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©  Apparatus  and  method  for  fabricating  a  low  voltage  winding  for  a  toroidal  transformer. 
(st)  A  winding  apparatus  and  method  for  fabricating  a 

'  muftifilar  low  volatage  winding  for  a  toroidal  transformer  is 
disclosed.  The  method  and  apparatus  use  a  wire  storage 
magazine  18  and  a  wire  winding  shuttle  20  which  rotate 
about  a  semitoroidal  winding  mandrel  38  to  wind  a  mutttfiiiar 
low  volatage  winding  48  on  the  winding  mandrel  having  a 
greater  radial  depth  of  turns  at  the  radially  inward  leg  of  the 
winding  than  at  the  radially  outward  leg  of  the  winding.  The 

@  muftifilar  winding  can  be  wound  with  a  group  of  conductors 
in  a  single  pass  over  the  winding  mandrel/  or  wound  one 
conductor  at  a  time  using  multiple  passes  over  the  winding 
mandrel,  or  wound  using  multiple  passes  over  the  winding 
mandrel  with  some  intermediate  number  of  conductors 
being  wound  during  each  pass. 
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 A   winding  apparatus  and  method  for  fabricating  a 
multifilar  low  volatage  winding  for  a  toroidal  transformer  is 
disclosed.  The  method  and  apparatus  use  a  wire  storage 
magazine  18  and  a  wire  winding  shuttle  20  which  rotate 
about  a  semitoridal  winding  mandrel  38  to  wind  a  multifiliar 
low  volatage  winding  48  on  the  winding  mandrel  having  a 
greater  radial  depth  of  turns  at  the  radially  inward  leg  of  the 
winding  than  at  the  radially  outward  leg  of  the  winding.  The 
multifilar  winding  can  be  wound  with  a  group  of  conductors 
in  a  single  pass  over  the  winding  mandrel,  or  wound  one 
conductor  at  a  time  using  multiple  passes  over  the  winding 
mandrel,  or  wound  using  multiple  passes  over  the  winding 
mandrel  with  some  intermediate  number  of  conductors 
being  wound  during  each  pass. 



BACKGROUND  OF  THE  INVENTION 

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

i n v e n t i o n s   o v e r   t h e   i n v e n t i o n s   d i s c l o s e d   in   c o - p e n d i n g  

a p p l i c a t i o n .  S e r i a l   No.  3 3 7 , 3 5 6 ,   f i l e d   J a n u a r y   6,  1 9 8 2 ,  

e n t i t l e d   " T o r o i d a l   E l e c t r i c a l   T r a n s f o r m e r   and  M e t h o d  

f o r   Making   Same"  and   t h e   f u r t h e r   c o - p e n d i n g   a p p l i c a -  

t i o n s ,   S e r i a l   No.  6 6 2 , 3 1 2 ,   f i l e d   O c t o b e r   17,  1984 ,   e n -  

t i t l e d   " A p p a r a t u s   and   M e t h o d   f o r   F a b r i c a t i n g   a  Low 

V o l t a g e   W i n d i n g   f o r   a  T o r o i d a l   T r a n s f o r m e r , "   S e r i a l   N o .  

6 6 2 , 4 6 7 ,   f i l e d   O c t o b e r  1 7 ,   1984 ,   e n t i t l e d   " A p p a r a t u s  

and  Me thod   f o r   F a b r i c a t i n g   a  High  V o l t a g e   W i n d i n g   f o r   a  

T o r o i d a l   T r a n s f o r m e r , "   and   S e r i a l   No.  6 6 2 , 3 3 0 ,   f i l e d  

O c t o b e r   17,  1984 ,   e n t i t l e d   " A p p a r a t u s   and  M e t h o d   f o r  

W i n d i n g   a  M a g n e t i c   Core   f o r   a  T o r o i d a l   T r a n s f o r m e r . "  

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

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

t h e r e t o .  

E x a m p l e s   of   p r i o r   a r t   t o r o i d a l   c o i l   w i n d i n g  

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

f o u n d   in   t h e   p a t e n t s   to   F a h r b a c h ,   Nos .   3 , 3 8 3 , 0 5 9   a n d  

3 , 4 5 9 , 3 8 5 ,   i s s u e d   May  14,  1968  and  A u g u s t   5,  1 9 6 9 ,  

r e s p e c t i v e l y .   Such   m a c h i n e s   ( h e r e i n a f t e r  " U n i v e r s a l  

M a c h i n e s " )   a r e   s o l d   by  t h e   U n i v e r s a l   M a n u f a c t u r i n g   C o . ,  

I n c . ,   1168  Grove   S t r e e t ,   I r v i n g t o n ,   New  J e r s e y   0 7 1 1 1  

u n d e r   v a r i o u s   m o d e l   n u m b e r s .  

SUMMARY  OF  THE  INVENTION 

In  g e n e r a l ,   t h i s   a p p l i c a t i o n   and  t h e   a f o r e -  

m e n t i o n e d   c o - p e n d i n g   a p p l i c a t i o n s   a r e   d i r e c t e d   to   n e w  

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

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

p o w e r   c o n v e r s i o n   by  a  t r a n s f o r m e r .  W h i l e   t h e   p r e s e n t  



i n v e n t i o n   p r o v i d e s   s i m i l a r   i m p r o v e m e n t s   in  e f f i c i e n c y  

as  d e s c r i b e d   in  t h e   f o r e g o i n g   c o - p e n d i n g   a p p l i c a t i o n s ,  

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

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

P a r t i c u l a r l y ,   t h e   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  n e w  

m u l t i f i l a r   low  v o l t a g e   w i n d i n g   e m p l o y i n g   r o u n d ,   f i l m  

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

f o r   f a b r i c a t i n g   a  m u l t i f i l a r   low  v o l t a g e   w i n d i n g   f o r   a  

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

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

r o t a t e   a b o u t   an  a r c u a t e   or   t o r o i d a l   w i n d i n g   m a n d r e l   t o  

w i n d   a  m u l t i f i l a r   low  v o l t a g e   w i n d i n g   on  t h e   w i n d i n g  

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

r a d i a l l y   i n w a r d   l e g   o f   t h e   w i n d i n g   t h a n   a t   t h e   r a d i a l l y  

o u t w a r d   l eg   of   t h e   w i n d i n g .  

W h i l e   w i n d i n g   m a c h i n e s   w h i c h   w i n d   a  t o r o i d a l  

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

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

a r e   w e l l   known  in   t h e   p r i o r   a r t ,   as  e x e m p l i f i e d   by  t h e  

a f o r e m e n t i o n e d   U n i v e r s a l   M a c h i n e s ,   t h e   p r e s e n t   i n v e n -  

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

U n i v e r s a l   M a c h i n e s   and   d e p a r t s   f rom  t h e s e   m a c h i n e s   i n  

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

and  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   i s   a d a p t e d   to  w i n d  

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

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

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

t o r o i d   and  a r e   l a y e d   in   m u l t i p l e   s t a c k e d   l a y e r s   a t   t h e  

r a d i a l l y   i n w a r d   l e g   of   t h e   t o r o i d .   The  m u l t i f i l a r  

w i n d i n g   can  be  wound  w i t h   a  g r o u p   of   i n s u l a t e d   c o n d u c t o r s  

in  a  s i n g l e   p a s s   o v e r   t h e   w i n d i n g   m a n d r e l ,   or   wound  o n e  
i n s u l a t e d   c o n d u c t o r   a t   a  t i m e   u s i n g   m u l t i p l e   p a s s e s  

o v e r   t he   w i n d i n g   m a n d r e l ,   or  wound  u s i n g   m u l t i p l e  

p a s s e s   o v e r   t h e   w i n d i n g   m a n d r e l   w i t h   some  i n t e r m e d i a t e  

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

p a s s .   At  t h e   b e g i n n i n g   and  t h e   end  of   e a c h   p a s s ,   a n  

e x c e s s   l e n g t h   of  w i r e   i s   p r o v i d e d   to   s e r v e   as  a  l e a d .  



When  e i t h e r   a  s i n g l e   p a s s   or   m u l t i p l e   p a s s e s   a r e  

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

l e a d   can   be  s e c u r e d   on  a  h o o k ,   peg   or   t h e   l i k e   a t t a c h e d  

to   t h e   w i n d i n g   m a n d r e l .   When  m a k i n g   m u l t i p a s s   w i n d i n g s ,  

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

p a s s   so  t h a t   t h e   c o n d u c t o r s ,   when  c o n n e c t e d   in   p a r a l l e l  

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

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

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

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

w i n d i n g   a s s u m e s   t h e   same  v o l t a g e .  

P r e f e r a b l y ,   t h e   low  v o l t a g e   w i n d i n g s   a r e  

wound  upon   an  a r c u a t e ,   s e m i t o r o i d a l   c o r e   i n s u l a t i o n  

t u b e   w h i c h   i s   s u p p o r t e d   and   p o s i t i o n e d   by  an  e x p a n d a b l e  

m a n d r e l .   A f t e r   one  low  v o l t a g e   w i n d i n g   s e c t i o n   h a s  

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

on  t h e   r a d i a l l y   o u t w a r d   l e g   of  t h e   t o r o i d   and   t w o ,   o r  

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

t o r o i d ,   an  i n s u l a t i o n   b a r r i e r   i s   i n s t a l l e d   a b o u t   t h e  

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

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

T h e r e a f t e r ,   a  s e c o n d   s e c t i o n   of   low  v o l t a g e   w i n d i n g   o f  

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

s e c t i o n   and  t h e   i n s u l a t i o n   b a r r i e r .   S u b s e q u e n t   t o  

c o m p l e t i o n   or  d u r i n g   t h e   w i n d i n g   of   t h e   low  v o l t a g e  

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

P r e f e r a b l y ,   one  s e c t i o n   of   t h e   low  v o l t a g e   p r i m a r y  

w i n d i n g   i s   c o n n e c t e d   to   o n e - h a l f  o f  a   1 2 0 / 2 4 0   v o l t  

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

w i n d i n g   i s   c o n n e c t e d   t o   t h e   o t h e r   h a l f   of   t h e   1 2 0 / 2 4 0  

v o l t   o u t p u t   c i r c u i t .   A l s o ,   p r e f e r a b l y ,   two  a r c u a t e   l o w  

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

w i t h   t h e   a r c s   c o n c e n t r i c a l l y   a r r a n g e d   to   f o r m   a p p r o x -  

i m a t e l y   330°  of  a  t o r o i d a l   p a s s a g e   t h r o u g h   t h e   l o w  

v o l t a g e   w i n d i n g s .   T h e r e a f t e r ,   a  h i g h   v o l t a g e   w i n d i n g  

i s   a s s e m b l e d   o n t o   t h e   low  v o l t a g e   w i n d i n g s   and   a  s t r i p  

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



p a s s a g e   w i t h i n   t h e   low  v o l t a g e   w i n d i n g s   to   fo rm  a  

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

and  a  c o n t i n u o u s   c o r e   as  d e s c r i b e d   in  t h e   a f o r e m e n t i o n e d  

c o - p e n d i n g   a p p l i c a t i o n s .  

The  f e a t u r e s   and  a d v a n t a g e s   d e s c r i b e d   in   t h e  

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

many  a d d i t i o n a l   f e a t u r e s   and  a d v a n t a g e s   w i l l   be  a p p a r e n t  
t o  o n e  o f   o r d i n a r y   s ' k i l l   i n   t h e  a r t  i n   v i e w   of   t h e  

d r a w i n g s ,   s p e c i f i c a t i o n   and  c l a i m s   h e r e o f .   M o r e o v e r ,  

i t   s h o u l d   be  n o t e d   t h a t   t h e   l a n g u a g e   u s e d   in   t h e  

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

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

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

s u b j e c t   m a t t e r ,   r e s o r t   to   t h e   c l a i m s   b e i n g   n e c e s s a r y   t o  

d e t e r m i n e   s u c h   i n v e n t i v e   s u b j e c t   m a t t e r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  low  v o l t a g e  

w i n d i n g   m a c h i n 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 .  

F i g .   2  i s   a  r i g h t   s i d e   e l e v a t i o n   v i e w   of   t h e  

w i n d i n g   m a c h i n e   of   F i g .   1 .  

F i g .   3  i s   a  f r o n t   e l e v a t i o n   v i e w ,   p a r t i a l l y  

in  s e c t i o n ,   of   a  w i r e   s t o r a g e   m a g a z i n e   and  a  s h u t t l e   o f  

t h e   w i n d i n g   m a c h i n e   of   F i g .   1 .  

F i g .   4  i s   a  t o p   p l a n   v i e w   of  a  w i n d i n g  

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

F i g .   5  i s   a  t o p   p l a n   v i e w   of  t h e   w i n d i n g  

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

F i g .   6  i s   a  r i g h t   s i d e   e l e v a t i o n   v i e w   of   t h e  

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

a l o n g   l i n e   6-6  of  F i g .   4 .  

F i g s .   7A  and  7B  a r e   p e r s p e c t i v e   v i e w s   of  t h e  

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

F i g s .   8A-8E  a r e   d i a g r a m m a t i c   t op   p l a n   v i e w s  

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

m a n u f a c t u r i n g   a  m u l t i f i l a r   w i n d i n g .  



F i g .   9  i s   a  t o p   p l a n   v i e w   p a r t i a l l y   i n  

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

g r o u p   o f   w i n d i n g s .  

F i g .   10  i s   a  t o p   p l a n   v i e w   p a r t i a l l y   i n  

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

g r o u p   of   w i n d i n g s .  

F i g .   11  i s   a  p e r s p e c t i v e   v i e w   of   t h e   w i n d i n g  

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

F i g .   12  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   o f  

t h e   e x p a n d a b l e   w i n d i n g   m a n d r e l .  

F i g .   13  i s   a  t o p   p l a n   v i e w   of  t h e   w i n d i n g  

m a n d r e l   i l l u s t r a t i n g   t he   l o a d i n g   and  u n l o a d i n g   of   a  

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

F i g .   14  i s   a  s e c t i o n a l   d e t a i l   v i e w   of   a  c r o s s  

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

l i n e   1 4 - 1 4   of   F i g .   1 2 .  

F i g .   15  i s   a  t o p   p l a n   v i e w   of   an  a l t e r n a t i v e  

e m b o d i m e n t   of   a  w i n d i n g   m a n d r e l .  

F i g .   16  i s   a  r i g h t   s i d e   e l e v a t i o n   v i e w   of   a n  

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

F i g .   17  i s  a   s e c t i o n a l   d e t a i l   v i e w   of   a  

p o r t i o n   o f   t h e   s h u t t l e   of   F i g .   16,  and  i s   t a k e n   a l o n g  

t h e   l i n e   1 7 - 1 7   of   F i g .   1 6 .  

F i g .   18  i s   a  v i e w  o f   t h e   s h u t t l e   of   F i g .   16  

and  a  w i r e   s t o r a g e   m a g a z i n e   and  i s   v i e w e d   f r o m   t h e  

p e r s p e c t i v e   of   a r r o w   18  of  F i g .   1 6 .  

F i g s .   19A-19E  a r e   d i a g r a m m a t i c   t o p   p l a n   v i e w s  

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

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

f a b r i c a t i n g   a  m u l t i f i l a r   w i n d i n g .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  F i g s .   1  and  2,  a  f i r s t   p r e f e r r e d   e m b o d i m e n t  

of   a  low  v o l t a g e   w i n d i n g   m a c h i n e   10  of   t h e   p r e s e n t  
i n v e n t i o n   i s   i l l u s t r a t e d .   W i t h   t h e   e x c e p t i o n   o f  

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

w i n d i n g   m a c h i n e   10  i s  a   m o d e l   "BW"  t o r o i d a l   w i n d i n g  



m a c h i n e   m a n u f a c t u r e d   by  U n i v e r s a l   M a n u f a c t u r i n g   C o . ,  

I n c .   of  I r v i n g t o n ,   New  J e r s e y ,   d e s i g n e d   a l o n g   t h e   l i n e s  

of  t h e   m a c h i n e s   d i s c l o s e d   in  t h e   a f o r e m e n t i o n e d   F a h r b a c h  

p a t e n t s .  

The  w i n d i n g   m a c h i n e   10  i n c l u d e s   a  w i n d i n g  

h e a d   a s s e m b l y   12  and  a  r o t a r y   t a b l e   a s s e m b l y   14.  T h e  

w i n d i n g   h e a d   a s s e m b l y   12  i n c l u d e s   a  w i n d i n g   h e a d   f r a m e  

16  w h i c h   i s   g e n e r a l l y   c r e s c e n t - s h a p e d   as  shown  t o  

p r o v i d e   a  jaw  h a v i n g   a  c i r c u l a r   c e n t r a l   o p e n i n g   f o r  

c o n t a i n i n g   an  a n n u l a r   w i r e   s t o r a g e   m a g a z i n e   18  and  a n  

a n n u l a r   s h u t t l e   20.  The  w i r e   s t o r a g e   m a g a z i n e   18  a n d  

t h e   s h u t t l e   20  a r e   m o u n t e d   f o r   i n d e p e n d e n t   r o t a t i o n  

w i t h   r e s p e c t   to   t h e   w i n d i n g   h e a d   f r a m e   16  by  v a r i o u s  

r o t a t a b l e   m o u n t i n g   w h e e l s   22  and  24,   r e s p e c t i v e l y ,  

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

c i r c u l a r   jaw  of  t h e   w i n d i n g   h e a d   f r a m e   16.  The  w i r e  

s t o r a g e   m a g a z i n e   18  i s   c o n n e c t e d   by  s u i t a b l e   g e a r s   t o  

an  a i r   m o t o r   w h i c h   r o t a t a b l y   d r i v e s   t h e   w i r e   s t o r a g e  

m a g a z i n e   18  a b o u t   a  h o r i z o n t a l   w i n d i n g   a x i s .   T h e  

s h u t t l e   20  i s   c o n n e c t e d   by  s u i t a b l e   g e a r s   to  a  n u m e r -  

i c a l l y   c o n t r o l l e d   e l e c t r i c   d r i v e   m o t o r   w h i c h   r o t a t a b l y  

d r i v e s   t h e   w i n d i n g   s h u t t l e   20  a b o u t   t h e   h o r i z o n t a l  

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

1 8 .  

The  w i r e   s t o r a g e   m a g a z i n e   18  has   an  a n n u l a r  

U - s h a p e d   s t o r a g e   c h a n n e l   27  ( shown  in   F i g .   3)  and  c a n  

be  r o t a t a b l y   d r i v e n   to   wind   up  a  w i r e   25  f rom  a n  

e x t e r n a l   b u l k   s u p p l y   so  t h a t   a  s u i t a b l e   l e n g t h   of  w i r e  

may  be  s t o r e d   in   t h e   s t o r a g e   c h a n n e l   27  f o r   l a t e r  

f o r m i n g   i n t o   a  low  v o l t a g e   w i n d i n g   48  by  u n w i n d i n g   t h e  

w i r e   25  f r o m   t h e   w i r e   s t o r a g e   m a g a z i n e   18  and  w i n d i n g  

t h e   w i r e   25  o n t o   an  a r c u a t e   w i n d i n g   m a n d r e l   38.  T h e  

a i r   m o t o r   d r i v i n g   t h e   w i r e   s t o r a g e   m a g a z i n e   18  i s   a l s o  

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

r o t a t i o n   of   t h e   w i r e   s t o r a g e   m a g a z i n e   18  d u r i n g   u n w i n d i n g  

of  t he   w i r e   25  f rom  t he   w i r e   s t o r a g e   m a g a z i n e   18.  T h e  

s h u t t l e   20  i s   r o t a t a b l y   d r i v e n   t h r o u g h   a  c i r c u m f e r e n t i a l  



r i n g   g e a r   21  to   u n w i n d   w i r e   25  s t o r e d   on  t h e   w i r e  

s t o r a g e   m a g a z i n e   18  and  to   w i n d   s u c h   w i r e   a b o u t   t h e  

w i n d i n g   m a n d r e l   38.   Fo r   t h i s   p u r p o s e ,   t h e   s h u t t l e   2 0  

i s   p r o v i d e d   w i t h   an  e y e l e t   26  ( shown  in  F i g .   3)  f o r  

l i f t i n g   w i r e   25  f rom  t h e   w i r e   s t o r a g e   m a g a z i n e   18  and  a  

p a i r   of  g u i d e   w h e e l s   28a  and  28b  r o t a t a b l e   a b o u t   a x e s  

p a r a l l e l   t o   t h e   w i n d i n g   a x i s   f o r   d i r e c t i n g   t h e   w i r e   25  

o n t o   t h e   b i n d i n g   m a n d r e l   38.  G u i d e   w h e e l   28a  i s   u s e d  

to   g u i d e   t h e   w i r e   25  when  t h e   s h u t t l e   20  r o t a t e s  

c o u n t e r c l o c k w i s e   (when  v i e w e d   f r o m   t h e   r i g h t   s i d e   o f  

t h e   m a c h i n e )   as  shown  in  F i g .   2  w h i l e   t h e   g u i d e   w h e e l  

28b  i s   u s e d   to   g u i d e   t h e   w i r e   25  when  t h e   s h u t t l e   20  

r o t a t e s   c l o c k w i s e   as  shown  in  p h a n t o m   in   F i g .   6 .  

The  r o t a r y   t a b l e   a s s e m b l y   14  i n c l u d e s   a  

m a n d r e l   s u p p o r t   a s s e m b l y   29,  and  a  m a n d r e l   c l a m p   30  

h a v i n g   u p p e r   and  l o w e r   j a w s   32  and  34,   r e s p e c t i v e l y ,  

f o r   g r i p p i n g   a  m o u n t i n g   p o r t i o n   36  of   t h e   w i n d i n g  

m a n d r e l   38.   The  w i n d i n g   m a n d r e l   38  h a s   an  a r c u a t e   o r  

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

or   t o r o i d   l o c a t e d   a t   t h e   r o t a t i o n a l   a x i s   40  of   t h e  

r o t a r y   t a b l e   a s s e m b l y   14  s u c h   t h a t   r o t a t i o n   of  t h e  

r o t a r y   t a b l e   a s s e m b l y   14  c a u s e s   r o t a t i o n   of  t he   a r c u a t e  

w i n d i n g   m a n d r e l   38  a b o u t   i t s   a x i s .  

The  r o t a t a b l e   t a b l e   a s s e m b l y   14  i s   c o n n e c t e d  

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

m o t o r   to   p r o v i d e   p r e c i s e   o r i e n t a t i o n   t h r o u g h   r e c i p r o c a l  
r o t a t i o n   o f   t h e   w i n d i n g   m a n d r e l   38  u n d e r   c o n t r o l   of   a n  

e l e c t r o n i c   c o n t r o l l e r   44  d u r i n g   r o t a t i o n   of  t h e   s h u t t l e  

20  and  w i r e   s t o r a g e   m a g a z i n e   18  to   w i n d   c o n d u c t o r s   o n t o  

t h e   w i n d i n g   m a n d r e l   38  in  a  p r e - d e f i n e d   p a t t e r n .   T h e  

v a r i o u s   commands   to   t h e   e l e c t r o n i c   c o n t r o l l e r   can  b e  

d i s p l a y e d   on  a  s u i t a b l e   CRT  45.  The  c o n t r o l l e r   44  a n d  

CRT  45  a r e   c o m m e r c i a l l y   a v a i l a b l e   f r o m   U n i v e r s a l  

M a n u f a c t u r i n g   C o . ,   I n c .  

In  t h e   o p e r a t i o n   of   t h e   c o i l   w i n d i n g   m a c h i n e  

10,  w i r e   25  f r o m   a  b u l k   s o u r c e   i s   wound  o n t o   t h e   w i r e  

s t o r a g e   m a g a z i n e   18  in  a  c l o c k w i s e   d i r e c t i o n ,   as  v i e w e d  



in  F i g .   2,  u n t i l   a  p r e d e t e r m i n e d   l e n g t h   of   w i r e   25  

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

in  t h e   w i r e   s t o r a g e   m a g a z i n e   18.  T h e r e a f t e r ,   t h e   w i r e  

25  f rom  t h e   b u l k   s o u r c e   i s   c u t .   The  c u t   end  of   w i r e   25 

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

18  i s   s e c u r e d   to   a  hook   or  peg  64  f i x e d l y   m o u n t e d   t o  

one  end  of  t h e   w i n d i n g   m a n d r e l   38  to   p r o v i d e   a  s t a r t  

l e a d   p r i o r   to   w i n d i n g .   As  i l l u s t r a t e d   in   F i g .   3,  w i r e  

25  i s   r e m o v e d   f rom  t h e   w i r e   s t o r a g e  m a g a z i n e   1 8  b y   t h e -  

r o t a t i o n   of  t h e   s h u t t l e   20  and  i s   wound  o n t o   t h e  

w i n d i n g   m a n d r e l   38  t h r o u g h   g u i d e   w h e e l   28a  or   2 8 b ,  

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

20  r o t a t e s .   E y e l e t   26  s e r v e s   to   l i f t   t h e   w i r e   25  f r o m  

the   s t o r a g e   c h a n n e l   27  of  t h e   w i r e   s t o r a g e   m a g a z i n e   18 

and  to   g u i d e   t h e   w i r e   25  to   t h e   g u i d e   w h e e l s   28a  a n d  

28b.   S i n c e   t h e   e f f e c t i v e   w i n d i n g   d i a m e t e r   of   t h e  

w i n d i n g   m a n d r e l   38  i s   s u b s t a n t i a l l y   l e s s   t h a n   t h e  

d i a m e t e r   of   t h e   w i r e   s t o r a g e   m a g a z i n e   18,  t h e   w i r e  

s t o r a g e   m a g a z i n e   18  i s   a l l o w e d   to   r o t a t e   i n d e p e n d e n t l y  

of  t h e   s h u t t l e   20  to   a c c o m m o d a t e   t h e   s p e e d   d i f f e r e n t i a l  

c a u s e d   by  t h e   d i f f e r e n c e   in  s u c h   d i a m e t e r s .  

D u r i n g   t h e   w i n d i n g   of  w i r e   25  o n t o   t h e  

w i n d i n g   m a n d r e l   38  by  r o t a t i o n   of  t he   s h u t t l e   20  a n d  

t he   w i r e   s t o r a g e   m a g a z i n e   18,  t h e   w i n d i n g   m a n d r e l   38  i s  

r o t a t e d   a b o u t   i t s   a x i s   of   r e v o l u t i o n   40  to   l a y   t h e   w i r e  

25  on  t h e   w i n d i n g   m a n d r e l   38  in   a  p r e d e t e r m i n e d   p a t t e r n .  

W i t h   r e g a r d   to   F i g s .   4  and  5,  t h e   w i n d i n g  

p a t t e r n   of  a  w i n d i n g   p a s s   o v e r   t h e   w i n d i n g   m a n d r e l   38  

i s   i l l u s t r a t e d .   No te   t h a t   t h e   w i n d i n g   b e g i n s   a t   t h e  

u p p e r   p o r t i o n   o f   t h e   w i n d i n g   m a n d r e l   38  as  shown  i n  

F i g .   4  and  p r o g r e s s e s   as  t h e   w i n d i n g   m a n d r e l   38  r o t a t e s  

in  an  o v e r a l l   c o u n t e r c l o c k w i s e   d i r e c t i o n   a b o u t   a x i s   4 0 .  

D u r i n g   such   c o u n t e r c l o c k w i s e   r o t a t i o n   of   t h e   w i n d i n g  

m a n d r e l   38  a b o u t   a x i s   40,  t h e   s h u t t l e   20  and  w i r e  

s t o r a g e   m a g a z i n e   18  r o t a t e   c o u n t e r c l o c k w i s e   ( r e l a t i v e  

to   t h e   v i e w   of  F i g .   2)  a b o u t   t h e   h o r i z o n t a l   w i n d i n g  

a x i s   to   wind   t h e   w i r e  2 5   o n t o   t h e   w i n d i n g   m a n d r e l   3 8 .  



D u r i n g   s u c h   w i n d i n g ,   t h e   w i n d i n g   m a n d r e l   38  a l s o  

a c c o m p l i s h e s   c e r t a i n   r e c i p r o c a l   " j o g g i n g "   m o t i o n s ,  

i . e . ,   b a c k   and  f o r t h   r o t a t i o n s   a b o u t   a x i s   40,  u n d e r   t h e  

c o n t r o l   of   t h e   c o n t r o l l e r   44  to   l a y   t h e   w i r e   in  a  

p r e d e t e r m i n e d   p a t t e r n ,   an  e x a m p l e   of   w h i c h   i s   i l l u s -  

t r a t e d   in   F i g .   5.  The  o v e r a l l   sum  of  t h e   c l o c k w i s e   a n d  

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

m a n d r e l   38  a b o u t   a x i s   40  i s   a  c o u n t e r c l o c k w i s e   r o t a t i o n  

f r o m   t h e   v i e w   of  F i g .   4  to   t h e   v i e w   of  F i g .   5.  W h e r e a s  

a  c o n t i n u o u s   r o t a t i o n   of   t h e   w i n d i n g   m a n d r e l   38  w o u l d  

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

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

m a n d r e l   38  f a c i l i t a t e s   t h e   f a b r i c a t i o n   on  a  n o n - s p i r a l  

w i n d i n g .  

In  F i g s .   8A-8E,   t h e   w i n d i n g   s e q u e n c e   f o r   f i v e  

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

w i n d i n g   48  i s   i l l u s t r a t e d .   No te   t h a t   t h e   s i n g l e   s t r a n d  

i s   wound  s u c c e s s i v e l y   in   e a c h   of   f i v e   p a s s e s   to   p r o v i d e  

t h e   f i v e - s t r a n d   m u l t i f i l a r   w i n d i n g .   P r i o r   to   w i n d i n g ,  

t h e   c o r e   i n s u l a t i o n   t u b e   46  i s   p l a c e d   on  t h e   w i n d i n g  

m a n d r e l   38  as  d e s c r i b e d   in   d e t a i l   h e r e i n a f t e r .  

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

i n   F i g .   8A,  a  s i n g l e   w i r e   25  i s   f i r s t   s e c u r e d   to   p o s t  

64  and  a  t u r n   i s   wound  on  end  p l a t e   114  ( F i g .   12)  o f  

t h e   w i n d i n g   m a n d r e l   38  t o   p r o v i d e   an  e x c e s s   l e n g t h   o f  

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

w i n d i n g .   The  w i r e   2 5  i s   t h e n   l ed   o n t o   t h e   c o r e   i n s u -  

l a t i o n   t u b e   46  and  t h e   f i r s t   p a s s   i s   wound  by  c o u n t e r -  

c l o c k w i s e   r o t a t i o n   of  t h e   s h u t t l e   20.  The  s o l i d  

t r a n s v e r s e   l i n e s   in  F i g .   8A  r e p r e s e n t   t h e   t u r n s   w o u n d  

a c r o s s   t h e   t o p   of  t h e   w i n d i n g   m a n d r e l   38,   w h i l e   t h e  

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

a c r o s s   t h e   b o t t o m   of   t h e   w i n d i n g   m a n d r e l   38.   At  t h e  

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

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

m a n d r e l   38  to  s u b s e q u e n t l y   s e r v e   as  a  f i n i s h   l e a d   a n d  

i s   l o o p e d   a b o u t   a  s e c o n d   p o s t   66.  To  d i s t i n g u i s h   t h e  



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

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

w i r e   25  a t   t h e   r a d i a l l y   i n w a r d   and  r a d i a l l y   o u t w a r d  

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

d a r k e n e d   h a l f   s e c t o r .  

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

wound  ( i . e . ,   w i t h   t h e   s h u t t l e   20  r o t a t i n g   c l o c k w i s e )  i n  

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

F i g .   8B  by  s o l i d   and  d a s h e d   t r a n s v e r s e   l i n e s   a n d  

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

l i n e .   At  t h e   c o m p l e t i o n   of  t h e   s e c o n d   p a s s ,   an  e x c e s s  

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

w i n d i n g   m a n d r e l   38  to   p r o v i d e   a  s t a r t   l e a d   f o r   t h e  

w i n d i n g   and  i s   l o o p e d   a b o u t   t h e   f i r s t   p o s t   64.  T h e  

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

in   a  s i n g l e   l a y e r   a g a i n s t   t h e   c o r e   i n s u l a t i o n   t u b e   4 6 .  

In  F i g .   8C,  a  t h i r d   w i n d i n g   p a s s   i s   i l l u s -  

t r a t e d   s c h e m a t i c a l l y ,   a g a i n   by  s o l i d   and  d a s h e d   t r a n s -  

v e r s e   l i n e s .   In  t h e   t h i r d   w i n d i n g   p a s s ,   t h e   w i r e   25  i s  

wound  w i t h   t h e   s h u t t l e   20  t u r n i n g   c o u n t e r c l o c k w i s e   a n d  

i s   d e s i g n a t e d   by  a  s m a l l   c i r c l e   c o n t a i n i n g   two  c r o s s e d  

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

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

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

46.   At  t h e   i n s i d e   l eg   of   t h e   t o r o i d ,   h o w e v e r ,   t h e  

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

i n s u l a t i o n   t u b e   46  and  l a y   in   p a r t   in  a  s e c o n d ,   r a d i a l l y  

i n w a r d   l a y e r ,   a p p r o x i m a t e l y   in   e q u a l   p r o p o r t i o n .   I n  

o t h e r   w o r d s ,   two  and  a  h a l f   w i n d i n g s   a r e   r e q u i r e d   t o  

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

t h e   t o r o i d a l   w i n d i n g .   At  t h e   c o m p l e t i o n   of   t h e   t h i r d  

p a s s ,   an  e x c e s s   l e n g t h   of  w i r e   25  i s   a g a i n   e x t e n d e d  

o u t w a r d l y   and  l o o p e d   a r o u n d   t h e   s e c o n d   p o s t   66  t o  

p r o v i d e   a  f i n i s h   l e a d   f o r   t h e   w i n d i n g .  

In  F i g .   8D,  t h e   w i n d i n g   of   a  f o u r t h   p a s s   i s  

s c h e m a t i c a l l y   i l l u s t r a t e d ,   w h i c h   i s   wound  w i t h   t h e  

s h u t t l e   20  t u r n i n g   c l o c k w i s e .   The  p a t h   of  t h e   f o u r t h  



w i n d i n g   i s   i l l u s t r a t e d   by  t h e   s o l i d   and  d a s h e d   t r a n s -  

v e r s e   l i n e s   and  by  s m a l l   c i r c l e s   c o n t a i n i n g   two  p a r a l l e l  

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

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

c o r e   i n s u l a t i o n   t u b e   46,   w h i l e   a t   t h e   r a d i a l l y   i n w a r d  

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

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

o u t w a r d l y   and  l o o p i n g   a r o u n d   p o s t   64  to   f o r m   a  s t a r t  

l e a d .  

A  f i n a l   w i n d i n g   p a s s   t h a t   c o m p l e t e s   a  l o w  

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

F i g .   8E.  The  t u r n s   a r e   a g a i n   wound  w i t h   t h e   s h u t t l e   20 

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

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

t r a n s v e r s e   l i n e s   and   by  s m a l l   d a r k e n e d   c i r c l e s .   T h e  

f i n a l   p a s s   s u b s t a n t i a l l y   f i l l s   t h e   a v a i l a b l e   s p a c e   i n  

t h e   f i r s t   l a y e r   of   t h e   r a d i a l l y   o u t w a r d   l e g   and  s u b -  

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

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

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

l o o p e d   a r o u n d   t h e   p o s t   66.   T h e r e a f t e r ,   a l l   w i n d i n g  

p a s s   l e a d s   a t   p o s t   64  a r e   j o i n e d   in   common  and  a l l  

w i n d i n g   p a s s   l e a d s   a t   p o s t   66  a r e   j o i n e d   in   common  t o  

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

As  an  a l t e r n a t i v e   to   t h e   f i v e   p a s s   w i n d i n g  

m e t h o d   i l l u s t r a t e d   in   F i g s .   8A-8E,   t h e   w i n d i n g   p r o c e s s  

can   be  p e r f o r m e d   in   f e w e r   p a s s e s   t h a n   t h e   n u m b e r   o f  

m u l t i f i l a r   c o n d u c t o r s   by  w i n d i n g   more  t h a n   one  c o n d u c t o r  

a t   a  t i m e .   On  t h e   f i r s t   p a s s ,   two  or   more   w i r e s   a r e  

wound  a r o u n d   t he   w i n d i n g   m a n d r e l   38  by  r o t a t i n g   t h e  

s h u t t l e   20  in  one  d i r e c t i o n   a b o u t   t h e   w i n d i n g   a x i s   a n d  

by  r o t a t i n g   t h e   w i n d i n g   m a n d r e l   a b o u t   t h e   m a n d r e l   a x i s  

40  a c c o r d i n g   to  i t s   r e c i p r o c a l   j o g g i n g   m o t i o n ,   w i t h  

e a c h   t u r n   of  t h e   two  or   more   w i r e s  b e i n g   p l a c e d   s i d e   b y  
s i d e   a t   t h e   r a d i a l l y   i n w a r d   s u r f a c e   of   t h e   w i n d i n g  

m a n d r e l   38  and  b e i n g   c i r c u m f e r e n t i a l l y   s p a c e d   a p a r t  



f rom  a d j a c e n t   t u r n s   a t   t he   r a d i a l l y   o u t w a r d   s u r f a c e   o f  

t h e   w i n d i n g   m a n d r e l   38.  On  t h e   s e c o n d   p a s s ,   t h e   two  o r  

more   w i r e s   a r e   wound  a r o u n d   t h e   w i n d i n g   m a n d r e l   38  b y  

r o t a t i n g   t h e   s h u t t l e   20  in  t h e   o t h e r   d i r e c t i o n   a b o u t  

t h e   w i n d i n g   a x i s   and  r o t a t i n g   t he   w i n d i n g   m a n d r e l   38 

a b o u t   t he   m a n d r e l   a x i s   40  in  a  r e v e r s e   r e c i p r o c a l  

j o g g i n g   m o t i o n ,   w i t h   e a c h   t u r n   of  t h e   two  or   more  w i r e s  

of  t he   s e c o n d   p a s s  b e i n g  s t a c k e d   upon   t h e   t u r n s   of  t h e  

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

w i n d i n g   m a n d r e l   38  and  b e i n g   p l a c e d   b e t w e e n   a d j a c e n t  

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

of  t he   w i n d i n g   m a n d r e l   3 8 .  

The  w i n d i n g s   of  t he   low  v o l t a g e   w i n d i n g   48  

a r e   p r e f e r a b l y   n o t   s p i r a l .   R a t h e r ,   t h e   t u r n s   h a v e  

a x i a l l y   o r i e n t e d   ( w i t h   r e s p e c t   to   t h e   a x i s   40)  s e g m e n t s  

a t   t he   r a d i a l l y   i n w a r d   and  o u t w a r d   l e g s   of   t h e   w i n d i n g  

w i t h   g e n e r a l l y   r a d i a l   or  n o n - r a d i a l   t r a n s i t i o n s   on  t h e  

t o p   and  b o t t o m   l e g s   of   t h e   w i n d i n g .   The  p o s i t i o n s   o f  

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

d e f i n e d   b y  t h e   w i n d i n g   p a t t e r n   shown  in  F i g s .   8 A - 8 E .  

The  p o s i t i o n s   of   t h e   t u r n s   a c r o s s   t h e   t o p   and  b o t t o m  

l e g s   a re   d e f i n e d   by  t h e   p o s i t i o n s   of   t h e   c o n n e c t i n g  

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

p l i s h e d   u s i n g   j o g   r o u t i n e s   i l l u s t r a t e d   in   F i g s .   6,  7A 

and  7B .  

The  s h u t t l e   20  r o t a t e s   in  a  s t a t i o n a r y  

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

40,  w h i l e   t h e   w i n d i n g   m a n d r e l   38  o s c i l l a t e s   or   j o g s  

c l o c k w i s e   and  c o u n t e r c l o c k w i s e   a b o u t   i t s   a x i s   40  t o  

p o s i t i o n   t h e   w i r e   25  on  t h e   w i n d i n g   m a n d r e l   38.  T h e  

f o u r   jog   p o s i t i o n s ,   A  t h r o u g h   D,  a r e   i l l u s t r a t e d   i n  

F i g .   6  and  a r e   p r o v i d e d   in  t h e   p r o g r a m   c o m m e r c i a l l y  

a v a i l a b l e   w i t h   t h e   U n i v e r s a l   m a c h i n e ,   w h i l e   t h e   r e s u l t s  

of   t h e   j o g s   a r e   e x e m p l i f i e d   in   F i g s .   7A  and  7B.  In  t h e  

d i s c l o s e d   e m b o d i m e n t ,   t he   jog   p o s i t i o n s   A-D  r e m a i n   t h e  

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

of   t h e   s h u t t l e   20,   b u t   can  be  m o d i f i e d   to   p r o v i d e   f o u r  



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

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

s o m e w h a t   o f f s e t   w i t h   r e s p e c t   to   t h e   o t h e r .  

An  u n d e r s t a n d i n g   of  t h e   j o g   r o u t i n e s   i s   n o t  

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

i n v e n t i o n   and  s u c h   r o u t i n e s   m a y  b e   v a r i e d   as  s u i t s   t h e  

d e s i g n e r .   In  e s s e n c e ,   in  o r d e r   to   w i n d   t h e   w i r e  

n o n - s p i r a l l y ,   t h e   w i n d i n g   m a n d r e l   38  i s   j o g g e d   c l o c k -  

w i s e   and  c o u n t e r c l o c k w i s e   a b o u t   t h e   a x i s   40  as  i l l u s -  

t r a t e d   in  F i g s .   7A  and  7B.  In  o r d e r   to   p o s i t i o n   t h e  

w i r e   25  to   t r a v e r s e   a c r o s s   one  l e g   of   t h e   w i n d i n g ,   t h e  

w i n d i n g   m a n d r e l   38  r o t a t e s   c l o c k w i s e   or   c o u n t e r c l o c k w i s e  

a b o u t   a x i s   40  in   j og   r o u t i n e   A-D  a f t e r   t h e   w i r e   h a s  

c o n t a c t e d   one  e d g e   of   t h e   w i n d i n g   m a n d r e l   38  and  p r i o r  

to   t h e  w i r e   25  c o n t a c t i n g   t h e   n e x t   e d g e   of   t h e   w i n d i n g  

m a n d r e l   38,  e . g .   e d g e s   39A  and  39B  f o r   j o g   r o u t i n e   D ,  

to   p r o j e c t   t h e   w i r e   25  in  t h e   n o n - s p i r a l   d i r e c t i o n   a s  

shown  in  F i g .   7A.  As  t h e   s h u t t l e   20  c o n t i n u e s   t o  

r o t a t e   c o u n t e r c l o c k w i s e   a b o u t   i t s   a x i s ,   t h e   w i r e   25  

c o n t a c t s   t h e   o u t w a r d   l o w e r   edge   39B  of   t h e   w i n d i n g  

m a n d r e l   38  to   p o s i t i o n   t h e   w i r e   25  a c r o s s   t h e   b o t t o m  

s u r f a c e   of  t h e   w i n d i n g   m a n d r e l   38,  w h i c h   e n d s   j o g  

r o u t i n e   D.  The  r o u t i n e s   of   c l o c k w i s e   and  c o u n t e r c l o c k -  

w i s e   j o g s   c o n t i n u e   as  t h e   s h u t t l e   20  r o t a t e s   a r o u n d   t h e  

w i n d i n g   m a n d r e l   38  to   wind   t h e   w i r e   25  o n t o   t h e   w i n d i n g  

m a n d r e l   38  so  as  to   p r o v i d e   a x i a l l y   o r i e n t e d   i n s i d e   a n d  

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

p a t t e r n   i l l u s t r a t e d   in   F i g s .   8 A - 8 E  .  

In  g e n e r a l ,   t h e   p o s i t i o n   of   t h e   w i r e   25  as  i t  

i s   wound  o v e r   e a c h   edge   of  t h e   w i n d i n g   m a n d r e l   38  i s  

d e t e r m i n e d   by  t h e   p o s i t i o n   of  a  p r e v i o u s l y   wound  e d g e  

of  t h e   w i n d i n g   m a n d r e l   38  r e l a t i v e   to   t h e   g u i d e   w h e e l s  

28  of  t h e   s h u t t l e   20.  The  w i r e   25  f o r m s   a  s t r a i g h t  

l i n e   b e t w e e n   t h e   p r e v i o u s l y   wound  e d g e   of   t h e   w i n d i n g  

m a n d r e l   38  and  t h e   g u i d e   w h e e l s   28.  As  t h e   s h u t t l e   2 0  

r o t a t e s ,   an  a d j a c e n t   edge   of  t h e   w i n d i n g   m a n d r e l   38  

c o n t a c t s   t h e   w i r e   25  a t   an  i n t e r m e d i a t e   p o i n t   a l o n g   t h e  



s t r a i g h t   l i n e   b e t w e e n   t h e   p r e v i o u s l y   wound  edge   and  t h e  

g u i d e   w h e e l s   28,   t h u s   d e f i n i n g   t h e   p o s i t i o n   of  t h e   w i r e  

25  b e t w e e n   t h o s e   two  e d g e s .   The  p u r p o s e   of   e a c h   j o g  

r o u t i n e   i s   to   r o t a t e   t h e   w i n d i n g   m a n d r e l   38  to   a  

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

t h e   w i n d i n g   m a n d r e l   38,  w i t h   t h e   e d g e   p l a c e m e n t s  

d e t e r m i n e d   by  t h e   w i n d i n g   s e q u e n c e   i l l u s t r a t e d   in   F i g s .  

8 A - 8 E .  

W i t h   r e f e r e n c e   to   F i g s .   9  and  10,  a  m o l d e d  

p a p e r b o a r d   c o r e   i n s u l a t i o n   t u b e   46  i s   s e e n   w h i c h   i s  

m o u n t e d   on  t h e   w i n d i n g   m a n d r e l   38  d u r i n g   w i n d i n g   of  t h e  

low  v o l t a g e   w i n d i n g   48.  The  low  v o l t a g e   w i n d i n g   48  

i n c l u d e s   an  i n n e r   w i n d i n g   g r o u p   o r   s e c t i o n   50  and  a n  

o u t e r   w i n d i n g   g r o u p   or   s e c t i o n   52  ( t h e   l a t t e r   s h o w n  

o n l y   in  F i g .   10)  w h i c h   a r e   s e p a r a t e d   by  an  i n s u l a t i o n  

b a r r i e r   54.  The  c o r e   i n s u l a t i o n   t u b e   46  i s   c o n f i g u r e d  

to   s u r r o u n d   t h e   wound  m a g n e t i c   c o r e   of  t h e   t r a n s f o r m e r ,  

and  a c c o r d i n g l y ,   i s   a r c u a t e   in   c r o s s - s e c t i o n   and  i s  

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

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

i m a t e l y   3 3 0 ° .   Each   end  of  t h e   c o r e   i n s u l a t i o n   t u b e   4 6  

c a r r i e s   a  p a i r   of   end  b l o c k s   56  and  58,  w i t h   b l o c k   5 8  

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

c o r e   i n s u l a t i o n   t u b e   46,  and  w i t h   b l o c k   56  b e i n g   p o s i -  

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

t u b e   46.  The  r a d i a l l y   o u t w a r d   b l o c k s   58  have   s l a n t e d  

s l o t s   59  a n d   61  as  i l l u s t r a t e d   in   F i g .   11  to   p o s i t i o n  

and  r e t a i n   t h e   l e a d s   60  of  t h e   i n n e r   w i n d i n g   s e c t i o n   50  

and  t h e   l e a d s   62  of   t h e   o u t e r   w i n d i n g   s e c t i o n   52.  T h e  

s t a r t   l e a d s   60  of  t h e   i n n e r   w i n d i n g   s e c t i o n   50  e x t e n d  

f r o m   t h e   s t a r t   end  38A  of  t h e   w i n d i n g   m a n d r e l   38  a n d  

a r e   s e c u r e d   by  t h e   u p p e r   s l o t   61  in   end   b l o c k   58.  T h e  

f i n i s h   l e a d s   60  of  i n n e r   w i n d i n g   s e c t i o n   50  e x t e n d   f r o m  

t h e   f i n i s h   end  38B  of  t h e   w i n d i n g   m a n d r e l   38  and  a r e  

s e c u r e d   in   t h e   l o w e r   s l o t   59  in   end   b l o c k   58.  S i m i l a r l y ,  

l e a d s   62  of  t h e   o u t e r   w i n d i n g   s e c t i o n   52  a r e   s e c u r e d   b y  

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



t h e   r e m a i n i n g   a l t e r n a t e   s l o t s   59  and  61,   r e s p e c t i v e l y .  

P l a c e m e n t   of  t h e   low  v o l t a g e   w i n d i n g   l e a d s   in   t h e   a b o v e  

m a n n e r   r e s u l t s   in   a  r e v e r s i b l e   s e m i t o r o i d a l   w i n d i n g   i n  

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

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

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

t h e   c o m p l e t e d   t r a n s f o r m e r .  

With   r e f e r e n c e   to   F i g .   9,  t h e   r e s u l t s   of  t h e  

w i n d i n g   of  t h e   i n n e r   s e c t i o n   50  of   t h e   m u l t i f i l a r   l o w  

v o l t a g e   w i n d i n g   48  a r e   i l l u s t r a t e d .   N o t e   t h a t   t h e  

i n n e r   s e c t i o n   50  has   a  s i n g l e   l a y e r   of   c o n d u c t o r s   o n  

t h e   r a d i a l l y   o u t w a r d   l e g   of  t h e   t o r o i d   and  a  d o u b l e  

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

t o r o i d .   A d d i t i o n a l l y ,   in   F i g .   9,  t h e   i n s u l a t i o n  

b a r r i e r   54  i s   s e e n   to   c o m p r i s e   i n s u l a t i o n   m a t e r i a l ,  

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

w i n d i n g   s e c t i o n   50  of   t h e   low  v o l t a g e   w i n d i n g   48.  N o t e  

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

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

p a p e r   o v e r   t h e   r a d i a l l y   o u t w a r d   l eg   of   t h e   i n n e r  

w i n d i n g   s e c t i o n   50.   A f t e r   t h e   i n s u l a t i o n   b a r r i e r   54  i s  

wound   o v e r  t h e   i n n e r   w i n d i n g   s e c t i o n   50,   t h e   o u t e r   l o w  

v o l t a g e   w i n d i n g   s e c t i o n   52  i s   wound  as  i l l u s t r a t e d   i n  

F i g .   10.  No te   t h a t   t h e   o u t e r   w i n d i n g   s e c t i o n   52  i s  

wound  in  t he   same  f a s h i o n   as  t h e   i n n e r   w i n d i n g   s e c t i o n  

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

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

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

E i t h e r   s u b s e q u e n t   to   c o m p l e t i o n   or  d u r i n g   t h e   w i n d i n g  

of   t h e   low  v o l t a g e   w i n d i n g   48,  t h e   c o n d u c t o r   t u r n s   a r e  
b o n d e d   i n t o   p l a c e   p r e f e r a b l y   by  use   of   an  a d h e s i v e ,   d r y  

to   t h e   t o u c h ,   B - s t a g e   t h e r m o s e t t i n g   c o n d u c t o r   c o a t i n g  

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

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

t h e r m o s e t t i n g   a d h e s i v e   d u r i n g   t h e   w i n d i n g   p r o c e s s .  
Wi th   r e f e r e n c e   now  to  F i g .   12,   t h e   w i n d i n g  

m a n d r e l   38  i s   i l l u s t r a t e d   in  an  e x p l o d e d   p e r s p e c t i v e  



v i e w .   The  w i n d i n g   m a n d r e l   38  i n c l u d e s   u p p e r   and  l o w e r  

a r c u a t e   s u p p o r t   p l a t e s   70  and  72,  r e s p e c t i v e l y ,   w h i c h  

a r e   j o i n e d   by  t h r e e   e x p a n d a b l e   c r o s s   s u p p o r t s   74,  7 6 ,  

and  78.  Each   c r o s s   s u p p o r t   74,  76,  and  78  i n c l u d e s   a n  

e x p a n d a b l e   j o i n t   80  w h i c h ,   f o r   e x a m p l e ,   can  i n c l u d e   a  

p a i r   of   c o n i c a l   w a s h e r s   82  and  84  r e s i d i n g   on  a  c o m -  

p r e s s i o n   b o l t   86  w h i c h   i s   t h r e a d e d   i n t o   a  c o m p r e s s i o n  

p l a t e   88,  a ?  s h o w n   in  F i g .   14.  The  c o m p r e s s i o n   p l a t e  

88  i s   m o u n t e d   f o r   m o v e m e n t   a l o n g   g u i d e   b o l t s   89.  T h e  

c o n i c a l   w a s h e r s   82  and  84  b e a r   i n w a r d l y   a g a i n s t   c o n i c a l  

cam  s u r f a c e s   90  and  92  on  u p p e r   and  l o w e r   s u p p o r t  

m e m b e r s   94  and  96,  r e s p e c t i v e l y ,   of   t h e   c r o s s   s u p p o r t .  

R o t a t i o n   of  t he   c o m p r e s s i o n   b o l t   86  to   d raw  t h e   c o n i c a l  

w a s h e r s   82  and  84  t o g e t h e r   a c t s   to   b i a s   t h e   s u p p o r t  

m e m b e r s   94  and  96  a p a r t   t h e r e b y   s p r e a d i n g   a p a r t   t h e  

u p p e r   and  l o w e r   a r c u a t e   s u p p o r t   p l a t e s   70  and  7 2 .  

C r o s s   s u p p o r t   74  i s   p r o v i d e d   w i t h   an  o p e n i n g   97  ( F i g .  

12)  to   p e r m i t   a c c e s s   of   a  t o o l   99  to  t h e   h e a d   of  t h e  

c o m p r e s s i o n   b o l t   86.  The  t o o l   99  m a t e s   w i t h   t h e   h e a d s  

of   e a c h   c o m p r e s s i o n   b o l t   86  of   t h e   t h r e e   e x p a n d a b l e  

c r o s s   s u p p o r t s   74,  76,   and  78  to   r o t a t e   t h e   b o l t   86  f o r  

e x p a n d i n g   and  c o n t r a c t i n g   t h e   m a n d r e l   3 8 .  

By  e x p a n d i n g   t h e   m a n d r e l   38,  t h e   u p p e r   a n d  

l o w e r   a r c u a t e   s u p p o r t   p l a t e s   70  and  72  can  be  b r o u g h t  

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

s u r f a c e s   and  c o r n e r s   of   t h e   c o r e   i n s u l a t i o n   t u b e   46  t o  

h o l d   t h e   c o r e   i n s u l a t i o n   t u b e   46  f i r m l y   in  r e l a t i o n   t o  

t h e   w i n d i n g   m a n d r e l   38  and  to   p r e v e n t   c o l l a p s e   o r  

d e f o r m a t i o n   of  t he   c o r e   i n s u l a t i o n   t u b e   46  d u r i n g  

w i n d i n g   of   t he   low  v o l t a g e   w i n d i n g   48.  In  t h i s   r e g a r d ,  

w i n d i n g   of  t he   low  v o l t a g e   w i n d i n g   48  o c c u r s   u n d e r   a  

s i g n i f i c a n t   w i n d i n g   t e n s i o n   w h i c h   t e n d s   to   c a u s e   t h e  

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

46  to   c o l l a p s e   or  d e f o r m   p r i o r   to   b o n d i n g   in   s u b s e q u e n t  

p r o c e s s e s   i f   no t   f i r m l y   s u p p o r t e d .   Of  c o u r s e ,   i n s u l -  

a t i o n   t u b e s   of  more  s u b s t a n t i a l   c o n s t r u c t i o n   can   b e  

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



H o w e v e r ,   t h e   e x p a n d a b l e   m a n d r e l   38  p r o v i d e s   a  r e a d y  

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

46  d u r i n g   w i n d i n g   w h i l e   a t   t h e   same  t i m e   p r o v i d i n g  

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

s u p p o r t   p l a t e s   70  and  72  i n w a r d ,   t h e   c o m p l e t e d   l o w  

v o l t a g e   w i n d i n g   48  can  be  r e a d i l y   r e m o v e d   f rom  t h e  

w i n d i n g   m a n d r e l   3 8 .  

End  p l a t e s   98  and  100  a r e   s e c u r e d   to   t h e   e n d s  

of   t h e   e x p a n d a b l e   w i n d i n g   m a n d r e l   38  to   h o l d   t h e  

i n s u l a t i o n   t u b e   46  in  p o s i t i o n   on  t h e   w i n d i n g   m a n d r e l  

38.  End  p l a t e   100  i s   p e r m a n e n t l y   s e c u r e d   to   t h e   c r o s s  

s u p p o r t   78  and  i s   p r o v i d e d   w i t h   a  s l o t   104  f o r   a c c e s s  

of  t h e   t o o l   99  to   t he   h e a d   of   c o m p r e s s i o n   b o l t   86  a s  

shown  in  F i g .   12.  The  end  p l a t e   100  a l s o   c a r r i e s   a  

m o u n t i n g   s t e m   106  w h i c h   i s   r i g i d l y   f i x e d   to   t h e   m o u n t i n g  

p l a t e   100  and  c r o s s   s u p p o r t   78  and  i s   c o n f i g u r e d   t o  

m a t e   s e c u r e l y   w i t h   t he   j a w s   32  and  34  of   t h e   m a n d r e l  

c l a m p   30.   For   t h i s   p u r p o s e ,   j a w s   32  and  34  a r e   p r o v i d e d  

w i t h   p i n s   108  w h i l e   t h e   m o u n t i n g   s t e m   106  i s   p r o v i d e d  
w i t h   c o r r e s p o n d i n g   r e c e s s e s   1 1 0 .  

End  p l a t e   98  i s   a d a p t e d   to   be  r e m o v a b l y  

s e c u r e d   to   c r o s s   s u p p o r t   74  t o   f a c i l i t a t e   m o u n t i n g   a n d  

r e m o v a l   of  t h e   c o r e   i n s u l a t i o n   t u b e   46.  End  p l a t e   98 

has   a  s l o t   112  w h i c h   p e r m i t s   a c c e s s   of  t h e   t o o l   99  t o  

t h e   h e a d   of  t he   b o l t   86  f o r   e x p a n d i n g   and  c o n t r a c t i n g  

c r o s s   s u p p o r t   74.  End  p l a t e   98  a l s o   c a r r i e s   a  p i n  

m o u n t i n g   b l o c k   114  w h i c h   i s   n o r m a l l y   r e m o v e d   a l o n g   w i t h  

t h e   end  p l a t e   98.  A  t h r e a d e d   f a s t e n e r   116  i s   u s e d   t o  

r e m o v a b l y   s e c u r e   t he   p i n   m o u n t i n g   b l o c k   114  and  t h e   e n d  

p l a t e   98  to   t h e   c r o s s   s u p p o r t   74.  As  i l l u s t r a t e d   i n  

F i g .   13,  t h e   p l a t e   98  w i t h   i t s   a t t a c h e d   w i n d i n g   p i n  

m o u n t i n g   b l o c k   114  i s   r e m o v a b l e   upon   r e m o v a l   of  t h r e a d e d  

f a s t e n e r   116  w h e r e b y   t h e   i n s u l a t i o n   b a r r i e r   46  may  b e  

i n s e r t e d   o n t o   t h e   w i n d i n g   m a n d r e l   38,   and  a f t e r   w i n d i n g ,  

l i k e w i s e   r e m o v e d .   The  p i n   m o u n t i n g   b l o c k   114  c a r r i e s  

t h e   w i n d i n g   p e g s   64  w h i l e   t h e   m o u n t i n g   s t em  106  c a r r i e s  

t h e   w i n d i n g   p e g s   6 6 .  



In  F i g .   15,  an  a l t e r n a t i v e   w i n d i n g   m a n d r e l  

120  i s   i l l u s t r a t e d .   The  w i n d i n g   m a n d r e l   120  d i f f e r s  

f rom  t h e   w i n d i n g   m a n d r e l   38  in   t h a t   i t   i s   p i v o t e d l y  

m o u n t e d   to   t h e   m o u n t i n g   s t e m   122  u s i n g   a  h i n g e   1 2 4  

w h e r e b y   t h e   p o r t i o n   of   t h e   w i n d i n g   m a n d r e l   120  c a r r y i n g  

t h e   c o r e   i n s u l a t i o n   t u b e   46  can   be  r o t a t e d   w i t h   r e s p e c t  

to   t h e   m o u n t i n g   s t em  122  t o   f a c i l i t a t e   e a s y   m o u n t i n g  

and  r e m o v a l   o f  t h e   c o r e  i n s u l a t i o n   t u b e   46  b e f o r e   a n d  

a f t e r   w i n d i n g   of  t he   low  v o l t a g e   w i n d i n g   48.  P a r t i c -  

u l a r l y ,   t h e   h i n g e   124  f a c i l i t a t e s   r e m o v a l   of  t h e   c o r e  

i n s u l a t i o n   t u b e   46  s i n c e   t h e   c o r e   i n s u l a t i o n   t u b e   46  

m u s t   be  r e m o v e d   f rom  t h e   w i n d i n g   m a n d r e l   38  in   a  

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

m a n d r e l   38.  D u e  t o   t h e   l e n g t h   of  t h e   c o r e   i n s u l a t i o n  

t u b e   46,   i t   does   n o t   b e c o m e   f r e e   of   t h e   w i n d i n g   m a n d r e l  

38  u n t i l   i t   i s   in   c l o s e   p r o x i m i t y   t o   t h e   m o u n t i n g   s t e m  

106  p r o v i d i n g   l i t t l e   c l e a r a n c e   f o r   i n s e r t i o n   a n d  

r e m o v a l   of  t h e   c o r e   i n s u l a t i o n   t u b e   46.  The  u s e   of  a  

h i n g e d   c o n n e c t i o n   w i t h   t h e   m o u n t i n g   s t e m   122  s i g n i f i -  

c a n t l y   i n c r e a s e s   t h e   c l e a r a n c e   f o r   r e m o v a l   of   t h e   c o r e  

i n s u l a t i o n   t u b e   46  by  a l l o w i n g   o u t w a r d   h i n g i n g   of  t h e  

p o r t i o n   of  m a n d r e l   120  w h i c h   c a r r i e s   t h e   c o r e   i n s u l a t i o n  

t u b e   4 6 .  

In  F i g s .   16,  17,   and  18  a  s e c o n d   low  v o l t a g e  

c o i l   w i n d i n g   m a c h i n e   130  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   i l l u s t r a t e d .   The  low  v o l t a g e   c o i l   w i n d i n g  

m a c h i n e   130  i s   a d a p t e d   to   w i n d   a  m u l t i f i l a r   low  v o l t a g e  

w i n d i n g   in  a  s i n g l e   p a s s .   To  f a c i l i t a t e   a  m u l t i f i l a r ,  

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

c o n d u c t o r   132  a re   s i m u l t a n e o u s l y   wound  o n t o   t h e   s t o r a g e  

m a g a z i n e   134  f rom  a  s o u r c e   of   m u l t i f i l a r   c o n d u c t o r   o r  

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

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

c o n d u c t o r   132  o n t o   t h e   s t o r a g e   m a g a z i n e   134,   t h e  

s h u t t l e   136  and  t he   s t o r a g e   m a g a z i n e   134  a r e   r o t a t e d  

c o u n t e r c l o c k w i s e   to  w i n d   t h e   m u l t i f i l a r   c o n d u c t o r   1 3 2  

on  t h e   c o r e   i n s u l a t i o n   t u b e   46  as  i l l u s t r a t e d   in   F i g s .  



1 9 A - 1 9 E .   As  t he   s h u t t l e   136  r o t a t e s   c o u n t e r c l o c k w i s e ,  

t h e   m u l t i p l e   s t r a n d   m u l t i f i l a r   c o n d u c t o r   132  i s   l i f t e d  

and  u n w o u n d   f rom  t h e   s t o r a g e   m a g a z i n e   134  by  m u l t i f i l a r  

e y e l e t   138 .   To  f a c i l i t a t e   t h i s   p u r p o s e ,   t h e   m u l t i f i l a r  

e y e l e t   138  has   m u l t i p l e   g u i d e   g r o o v e s ,   one  f o r   e a c h  

s t r a n d   of   t h e   m u l t i f i l a r   w i n d   c o n d u c t o r   1 3 2 .  

The  s h u t t l e   136  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   w i r e   t e n s i o n i n g   w h e e l s   1 4 0 - 1 5 0 ,   e a c h   h a v i n g   a  g r o o v e  
a b o u t   i t s   p e r i p h e r y .   Each   s t r a n d   of   t h e   m u l t i f i l a r  

c o n d u c t o r   132  i s   s e p a r a t e l y   w r a p p e d   a r o u n d   a t   l e a s t   o n e  

of   t h e   t e n s i o n i n g   p u l l e y s   1 4 0 - 1 5 0 .   The  r e m a i n i n g  

s t r a n d s   of   m u l t i f i l a r   c o n d u c t o r   132  r i d e   o v e r   t h e   t o p s  

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

t e n s i o n i n g   p u l l e y   1 4 0 - 1 5 0   s e r v e s   to   t e n s i o n   a  s i n g l e  

s t r a n d   i n d e p e n d e n t l y   of  t h e   o t h e r   s t r a n d s .   H o w e v e r ,  

more   t h a n   one  t e n s i o n i n g   p u l l e y   may,  in   some  c a s e s ,   b e  

r e q u i r e d   to   a d e q u a t e l y   t e n s i o n   a  s i n g l e   s t r a n d .   T h i s  

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

m u l t i f i l a r   c o n d u c t o r   132  a c c o m m o d a t e s   any  u n e v e n n e s s   i n  

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

132  e i t h e r   on  t h e   s t o r a g e   m a g a z i n e   134  or  on  t h e   c o r e  

i n s u l a t i n g   t u b e   46  m o u n t e d   on  t h e   w i n d i n g   m a n d r e l   3 8 .  

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

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

w h e e l   152a  i s   u t i l i z e d   h a v i n g   a  g r o o v e   f o r   e a c h   of  t h e  

s t r a n d s   of   t h e   m u l t i f i l a r   c o n d u c t o r   132.   The  m u l t i f i l a r  

c o n d u c t o r   132,   a f t e r   t r a v e r s i n g   t h e   g u i d e   w h e e l   152a  i s  

wound  upon   t h e   c o r e   i n s u l a t i o n   t u b e   46  as  t h e   s h u t t l e  

136  and  t h e   s t o r a g e   m a g a z i n e   134  r o t a t e   c o u n t e r c l o c k w i s e .  

An  a d j a c e n t   g u i d e   w h e e l   1 5 2 b ,   a l s o   h a v i n g   a  g r o o v e   f o r  

e a c h   of  t h e   s t r a n d s   of  t h e   m u l t i f i l a r   c o n d u c t o r   1 3 2 ,  

may  be  e m p l o y e d   to   wind   in   t h e   c l o c k w i s e   d i r e c t i o n .  

In  F i g s .   19A  t h r o u g h   19E,  a  p r e f e r r e d   m e t h o d  

and  p a t t e r n   of  l a y i n g   t h e   m u l t i f i l a r   c o n d u c t o r   132  in  a  

s i n g l e   p a s s   i s   i l l u s t r a t e d .   M u l t i p l e   c o n d u c t o r s   1 3 2  

a r e   s i m u l t a n e o u s l y   wound  o n t o   t h e   w i n d i n g   m a n d r e l   38  t o  

fo rm  one  l a y e r   of  t h e   low  v o l t a g e   w i n d i n g   48  in   a  



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

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

s u r f a c e   of  t h e   w i n d i n g   m a n d r e l   38  and  l a y i n g   s t a c k e d   i n  

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

w i n d i n g   m a n d r e l   38.  B r i e f l y ,   t h i s   m e t h o d   i n v o l v e s  

l a y i n g   one  or  more   f i r s t   t y p e   t u r n s   w i t h   t h e   m u l t i p l e  

c o n d u c t o r s   wound  a r o u n d   and  c o n t a c t i n g   t h e   w i n d i n g  

m a n d r e l   38,  t h e n   w i n d i n g   a  s e c o n d   t y p e   t u r n   w i t h   t h e  

m u l t i p l e   c o n d u c t o r s   p o s i t i o n e d   s i d e   by  s i d e   to   p r e v i o u s  

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

w i n d i n g   m a n d r e l   38  and  s t a c k e d   upon  p o r t i o n s   of   one  o r  

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

t h e   w i n d i n g   m a n d r e l   38,  t h e n   a l t e r n a t e l y   w i n d i n g   t h e  

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

i s   c o m p l e t e d .  

As  shown  in   F i g .   19A,  t h e   f i r s t   s t e p   in   t h e  

m e t h o d   of  w i n d i n g   t h e   m u l t i f i l a r   c o n d u c t o r   132  in   a  

s i n g l e   p a s s   i n v o l v e s   w i n d i n g   a  few  f i r s t   t y p e   t u r n s  

w i t h   a l l   o f  t h e   m u l t i p l e   c o n d u c t o r s   132  l a y i n g   s i d e   b y  

s i d e   a g a i n s t   t h e   c o r e   i n s u l a t i o n   t u b e   46  on  t h e   w i n d i n g  

m a n d r e l   38.  The  m u l t i p l e   c o n d u c t o r s   132 ,   i l l u s t r a t e d  

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

o n t o   the   w i n d i n g   m a n d r e l   38  in   t h e   same  m a n n e r   a s  

d e s c r i b e d   a b o v e ,   n a m e l y ,   by  r o t a t i n g   t h e   s h u t t l e   136  i n  

t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n   (as  v i e w e d   in   F i g .   16 )  

a r o u n d   i t s   h o r i z o n t a l   w i n d i n g   a x i s   w h i l e   r o t a t i n g   t h e  

w i n d i n g   m a n d r e l   38  a b o u t   t h e   m a n d r e l   a x i s   40  in  a  

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

a x i a l l y   w i t h   r e s p e c t   to   t h e   m a n d r e l   a x i s   40  a t   t h e  

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

w i n d i n g   m a n d r e l   38  and  a c r o s s   t h e   t o p   and  b o t t o m  

s u r f a c e s   of   t h e   w i n d i n g   m a n d r e l   38.  Two  s u c h   f i r s t  

t y p e   t u r n s   a r e   i l l u s t r a t e d   in  F i g .   1 9 A .  

N e x t ,   as  i l l u s t r a t e d   in  F i g .   19B,  a  s e c o n d  

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

p l a c e d   by  t h e   r o t a t i n g   s h u t t l e   136  s t a c k e d   upon  p o r t i o n s  

of  one  or   more  f i r s t   t y p e   t u r n s   a t   t h e   r a d i a l l y   i n w a r d  



s u r f a c e   of  t h e   w i n d i n g   m a n d r e l   38  and  s i d e   by  s i d e   t o  

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

o u t w a r d   s u r f a c e   of  t h e   w i n d i n g   m a n d r e l   38.  I t   i s  

p r e f e r a b l e   to   w i n d   a t   l e a s t   two  of  t h e   f i r s t   t y p e   t u r n s  

a t   t h e   i n w a r d   s u r f a c e   of   t h e   w i n d i n g   m a n d r e l   38  p r i o r  

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

b r o a d   i n n e r   l a y e r   f o r   t h e   s e c o n d   t y p e   t u r n   to   s t a c k  

u p o n .   I f   a  s e c o n d   t y p e   t u r n   w e r e   to   be  s t a c k e d   upon   a  

s i n g l e   f i r s t   t y p e   t u r n ,   t h e n   one   or   more  of  t h e   s t r a n d s  

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

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

a g a i n s t   t h e   w i n d i n g   m a n d r e l   38  w h i c h   i s   i n t e n d e d   to   b e  

o c c u p i e d   by  a  s u b s e q u e n t   f i r s t   t y p e   t u r n .   The  i n i t i a l  

w i n d i n g   of  two  or   more  f i r s t   t y p e   t u r n s   p r i o r   t o  

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

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

t u r n   upon   p o r t i o n s   of   b o t h   t h e   p r e v i o u s l y   wound  f i r s t  

t y p e   t u r n s   e l i m i n a t e s   t h i s   p r o b l e m .  

A f t e r   t h e   s e c o n d   t y p e   t u r n   i s   wound  o n t o   t h e  

w i n d i n g   m a n d r e l   38  s t a c k e d   upon   t h e   p r e v i o u s l y   w o u n d  

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

w i n d i n g   m a n d r e l   38  and  s i d e   by  s i d e   to   t h e   p r e v i o u s l y  

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

of   t h e   w i n d i n g   m a n d r e l   38,   t h e   w i n d i n g   p r o c e s s   c o n t i n u e s  

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

t u r n s .   Each  f i r s t   t y p e   t u r n   i s   p l a c e d  s i d e   by  s i d e   t o  

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

o u t w a r d   s u r f a c e   of   t he   w i n d i n g   m a n d r e l   38,  and  i s  

p l a c e d   s i d e   by  s i d e   to   a  p r e v i o u s l y   wound  f i r s t   t y p e  

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

m a n d r e l   38.  Each  s e c o n d   t y p e   t u r n   i s   s t a c k e d   u p o n  

p o r t i o n s   of   one  or  more  p r e v i o u s l y   wound  f i r s t   t y p e  

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

m a n d r e l   38  and  i s   p l a c e d   s i d e   by  s i d e   to   a  p r e v i o u s l y  

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

of  t h e   w i n d i n g   m a n d r e l   3 8 .  



T h i s   p r o c e s s   c o n t i n u e s ,   as  shown  in  F i g s .  

1 9 B - 1 9 E ,   u n t i l   t h e   r a d i a l l y   o u t w a r d   s u r f a c e   of  t h e  

w i n d i n g   m a n d r e l   38  i s   s u b s t a n t i a l l y   f i l l e d   w i t h   s i d e   b y  

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

w i n d i n g   m a n d r e l   38  i s   s u b s t a n t i a l l y   f i l l e d   w i t h   t w o  

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

s e t   of   w i n d i n g s   f o r   t h e   low  v o l t a g e   w i n d i n g   48.  T h e n ,  

as  d e s c r i b e d   a b o v e   in   r e l a t i o n   to   F i g s .   9  and  10,  t h e  

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

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

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

w i n d i n g s   a r e   wound  s u r r o u n d i n g   t h e   i n n e r   s e t   of  w i n d i n g s  

by  t h e   same  s i n g l e   p a s s   m e t h o d .  

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

c o n d u c t o r s   in   a  s i n g l e   p a s s   i s   i l l u s t r a t e d   by  a n  

e x a m p l e   wound  in   t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n   ( a s  

v i e w e d   f rom  F i g .   1 6 ) ,   t h e   m e t h o d   can   a l s o   be  p r a c t i c e d  

in  t h e   c l o c k w i s e   w i n d i n g   d i r e c t i o n   by  u t i l i z i n g   t h e  

g u i d e   w h e e l   152b  on  t h e   s h u t t l e   136  f o r   c o n d u c t o r  

g u i d a n c e   and  p l a c e m e n t .   In  a d d i t i o n ,   a l t h o u g h   t h e  

e x a m p l e   p r e s e n t e d   in   F i g s .   19A-19E  i s   shown  w i t h   t h e  

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

t h e   w i n d i n g   m a n d r e l   38,   t h i s   m e t h o d   can   be  p r a c t i c e d   a s  

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

s u r f a c e   of  t h e   w i n d i n g   m a n d r e l   38.  A l s o ,   t h e   c o n d u c t o r s  

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

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

o r i e n t e d .  

The  f o r e g o i n g   d i s c u s s i o n   d i s c l o s e s   a n d  

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

t h e   p r e s e n t   i n v e n t i o n .   One  s k i l l e d   in   t h e   a r t   w i l l  

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

c h a n g e s ,   m o d i f i c a t i o n s   and  v a r i a t i o n s   may  be  m a d e  

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

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



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

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

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

t o r o i d a l   w i n d i n g   m a c h i n e   h a v i n g   a  m a g a z i n e   r o t a t a b l e  

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

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

a  s u p p l y   of  w i r e   t o   be  wound  o n t o   s a i d   w i n d i n g   m a n d r e l ,  
and  h a v i n g   a  s h u t t l e   r o t a t a b l e   a b o u t   s a i d   w i n d i n g   a x i s  

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

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

s a i d   m a g a z i n e   to   s a i d   w i n d i n g   m a n d r e l ,   s a i d   m e t h o d  

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

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

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

w i n d i n g   m a n d r e l ;  

w i n d i n g   a  f i r s t   p a s s   of  one  or   more  w i r e s  

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

m a g a z i n e   in  one  d i r e c t i o n   a b o u t   s a i d   w i n d i n g   a x i s   w h i l e  

r o t a t i n g   s a i d   w i n d i n g   m a n d r e l   in  one  d i r e c t i o n   a b o u t  

i t s   a x i s   of  r e v o l u t i o n ;   a n d  

w i n d i n g   a  s e c o n d   p a s s   of   s a i d   one  or   m o r e  
w i r e s   o n t o   s a i d   w i n d i n g   m a n d r e l   by  r o t a t i n g   s a i d  

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

s a i d   w i n d i n g   a x i s   w h i l e   r o t a t i n g   s a i d   w i n d i n g   m a n d r e l  

in   an  o p p o s i t e   d i r e c t i o n   a b o u t   i t s   a x i s   of  r e v o l u t i o n ,  
e a c h   t u r n   of  s a i d   s e c o n d   p a s s   b e i n g   p o s i t i o n e d   b e t w e e n  

s a i d   t u r n s   of  s a i d   f i r s t   p a s s   on  s a i d   w i n d i n g   m a n d r e l .  

2.  The  m e t h o d   of   c l a i m   1  f u r t h e r   c o m p r i s i n g  
t h e   s t e p s   o f :  

a t   t h e   end   of   e a c h   p a s s ,   e x t e n d i n g   s a i d   o n e  

or   more  w i r e s   b e i n g   wound   o u t w a r d l y   o f   s a i d   w i n d i n g  

m a n d r e l   to  fo rm  a  l e a d   and  l o o p i n g   s a i d   one  or  m o r e  



w i r e s   a r o u n d   a  peg  p o s i t i o n e d   a d j a c e n t   to   an  end  o f  

s a i d   w i n d i n g   m a n d r e l ;  

c o n t i n u i n g   to   w ind   a d d i t i o n a l   p a s s e s   of  s a i d  

one   or   more  w i r e s   o n t o   s a i d   w i n d i n g   m a n d r e l   b e t w e e n  

p r e c e d i n g   p a s s e s   and   c o n t i n u i n g   to   l o o p   s a i d   one  o r  

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

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

w i t h   s i d e   by  s i d e   w i r e s   to   fo rm  a  f i r s t   l a y e r   o f  

w i n d i n g s ;   a n d  

c o n t i n u i n g   to   w ind   a d d i t i o n a l   p a s s e s   of  s a i d  

one  or   more  w i r e s   o n t o   s a i d   w i n d i n g   m a n d r e l   b e t w e e n  

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

s a i d   w i n d i n g   m a n d r e l   and  r a d i a l l y   s t a c k e d   upon  s a i d  

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

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

or   more   w i r e s   a r o u n d   s a i d   p e g s .  

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

w i n d i n g   h a v i n g   a  s e m i t o r o i d a l   s h a p 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   w i n d i n g   m a n d r e l   has   a  s e m i t o r o i d a l  

s h a p e .  

4.  A  m e t h o d   as  r e c i t e d   in   c l a i m   2  f u r t h e r  

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

p o r t i o n s   of  t he   w i r e   l o o p e d   a r o u n d   one  of   s a i d   p e g s   a n d  

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

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

n u m b e r   of  p a r a l l e l   m u l t i f i l a r   w i r e s   in  s a i d   w i n d i n g .  

5.  A  m e t h o d   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   m a g a z i n e   c a r r i e s   two  or  more  s t r a n d s   of   w i r e ,   a n d  

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

w i n d i n g   m a n d r e l   i n c l u d e s   p l a c i n g   s a i d   two  or   m o r e  

s t r a n d s   of  w i r e   s i d e   by  s i d e   upon   s a i d   w i n d i n g   m a n d r e l .  

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

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



c l a i m   2  w h e r e i n   a  f i r s t   g r o u p   of  w i n d i n g s   i s   f a b r i c a t e d  

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

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

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

a d d i t i o n a l   s t e p s   of   w i n d i n g   a  f i r s t   p a s s   of   one  or   m o r e  

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

t o p   of  s a i d   f i r s t   g r o u p   of  w i n d i n g s   by  r o t a t i n g   s a i d  

s h u t t l e   and  m a g a z i n e   in   one  d i r e c t i o n   a b o u t   s a i d  

w i n d i n g   a x i s   w h i l e   r o t a t i n g   s a i d   w i n d i n g   m a n d r e l   in  o n e  

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

s e c o n d   p a s s   of  s a i d   one  or   more  w i r e s   o n t o   s a i d   w i n d i n g  

m a n d r e l   on  top   of  s a i d   f i r s t   g r o u p   of  w i n d i n g s   b y  

r o t a t i n g   s a i d   s h u t t l e   and   m a g a z i n e   in  an  o p p o s i t e  

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

w i n d i n g   m a n d r e l   in  an  o p p o s i t e   d i r e c t i o n   a b o u t   i t s   a x i s  

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

p o s i t i o n e d   b e t w e e n   s a i d   t u r n s   of  s a i d   f i r s t   p a s s   o n  

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

p a s s e s   of  s a i d   one  or   more   w i r e s   of  s a i d   s e c o n d   g r o u p  
o n t o   s a i d   w i n d i n g   m a n d r e l   on  t o p   of   s a i d   f i r s t   g r o u p   o f  

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

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

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

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

p a s s e s   of  s a i d   one  or   more   w i r e s   of  s a i d   s e c o n d   g r o u p  

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

w i n d i n g s   and  b e t w e e n   p r e c e d i n g   p a s s e s   of  s a i d   s e c o n d  

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

m a n d r e l   and  r a d i a l l y   s t a c k e d   upon  s a i d   l a y e r   o f  

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

i n w a r d   s u r f a c e   of  s a i d   w i n d i n g   m a n d r e l .  

7.  A  m e t h o d   as  r e c i t e d   in  c l a i m   1  f u r t h e r  

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

p o r t i o n s   of  s a i d   two  or   more  w i r e s   to   i n c r e a s e   t h e  

n u m b e r   of  p a r a l l e l   m u l t i f i l a r   w i r e s   in  s a i d   w i n d i n g .  



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

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

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

t o r o i d a l   w i n d i n g   m a c h i n e   h a v i n g   a  m a g a z i n e   r o t a t a b l e  

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

a x i s   of   r e v o l u t i o n   of   s a i d   w i n d i n g   m a n d r e l   and   c a r r y i n g  

a  s u p p l y   of   two  o r   more  s t r a n d s   of  w i r e   t o   be  w o u n d  

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

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

c o a x i a l   to   s a i d   m a g a z i n e   and  e n c i r c l i n g   s a i d   w i n d i n g  

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

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

m a g a z i n e   to   s a i d   w i n d i n g   m a n d r e l ,   s a i d   m e t h o d  

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

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

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

w i n d i n g   one  or   more  t u r n s   o f   a  f i r s t   t y p e  

t u r n   of  two  or   more   s t r a n d s   of  w i r e   o n t o   s a i d   w i n d i n g  

m a n d r e l ;  

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

s a i d   two  or  more  s t r a n d s   of  w i r e   o n t o   s a i d   w i n d i n g  

m a n d r e l   s i d e   by  s i d e   to   s a i d   one  or  more   f i r s t   t y p e  

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

m a n d r e l   and  r a d i a l l y   s t a c k e d   upon  p o r t i o n s   of   s a i d   o n e  

or   more  f i r s t   t y p e   t u r n s   a t   t h e   r a d i a l l y   i n w a r d   s u r f a c e  

of   s a i d   w i n d i n g   m a n d r e l ;   a n d  

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

s e c o n d   t y p e   t u r n s   of   s a i d   two  or  more   s t r a n d s   of  w i r e  

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

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

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

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

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

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

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

u p o n   p o r t i o n s   of   one  or  more  p r e c e d i n g   f i r s t   t y p e   t u r n s  

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



and  b e i n g   p l a c e d   s i d e   by  s i d e   to  a  p r e c e d i n g   f i r s t   t y p e  

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

m a n d r e l .  

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

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

c l a i m   8  w h e r e i n   a  f i r s t   g r o u p   of  w i n d i n g s   i s   f a b r i c a t e d  

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

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

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

a d d i t i o n a l   s t e p s   of   w i n d i n g   one  or   more  t u r n s   of   a  

f i r s t   t y p e   t u r n   of   two  or  more  s t r a n d s   of   w i r e   of  s a i d  

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

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

t y p e   t u r n   of   s a i d   two  or   more  s t r a n d s   of   w i r e   o n t o   s a i d  

w i n d i n g   m a n d r e l   s i d e   by  s i d e   to   s a i d   one  o r   more  f i r s t  

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

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

s a i d   one  or  more   f i r s t   t y p e   t u r n s   a t   t h e   r a d i a l l y  

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

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

s a i d   two  or  more  s t r a n d s   of  w i r e   o n t o   s a i d   w i n d i n g  

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

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

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

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

s u r f a c e   of  s a i d   w i n d i n g   m a n d r e l   and  b e i n g   p l a c e d   s i d e  

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

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

s e c o n d   t y p e   t u r n s   b e i n g   s t a c k e d   upon  p o r t i o n s   of   one  o r  

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

s u r f a c e   of  s a i d   w i n d i n g   m a n d r e l   and  b e i n g   p l a c e d   s i d e  

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

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

10.  An  a p p a r a t u s   f o r   p r o d u c i n g   a  m u l t i f i l a r  

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

p r i s i n g :  



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

r o t a r y   s u p p o r t   m e a n s   f o r   s u p p o r t i n g   a n d  

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

r o t a t i n g   s a i d   w i n d i n g   m a n d r e l   a b o u t   i t s   a x i s   of   r e v o l u -  

t i o n ;  

a  m a g a z i n e   r o t a t a b l e   in   b o t h   d i r e c t i o n s   a b o u t  

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

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

wound  o n t o   s a i d   w i n d i n g   m a n d r e l ;  

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

s a i d   w i n d i n g   a x i s   and  p o s i t i o n e d   c o a x i a l   to   s a i d  

m a g a z i n e   and  e n c i r c l i n g   s a i d   w i n d i n g   m a n d r e l ;   a n d  

g u i d e   means   c o u p l e d   t o   s a i d   s h u t t l e   a n d  

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

s a i d   w i n d i n g   m a n d r e l ;  

w h e r e i n   w i r e   i s   wound   o n t o   s a i d   w i n d i n g  

m a n d r e l   to   f o rm  t h e   m u l t i f i l a r   w i n d i n g   by  r o t a t i n g   s a i d  

m a g a z i n e   and  s h u t t l e   in  one  d i r e c t i o n   a b o u t   s a i d  

w i n d i n g   a x i s   w h i l e   r o t a t i n g   s a i d   w i n d i n g   m a n d r e l   in   o n e  

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

s a i d   m a g a z i n e   and  s h u t t l e   in   t h e   o t h e r   d i r e c t i o n   a b o u t  

s a i d   w i n d i n g   a x i s   w h i l e   r o t a t i n g   s a i d   w i n d i n g   m a n d r e l  

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

11.  An  a p p a r a t u s   as   r e c i t e d   in   c l a i m   10  

w h e r e i n   s a i d   m a g a z i n e   i s   o p e r a b l e   f o r   c a r r y i n g   two  o r  

m o r e _ s t r a n d s   of  w i r e ,   and  w h e r e i n   s a i d   s h u t t l e   i s  

o p e r a b l e   f o r   p l a c i n g   s a i d   two  or   more  s t r a n d s   of   w i r e  

s i d e   by  s i d e   o n t o   s a i d   w i n d i n g   m a n d r e l .  
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