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©  Wire  coll  production  system. 
A  wire  coil  production  system  for  winding,  tieing  and  

distributing  coils  fabricated  from  pre-cut  wire  segments.  Four 
controllably  driven  mandrels  or  reels  (7)  are  mounted  in  rela- 
tive  quadrature  on  a  rotatable  turret  (6)  which  cycles  each 
mandrel  through  stations  (A  to  D)  for  (1)  receiving  the  wire 
(16)  and  initiating  the  winding  operation,  (2)  completing  the 
winding  operation,  (3)  tieing  the  formed  coil  and  (4)  discharg- 
ing  the  coil  to  a  conveyor/distributor  system.  Each  mandrel 
includes  a  wire  sensor  (26,  27)  and  automatic  wire  clamping 
and  coil  load/unload  mechanisms.  A  control  system  (93,  95) 
coordinates  all  operations  so  they  are  synchronized  with  the 
wire  feed  system  and  with  each  other. 





The  p r e s e n t   i n v e n t i o n  r e l a t e s   to   e q u i p m e n t   a n d  

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

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

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

f i n i s h e d   c o i l s .  

T h e r e   a r e   a  wide   v a r i e t y   of  w i r e   c o i l i n g   s y s t e m s  

d i r e c t e d   a t   a u t o m a t i n g   one  or  more  p h a s e s   of  t h e   c o i l i n g  

p r o c e s s   to  i n c r e a s e   t h r o u g h p u t .   One  c o m m o n  a p p r o a c h   i s  

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

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

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

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

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

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

n e x t   c o i l   in  t h e   s e q u e n c e   b e g i n s .   O f t e n   t h e   s y s t e m   i s  

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

of  t h e   f e e d   f rom  t he   f u l l y   l o a d e d   m a n d r e l   a l s o   p l a y s   a  

r o l e   i n  e n g a g i n g   t he   s e v e r e d   f e e d   end  to   t h e   n e x t   m a n d r e l  

or  s p o o l   to  be  l o a d e d .  

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

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

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

uous   w i n d i n g   and  t i e i n g   of  p r e - c u t   w i r e s ,   w h i c h   m a y ' b e   o f  

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

w i r e   s e g m e n t   f o r m i n g   p r o c e s s .  
I t   is   a c c o r d i n g l y   an  o b j e c t   o f  a n   e m b o d i m e n t   o f  

t h e   i n v e n t i o n   to  f a b r i c a t e   wound  and  t i e d   w i r e   c o i l s   o f  

v a r y i n g   l e n g t h s   a t   h i g h   p r o d u c t i o n   r a t e s .   A n o t h e r   o b j e c t  

of  an  e m b o d i m e n t   is  to  i m p l e m e n t   t h i s   p r o d u c t i o n   f o r  

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

and  t r a n s p o r t i n g   m e c h a n i s m s .   S t i l l   a n o t h e r   o b j e c t   o f  

an  e m b o d i m e n t   is   to   r e d u c e   t h e   i n t e r d e p e n d e n c e   b e t w e e n  

s y s t e m   modes  of  o p e r a t i o n   w h i c h   has  h e r e t o f o r e   c h a r a c t e r -  

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



o p t i m i z i n g   s y s t e m   o p e r a t i o n .   O t h e r  o b j e c t s   o f  

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

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

i m p r o v i n g   t h e   c o n t r o l   s y s t e m   f o r   t h e s e   and  o t h e r   p r o c -  

c e s s   p a r a m e t e r s .  

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

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

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

means   f o r   e n g a g i n g   a  p r e - c u t   f e e d   w i r e ,   means   f o r   c o n -  

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

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

o p e r a t i o n   i s   c o m p l e t e d ;   c o n t r o l l a b l e   m a n d r e l   d r i v e   m e a n s  

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

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

s t a t i o n s ;   i n d e x i n g   means   f o r   m o v i n g   e a c h   m a n d r e l  

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

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

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

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

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

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

of  c o i l s .  

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

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

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

(1)  e n g a g i n g   a  f i r s t   w i r e   s e g m e n t   a t   a  f i r s t  

s t a t i o n   and  i n i t i a t i n g   t h e   c o i l i n g  

t h e r e o f ;  

(2)  s p a c i a l l y   d i s p l a c i n g   s a i d   p a r t i a l l y  

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

f o r   t h e   f u r t h e r   w i n d i n g   t h e r e o f ;  

(3)  e n g a g i n g   a  s e c o n d   w i r e   s e g m e n t   a t   s a i d  

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

t h e r e o f ;  

(4)  e n g a g i n g   a  t h i r d   w i r e   s e g m e n t   a t   s a i d  



f i r s t   s t a t i o n ;  

( 5 )   s p a c i a l l y   t r a n s p o r t i n g   s a i d   c o i l e d   f i r s t  

s e g m e n t   to   a  t h i r d   s t a t i o n   and  s a i d  

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

c o i l i n g   i s   c o m p l e t e d ;  

(6)  c y c l i c a l l y   r e p e a t i n g   t h e   a b o v e   s t e p s  

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

a  c o n t i n u o u s   s u p p l y   of  c o i l s .  

E m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   n o w  

be  d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e  

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

F i g u r e   1  is   a  p e r s p e c t i v e   and  p a r t i a l l y  

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

an  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e s   2,  3  and  4  a re   p e r s p e c t i v e   v i e w s , o n   a n  

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

t he   s y s t e m   i l l u s t r a t i n g   v a r i o u s   p h a s e s   of  s y s t e m   o p e r a -  

t i o n ;  

F i g u r e   5  is  an  e l e v a t i o n a l   and  c r o s s - s e c t i o n a l  

v i ew  t a k e n   a l o n g   t h e   l i n e s   of  5-5  F i g u r e   1 ;  

F i g u r e   6  is   an  e l e v a t i o n a l   and  c r o s s - s e c t i o n a l  

v i e w   t a k e n   a l o n g   t h e   l i n e s   of  6-6  F i g u r e   5 ;  

F i g u r e   7  is   an  e l e v a t i o n a l   v i e w   of  t he   t u r r e t  

and  m a n d r e l   a s s e m b l i e s   v i e w e d   f rom  t h e   i n d e x i n g   s i d e ;  

F i g u r e   8  i s   an  e l e v a t i o n a l   and  p a r t i a l l y  

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

s t a t i o n ;  

F i g u r e s   9  and  10  a r e   f r a g m e n t a r y   e l e v a t i o n  

and  p l a n   v i e w s ,   r e s p e c t i v e l y ,   of  one  m a n d r e l   and  w i t h  

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

F i g u r e   11  is  a  s c h e m a t i c   d i a g r a m  o f . t h e   c o n t r o l  

s y s t e n .  

The  e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   1  e m p l o y s  

f o u r   i d e n t i c a l   m a n d r e l   a s s e m b l i e s   7,  e a c h   r o t a t a b l y  

m o u n t e d   on  a  t u r r e t   6.  S h a f t   e x t e n s i o n s   5  a n d   9  of  t h e  



t u r r e t   f a c i l i t a t e   i t s   r o t a t i o n   r e l a t i v e   to   t he   m a c h i n e  

f r a m e   2  as  w i l l   be  d e s c r i b e d   s u b s e q u e n t l y .   The  e n t i r e  

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

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

r e l a t i v e   to   w i r e   p r o c e s s i n g   and  c o i l   d i s t r i b u t i o n   s i t e s .  

The  m a n d r e l s   7  a r e   r o t a t a b l y   d r i v e n   f o r   c o i l  

w i n d i n g   o p e r a t i o n s   by  a  s e r v o - c o n t r o l l e d   m o t o r   Ml  w h i c h  

t h r o u g h   a  s h a f t   17  c o a x i a l   w i t h   a x l e   5,  and  a  t r a n s -  

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

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

A  p r e - c u t   w i r e   s e g m e n t   16  to   be  c o i l e d   i s   e j e c t e d  

f rom  a  w i r e   p r o c e s s i n g   u n i t ,   n o t   s h o w n ,   w h i c h   may  b e ,  

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

is   f e d   to   e a c h   m a n d r e l   7  in   t u r n   v i a   a  g u i d e   s y s t e m   w h i c h  

i n c l u d e s   a  t h r e a d i n g   d i e   36  and  w i r e   s e n s i n g   u n i t   26,   2 7 .  

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

t h e   w i r e   p a s s e s   t h r o u g h   a  c u t - o u t   in  m a n d r e l   h o u s i n g   34 

and  e n g a g e s   a  w i r e   c l a m p   15  on  a  p l a t e   10  of  t h e   m a n d r e l .  

When  t h e   p r e s e n c e   of  a  w i r e   is   d e t e c t e d   by  t h e  

s e n s o r   26,   27 ,   a  c o n t r o l   a c t i o n   i s   i n i t i a t e d   w h i c h   c a u s e s  

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

17  c a u s i n g   i t   to   r o t a t e .   T h i s   r o t a t i o n   c a u s e s   c l a m p   15  

on  e a c h   r e e l   to  c l a m p   t h e   l e a d i n g   end  of  t h e   r e s p e c t i v e  

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

As  t h e   c o i l i n g   o p e r a t i o n   commences   an  i n d e x i n g  

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

a d j a c e n t   q u a d r a n t .   The  m a n d r e l   a t   p o s i t i o n   A  f o r   e x a m p l e  

i s   r o t a t e d   to   a  p o s i t i o n   "B"  ( F i g u r e   1)  s i m u l t a n e o u s l y  

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

o p e r a t i o n .   The  m a n d r e l   and  i t s   c o i l   a t   p o s i t i o n   "B"  m o v e s  

to  "C"  in   p r e p a r a t i o n   f o r   d i s c h a r g e .   The  n o w - e m p t y   r e e l  

a s e m b l y   a t   p o s i t i o n   "D"  moves   i n t o   t h e   "A"  p o s i t i o n   i n  

r e a d i n e s s   to   r e c e i v e   t he   n e x t   f e e d   w i r e .   T h i s   i s  

a c c o m p l i s h e d   w i t h   an  i n d e x i n g   m e c h a n i s m   25,  28  c o u p l e d  

to  a x l e   9  f o r   r o t a t i n g   t u r r e t   6 .  



When  t h e   t r a i l i n g   end  of  t he   w i r e   b e i n g   c o i l e d  

a t   t h e   m a n d r e l   ( w h i c h   is   now  a t   p o s i t i o n   B)  p a s s e s  

t h r o u g h   t h e   r e s p e c t i v e   s e n s o r   26,  27,  t h e   m a n d r e l   i s  

d i s e n g a g e d   f r o m   d r i v e   s h a f t   17  and  w i n d i n g   s t o p s .  

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

r e e l   is   r o t a t e d   to  p o s i t i o n C w h e r e   the   w i r e   c o i l   i s   t i e d .  

I t   is   t h e n   i n d e x e d   to   p o s i t i o n   D  w h e r e   t h e   c o i l e d   a n d  

t i e d   w i r e   55  is   d i s c h a r g e d   to  a  c o n v e y o r   47  w h i c h   d e l i v e r s  

i t   to   one  of  t h e   d i s c h a r g e   b i n s   56,  v i a   a  r e s p e c t i v e  

d e f l e c t o r   g a t e   5 7 .  

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

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

m a c h i n e ;   t h e y   a r e   e n g a g e d ,   wound ,   t i e d ,   and  d e l i v e r e d   b y  

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

As  shown  in  d e t a i l   in  F i g u r e   2,  a  l e n g t h   of  w i r e  

16  is   g u i d e d   to   t he   m a n d r e l   7  a t   t he   w i r e   f e e d   s t a t i o n  

w i t h   t h e   a i d   of  a  p a i r   of  r o l l e r s   20A,  20B  and  t h e  

t h r e a d i n g   d i e   36  w h i c h   d i r e c t s   t h e   w i r e   t h r o u g h   s e n s o r  

26,  27  and  an  a p e r t u r e   in  t h e   r e e l   c a s i n g   34  to   t h e  

r o t o r   a s s e m b l y   of  t he   m a n d r e l .   To  t h i s   e n d ,   e a c h   d i e  

36  i s   p i v o t a l l y   m o u n t e d   on  t h e   t u r r e t   b e t w e e n   a  p a i r  

of  f l a n g e s   36B  and  has   a  w i r e   g u i d e   t u b e   36A  a t   i t s  

o p p o s i t e   end .   A  cam  90  a t   t he   f e e d   s t a t i o n   r o c k s   t h e  

d i e   a r r i v i n g   a t   t h a t   s t a t i o n   c a u s i n g   t u b e   36A  to  p a s s  

t h r o u g h   t h e   s e n s o r   26,   27,  and  t he   m a n d r e l   h o u s i n g  

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

m a n d r e l   r o t o r   a s s e m b l y .  

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

p l a t e   10  m o u n t e d   on  a  s p i n d l e   32  h a v i n g   a  cap   n u t   8 0 .  

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

w h i c h   V - s h a p e d   r im  s e g m e n t s   11  a r e   p i v o t a l l y   m o u n t e d .  

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

p l a t e   10  to  d e f i n e   a  c o n c a v e   w i r e   e n g a g i n g   s u r f a c e .   1 

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



m a n d r e l   h o u s i n g   34  w i t h   t h e   i n w a r d l y   l o c a t e d   l e g   of  e a c h  

r im  b e a r i n g   a g a i n s t   a  f l a n g e   34B  ( F i g u r e   5)  f i x e d   to  t h e  

h o u s i n g .   E a c h   h o u s i n g   i s   s e c u r e d   to   t u r r e t   6  w i t h  

b r a c k e t s   3 4 C .  

The  p e r i p h e r a l   r i m   s e g m e n t s   11  a r e   e a c h   s e c u r e d  

to   a  f i t t i n g   12  ( F i g u r e s   2  and  5)  p i v o t a l l y   m o u n t e d   on  a  

r e s p e c t i v e   p i n   12A  w h i c h   b r i d g e s   e a c h   n o t c h   in  p l a t e   1 0 .  

In  t h e   w i n d i n g   and  t i e i n g   m o d e s  e a c h   f i t t i n g  

a s s e m b l y   11,  12  i s   p o s i t i o n e d   as  shown  in  F i g u r e   2 

and  in  t h e   u p p e r   m a n d r e l   of  F i g u r e   5.  T h i s   p o s i t i o n i n g  

is   c o n t r o l l e d   by  a  cam  f o l l o w e r   41  on  s p i n d l e   32  e a c h  

m a n d r e l   and  a  r e s p e c t i v e   s p r i n g   44  w h i c h   u r g e s   t h e   c a m  

in  a  r a d i a l l y  i n w a r d   d i r e c t i o n .   L i n k s   43  i n t e r c o n n e c t  

t h e   f o l l o w e r   and  e a c h   r im   a s s e m b l y   11,   12  t h e r e b y   m a i n -  

t a i n i n g   t h e   l a t t e r   w i t h   t h e i r   s t o p s   12B  a g a i n s t   p l a t e   1 0 .  

T h i s   c o i l   e n g a g i n g   p o s i t i o n   i s   c h a n g e d   when  t h e  

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

b o t t o m   of  F i g u r e   5.  For  t h i s   p u r p o s e   a  cam  46  is   p r o -  

v i d e d   on  t h e   m a c h i n e   f r a m e   2  to   d i s p l a c e   t h e   a r r i v i n g  

f o l l o w e r   41  o u t w a r d l y   a g a i n s t   i t s   a s s o c i a t e d   s p r i n q   4 4 .  

As  t h i s   o c c u r s ,   t h e   a c t u a t o r   l i n k s   43  e c c e n t r i -  

c a l l y   r o t a t e   t h e i r   r e s p e c t i v e   r i m   a s s e m b l i e s   11,  12  to  t h e  

p o s i t i o n   shown  in  F i g u r e   5  ( b o t t o m   m a n d r e l )   and  i n  

F i g u r e   6,  r e l e a s i n g   t h e   w i r e   c l a m p   as  d e s c r i b e d   in  t h e  

n e x t   s e c t i o n   and  p e r m i t t i n g   t h e   wound  and  t i e d   c o i l   t o  

s l i d e   o f f   t h e   m a n d r e l   and  on  to   t h e   c o n v e y o r   47.   When  

t h e   m a n d r e l   i s   t h e r e a f t e r   i n d e x e d   to   t h e   f e e d   s t a t i o n  

"A",   s p r i n g   44  c a u s e s   f o l l o w e r   41  to   r e t r a c t   and  t h e  

r i m   a s s e m b l i e s   11,   12  to  r e t u r n   to   t h e   w i r e   e n g a g i n g  

p o s i t i o n .  

M a n d r e l   Wi re   C l a m p  

A  w i r e   c l a m p   l e v e r   83  ( F i g u r e s   9  and  10)  i s  

p i v o t a l l y   m o u n t e d   on  e a c h   m a n d r e l   p l a t e   10  w i t h   p i v o t  

a s s e m b l y   83A.  The  o u t e r   end  of  l e v e l   c l a m p   83  i n c l u d e s  

a  c l a m p i n g   s u r f a c e   83B  w h i c h   i s   in  f a c i n g   r e l a t i o n s h i p  



to  a  s t o p   84  ( F i g u r e   10)  f i x e d   to   p l a t e   1 0 .  

In  t h e   p o s i t i o n   shown  t h e   f a c i n g   s u r f a c e s   o f  

s t o p   84  and  l e v e r   c l a m p   83  a r e   s e p a r a t e d   to  r e c e i v e   a  

w i r e   end  16  f e d   to  t h e   m a n d r e l .   When  r o t a t i o n   of  t h e  

m a n d r e l   c o m m e n c e s   l e v e r   83  i s   t r i p p e d   and  i t s   c l a m p i n g  

end  83B  moves   t o w a r d s   s t o p   84  t h e r e b y   to  c l a m p   t h e   w i r e  

e n d .  

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

f o l l o w e r   a r r a n g e m e n t   w h i c h   i n c l u d e s   a  cam  80  ( F i g u r e   9 )  

m o u n t e d   on  t h e   a s s o c i a t e d   h o u s i n g   34  b e l o w   t h e   r e s p e c -  
t i v e   p l a t e   10.  The  cam  is   e n g a g e d   by  t h e   cam  f o l l o w e r  

l eg   81A  of  a  l a t c h   81.  The  l a t c h   i s   p i v o t a l l y  m o u n t e d  

to  p l a t e   10  w i t h   a  c l e v i s   82  h a v i n g   a  p i v o t   p i n   8 2 A .  

A  s e c t i o n   81B  of  l a t c h   81  e x t e n d s   t h r o u g h   an  a p e r t u r e  

10B  in  p l a t e   10  and  e n g a g e s   t h e   w i r e   c l a m p   l e v e r   8 3 . -  

A  s p r i n g   81C  u r g e s   t h e   l a t c h   t o w a r d s   c o n t a c t   w i t h   t h e  

cam  s u r f a c e   8 0 .  

When  r o t a t i o n   of  t h e  m a n d r e l   f rom  i t s   r e s e t  

p o s i t i o n   b e g i n s ,   f o l l o w e r   81A  r i d e s   up  on  cam  80;  i t s  

end  81B  moves   downward   ( F i g u r e   9)  and  o u t  o f   t h e  

e n g a g e m e n t   w i t h   c l a m p   l e v e r   83.  At  t h i s   p o i n t   a  s p r i n g  

85  ( F i g u r e   10)  c o n n e c t e d   b e t w e e n   p l a t e   10  and  a  t a b  

83D  on  l e v e r   83,   p u l l s   t h e   c l a m p   l e v e r   i n t o   t h e   w i r e  

e n g a g i n g   p o s i t i o n .  

For   r e s e t t i n g   the   c l a m p ,   a  c l e v i s   88  is   p i v o t a l l y  
m o u n t e d   on  a  t a b   89  i n t e g r a l   w i t h   one  of  t he   r im   a s s e m -  

b l i e s   12  and  i n c l u d e s   a  s h a n k   88A  w h i c h   p a s s e s   t h r o u g h   a  

h o l e   in  a  t a b   83C  on  l e v e r   c l a m p   83.  A  s p r i n g   88B  o n  

s h a n k   88A  r e s i l i e n t l y   s e p a r a t e s   t h e   l e v e r   c l a m p   and  r i m  

a s s e m b l y .  

When  t h e   i l l u s t r a t e d   m a n d r e l   a r r i v e s   a t   t h e  

d i s c h a r g e   s t a t i o n ,   t he   r im  a s s e m b l i e s   11,  12  a r e   p i v o t e d  

as  p r e v i o u s l y   e x p l a i n e d .   T h i s   a c t i o n   c a u s e s   c l e v i s   88  

and  i t s   s h a n k   88B  to  r o c k   l e v e r   c l a m p   83  i n t o   i t s  

r e l e a s e   p o s i t i o n ,   t h e r e b y   r e l e a s i n g   t h e   w i r e   end .   When 



t h i s   o c c u r s ,   l a t c h   s e c t i o n   81B,   p r e v i o u s l y   b l o c k e d   b y  

l e v e r   83,   moves   u p w a r d   t h r o u g h   h o l e   10B  to  a s s u m e   i t s  

r e s e t   p o s i t i o n   and  to  h o l d   c l a m p   83  in  i t s   c o c k e d  

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

M a n d r e l   D r i v e   S y s t e m  
The  m o t o r   Ml  ( F i g u r e   1)  s u p p l i e s   d r i v e   f o r   t h e  

m a n d r e l s   v i a   a  p u l l e y   and  b e l t   s y s t e m ,   t he   d r i v e n   p u l l e y  

35  of   w h i c h   i s   f i x e d   to   m a i n   d r i v e   s h a f t   17  ( F i g u r e   2 ) .  

As  d e s c r i b e d   in  a  f o l l o w i n g   s e c t i o n ,   m o t o r   Ml  i s   c o n t r o l -  

l e d   by  t h e   t a c h o m e t e r - g e n e r a t o r   1 9 .  

As  shown  in  F i g u r e   5,  s h a f t   17  i s   j o u r n a l e d   i n  

a x l e   5  and  d r i v e s   a  m a s t e r   b e v e l   g e a r   21.  The  l a t t e r  

d r i v e s   a  s e t   of  f o u r   p l a n e t a r y   b e v e l   g e a r s   22,   one   f o r  

e a c h   m a n d r e l .  

E a c h   g e a r   22  i s   c o n n e c t e d   to   a  c l u t c h   a s s e m b l y  

23,   24,   t h e   o u t p u t   of  w h i c h   i s   c o n n e c t e d   to   t h e  

r e s p e c t i v e   s p i n d l e   32.  E a c h   c l u t c h   is   c o n t r o l l e d   i n  

t u r n   by  a  s w i t c h i n g   u n i t   31 ,   w h i c h   is  r e s p o n s i v e   to   t h e  

a s s o c i a t e d   w i r e   s e n s o r s   26,   27.   When  t h e   p r e s e n c e   of   a  

w i r e   i s   d e t e c t e d ,   s w i t c h   u n i t   31  c a u s e s   t h e   c l u t c h i n g  

s y s t e m   to   c l u t c h   s h a f t   32  to   d r i v e n   g e a r   22  t h e r e b y  

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

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

p o s i t i o n   B  ( F i g u r e   1)  to   p o s i t i o n   C,  t he   c o i l   t i e i n g  

o p e r a t i o n   i s   i n i t i a t e d .   For   t h i s   p u r p o s e ,   t h e   t i e i n g  

s e c t i o n   a t   l o c a t i o n   C  i n c l u d e s   a  p a i r   of  d i a m e t r i c a l l y   ; 

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

a c t u a t o r s   50  ( F i g u r e   4  and  F i g u r e   8 ) .   Each  i n c l u d e s   a n  

h y d r a u l i c   c y l i n d e r   53  m o u n t e d   on  a  b r a c k e t   53A  s e c u r e d  

to  t h e   m a c h i n e   f r a m e   2.  Each   c y l i n d e r   a c t u a t e s   a  p i s t o n  

rod   52,   t h e   d i s t a l   end  of  w h i c h   i s   c o n n e c t e d   an  ; 

a p p l i c a t o r   54.  U n d e r   t h e   c o n t r o l   of  a  v a l v e   s y s t e m ,  

n o t   s h o w n ,   e a c h   p i s t o n   rod   52  moves   i n w a r d l y   t o w a r d  

t h e   c o i l   of   w i r e   w i t h   i t s   a p p l i c a t o r   54  p a s s i n g   t h r o u g h  



c u t - o u t s   34A  in  h o u s i n g   34  to   l o o p   a  t i e   or  t a g   a r o u n d  

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

t h e   r im  a s s e m b l i e s   11,  12,   w h i c h   a r e   o t h e r w i s e   e q u a l l y  

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

a c c o m m o d a t e   c u t - o u t s   14  in  p l a t e   10.  The  r o d s   52  t h e n  

r e t r a c t ,   p u l l i n g   t h e   a p p l i c a t o r s   54  o u t s i d e   and  c l e a r   o f  

t he   m a n d r e l   h o u s i n g   3 4 .  '  

When  t h e   t i e i n g   or  t a g g i n g   o p e r a t i o n   i s   c o m p l e t e d ,  

an  i n d e x i n g   s t e p   o c c u r s   w h i c h   moves   t he   t i e d   c o i l   to   t h e  

d i s c h a r g e   s t a t i o n  D   and  b r i n g s   a  new  c o i l   to   s t a t i o n   C 

f o r   t he   t i e i n g   o p e r a t i o n .  

I n d e x i n g  

Each   t i m e   a  m a n d r e l   e n g a g e s   a  w i r e   s e g m e n t   a n d  

b e g i n s   i t s   c o i l i n g   o p e r a t i o n ,   t h e   t u r r e t   6  is  i n d e x e d  

90° .   T h i s   o p e r a t i o n   is  i n i t i a t e d   by  e a c h   w i r e   s e n s i n g  

u n i t   when  i t   s e n s e s  t h e   p r e s e n c e   of  a  new  w i r e   s e g m e n t .  

A  m o t o r   M2  r e s p o n d s   to  t h i s   s i g n a l   v i a   a  m o t o r   c o n t r o l  

u n i t   95,  ( F i g u r e   11)  d r i v i n g   t h r o u g h   a  b e l t   and  p u l l e y  

s y s t e m   98,  99,  ( F i g u r e   7)  a  g e n e v a   m e c h a n i s m   w h i c h  

i n c l u d e s   a  r o t o r   28  f i x e d   to   s h a f t   99A  c a r r y i n g   p u l l e y  

99.  The  r o t o r   i n c l u d e s   an  e c c e n t r i c   p in   29  w h i c h   i s  

p o s i t i o n e d   to  e n g a g e   s l o t s   30  in  g e n e v a   w h e e l   25.  T h e  

l a t t e r   is   f i x e d   to  a x l e   9  of  t h e   t u r r e t   6 .  

Each   t i m e   m o t o r   M2  is  e n e r g i z e d ,   r o t o r   28 

r o t a t e s   t h e   g e n e v a   w h e e l   25  t h r o u g h   90°  to  p r o v i d e   t h e  

i n d e x i n g   a c t i o n  .   A  m i c r o s w i t c h   97  is  t r i p p e d   a f t e r   e a c h  

90°  d i s p l a c e m e n t   to   p r o v i d e   an  a p p r o p r i a t e   c o n t r o l   s i g n a l  

to  m o t o r   M2.  

C o n t r o l   S y s t e m  

C o n t r o l   o v e r   t he   o p e r a t i o n   of  t he   s y s t e m   is   ! 

s c h e m a t i c a l l y   i n d i c a t e d   in  F i g u r e   11.  Motor   Ml  p r o v i d e s  

d r i v e . t o   e a c h   of  t he   m a n d r e l s   7  v i a   r e s p e c t i v e   c l u t c h  

u n i t s   23,  24  and  t h e i r   a s s o c i a t e d   s w i t c h i n g   u n i t s   3 1 .  

Each  t i m e   a  w i r e   t r a v e r s e s   a  w i r e   s e n s o r   26,  t h e  

a s s o c i a t e d   c l u t c h   is   e n e r g i z e d   c a u s i n g   m o t o r   Ml  to  d r i v e  



t h e   m a n d r e l   to  w h i c h   i t   i s   c o n n e c t e d .   C o n t r o l   o v e r   t h e  

s p e e d   of  m o t o r   Ml  i s   p r o v i d e d   by  f e e d b a c k   t a c h o m e t e r  

19 ,   a l s o   shown  in  F i g u r e   2,  whose   s i g n a l   i s   c o m p a r e d  
w i t h   a  r e f e r e n c e   s p e e d   s i g n a l   s u p p l i e d   to   m o t o r   9 3 .  

D u r i n g   t h e   w i r e   e n g a g i n g   i n t e r v a l ,   a  w i r e  

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

to   m o t o r   c o n t r o l   95  w h i c h   r e s p o n d s   by  a c t u a t i n g   M2  t o  

i n i t i a t e   an  i n d e x i n g   o p e r a t i o n .   C o m p l e t i o n   of  t h e  

r e s u l t a n t   q u a d r a t u r e   d i s p l a c e m e n t   m o m e n t a r i l y   a c t u a t e s  

t h e   s w i t c h   97.  M o t o r   c o n t r o l   9 5  r e s p o n d s   by  d e e n e r -  

g i z i n g   m o t o r   M2.  

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

s y s t e m   is   e m b o d i e d   as  a  m i c r o p r o c e s s o r   b a s e d   p r o g r a m m a b l e  

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

shown  in  F i g u r e   11  a l s o   r e c e i v e s   i n p u t s   f r o m   s e n s o r s  

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

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

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

i n d e x i n g   o c c u r s   a f t e r   a  w i r e   has   been   s e i z e d   f o r   c o i l i n g  

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

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

c l e a r   of  t he   m a n d r e l   a t   s t a t i o n   C .  



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

c o m p r i s i n g :  

(1)  a  s e t   of  r o t a t a b l e   m a n d r e l s   ( 7 ) ,   e a c h  

h a v i n g   (a)  w i r e   s e n s i n g   m e a n s ,   ( b )  

means   f o r   e n g a g i n g   a  p r e - c u t   f e e d  

w i r e ,   (c)  means   f o r   c o n s t r a i n i n g  

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

as  i t   is   wound  and  (d)  means   f o r  

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

w i n d i n g   o p e r a t i o n   is  c o m p l e t e d ;  

(2)  c o n t r o l l a b l e   m a n d r e l   d r i v e   means   (Ml)  

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

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

o p e r a t i o n ;  

(3)  f e e d i n g ,   w i n d i n g   and  d i s c h a r g e  

s t a t i o n s   (A,  B,  D ) ;  

(4)  i n d e x i n g   means   (25,   28)  f o r   m o v i n g   e a c h  

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

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

(5)  a  c o n t r o l   s y s t e m   (93 ,   95)  f o r   c o n t r o l -  

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

i n d e x i n g   m e c h a n i s m   and  t h e   f e e d i n g ,  

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

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

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

p r o d u c e   wound  c o i l s .  

2.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1  i n c l u d i n g  

a  t i e i n g   s t a t i o n   (C)  l o c a t e d   b e t w e e n   s a i d   w i n d i n g   a n d  

d i s c h a r g e   s t a t i o n s   (B,  D)  and  h a v i n g   m e a n s  f o r   i m p a r t i n g  

c o n s t r a i n t s   to  t he   wound  c o i l s .  

3.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   2  w h e r e i n  

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

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



4.  A  c o i l   f o r m i n g   p r o c e s s   c o m p r i s i n g   t h e  

s t e p s   o f :  

(1)  e n g a g i n g   a  f i r s t   w i r e   s e g m e n t   a t   a  

f i r s t   s t a t i o n   (A)  and  i n i t i a t i n g  

t h e   c o i l i n g   t h e r e o f ;  

(2)  s p a c i a l l y   d i s p l a c i n g   s a i d   p a r t i a l l y  

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

s t a t i o n   (B)  f o r   t h e   f u r t h e r   w i n d i n g  

t h e r e o f :  

(3)  e n g a g i n g   a  s e c o n d   w i r e   s e g m e n t   a t  

s a i d   f i r s t   s t a t i o n   and  c o m m e n c i n g  

t h e   c o i l i n g   t h e r e o f ;  

(4)  e n g a g i n g   a  t h i r d   w i r e   s e g m e n t   a t  

s a i d   f i r s t   s t a t i o n ;  

(5)  s p a c i a l l y   t r a n s p o r t i n g   s a i d   c o i l e d  

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

and  s a i d   s e c o n d   w i r e   to   s a i d   s e c o n d  

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

(6)  c y c l i c a l l y   r e p e a t i n g   t h e   a b o v e   s t e p s  

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

p r o v i d e   a  c o n t i n u o u s   s u p p l y   of  c o i l s .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  i n c l u d i n g  

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

a f t e r   t h e y   a r e   w o u n d .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   4  or  5 ,  

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

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