  

18.  A  m e t h o d   a c c o r d i n g   to  c l a i m   14,  c h a r a c t e r i z e d  

in  t h a t   t he   p r e p r e g   s h e e t   c o n s i s t s   of  f o u r   p o r t i o n s   ( 4 2 )  

w h i c h   a r e   l a i d   on  the   r i n g - s h a p e d   p l a i n   f a c e   of  t h e  

p a n c a k e   c o i l   (20)  and  a r e   a r r a n g e d   in  t he   c i r c u m f e r e n -  

t i a l   d i r e c t i o n   of  t he   p a n c a k e   c o i l .  
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