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54)  Spooling  machine  and  method  of  spooling. 

A  spooling  machine  for  spooling  elongate  material  such 
as  metal  wire  and  tape,  wherein  the  material  is  fed  to  the 
spool  14  by  a  pinch  wheel  capstan  drive  37, 38  and  the  spool 
14  is  rotated  by  a  torque  motor  so  that  the  power  setting  of 
the  motor  determines  the  tension  in  the  spooled  material 
and  the  pass  speed  of  the  capstan  drive  37,  38  determines 
the  speed  of  rotation  of  the  spool  14.  The  invention  further 
resides  in  a  method  of  spooling  wherein  the  lay  of  turns 
adjacent  the  axial  ends  of  the  spool  14  is  wider  than 
throughout  the  remainder  of  the  axial  length  of  the  spool. 



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

w i n d i n g   e l o n g a t e   m a t e r i a l ,   p a r t i c u l a r l y   b u t   no t   e x c l u s i v e l y  

m e t a l   t a p e   or  w i r e   on to   a  t a k e - u p   s p o o l .  

I n   t h e   i n t e r e s t s   of   c l a r i t y   t h r o u g h o u t   t h e   m a j o r i t y  

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

m e t a l   t a p e ,   b u t   i t   i s   to  be  u n d e r s t o o d   t h a t   t he   i n v e n t i o n  

is   n o t   r e s t r i c t e d   to  t he   s p o o l i n g   of  m e t a l   t a p e ,   and  t h a t  

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

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

n e c e s s a r i l y   of   a  m e t a l l i c   n a t u r e .  

I t   w i l l   be  u n d e r s t o o d   t h a t   as  t a p e   i s   wound  o n t o  

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

as  t h e   l a y e r s   of  t u r n s   of   t a p e   b u i l d   up  on  t h e   s p o o l .  

I f   t h e   r o t a t i o n a l   s p e e d   of  t he   t a k e - u p   s p o o l   i s   m a i n t a i n e d  

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

s p o o l i n g   m a c h i n e   mus t   i n c r e a s e .   C o n v e r s e l y   i f   t h e   t a p e  

p a s s   s p e e d   i s   m a i n t a i n e d   c o n s t a n t   t h e n   t he   r o t a t i o n a l  

s p e e d   of  t h e   t a k e - u p   s p o o l   mus t   d e c r e a s e .   T h i s   l a t t e r  

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

t he   p a s s   s p e e d   of  the   t a p e   i s   m a i n t a i n e d   c o n s t a n t   b y  

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

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

m a c h i n e   may  be  p r e c e d e d   by  a  t a p e   m i l l .   In   many  c o n v e n t i o n -  

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

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

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

s p o o l   s p e e d   a c c o r d i n g l y .   H o w e v e r , , b y   i t s   v e r y   n a t u r e   a  

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

mus t   be  an  " e r r o r "   in   t he   r e l a t i o n s h i p   b e t w e e n   t he   t a p e  

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

a  c o r r e c t i o n   can   be  a p p l i e d .   U s u a l l y   t h e r e f o r e   s u c h   a  

s y s t e m   t e n d s   to  " h u n t "   a b o u t  a   mean  c o r r e c t   v a l u e   a n d  

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

i s   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

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



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

s p e e d   i s   m i t i g a t e d .  

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

a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s ,   a  t a k e - u p  

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

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

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

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

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

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

and   t h e   t e n s i o n   of   t h e   m a t e r i a l   b e i n g   s p o o l e d   i s   d e t e r -  

m i n e d   by  t h e   p o w e r   i n p u t   to  t h e   t o r q u e   m o t o r .  

D e s i r a b l y   means   i s   p r o v i d e d   w h e r e b y   t h e   p o w e r  

i n p u t   to  t he   t o r q u e   m o t o r   can   be  a d j u s t e d   by  an  o p e r a t o r .  

C o n v e n i e n t l y   t h e   m a c h i n e   i n c l u d e s   means   w h e r e b y  
t h e   s p e e d   of   t h e   c a p s t a n   d r i v e   can   be  v a r i e d ,   to  v a r y   t h e  

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

P r e f e r a b l y   t h e r e   i s   p r o v i d e d   mean≈  w h e r e b y   u p o n  
i n i t i a t i o n   of   t h e   s p o o l i n g   o p e r a t i o n   t h e r e   i s   a  s h o r t  

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

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

o p e r a t i o n   t he   c a p s t a n   d r i v e   s p e e d   b e i n g   i n c r e a s e d   a u t o -  

m a t i c a l l y   and  p r o g r e s s i v e l y   f rom  z e r o   to  t h e   c h o s e n  

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

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

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

s a i d   c h o s e n   v a l u e .  

I t   w i l l   be  r e c o g n i s e d   t h a t   when  w i n d i n g   o n t o   a  

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

a  r e c i p r o c a t o r y   m a n n e r   l a t e r a l l y   r e l a t i v e   to  t h e   a p p r o a c h  

p a t h   of  t h e   m a t e r i a l   to  t h e   s p o o l ,   so  t h a t   t h e   m a t e r i a l  

i s   wound   on  t h e   s p o o l   i n   a  s e r i e s   o f   a x i a l l y   a d j a c e n t  



t u r n s ,   to  f i l l   t he   a x i a l   l e n g t h   of   t h e   s p o o l ,   and  t h e n  

in   a  s e r i e s   of  o v e r l y i n g   a x i a l l y   a d j a c e n t   t u r n s   to  f i l l  

t h e   a x i a l   l e n g t h   of   t h e   s p o o l   in   t he   o p p o s i t e   d i r e c t i o n .  

In   t h i s   way  t he   m a t e r i a l   is   wound  i n   a  r a d i a l   s e r i e s   o f  

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

a x i a l l y   a d j a c e n t   t u r n s   of  t he   same  d i a m e t e r .  

I n   o r d e r   t h a t   t u r n s   w h i c h   s h o u l d   be  a x i a l l y  

a d j a a n t   a r e   n o t   wound  on  top   of   one  a n o t h e r   a t   t h e   a x i a l  

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

d i r e c t i o n   of  t r a v e r s e   o c c u r s   s u b s t a n t i a l l y   i n s t a n t a n e o u s l y ,  

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

r e v o l u t i o n   of   t h e   t a k e - u p   s p o o l .   T r a v e r s e   m o v e m e n t   o f  

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

f i x e d   in   r e l a t i o n   to  t he   t a k e - u p   s p o o l   i n   e n g a g e m e n t   w i t h  

an  a x i a l l y   f i x e d   b u t   r o t a t a b l e   l e a d - s c r e w .   The  l e a d - s c r e w  

i s   d r i v e n   by  an  e l e c t r i c   m o t o r .   I t   has   p r e v i o u s l y   b e e n  

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

p o l a r i t y   of   t h e   l e a d - s c r e w   d r i v e   m o t o r .   H o w e v e r ,   s u c h  

an  a r r a n g e m e n t   i s   e x t r e m e l y   d i s a d v a n t a g e o u s   in   t h a t   i t  

i s   s low  i n   i t s   o p e r a t i o n ,   s i n c e   t h e   m o t o r   has   c o n s i d e r a b l e  

i n e r t i a   w h i c h   m u s t   be  o v e r c o m e   in   o r d e r   to  r e v e r s e   i t s  

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

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

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

the   a r m a t u r e   of   t h e   m o t o r .  

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

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

t he   l e a d - s c r e w .   The  d o u b l e   h e l i x   a r r a n g e m e n t   i s   a l s o  

d i s a d v a n t a g e o u s   i n   t h a t   i t   i s   s low  to  o p e r a t e ,   r e q u i r i n g  

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

h e l i x   to  t h e   r e v e r s e   h e l i x   and  i s   a l s o   m e c h a n i c a l l y   c o m p l e x .  

I t   i s   an  o b j e c t   of  a  s e c o n d   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   to  p r o v i d e   a  s p o o l i n g   m a c h i n e   w h e r e i n   t r a v e r s e  

r e v e r s a l   i s   e f f e c t e d   w i t h o u t   t h e   p r o b l e m s   of  t he   a f o r e -  

m e n t i o n e d   p r i o r   p r o p o s a l s .  



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

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

men t   b e t w e e n   t h e   s p o o l   and  t he   m a t e r i a l   to  be  s p o o l e d   i s  

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

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

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

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

d i s e n g a g e d   f o r   t r a v e r s e   in   t h e   o p p o s i t e   d i r e c t i o n .  

P r e f e r a b l y   s a i d   t a k e - u p   s p o o l   c a r r i e r   i s   c a r r i e d  

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

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

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

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

move  a x i a l l y   a l o n g   t h e   l e n g t h   of   t h e   l e a d - s c r e w ,   and  a  

l e a d - s c r e w   d r i v e   m e c h a n i s m ,   t h e   l e a d - s c r e w   d r i v e   m e c h a n i s m  

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

in   one  d i r e c t i o n ,   means   d r i v i n g   t h e   i n p u t   of   s a i d   s e c o n d  

c l u t c h   i n   t h e   o p p o s i t e   d i r e c t i o n ,   and   a  c o m b i n e d   o u t p u t   mem-  

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

d r i v e n   f rom  t he   c o m b i n e d   o u t p u t   member   of   t he   f i r s t   a n d  

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

to  move  t h e   c a r r i a g e   in   one  l i n e a r   d i r e c t i o n ,   by  e n g a g e m e n t  

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

so  t h a t   t h e   c o m b i n e d   c l u t c h   o u t p u t   member   i s   d r i v e n   by  t h e  

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

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

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

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

c l u t c h   o u t p u t   m e m b e r .  

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

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

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

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

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



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

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

a r e   c o n s t a n t   s p e e d   m o t o r s ,   and  s h a r e   a  common  s p e e d   c o n t r o l  

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

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

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

and  by  t h e   same  a m o u n t .  

A l t e r n a t i v e l y   s a i d   means   d r i v i n g   the   i n p u t   of   s a i d  

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

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

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

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

and  t h e   s e c o n d   c l u t c h   i n p u t   at   t h e   same  r o t a t i o n a l   s p e e d  

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

The  t e r m   " l a y "   i s   u s e d   h e r e i n   to  r e f e r   to  t h e  

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

m a t e r i a l s   wound  o n t o   t h e   t a k e - u p   s p o o l .   Thus  wide   l a y  

is   w h e r e   t h e r e   i s   a  gap  b e t w e e n   a x i a l l y   a d j a c e n t   t u r n s  

of  a  w i d t h   s u b s t a n t i a l l y   e q u a l   to  t h e   m a t e r i a l   w i d t h .  

N a r r o w   l a y   i s   w h e r e   t h e r e   i s   z e r o ,   or  s u b s t a n t i a l l y  

z e r o   gap  b e t w e e n   a x i a l l y   a d j a c e n t   t u r n s .   An  o v e r l a p  

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

o v e r l a p   one  a n o t h e r ,   and  in   mos t   a p p l i c a t i o n s   an  o v e r l a p  

l a y   i s   e x t r e m e l y   u n d e s i r a b l e ,   and  i s   to   be  a v o i d e d   s i n c e  

i t   r e s u l t s   in   damage   to  t he   m a r g i n a l   e d g e s   of  t he   t a p e .  

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

r e l a t i o n s h i p   b e t w e e n   the   r o t a t i o n a l   s p e e d   of  t he   t a k e - u p  

s p o o l   and  t he   t r a v e r s e   s p e e d   of  t he   t a k e - u p   s p o o l .  

S p o o l s   of   wound  m a t e r i a l   a r e   o f t e n   s u b j e c t   to  r o u g h  

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

e n c o u n t e r e d   i s   a  s p o o l   b e i n g   d r o p p e d   o n t o   one  a x i a l   e n d .  

I f   the   s p o o l   has   b e e n   wound  w i t h   a  w ide   l a y   t h e n   p a r t i c u l a r -  

ly   in   t h e   c a s e   of  wound  t a p e   t h e   gap  b e t w e e n   t h e   m a r g i n a l  

e d g e s   of  t he   a d j a c e n t   t u r n s   of  t he   t a p e   a c t s   in   e f f e c t   a s  



a  s h o c k   a b s o r b i n g   s p a c e   and  m i n i m i z e s   t h e   r i s k   o f   d a m g e  

to  t h e   m a r g i n a l   e d g e s   of   t h e   t u r n s .   H o w e v e r ,   i n   t a k i n g   u p  
t he   gap  b e t w e e n   t h e   a x i a l l y   a d j a c e n t   t u r n s   t h e   t e n s i o n   i n   t h e  

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

l o o s e ,   and  a d j a c e n t   t u r n s ,   and  e v e n   a d j a c e n t   l a y e r s   of  t u r n s  

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

i m p o s s i b l e   to   u n w i n d   a t   a  l a t e r   d a t e .   On  t h e   o t h e r   h a n d ,  

i f   t h e   s p o o l   i s   wound   w i t h   a  n a r r o w   l a y   t h e n   a x i a l   m o v e m e n t  

of   t h e   t u r n s   when  t h e   s p o o l   i s   s u b j e c t   to  an  a x i a l   s h o c k  

i s   m i n i m i z e d ,   and  t h e   a t t e n d a n t   p r o b l e m s   of   e n t a n g l e m e n t  

of   t h e   t u r n s   i s   a l s o   m i n i m i z e d .   H o w e v e r ,   s u c h   a x i a l   m o v e -  

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

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

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

I t   i s   an  o b j e c t   of   a  f u r t h e r   a s p e c t   o f   t h e   p r e s e n t  

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

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

m i n i m i z e d .  

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

w h e r e i n   a d j a c e n t   t he   a x i a l   e n d s   o f   t h e   s p o o l   t h e   l a y   o f  

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

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

o f   t h e   s p o o l .  

I t   w i l l   be  r e c o g n i s e d   t h a t   i n   a c c o r d a n c e   w i t h   t h i s  

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

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

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

and  a v o i d s   a x i a l   c o l l a p s e   of   t he   t u r n s   as  can   be  e n c o u n t e r -  

ed  w i t h   a  w i d e r   l a y .   H o w e v e r ,   t h e   w i d e r   l a y   a t   t h e   t w o  

a x i a l   ends   o f   e a c h   l a y e r   o f   t u r n s   p r o v i d e s   a  s h o c k   a b s o r b -  

i n g   e f f e c t   to   m i n i m i z e   d a m a g e ,   in   t h e   c a s e   of   t a p e ,   m a r g i n -  

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

a x i a l   e x t e n t   of   t h e   t u r n s   wound  a t   t h e   w i d e r   l a y   b e i n g   i n -  

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



a x i a l   c o l l a p s e .  

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

a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s   means   o p e r a b l e  

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

b e i n g   wound  as  t he   m a t e r i a l   is   wound  a d j a c e n t   t he   a x i a l   e n d s  

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

of  t he   s p e e d   of   t r a v e r s e   to  t h e   s p e e d   of  r o t a t i o n   of   t h e  

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

m a t e r i a l   b e i n g   wound  i s   g r e a t e r   a d j a c e n t   t he   a x i a l   e n d s  

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

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

r e c i p r o c a b l e   c a r r i a g e   f o r   c a r r y i n g   a  t a k e - u p   s p o o l   in   u s e ,  

means   f o r   r e c i p r o c a t i n g   t h e   c a r r i a g e ,   and  means   s e n s i n g  

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

m a t e r i a l   to  t h e   t a k e - u p   s p o o l   in   u s e ,   s a i d   s e n s i n g   means   i n  

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

c a r r i a g e   i n   a  m a n n e r   to  i n c r e a s e   t he   s p e e d   of  t r a v e r s e   a t  

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

b e i n g   wound  a d j a c e n t   t h e   two  a x i a l   ends   of   t h e   t a k e - u p   s p o o l .  

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

r e s i d e s   in   a  s p o o l   of   /  w h e r e i n   t h e   l a y   of  t he   t u r n s  

of  e a c h   l a y e r   i s   w i d e r   a d j a c e n t   t h e   a x i a l   ends   of  t h e   s p o o l .  

One  e x a m p l e   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  

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

F i g u r e   1  i s   a  d i a g r a m m a t i c   f r o n t   e l e v a t i o n a l   v i e w  

of  a  s p o o l i n g   m a c h i n e ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c   v i ew  in   t h e   d i r e c t i o n   o f  

a r r o w   A  in   F i g u r e   1 ;  

F i g u r e   3  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of   p a r t  

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

i n  F i g u r e s   1  and  2;  a n d  

F i g u r e s   4  and  5  a re   v i e w s   s i m i l a r   to  F i g u r e   3  o f  

two  a l t e r n a t i v e   s p o o l   t r a v e r s e   d r i v e   m e c h a n i s m s .  



R e f e r r i n g   to  the   d r a w i n g s ,   t he   m a c h i n e   i n c l u d e s   a  f r e e -  

s t a n d i n g   b a s e   11  to  t he   r e a r   of   w h i c h   i s   a  c o n t r o l   c o n s o l e  

12  and  i n   f r o n t   of   w h i c h   i s   a  t a k e - u p   s p o o l   c a r r i a g e   i 3 .  

The  c a r r i a g e   13  i s   r e c i p r o c a b l e   to  t he   l e f t   and  r i g h t   ( in 

F i g u r e   1 ) r e l a t i v e   to  t he   b a s e   11  and  t he   c o n s o l e   1 2  

t h r o u g h   a  s t r o k e   w h i c h   can  be  a d j u s t e d   to  be  e q u a l   to  t h e  

l e n g t h   of   t he   c o r e   of   a  t a k e - u p   s p o o l   14.  The  c a r r i a g e  

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

l u g s   15  a t   f r o n t   and  r e a r ,   e a c h   p a i r   of   l u g s   s l i d a b l y   e n -  

g a g i n g   a  s u p p o r t   rod   16  c a r r i e d   by  t he   b a s e   11.   The  r o d s  

l6   and  l u g s   15  f o rm  the   s l i d i n g   s u p p o r t   f o r   t he   r e c i p r o c a t -  

o r y   m o v e m e n t   of   t h e   c a r r i a g e   13.  P a r a l l e l   to  t h e   r o d s  

l6   and  l y i n g   t h e r e b e t w e e n   i s   a  r o t a t a b l e   l e a d - s c r e w   17  

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

b a s e   11,  and  w h i c h   i s   e n g a g e d   b e t w e e n   i t s   e n d s   by  a  n u t  

18  s e c u r e d   to  t he   c a r r i a g e .   The  n u t   18  i s   n o n - r o t a t a b l e ,  

and  t h u s   as  t h e   l e a d - s c r e w   17  r o t a t e s   t he   n u t   18  i s  

c a u s e d   to  t r a v e r s e   t h e   l e n g t h   of   t he   l e a d - s c r e w   c a r r y i n g  

t he   c a r r i a g e   13  w i t h   i t   a l o n g   t he   r o d s   1 6 .  

A  b e a r i n g   b l o c k   19  e x t e n d s   u p w a r d l y   f rom  the   c a r r i a g e  

13  i n   f r o n t   of   t he   c o n s o l e   12  and  s u p p o r t s   an  e l e c t r i c  

t o r q u e   m o t o r   21  t h e   o u t p u t   s h a f t   22  of   w h i c h   e x t e n d s  

t h r o u g h   t h e   b l o c k   19  p a r a l l e l   to  t he   p l a n e   of   s l i d i n g  

m o v e m e n t   of   t h e   c a r r i a g e .   At  t he   s i d e   of   t he   b l o c k   1 9  

r e m o t e   f r o m   t h e   m o t o r   21  t h e   s h a f t   22  i s   c o n n e c t e d   t o  

a  s p o o l   c a r r i e r   23  w h i c h   d e t a c h a b l y   s u p p o r t s   t he   s p o o l  
l4  w i t h   t he   a x i s   of   t he   s p o o l   l4  c o i n c i d e n t   w i t h   t h e  

a x i s   of   t h e   s h a f t   22.  Thus   when  the   m o t o r   21  i s   e n e r g i s e d  

t he   s p o o l   14  i s   r o t a t e d   a b o u t   an  a x i s   p a r a l l e l   to  t h e  

p l a n e   of   t r a v e r s i n g   m o v e m e n t   of   t he   c a r r i a g e   13.  T h e  

d i r e c t i o n   of   r o t a t i o n   of  t he   s p o o l   14  i s   i n d i c a t e d   i n  

F i g u r e   2,  and  i s   c o u n t e r - c l o c k w i s e   in   t h a t   F i g u r e .  



The  f r o n t   f a c e   of  t he   c o n s o l e   12  p r e s e n t e d   to  t h e  

c a r r i a g e   13  c a r r i e s   n i n e   c o n t r o l   k n o b s   24 ,   25,   26,   2 7 ,  

28,   29 ,   31,   32  and  33  each   of   w h i c h   b e a r s   a  r e f e r e n c e  

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

or  s e r i e s   of  m a r k i n g s   on  t he   c o n s o l e .   E x p o s e d   on  t h e  

r i g h t - h a n d   f a c e   of   t he   c o n t r o l   c o n s o l e   ( as   v i e w e d   i n  

F i g u r e   1)  a r e   a  p l u r a l i t y   of   p u l l e y s   w h i c h   d e f i n e   t h e  

p a t h   w h i c h   t a p e   t a k e s   f rom  t h e   e x t e r i o r   of  t he   m a c h i n e  

to  t h e   t a k e - u p   s p o o l   14.  T a p e ,   f o r   e x a m p l e   n i c h r o m e  

t a p e   h a v i n g   a  w i d t h   of   0 . 0 4 0   i n c h e s   and   h a v i n g   a  t h i c k n e s s  

of  0 . 0 0 2   i n c h e s   r e a c h e s   t he   s p o o l i n g   m a c h i n e   f rom  a  

s o u r c e ,   w h i c h   may  be  a  b u l k   r e e l   of   t a p e ,   or   may  be  a  

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

oven   and  i s   i n d i c a t e d   a t   34  i n   F i g u r e   2.  R e f e r r i n g   t o  

F i g u r e   2,  t h e   t a p a 3 4   p a s s e s   o v e r   a  f i r s t   f r e e l y   r o t a t i n g  

p u l l e y   35  a t   t h e   u p p e r   r i g h t   of   t h e   s i d e   f a c e   of  t h e  

c o n s o l e   12  and  t h e n   p a s s e s   d o w n w a r d l y   b e n e a t h   a  s e c o n d  

f r e e l y   r o t a t i n g   p u l l e y   36  a t   t h e   l o w e r   r i g h t   of  the   s i d e  

f a c e .   A f t e r   t h e   p u l l e y   36  t h e   t a p e   34  p a s s e s   t h r o u g h   a  

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

r o l l e r   37  and  an  i d l e r   p u l l e y   or   p i n c h   w h e e l   3 8 / i s  s p r i n g  

p r e s s e d   a g a i n s t   t h e   c a p s t a n   r o l l e r   37  to  p r e s s   the   t a p e  

34  f i r m l y   i n t o   c o n t a c t   w i t h   t h e   r o l l e r   37.   A f t e r   t h e  

p i n c h   w h e e l   38  t he   t a p e   34  i s   l o o p e d   o v e r   a  " d a n c e r "   p u l l e y  

39  w h i c h   i s   s p r i n g   u r g e d   a l o n g   an  a r c u a t e   p a t h   41  t o w a r d s  

t he   r e a r   of   t h e   c o n s o l e   12.  T h e r e a f t e r   t h e   tape  34   p a s s e s  
b e n e a t h   a  f r e e l y   r o t a t i n g   l a r g e r d i a m e t e r   g u i d e   p u l l e y   4 2  

and  b e n e a t h   a  s m a l l e r   d i a m e t e r   f r e e l y   r o t a t i n g   p u l l e y   4 3  

to  t he   t a k e - u p   s p o o l   14.  The  t a p e   34  i s   d r i v e n   t h r o u g h  

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

d e f i n e d   by  t he   c a p s t a n   r o l l e r   37  and  t h e   p u l l e y   or  p i n c h  

w h e e l   38.   The  d r i v e   r o l l e r   37  i s   d r i v e n   by  an  e l e c t r i c  

m o t o r   h o u s e d   w i t h i n   t he   c o n s o l e   12  t h e   s p e e d   of  the   e l e c t r i c  

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

is   t he   s e t t i n g   of  t he   c o n t r o l   k n o b   26 .   The  s e t t i n g   o f  

t he   c o n t r o l   27  c o n t r o l s   t he   s e t t i n g   of   a  v a r i a b l e   t r a n s f o r m e r  

w h e r e b y   p o w e r   i s   s u p p l i e d   t o  t h e   t o r q u e   m o t o r   21  and  t h u s  

t h e   p o w e r   o u t p u t   of   t h e   m o t o r   21  i s   d e t e r m i n e d  



by  t he   s e t t i n g   of   t h e   c o n t r o l   knob   27.  When  t a p e   i s  

b e i n g   wound  o n t o   t h e   s p o o l   14  t h e   t a p e   i s   n o t   d r a w n   t h r o u g h  

t he   m a c h i n e   by  t he   t o r q u e   m o t o r   21,   b u t   i s   d r i v e n   t h r o u g h  

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

37,   38 .   The  p o w e r   o u t p u t   of  t h e   t o r q u e   m o t o r  

21  d e t e r m i n e s   t he   t e n s i o n   in   t h e   t a p e   b e t w e e n   t he   t a k e -  

up  s p o o l   14  and  t h e   c a p s t a n   d r i v e   3 7 , 3 8 .   As  w i l l   b e  

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

s p o o l   14  w i l l   be  d e t e r m i n e d   by  the   p a s s   s p e e d   of   t a p e  

t h r o u g h   the   m a c h i n e ,   and  t h i s   in   t u r n   i s   d e t e r m i n e d   by  t h e  

s p e e d   of   t h e   c a p s t a n   d r i v e .   The  t o r q u e   m o t o r   a t t e m p t s   t o  

r o t a t e   t h e   s p o o l   l4  f a s t e r   t h a n   i s   p e r m i t t e d   by  t he   p a s s  

s p e e d   of   t h e   t a p e ,   and   t h u s   t e n s i o n   in   t h e   t a p e   i s   m a i n t a i n e d .  

The  a m o u n t   of   t o r q u e   g e n e r a t e d   by  t h e   m o t o r   21  i s   d e p e n d -  

e n t   u p o n   t h e   p o w e r   s u p p l i e d   to  t h e   m o t o r   21  and  t h i s   i n  

t u r n   t h e r e f o r e   d e t e r m i n e s   t he   t e n s i o n   in   t he   t a p e .   As  

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

(by  v i r t u e   of   l a y e r s   of   t a p e   a l r e a d y   wound  on  t he   s p o o l  

l 4 )   t h e   s p e e d   of   r o t a t i o n   of   t he   s p o o l   l4   w i l l   d e c r e a s e  

s i n c e   the   p a s s   s p e e d   of   t a p e   i s   c o n s t a n t .   I f   t he   p o w e r  

i n p u t   to  t he   m o t o r   21  i s   m a i n t a i n e d   c o n s t a n t ,   t h e n   t h e  

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

s p o o l   14  d e c r e a s e s ,   and  i n   t h e o r y   t h e   t e n s i o n   in   t he   t a p e  

w i l l   i n c r e a s e .   H o w e v e r ,   as  t he   w i n d i n g   d i a m e t e r   i n c r e a s e s  

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

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

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

c e r n e d )   and  t h e   d e c r e a s e   in   t u r n i n g   moment   h a s   a  c o m p e n s a t -  

i n g   e f f e c t   c o m p e n s a t i n g   f o r   t h e   i n c r e a s e   i n   t o r q u e   as  t h e  

s p e e d   of   t he   s p o o l   d e c r e a s e s ,   so  t h a t   t h e   o v e r a l l   e f f e c t ,  

b e t w e e n   the   b e g i n n i n g   and  t h e   end  of   a  s p o o l i n g   o p e r a t i o n ,  

on  t h e   t e n s i o n   i n   t h e   t a p e   i s   s u b s t a n t i a l l y   z e r o .   T h e  

p o s i t i o n   of   t h e   p u l l e y   43  in   r e l a t i o n   to  t h e   a x i s   of   t h e  

s p o o l   14  i s   a d j u s t a b l e   to  a c c o m m o d a t e   d i f f e r e n t   d i m e n s i o n s  

of   s p o o l   to  k e e p   t h e   p u l l e y   43  as  c l o s e   as  p o s s i b l e   to  t h e  

s p o o l .   H o w e v e r ,   d u r i n g   a  s p o o l i n g   o p e r a t i o n   t he   p o s i t i o n  

of   t he   p u l l e y   43,   o n c e   s e t ,   i s   m a i n t a i n e d   t h r o u g h o u t  



t he   s p o o l i n g   o p e r a t i o n .  

In  o r d e r   to  e n s u r e   t h a t   the   t u r n s   of   t a p e   wound  o n  
t he   s p o o l   14  a r e   a x i a l l y   a d j a c e n t   one  a n o t h e r ,   r a t h e r  

t h a n   c o m p l e t e l y   o v e r l y i n g   one  a n o t h e r ,   t he   c a r r i a g e   1 3  

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

o n t o   the   s p o o l   14.  Thus  the   s p o o l   14  i s   moved  a x i a l l y  

in   r e l a t i o n   to  t he   p a t h   of  the   t a p e .  

As  m e n t i o n e d   b r i e f l y   a b o v e   a  l e a d - s c r e w   and  n u t   a r r a n g e -  
ment   i s   p r o v i d e d   f o r   t r a v e r s i n g   the   c a r r i a g e   13,  bu t   o f  

c o u r s e   t he   d i r e c t i o n   of  t r a v e r s e   mus t   be  r e v e r s e d   e a c h  

t i m e   t he   i n c o m i n g   t a p e   r e a c h e s   an  end  f l a n g e   of  t he   s p o o l  
14.  The  c h a n g e   in   d i r e c t i o n   of  t r a v e r s e   i s   a c h i e v e d   e l e c -  

t r o n i c a l l y ,   and  t he   d r i v e   m e c h a n i s m   f o r   t h e   l e a d - s c r e w  

17  i s   i l l u s t r a t e d   d i a g r a m m a t i c a l l y   in   F i g u r e   3.  T h e  

l e a d - s c r e w   17  i s   s u p p o r t e d   in   b e a r i n g s   in   t he   b a s e   1 1 ,  

and  a d j a c e n t   one  end  i s   f o r m e d   w i t h   a  p u l l e y   44  a r o u n d  

w h i c h   e x t e n d s   a  t o o t h e d   d r i v e   b e l t   45.   The  b e l t   e n g a g i n g  

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

t h a t   a  n o n - s l i p   d r i v e   c o n n e c t i o n   i s   e s t a b l i s h e d .   T h e  

b e l t   45  e x t e n d s   a r o u n d   a  s i m i l a r   t o o t h e d   p u l l e y   46  s e c u r e d  

to  t he   o u t p u t   m e m b e r s   47,  and  48  of  f i r s t   and  s e c o n d  

e l e c t r o m a g n e t i c a l l y   o p e r a t e d   c l u t c h e s   49,   51.  The  c l u t c h e s  

49,  51  a r e   p o s i t i o n e d   w i t h   t h e i r   a x i s   c o - e x t e n s i v e ,   a n d  

the   i n p u t   member s   52,  53  of  the   c l u t c h e s   a r e   s u p p o r t e d   b y  

f i x e d   b e a r i n g   b r a c k e t s   54,  55  s e c u r e d   to  t he   b a s e   1 1 .  

Each   c l u t c h   i n p u t   member   52,  53  c a r r i e s   a  t o o t h e d   p u l l e y  

56,  57  the   t o o t h e d   p u l l e y   56  b e i n g   e n g a g e d   by  a  t o o t h e d  

b e l t   ( n o t   shown)   w h i c h   a l s o   e x t e n d s   a r o u n d   a  c o r r e s p o n d -  

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

e l e c t r i c   m o t o r .   The  t o o t h e d   p u l l e y   57  of  t he   s e c o n d  

e l e c t r o m a g n e t i c   c l u t c h   51  i s   s i m i l a r l y   d r i v e n   f rom  a  

f u r t h e r   r e s p e c t i v e   e l e c t r i c   m o t o r ,   the   two  e l e c t r i c  

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

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

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

a b l e   by  the   c o n t r o l   knob   25.  The  two  e l e c t r i c   m o t o r s  



r o t a t e   t h e i r   r e s p e c t i v e   p u l l e y s   56  and  57  in   o p p o s i t e  

d i r e c t i o n s ,   and  i t   w i l l   be  r e c o g n i s e d   t h a t   when  the   e l e c t r o -  

m a g n e t i c   c l u t c h   49  i s   e n e r g i s e d   t h e n   t he   c o m b i n e d   c l u t c h  

o u t p u t   member   46,  47,  48  w i l l   be  d r i v e n   in   one  d i r e c t i o n ,  

p r o v i d e d   t h a t   t he   c l u t c h   51  i s   d e - e n e r g i s e d ,   w h e r e a s   w h e n  

t he   c l u t c h   49  i s   d e - e n e r g i s e d   and  t h e   c l u t c h   51  i s   e n e r g i s -  

ed  t h e n   the   c o m b i n e d   o u t p u t   member   46,  47,  48  w i l l   b e  

d r i v e n   in   t he   o p p o s i t e   d i r e c t i o n .   Thus   t h e   d i r e c t i o n   o f  

r o t a t i o n   of  t he   l e a d - s c r e w   17  i s   d e t e r m i n e d   by  w h i c h   o f  

t h e   two  c l u t c h e s  4 9 ,   51  i s   e n e r g i s e d .  

F o r   t he   p u r p o s e s   of   e x a m p l e   l e t   us  a s s u m e   t h a t   t h e  

e n e r g i s a t i o n   of  t h e   c l u t c h   49  and  d e - e n e r g i s a t i o n   of  t h e  

c l u t c h   51  c a u s e s   t r a v e r s i n g   m o v e m e n t   of   t he   c a r r i a g e   1 3  

to  t h e   r i g h t   in   F i g u r e   1,  t h e n   e n e r g i s a t i o n   of  t h e   c l u t c h  

51  and  d e - e n e r g i s a t i o n   of   c l u t c h   49  w i l l   c a u s e   t r a v e r s i n g  

m o v e m e n t   to  the   l e f t   in   F i g u r e   1.  A  l i n k a g e   ( n o t   s h o w n )  

m o v a b l e   by  the   c a r r i a g e   13  c o n t r o l s   o p e r a t i o n   of   a  p a i r  

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

t h e   c l u t c h e s   49,  51.  As  the   c a r r i a g e   13,  m o v i n g   to  t h e  

r i g h t   in   F i g u r e   1,  r e a c h e s   a  p o s i t i o n   w h e r e i n   t he   t a p e  

b e i n g   wound  o n t o   t h e   s p o o l   14  r e a c h e s   t he   l e f t - h a n d   e n d  

f l a n g e   of  the   s p o o l   l4   t h e n   the   a p p r o p r i a t e   m i c r o - s w i t c h  

i s   o p e r a t e d   by  t he   l i n k a g e   to  d e - e n e r g i s e   t h e   c l u t c h   4 9  

and   to  e n e r g i s e   t h e   c l u t c h   51  so  t h a t   t h e   l e a d - s c r e w   1 7  

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

t h e   c a r r i a g e   13  to  t h e   l e f t .   S i m i l a r l y   as  t he   c a r r i a g e  

r e a c h e s   a  p o s i t i o n   w h e r e   t h e   t a p e   b e i n g   wound  o n t o   t h e  

s p o o l   r e a c h e s   t h e   r i g h t - h a n d   end  f l a n g e   of   t he   s p o o l   1 4  

t h e n   t he   o t h e r   m i c r o - s w i t c h   i s   o p e r a t e d ,   by  way  of   s a i d  

l i n k a g e ,   to  d e - e n e r g i s e   t he   c l u t c h   51  and  r e - e n e r g i s e  

t h e   c l u t c h   49.  Once  a g a i n   to  r e v e r s e   t he   d i r e c t i o n   o f  

t r a v e r s e .  

I t   can  o c c u r   t h a t   f o r   some  r e a s o n   an  o p e r a t o r   w i l l  

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

b e f o r e   t he   t a p e   e n t e r i n g   t he   s p o o l   l4   r e a c h e s   an  end  f l a n g e  



t h e r e o f .   F o r   e x a m p l e ,   a  f a u l t   may  h a v e   o c c u r r e d   at   s o m e  

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

o n t o   the   s p o o l ,   and  i t   may  be  a d v a n t a g e o u s   in   such   c i r c u m -  

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

a c r o s s   t he   low  r e g i o n   to  f i l l   t he   low  r e g i o n   b e f o r e   t h e  

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

t r a v e r s e .   In   o r d e r   to  f a c i l i t a t e   s u c h   m a n u a l   c o n t r o l   b y  

t h e   o p e r a t o r   t he   c o n t r o l   knob   29  i s   p r o v i d e d ,   r o t a t i o n   o f  

t h e   c o n t r o l   k n o b   29  c a u s i n g   t he   d i r e c t i o n   of   t r a v e r s e   o f  

t h e   c a r r i a g e   13  to  r e v e r s e   i r r e s p e c t i v e   of   the   p o i n t   a l o n g  

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

o n t o   t he   s p o o l .   The  knob   29  e i t h e r   o p e r a t i n g   to  a f o r e -  

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

Ln  p a r a l l e l   w i t h   s a i d   m i c r o s w i t c h e s .  

C l e a r l y   a l t h o u g h   a  b a t c h   of   s p o o l s   14  may  b e  

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

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

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

of   t h e   t r a v e r s e   of   t he   c a r r i a g e   13.  The  c o n t r o l   knob   31 

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

r e v e r s a l   a t   t h e   l e f t - h a n d   end  of  t h e   t r a v e r s e   of  t h e  

c a r r i g e   13,  and  s i m i l a r l y   t h e   c o n t r o l   k n o b   32  may  be  u s e d  

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

end  of  t h e   t r a v e r s e .   The  c o n t r o l   k n o b s   31  and  32  a r e  

m e c h a n i c a l l y   l i n k e d   to  the   a r r a n g e m e n t   of   l i n k a g e   and  m i c r o -  

s w i t c h e s ,   and  e f f e c t   m i n u t e   a d j u s t m e n t s   in   t h e   p o s i t i o n  

of   t he   l i n k a g e   i n   r e l a t i o n   to  t h e   m i c r o s w i t c h e s   t h e r e b y  

to  e f f e c t   p r e c i s e   c o n t r o l   o v e r   t h e   p o i n t s   in   t h e  t r a v e r s e  

of   t he   c a r r i a g e   13  a t   w h i c h   t h e   l i n k a g e   o p e r a t e s   t h e  

m i c r o s w i t c h e s .  

An  a l t e r n a t i v e   t r a v e r s e   m e c h a n i s m   d r i v e   a r r a n g e -  

ment   is  i l l u s t r a t e d   in   F i g u r e   4.  The  a r r a n g e m e n t   i n c l u d e s  

an  e l e c t r i c   m o t o r   71  t he   o u t p u t   s h a f t   72  of   w h i c h   c a r r i e s  

a  p u l l e y   w h e e l   73  and  a  g e a r   w h e e l   74 .   The  g e a r   w h e e l   7 4  

is   p a r t   of  a  r e v e r s i n g   g e a r   box  75  and  m e s h e s ,   w i t h i n   t h e  

g e a r   box  75,   w i t h   a  s e c o n d   g e a r   w h e e l   76 .   A  s h a f t   77  c o u p l e d  



to  t he   g e a r   w h e e l   76  c a r r i e s   a  p u l l e y   78  t h e   d i a m e t e r  

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

7 3 .  

P a r a l l e l   to  t h e   s h a f t   72  i s   a  s h a f t   79  one  e n d  

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

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

w i t h   t he   i n p u t   member   83  of   a  f i r s t   e l e c t r o m a g n e t i c   c l u t c h  

82 .   A  d r i v e   b e l t   84  e x t e n d s   a r o u n d   t h e   p u l l e y   w h e e l s  

73  and  81  so  t h a t   t h e   s h a f t   79  i s   d r i v e n   by  t h e   p u l l e y  

w h e e l s   73,   81  and  t h e   b e l t   84  in   t h e   same  r o t a t i o n a l  

d i r e c t i o n   as  t he   s h a f t   72 .   The  d i a m e t e r   of   t h e   p u l l e y  

w h e e l   81  i s   g r e a t e r   t h a n   t h e   d i a m e t e r   o f   t h e   p u l l e y   w h e e l  

73  by  an  e x t e n t   c a l c u l a t e d   to  a c h i e v e   a  f i v e   to  o n e  

g e a r i n g   r e d u c t i o n   b e t w e e n   t he   s h a f t - 7 2   and  t h e   s h a f t   7 9 .  

The  g e a r   w h e e l s   74  and  76  a r e   s u c h   t h a t   t h e  

s h a f t   77  r o t a t e s   a t   t h e   same  r o t a t i o n a l   s p e e d   as  t h e   s h a f t  

72 ,   b u t   in   t he   o p p o s i t e   r o t a t i o n a l   d i r e c t i o n .   P a r a l l e l  

to  t he   s h a f t   77,   and  h a v i n g   i t s   a x i s   c o - e x t e n s i v e   w i t h  

t h e   a x i s   of   t h e   s h a f t   79  i s   a  s h a f t   85  w h i c h ,   at   one  e n d ,  
i s   i n   d r i v i n g   e n g a g e m e n t   w i t h   a  p u l l e y   w h e e l   86  and  a t  

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

member   88  o f   a  s e c o n d   e l e c t r o m a g n e t i c   c l u t c h   87.   T h e  

r e l a t i v e   d i a m e t e r s   of   t h e   p u l l e y   w h e e l s   78  and  86  a r e   s u c h  

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

b e t w e e n   t he   s h a f t   77  and  t h e   s h a f t   85 .   Thus   i t   w i l l   b e  

r e c o g n i s e d   t h a t   w h i l e   t h e   m o t o r   71  i s   o p e r a t i v e   the   s h a f t  

79  i s   d r i v e n   a t   a  p r e d e t e r m i n e d   r o t a t i o n a l   s p e e d   in   o n e  

r o t a t i o n a l   d i r e c t i o n ,   w h i l e   s i m u l t a n e o u s l y   t h e   s h a f t   8 5  

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

same  r o t a t i o n a l   s p e e d .  

The  o u t p u t   m e m b e r s   of   t h e   c l u t c h e s   82  and  87  a r e  

i n t e r c o n n e c t e d ,  t o   c o n s t i t u t e   a  s i n g l e   o u t p u t   member  89.   T h e  

s p e e d   of  r o t a t i o n   of  t h e   o u t p u t   member   89  w i l l   t h u s   be  e q u a l  
to  t h e   r o t a t i o n a l   s p e e d s   o f   t he   s h a f t   79  and  the   s h a f t   8 5 ,  

b u t   t he   d i r e c t i o n   of  r o t a t i o n   of   t h e   o u t p u t   member  89  w i l l  



be  d e t e r m i n e d   by  w h i c h   of  the   f i r s t   and  s e c o n d   c l u t c h e s  

82,   87  is   e n e r g i s e d   at   any  g i v e n   t i m e .   A s s u m i n g   t h a t  

the   c l u t c h   82  is   e n e r g i s e d   and  the   c l u t c h   87  is  d e - e n e r g i s -  

ed  t h e n   the   member   89  w i l l   r o t a t e   w i t h   t he   s h a f t   79  a n d  

c o n v e r s e l y   when  the   c l u t c h   82  i s   d e - e n e r g i s e d   and  the   c l u t c h  

87  is   e n e r g i s e d   t h e n   the   o u t p u t   member /89wil l   r o t a t e   w i t h  

t he   s h a f t   8 5 .  

A  d r i v e   b e l t   91  c o u p l e s   t he   o u t p u t   member  89  a n d  

a  l e a d - s c r e w   17  of  t he   t r a v e r s i n g   m e c h a n i s m   so  t h a t   t h e  

l e a d - s c r e w   17  i s   d r i v e n   in   a  d i r e c t i o n   d e t e r m i n e d   by  t h e  

d i r e c t i o n   of  r o t a t i o n   of  t he   o u t p u t   member   8 9 .  

P r e f e r a b l y   t h e   d r i v e   b e l t   91 ,   and  t h e   d r i v e   b e l t  

c o u p l i n g   t he   p u l l e y s   73  and  81 ,   and  78  and  86  a re   t o o t h e d  

d r i v e   b e l t s   so  t h a t   i n a c c u r a c i e s   in   t he   o p e r a t i o n   of  t h e  

t r a v e r s e   m e c h a n i s m ,   a r i s i n g   f rom  s l i p p a g e   b e t w e e n   the   b e l t s  

and  t he   p u l l e y s ,   i s   o b v i a t e d .  

In   t h e   a r r a n g e m e n t   i l l u s t r a t e d   in   F i g u r e   5 ,  

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

in   F i g u r e s   3  and  4,  p a r t s   common  to  t he   a r r a n g e m e n t s   s h o w n  

in   F i g u r e   4  c a r r y   t h e   same  r e f e r e n c e   n u m e r a l s .   Thus  t h e  

m o t o r   71  a g a i n   d r i v e s   a  p u l l e y   w h e e l   73  t h r o u g h   the   i n t e r -  

m e d i a r y   of   an  o u t p u t   s h a f t   72.   A  s h a f t   79  i s   p o s i t i o n e d  

p a r a l l e l   to  t h e   s h a f t   7 2  a n d   i s   d r i v e n   f rom  the   s h a f t   7 2  

by  way  of  t he   p u l l e y   w h e e l   73,   a  d r i v e   b e l t   84,   and  a  

p u l l e y   w h e e l   81  c a r r i e d   by  t he   s h a f t   79.   A  f i v e   to  o n e  

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

s h a f t   72  and  t he   s h a f t   79  by  a p p r o p r i a t e   c h o i c e   of  t h e  

d i a m e t e r s   of  t he   p u l l e y   w h e e l s   73  and  81.   T h e r e   is  o f  

c o u r s e   no  c h a n g e   i n   the   r o t a t i o n a l   d i r e c t i o n .  



At  i t s   end  r e m o t e   f rom  t h e   p u l l e y   w h e e l   81  the   s h a f t   79  i s  

c o u p l e d   to  t he   i n p u t   member   83  of  t h e   f i r s t   e l e c t r o m a g n e t i c  

c l u t c h   82,  t h e   c l u t c h   82  s h a r i n g   a  common  o u t p u t   member   8 9  

w i t h   t he   s e c o n d   e l e c t r o m a g n e t i c   c l u t c h   87.  The  i n p u t   m e m b e r  

88  of   the   c l u t c h   87  i s   d r i v e n   by  a  s h a f t   85  h a v i n g   i t s   a x i s  

c o - e x t e n s i v e   w i t h   t he   a x i s   of   t he   s h a f t   79.   The  l e a d   s c r e w  f ' 7  

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

member   89  by  way  of  a  t o o t h e d   d r i v e   b e l t   9 1 .  

I n t e r m e d i a t e   t h e   p u l l e y   w h e e l   81  and  t h e   c l u t c h  

i n p u t   member   83  the   s h a f t   89  c a r r i e s   a  s e c o n d   p u l l e y   w h e e l  

92  w h i c h   d r i v e s   a  p u l l e y   w h e e l   93  t h r o u g h   a  d r i v e   b e l t   9 4 .  

The  p u l l e y   w h e e l   93  i s   s e c u r e d   to  a  s h a f t   95  p a r a l l e l   to  t h e  

s h a f t s   79  and  85,  and  t h e   p u l l e y   w h e e l s   92  and  93  a r e   of  t h e  

same  d i a m e t e r   so  t h a t   t h e r e   i s   no  c h a n g e   in   r o t a t i o n a l   s p e e d ,  

or  r o t a t i o n a l   d i r e c t i o n ,   b e t w e e n   t h e   s h a f t   79  and  t h e   s h a f t  

95.  At  i t s   end  r e m o t e   f rom  t h e   p u l l e y   w h e e l   93  t h e   s h a f t  

95  c a r r i e s   a  g e a r   w h e e l   96  w h i c h   m e s h e s   w i t h   a  s i m i l a r   g e a r  
w h e e l   97  c a r r i e d   by  the   s h a f t   85.  C l e a r l y   t h e r e f o r e   t h e  

s h a f t   85  i s   c a u s e d   to  r o t a t e   i n   t h e   o p p o s i t e   d i r e c t i o n   to  t h e  

s h a f t   95,  and  the   g e a r   w h e e l s   96  and  97  a r e   so  a r r a n g e d   t h a t  

t h e r e   i s   no  c h a n g e   in   r o t a t i o n a l   s p e e d .  

I t   w i l l   be  a p p a r e n t   t h e r e f o r e   t h a t   when  t he   m o t o r  

71  i s   o p e r a t i v e   t h e   s h a f t   79  and   t he   s h a f t   85  a r e   r o t a t e d  

s i m u l t a n e o u s l y   a t   t he   same  r o t a t i o n a l   s p e e d ,   b u t   in   o p p o s i t e  

r o t a t i o n a l   d i r e c t i o n s .   The  o p e r a t i o n   of   t he   m e c h a n i s m   i l l -  

u s t r a t e d   i n   F i g u r e   5 ,   in   r e l a t i o n   to  t he   c h a n g e   i n   d i r e c t i o n  

of  t h e   l e a d   s c r e w   d r i v e n   by  t h e   b e l t   91,  i s   i d e n t i c a l   to  t h a t  

d e s c r i b e d   i n   r e l a t i o n   to  F i g u r e   4.  M o r e o v e r   t he   c o n t r o l   2 5  
u s e d   to  e f f e c t   c o n t r o l   of   b o t h   m o t o r s   i n   t he   F i g u r e   3  a r r a n g -  
e m e n t   i s   u s e d   to  c o n t r o l   t h e   m o t o r   71  in   t h e   F i g u r e s   4  and  5 

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

The  c o n t r o l   k n o b   24  ( F i g u r e   1)  i s   m e r e l y   an  o n - o f f  

s w i t c h   f o r   t h e   m a c h i n e .   When  t h e   k n o b   24  i s   in   i t s   o f f  

p o s i t i o n   t h e n   none   of   t h e   c o n t r o l   c i r c u i t s   or  m o t o r s   of  t h e  



m a c h i n e   can  be  e n e r g i s e d .   When  the   knob   24  is   in   an  o n  

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

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

none   of  t h e   m o t o r s   a re   at  t h i s   s t a g e   e n e r g i s e d .   T h e  

i n d i c a t o r   lamp  24b  is  i l l u m i n a t e d   w h e n e v e r  t h e   m a c h i n e  

is   c o n n e c t e d   to  a  power   s u p p l y .   The  c o n t r o l   knob   28  i s  

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

knob   24  i s   in   i t s   on  p o s i t i o n   t h e n   r o t a t i o n   of  t he   k n o b  

28  to  t h e   s t a r t   p o s i t i o n   w i l l   s u p p l y   p o w e r   to  t he   t o r q u e  

m o t o r   21,   t h e   one  or  two  e l e c t r i c   m o t o r s   of  t he   t r a v e r s e  

m e c h a n i s m ,   and  the   d r i v e   m o t o r   of   t h e   c a p s t a n   d r i v e  

37,   38.   In   e a c h   c a s e   of  c o u r s e   t h e   p o w e r   a c t u a l l y   s u p p l i e d  

to  t h o s e   m o t o r s   i s   d e t e r m i n e d   by  t h e   s e t t i n g   of  t h e i r  

v a r i o u s   c o n t r o l   k n o b s .   M o v i n g   s w i t c h   28  to  i t s   s t a r t  

p o s i t i o n   r e s u l t s   in   i m m e d i a t e   e n e r g i s a t i o n   of  t he   t o r q u e  

m o t o r   21  and  t he   m o t o r ( s )   of   t h e   t r a v e r s e   m e c h a n i s m   a t  

t he   p o w e r   s e t t i n g s   g o v e r n e d   by  t h e i r   r e s p e c t i v e   c o n t r o l  

k n o b s .   H o w e v e r ,   i m m e d i a t e l y   t h e   knob   28  is   moved  to  t h e  

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

is   s u p p l i e d   by  way  of  a  v a r i a b l e   r e s i s t o r   t he   s e t t i n g  

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

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

z e r o   r e s i s t a n c e .   T h i s   v a r i a b l e   r e s i s t o r   is   in   s e r i e s   w i t h  

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

by  t h e   c o n t r o l   k n o b   26.   The  e f f e c t   of  t he   v a r i a b l e  

r e s i s t o r   i s   to  e n s u r e   t h a t   w h i l e   t h e   m o t o r   21  and  t h e   t r a v e r -  

se  m o t o r s   a r e   o p e r a t e d   a t   t h e i r   p r e d e t e r m i n e d   p o w e r   s e t t i n g  

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

power   s e t t i n g   w h i c h   o v e r   t he   s h o r t   d e l a y   p e r i o d   r i s e s   b a c k  

to  t he   p r e d e t e r m i n e d   p o w e r   s e t t i n g .   Thus  t he   c a p s t a n   d r i v e  

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

may  o n l y   be  two  or  t h r e e   s e c o n d s ,   r u n s   up  to  i t s   p r e d e t e r m i n -  

ed  o p e r a t i n g   s p e e d .   The  r e a s o n   f o r   t h i s   i s   t h a t   i f   t h e  

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

p r e d e t e r m i n e d   s p e e d ,   t h e n   t he   t o r q u e   m o t o r   21  may  n o t   h a v e  

had   t i m e   to  a p p l y   s u f f i c i e n t   t o r q u e   to  the   s p o o l   14  t o  

m a i n t a i n   t e n s i o n   in   t he   t a p e ,   and  a  l o o p   of  t a p e   w o u l d   b e  



f o r m e d   b e t w e e n   t h e   c a p s t a n   d r i v e   r o l l e r   37  and  t h e  

s p o o l   14.  The  d e l a y   p r o v i d e d   by  t h e   s t a r t   c o n t r o l  

k n o b   28  and  i t s   a s s o c i a t e d   m e c h a n i s m   e n s u r e s   t h a t   t h e  

s p o o l   14  w i l l   t a k e   up  t h e   w h o l e   o f   t h e   t h r o u g h p u t   o f  

t a p e   f rom  t h e   c a p s t a n   d r i v e   f rom  t h e   i n s t a n t   t h a t  

t he   m a c h i n e   i s   r e n d e r r e d   o p e r a t i v e .   A  f u r t h e r   r e a s o n  

f o r   s u c h   a  " s t a r t - u p "   p r o c e d u r e   i s   t h a t   w h e r e   t h e  

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

i n c r e a s e   i n   s p e e d   a t   t h e   c a p s t a n   d r i v e   can   s t r e t c h  

t he   h o t   t a p e   i n   t h e   a n n e a l e r   s i n c e   t h e   n e c e s s a r y  

r a p i d   i n c r e a s e   i n   t a p e   s p e e d   w i l l   be  r e s i s t e d   by  t h e  

i n e r t i a   of   t a p e   s u p p l y   f e e d i n g   t he   a n n e a l e r .   S i n c e  

t he   t r a v e r s e   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



e l e c t r i c   m o t o r ( S ) a r e   a l s o   i m m e d i a t e l y   o p e r a t e d   a t   t h e i r  

p r e d e t e r m i n e d   p o w e r   s e t t i n g   the   l a y   of   t he   t u r n s   w o u n d  

i n i t i a l l y   w i l l   be  w i d e r   t h a n   r e q u i r e d   f o r   t he   r e m a i n d e r  

of  the   w i n d i n g   o p e r a t i o n ,   and  the   w i d t h   of  the   l a y   w i l l  

d e c r e a s e   as  t he   s p e e d   of  t he   c a p s t a n   d r i v e   i n c r e a s e s   t o -  

w a r d s   i t s   p r e d e t e r m i n e d   v a l u e .  

I t   w i l l   be  r e c o g n i s e d   t h a t   when  the   s p e e d   of  o p e r a t i o n  

of  t he   c a p s t a n   d r i v e   i s   v a r i e d   by  means   of  the   c o n t r o l  

knob   26  t h e n   u n l e s s   t he   s p e e d   of  t h e   t r a v e r s e   m o t o r ( s )   i s  

v a r i e d   in  p r o p o r t i o n   the   l a y   of  t he   t u r n s   on  the   s p o o l  

w i l l   be  v a r i e d .   For   t h i s   r e a s o n   the   c o n t r o l   knob   26  i s  

g a n g e d   to  the   c o n t r o l   knob   25  so  t h a t   when  an  a d j u s t m e n t  

i s   made  in   the   c a p s t a n   d r i v e   s p e e d   by  means   of  the   k n o b  

26  t h e n   a  c o r r e s p o n d i n g   a d j u s t m e n t   i s   made  in   t he   s p e e d  

of   o p e r a t i o n   of  t he   t r a v e r s e   d r i v e   m o t o r ( s } t o   m a i n t a i n   t h e  

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

c o n t r o l   k n o b s   26,   25  i s   a  o n e - w a y   g a n g i n g   s i n c e   the   c o n -  

t r o l   knob   25  can  be  o p e r a t e d   to  a d j u s t   t he   s p e e d   o f  

o p e r a t i o n   of  t he   t r a v e r s e   d r i v e   m o t o r ( s )  w i t h o u t   a f f e c t i n g  

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

The  m a n n e r   i n   w h i c h   t he   two  c o n t r o l s   a r e   g a n g e d   i s  

as  f o l l o w s .   The  c o n t r o l s   25  and  26  a r e   r o t a t a b l e   p o t e n t -  

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

i v e   c o n t r o l   knob   25,  26  i s   s e c u r e d ,   and  a  c a s i n g   w h i c h  

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

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

s e t t i n g   of  the   p o t e n t i o m e t e r .   The  c a s i n g   of  the   p o t e n t i o -  

m e t e r   of  t he   c o n t r o l   knob   26  i s   f i x e d   r e l a t i v e   to  t h e  

c o n s o l e   12,  and  the   s p i n d l e   l i n k i n g   the   c o n t r o l   knob  2 6  

to  the   p o t e n t i o m e t e r   m e c h a n i s m   c a r r i e s   a  p u l l e y   w h e e l .  

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

knob   25  i s   n o t   f i x e d   r e l a t i v e   to  the   c o n s o l e   12,  and  c a n  

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

the   p u l l e y   w h e e l   of  t he   s p i n d l e   of  the   c o n t r o l   knob  2 6  

i s   l i n k e d   to  t he   p u l l e y   w h e e l   of  t he   c a s i n g   of  the   p o t e n t i o -  

m e t e r   of  t he   c o n t r o l   knob   25  by  means   of  a  l o o p   of  n o n -  



e x t e n s i b l e   c o r d   the   two  r u n s   of  w h i c h   b e t w e e n   t h e   t w o  

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

c o n t r o l   knob   26  r e s u l t s   in  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  

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

the   c o n t r o l   k n o b  2 5 .   The  r e l a t i v e   d i a m e t e r s   of   t h e   t w o  

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

the   c a s n g   of  t he   p o t e n t i o m e t e r   n o r m a l l y   c o n t r o l l e d   by  t h e  

knob   25  i s   moved  f o r   a  g i v e n   a n g u l a r   m o v e m e n t   of  t he   k n o b  

2 6 .  

I t   w i l l   be  r e c o g n i s e d   t h e r e f o r e   t h a t   when  t h e   k n o b   2 6  

i s   r o t a t e d   t h e r e   i s   s i m u l t a n e o u s l y   an  a d j u s t m e n t   in   t h e  

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

a d j u s t m e n t   in   t he   s p e e d   o f   t he   t r a v e r s e   d r i v e   m o t o r ( s )  s o  

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

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

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

u p o n   the   s p i n d l e   of  t h e   c o n t r o l   knob   26  to  e n s u r e   t h a t  

when  the   c o n t r o l   knob   25  i s   r o t a t e d   the   c a s i n g   of   t h e  

p o t e n t i o m e t e r   o p e r a t e d   by  the   c o n t r o l   knob   25  r e m a i n s  

s t a t i o n a r y   and  m o v e m e n t   of  t he   c o n t r o l   knob   25  i s   t h u s  

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

26.  The  t r a v e r s e   d r i v e   m o t o r ( s ) s p e e d   can  t h u s   be  v a r i e d  

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

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

c o r r e s p o n d i n g   v a r i a t i o n   in   t he   t r a v e r s e   d r i v e   m o t o r ( s ) s p e e d .  

The  l a y   of  t a p e   on  t h e   s p o o l   l4  i s   an  i m p o r t a n t   c r i t e r i a  

s i n c e   a  wide   l a y ,   t h a t   i s   to  say   w h e r e   t he   gap  b e t w e e n  

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

w i d t h   of   t he   t a p e   p r o v i d e s   good  s h o c k   a b s o r b i n g   q u a l i t i e s  

in   a  wound  s p o o l ,   b u t   has   a s s o c i a t e d   d i s a d v a n t a g e s .   T h e  

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

of  a  wound  s p o o l ,   s i n c e   t h e y   m i n i m i z e   the   d a n g e r   of   t h e  

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

i m p a c t   w i t h   one  a n o t h e r   i f   t he   s p o o l   i s   s u b j e c t   to  a n  

a x i a l   s h o c k .   H o w e v e r ,   the   u se   of  a  wide   l a y   i s   d i s a d v a n t -  



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

s p o o l ,   and  s e c o n d l y   in   t h a t   in   the   o p e r a t i o n   of  t he   s h o c k  

a b s o r b i n g   q u a l i t i e s   the   t u r n s   of  t a p e   can  s l i d e   r e l a t i v e  

to  the  s p o o l   to  a b s o r b   the   gaps   t h e r e b e t w e e n ,   and  in   s o  

d o i n g   the   t e n s i o n   in   the   t u r n s   i s   l o s t ,   and  t u r n s   of  t h e  

same  l a y e r   can  o v e r l a p   w i t h   one  a n o t h e r .   In  s e r i o u s  

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

the   s p o o l   e x t r e m e l y   d i f f i c u l t   to  u n w i n d .  

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

i s   s u b s t a n t i a l l y   no  gap  b e t w e e n   a x i a l l y   a d j a c e n t   t u r n s  

of  e a c h   l a y e r .   The  n a r r o w   l a y   m a x i m i z e s   t he   c a p a c i t y   o f  

the   s p o o l ,   and  o v e r c o m e s   to  a  l a r g e   e x t e n t   t he   p r o b l e m  

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

i f   the   s p o o l   i s   s u b j e c t   to  an  a x i a l   s h o c k .   H o w e v e r ,   i t  

has   t he   d i s a d v a n t a g e   t h a t   i f   t h e   s p o o l   i s   s u b j e c t   to  a n  

a x i a l   s h o c k   t h e n   the   s h o c k   i s   a b s o r b e d   by  the   m a r g i n a l  

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

t h e r e   i s   a  s i g n i f i c a n t   r i s k   of  damage   to  t he   m a r g i n a l   e d g e s .  

In  the   m a c h i n e   d i s c l o s e d   h e r e i n   t h e s e   p r o b l e m s   a r e   t o  

a  l a r g e   e x t e n t   m i t i g a t e d   by  v a r y i n g   the   l a y   of  t he   w i n d i n g  

a d j a c e n t   t he   a x i a l   ends   of  t he   s p o o l .   As  w i l l   be  d e s c r i b -  

ed  in  more  d e t a i l   l a t e r   the   m a c h i n e   a u t o m a t i c a l l y   w i n d s  

the   t a p e   o n t o   the   s p o o l   14  w i t h   a  n a r r o w   l a y   t h r o u g h o u t  

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

a  w i d e r   l a y   a t   t he   a x i a l   end  r e g i o n s   of  t he   s p o o l .   When  

a  s p o o l   wound  in   t h i s   m a n n e r   i s   s u b j e c t   to  a x i a l   s h o c k  

the   wide   l a y   a x i a l   end  r e g i o n s   a c t   as  s h o c k - a b s o r b e r s   a n d  

c o l l a p s e   to  a b s o r b   the   a x i a l   s h o c k .   T h i s   p r o t e c t s   t h e  

n a r r o w e r   l a y   t u r n s   w h i c h   fo rm  t he   m a j o r i t y   of  t he   w i n d i n g  

so  t h a t   m a r g i n a l   edge   damage   as  a  r e s u l t   of  t he   a x i a l  

s h o c k   i s   m i n i m i z e d .   H o w e v e r ,   t he   a x i a l   e x t e n t   of  t h e  

w i d e r   l ay   t u r n s   a t   o p p o s i t e   a x i a l   ends   of  the   s p o o l   i s  

r e l a t i v e l y   s m a l l ,   so  t h a t   l i t t l e   or  no  e n t a n g l e m e n t   o c c u r s  

as  a  r e s u l t   of  a b s o r b t i o n   of  t he   a x i a l   s h o c k .   F u r t h e r m o r e  

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



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

l a y .  

The  l a y   of  t he   t u r n s   i s ,   as  w i l l   be  r e c o g n i s e d   f r o m  

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

of  t he   c a p s t a n   d r i v e   s p e e d   to  t h e   t r a v e r s e   m o t o r   d r i v e  

s p e e d .   Thus   the   l a y   can  be  v a r i e d   m a n u a l l y   by  a l t e r i n g  

the   s e t t i n g   of   t h e   c o n t r o l   25  w h i c h   o p e r a t e s   a  p o t e n t i o -  

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

motor(s).   H o w e v e r ,   i t   w o u l d   be  e x t r e m e l y   u n d e s i r a b l e   t o  

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

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

w o u l d   be  r e q u i r e d .   In  o r d e r   t h a t   t h e   m a c h i n e   can   p r o d u c e  

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

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

m e t e r   of   t h e   c o n t r o l   knob   25  p r o v i d e s   t he   p r i m a r y   a d j u s t -  

ment   of   t h e   s p e e d   of   t he   t r a v e r s e   d r i v e   motor(s).  A  f u r t h e r  

c o n t r o l   k n o b   3 3 i s  l i n k e d   s i m i l a r l y   to  a  p o t e n t i o m e t e r ,   t h e  

p o t e n t i o m e t e r   of   t he   c o n t r o l   k n o b   33  b e i n g   e l e c t r i c a l l y  

in   p a r a l l e l   w i t h   t he   p o t e n t i o m e t e r   w i t h   t he   c o n t r o l   k n o b  

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

of   v a r y i n g   t he   l a y   a t   t he   a x i a l   e n d s   of  t h e   s p o o l   t h e r e  

i s   a  f u r t h e r   p o t e n t i o m e t e r   58  w h i c h   has   a  c o n t r o l l i n g  

e f f e c t   on  t h e   s p e e d   of  t he   d r i v e   m o t o r 6 )   H o w e v e r ,   i g n o r i n g  

f o r   t he   moment   t h e   p o t e n t i o m e t e r   58  i t   w i l l   be  r e c o g n i s e d  

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

p o w e r   s u p p l i e d   to   t he   t r a v e r s e   d r i v e   m o t o r ( s )  i s   d e t e r m i n e d  

by  t h e   s e t t i n g s   of  t he   c o n t r o l   k n o b s   25,  33.  I t   w i l l   b e  

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

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

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

d i r e c t l y   o p e r a t e d   by  the   m o v e m e n t   of   t he   c a r r i a g e   1 3 .  

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

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

i n   r e l a t i o n   to  t he   i n c o m i n g  t a p e   p a t h  o f   t he   m a c h i n e ,   a n d  

a l t e r s   t he   t r a v e r s e   d i r e c t i o n   a c c o r d i n g l y .   T h i s   l i n k a g e  

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



a x i a l   ends   of  t he   t r a v e r s e   m o v e m e n t .   A l t h o u g h   the   l i n k a g e  

o p e r a t e s   t he   t r a v e r s e   r e v e r s a l   m i c r o - s w i t c h e s   as  t he   t a p e  
r e a c h e s   an  end  f l a n g e   of  t he   s p o o l ,   the   l i n k a g e   a l s o   s e r v e s  
to  o p e r a t e ,   p r i o r   to  t h e   t a p e   r e a c h i n g   the   end  f l a n g e s ,  

a  p a i r   of  r e e d   s w i t c h e s   w h i c h   s h o r t   ou t   of  t he   c o n t r o l  

c i r c u i t   the   p o t e n t i o m e t e r   c o n t r o l l e d   by  the   knob   25.  T h e  

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

the   t a p e   i s   w i t h i n   p e r h a p s  1  4   of  i n c h   f rom  an  end  f l a n g e  

of  the   s p o o l   14.  Thus   as  t he   t a p e   a p p r o a c h e s   e i t h e r   e n d  

f l a n g e   of  t he   s p o o l   14  when  i t   i s   w i t h i n  t   of   i n c h   of  t h e  

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

c i r c u i t   the   p o t e n t i o m e t e r   of  the   c o n t r o l   k n o b   25  l e a v i n g  

the   s p e e d   of  o p e r a t i o n   of  t he   t r a v e r s e   m o t o r s   g o v e r n e d  

by  the   p o t e n t i o m e t e r   of   t he   knob   33.  The  knob   33  i s   s o  

a d j u s t e d   as  to  g i v e   an  i n c r e a s e d   t r a v e r s e   r a t e   by  c o m p a r -  
i s o n   w i t h   t he   t r a v e r s e   r a t e   in   e x i s t a n c e   w i t h   b o t h   p o t e n t -  

i o m e t e r s   in   d r c u i t .   Thus   d u r i n g   the   f i n a l 1  4   of   an  i n c h  

of  t r a v e r s e   t he   t r a v e r s e   s p e e d   i n c r e a s e s ,   t he   t r a v e r s e  

m o t i o n   i s   t h e n   r e v e r s e d   and  the   s p e e d   i n c r e a s e   in   m a i n t a i n -  

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

i s e d   and  the   p o t e n t i o m e t e r   of  t h e   c o n t r o l   knob   25  i s   b r o u g h t  

b a c k   i n t o   c i r c u i t   and  t h e   s p e e d   of  t he   t r a v e r s e   m o t o r  

d r o p s   to  t he   p r e d e t e r m i n e d   s p e e d .   The  w i n d i n g   t h e n   c o n t -  

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

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

25  f o r   t he   f i n a l 1  4   i n c h   of  t r a v e l ,   t he   t r a v e r s e   i s   r e v e r s e d ,  

and  the   s p e e d   i n c r e a s e   i s   m a i n t a i n e d   f o r   t he   f i r s t 1  4   o f  

an  i n c h   of   t he   r e t u r n   t r a v e l   w h e r e a f t e r   the   p o t e n t i o m e t e r  

of  the   c o n t r o l   knob   25  i s   pu t   back   i n t o   c i r c u i t .   T h u s  

the   m a c h i n e   c o n t i n u e s   in   t h i s   m a n n e r   u n t i l   t he   who le   o f  

the   s p o o l   has   b e e n   f i l l e d .   The  e f f e c t   of  i n c r e a s i n g   t h e  

t r a v e r s e   s p e e d   as  t he   t a p e   i s   in  the   v i c i n i t y   of  the   e n d  

f l a n g e s   of  the   s p o o l   i s   to  w i d e n   the   l a y   of  t he   w i n d i n g  

by  an  a m o u n t   d e t e r m i n e d   by  the   s p e e d   i n c r e a s e .   The  s p e e d  

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



p o t e n t i o m e t e r   of   t he   knob   33.  The  s p e e d   i n c r e a s e   of   t h e  

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

an  i n c r e a s e   in   t he   s p e e d   of  t he   c a p s t a n   d r i v e   m o t o r .  

E a r l i e r   in   t h i s   d e s c r i p t i o n   i t   was  d i s c l o s e d   t h a t   s i n c e  

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

t a p e   wound  on  the   s p o o l   14  i n c r e a s e s   t h e n   t h e   s p e e d   o f  

r o t a t i o n   of   t he   s p o o l   l4  d e c r e a s e s .   At  t h i s   e a r l i e r   p o i n t  

in   t h e   d e s c r i p t i o n   t h e   e f f e c t   upon   t e n s i o n   in   t h e   w i n d i n g  

was  c o n s i d e r e d .   What  was  n o t   c o n s i d e r e d   a t   t h a t   p o i n t  

was  the   e f f e c t   on  t h e   l a y   of   t he   t u r n s   o f   t he   w i n d i n g ,   a n d  

i t   w i l l   be  r e c o g n i s e d   t h a t   as  t he   s p e e d   of   r o t a t i o n   o f  

t he   s p o o l   l4   d e c r e a s e s   w h i l e   t he   p a s s   s p e e d   of   t he   t a p e  

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

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

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

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

c r e a s e s .   In   o r d e r   t h e r e f o r e   to  p r o v i d e   c o m p e n s a t i o n   f o r  

the   d e c r e a s i n g   s p e e d   of   r o t a t i o n   of   t h e   s p o o l   l4   as  t h e  

t a p e   d i a m t e r   wound  on  t he   s p o o l   i n c r e a s e s   t he   p o t e n t i o -  

m e t e r   58  i s   p r o v i d e d .   A  s y n t h e t i c   r e s i n   f i n g e r   59  i s  

l i g h t l y   b i a s e d   i n t o   c o n t a c t   w i t h   t he   t a p e   wound  on  t h e  

s p o o l   14.   The  f i n g e r   59  i s   c a r r i e d   by  an  arm  61  c o u p l e d  

to  t he   c o n t r o l   s p i n d l e   of   t he   p o t e n t i o m e t e r   58.   T h e  

c a s i n g   of   t h e   p o t e n t i o m e t e r   58  i s   s e c u r e d   to  t h e   b e a r i n g  

b l o c k   19,   and   t h u s   as  t he   t a p e   d i a m e t e r   on  t h e   s p o o l   1 4  

i n c r e a s e s   t h e   f i n g e r   59  and  t h u s   t he   arm  6l  a r e   m o v e d .  

The  arm  6l  i s   moved  a n g u l a r l y   w i t h   r e s p e c t   to  t he   p o t e n t i o -  
m e t e r   58  and  a d j u s t s   t he   s e t t i n g   of  t h e   p o t e n t i o m e t e r   5 8 .  

As  p r e v i o u s l y   m e n t i o n e d   the   p o t e n t i o m e t e r   58  e f f e c t s   a  

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

d r i v e   motor(s) ,   and  i s   e l e c t r i c a l l y   in   s e r i e s   w i t h   t h e  

p a r a l l e l   c o m b i n a t i o n   of  t he   p o t e n t i o m e t e r s   c o n t r o l l e d   b y  
the   k n o b s   25  and  33.  Thus  the   s e t t i n g   of  t he   p o t e n t i o m e t e r  

58  h a s ,   i n   r e l a t i o n   to  t he   t r a v e r s e   d r i v e   m o t o r s ,   a  m o d i f y -  

i n g   e f f e c t   on  the   p o w e r   s e t t i n g   d e t e r m i n e d   by  t he   p o t e n t i o -  

m e t e r s   o f   t h e   k n o b s   25,   33.  As  t he   d i a m e t e r   o f   t a p e  



wound  on  the   s p o o l   i n c r e a s e s   t he   s e t t i n g   of  t he   p o t e n t i o -  

m e t e r   58  i s   a l t e r e d   to  r e d u c e   the   p o w e r   s u p p l i e d   to  t h e  

t r a v e r s e   d r i v e   m o t o r s ) s o   t h a t   t he   s p e e d   of  t r a v e r s e   i s  

r e d u c e d   to  m a i n t a i n   t he   l a y   of   t u r n s   on  the   s p o o l   c o n s t a n t  

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

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

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

c o n t r o l s   25,  26,  27,  29,  31,  32,  and  33  can   be  p r e s e t ,  

t he   t a p e   can  be  t h r e a d e d   t h r o u g h   the   m a c h i n e   and   a t t a c h e d  

to  an  empty   s p o o l ,   t he   p o w e r   s w i t c h   24  can  be  p u t   i n t o   t h e  

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

i n i t i a t e d   by  o p e r a t i o n   o f   t h e   c o n t r o l   28.  T h e r e a f t e r ,  

p r o v i d e d   t h a t   t he   t a p e   i s   c o n s t a n t   in   i t s   d i m e n s i o n s  

and  p r o p e r t i e s   t h r o u g h o u t   i t s   l e n g t h   the   s p o o l i n g   o p e r a t i o n  

w i l l   c o n t i n u e   w i t h o u t   a l t e r n a t i o n   to  the   s e t t i n g   of   a n y  
of  t he   c o n t r o l s   u n t i l   t h e   s p o o l   i s   f u l l .   The  s p o o l - f u l l  

c o n d i t i o n   i s   s e n s e d   a l s o   by  t h e   f i n g e r   59  w h i c h ,   i n  

a d d i t i o n   to  o p e r a t i n g   t h e   p o t e n t i o m e t e r   58  o p e r a t e s   a  

m i c r o - s w i t c h   w h i c h   b r e a k s   t he   p o w e r   s u p p l y   to  a l l   o f  

the   m o t o r s   of  t he   a p p a r a t u s .   Thus   t h e   m a c h i n e   w i l l   n o t  

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

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

M o r e o v e r ,   t he   p o i n t  o f  o p e r a t i o n   of   t h e   m i c r o - s w i t c h   i s  

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

of  s p o o l ,   and  the   knob   ( n o t   shown)   f o r   a d j u s t m e n t   of  t h e  

o p e r a t i n g   p o i n t   of  t he   m i c r o - s w i t c h   can  be  c a l i b r a t e d ,  

f o r   a  g i v e n   t a p e   d i m e n s i o n ,   in   t e r m s   of   t he   w e i g h t   o f  

t a p e   on  a  s p o o l .   In   f a c t   t h e r e   i s   no  w e i g h t   m e a s u r e m e n t  

as  s u c h ,   bu t   i t   i s   known  t h a t   f o r   a  p a r t i c u l a r   l a y ,   a n d  

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

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

w e i g h t   of   t a p e   on  the   s p o o l .   S i n c e   s p o o l s   of  t a p e   a r e  

n o r m a l l y   s o l d   by  w i e g h t ,   and  no t   by  l e n g t h   of  t a p e   t h e n  

c a l i b r a t i n g   the   s e t t i n g   k n o b   f o r   t he   m i c r o - s w i t c h   in   t e r m s  

of  w e i g h t   r a t h e r   t h a n   in   t e r m s   of   l e n g t h   of  s p o o l   o r  



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

I t   w i l l   h a v e   b e e n   n o t e d   t h a t   a  c o n t r o l   knob   62  i s   p r o -  
v i d e d   on  t he   s i d e   of   t h e   c o n s o l e   12.  The  c o n t r o l   k n o b  

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

w h e e l   39  a l o n g   i t s   t r a c k   4 l .   In  t he   a b s e n c e   of   t a p e   t h e  

d a n c e r   w h e e l   39  w i l l   move  to  t h e   c l o c k w i s e   end  of   i t s  

t r a c k   41  (as   v i e w e d   in   F i g u r e   2)  and  when  in   t h i s   p o s i t i o n ,  

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

m i c r o - s w i t c h   in   s e r i e s   w i t h   t he   m i c r o - s w i t c h   o p e r a t e d   b y  

t he   f i n g e r   59.  Thus   s h o u l d   t he   s u p p l y   o f   t a p e   34  r u n   o u t ,  

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

w h e e l   39  w i l l   be  m o v e d ,   by  i t s   t e n s i o n   s p r i n g ,   to  a  p o s -  
i t i o n   w h e r e i n   i t s   o p e r a t e s   t h e   m i c r o - s w i t c h   t h u s   d e - e n e r g -  

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

D e s i r a b l y   t h e   p o r t i o n   of   t h e   b a s e   11  u p o n   w h i c h   t h e  

c a r r i a g e   13  i s   m o v a b l e   i s   h o l l o w ,   and  c o n t a i n s   t h e   g u i d e  

r o d s   l 6 ,   t he   l e a d - s c r e w   17,   and  t h e   l u g s   15  and  18.   T h e  

h o l l o w   r e g i o n   i s   i n   t h e   f o r m   of   an  o i l   b a t h   so  t h a t   t h e  

b e a r i n g s   of  t h e   c a r r i a g e   13  on  the   g u i d e   r o d s   l 6 ,   and  t h e  

c a p t i v e   n u t   18  e n g a g e d   w i t h   t he   l e a d - s c r e w   17  a r e   e i t h e r  

p a r t i a l l y ,   or  t o t a l l y   o i l   i m m e r s e d .  

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

t h e   c a r r i a g e   t h e r e   can   be  a  s i g n i f i c a n t   m e c h a n i c a l   a d v a n t a g e  

by  v i r t u e   of   t h e   s i z e s   o f   t he   p u l l e y s   46  and  44  and  t h e  

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

t h e r e ,   a f t e r   w e a r ,   be  a  s l i g h t   s l i p p a g e   i n   e i t h e r   of   t h e  

c l u t c h e s   49,  51  as  t h e y   a r e   e n e r g i s e d ,   t he   e f f e c t   i n   t e r m s  

of  l o s s   of   c a r r i a g e   m o v e m e n t   w i l l   be  i n s i g n i f i c a n t .  

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

t h a t  b o t h   c a r r i a g e   t r a v e r s e   d r i v e   m o t o r s   o p e r a t e   a t   t h e  

same  s p e e d   to  g i v e   t h e   same  t a p e   l a y   f o r   e a c h   l a y e r   o f  

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

in  the   s p e e d s   can  be  p r o v i d e d   in   o r d e r   to  g i v e   d i f f e r e n t  

l a y s   f o r   a d j a c e n t   l a y e r s   of   t u r n s .   F o r   e x a m p l e ,   i f   t h e  



m o t o r   d r i v i n g   p u l l e y   56  r u n s   f a s t e r   t h a n   m o t o r   d r i v i n g  

p u l l e y   57  t h e n   e a c h   l a y e r   of  t u r n s   w o u l d   d u r i n g   t r a v e r s e  

to  t he   r i g h t   w i l l   h a v e   w i d e r   l a y   t h a n   t h o s e   wound  d u r i n g  
t r a v e r s e   to  t h e   l e f t   and  a  s p o o l   w i l l   be  f i l l e d   w i t h   t u r n s  

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

n a r r o w e r   l a y e r .   Such   a  m e t h o d   of  w i n d i n g   is   b e l i e v e d  

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

t a p e   i s   to  be  wound  o n t o   s p o o l s   h a v i n g   c a p a c i t y   of  a  

l a r g e   n u m b e r   of  l a y e r s   of  t u r n s .   In   s u c h   c i r c u m s t a n c e s  

w h e r e ,   f o r   e x a m p l e ,   t h e   t a p e   i s   b u c k l e 4   c r e a s e d   or  o f  

u n e v e n   t h i c k n e s s   t h e n   w i n d i n g   w i t h   t h e   same  l a y   i n  

a d j a c e n t   l a y e r s   can   r e s u l t   in   a  b u i l d - u p   of   e r r o r s  

r e s u l t i n g   in   an  u n e v e n l y   wound  s p o o l   ( t h a t   i s   to  s ay   t h e  

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

and  p e a k s   a l o n g   t he   a x i a l   l e n g t h   of   t h e   s p o o l ) .   V a r y i n g  

the   l a y   of   a d j a c e n t   l a y e r s   has   b e e n   f o u n d   to  m i n i m i s e  

the   t e n d e n c y   f o r   t h e   e r r o r s   to  b e c o m e   c u m u l a t i v e .   I n  

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

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

t h i s   i s   e x p e n s i v e   and  t i m e   c o n s u m i n g .   I t   w i l l   be  r e c o g n i s -  

ed  t h a t   t h i s   e f f e c t   can   n o t   so  r e a d i l y   be  o b t a i n e d   w i t h  

t he   a r r a n g e m e n t s   shown  in   F i g u r e s   4  and  5  w h e r e   o n l y  

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

be  a c h i e v e d   by  c o n t r o l l i n g   the   s p e e d   of  t h e   m o t o r   71 

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

Fo r   e x a m p l e ,   t h e   m o t o r   can   h a v e   a  r e s i s t o r   a u t o m a t i c a l l y  

c o n n e c t e d   i n   s e r i e s   w i t h   i t   w h e n e v e r   t h e   c l u t c h   82  i s  

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

when  i t   i s   d r i v i n g   t h e   l e a d - s c r e w   17  t h r o u g h   t he   c l u t c h  

82  b u t   w i l l   r e t u r n   to  i t s   p r e s e t   v a l u e   when  d r i v i n g   t h e  

l e a d - s c r e w   t h r o u g h   t h e   c l u t c h   8 7 .  

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

"wide   l a y "   and  " n a r r o w   l a y "   as  u s e d   h e r e i n   a r e   s o m e w h a t  

s u b j e c t i v e ,   and  t h e   d e f i n i t i o n s   o f . t h e s e   t e r m s   g i v e n  

h e r e i n   a r e   by  way  of  e x a m p l e   o n l y .  



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

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

on  m a t e r i a l   to   be  s p o o l e d   c h a r a c t e r i s e d . i n   t h a t   t h e r e   i s  

p r o v i d e d   a  p i n c h   w h e e l   c a p s t a n   d r i v e   37 ,   38  f o r   s u p p l y i n g  

m a t e r i a l   to  be  s p o o l e d   to  a  s p o o l   c a r r i e d   in   u s e   by  s a i d  

c a r r i e r   23,   and  an  e l e c t r i c   t o r q u e   m o t o r   21  f o r   d r i v i n g  

s a i d   c a r r i e r   23,   w h e r e b y ,   i n   u s e ,   t h e   t a k e - u p   s p o o l   r o t a t i o n -  

a l   s p e e d   i s   d e t e r m i n e d   by  t h e   p a s s   s p e e d   of  t h e   m a t e r i a l  

s u p p l i e d   to  t h e   s p o o l   by  s a i d   p i n c h   w h e e l   c a p s t a n   d r i v e   3 7 ,  

38  and  the   t e n s i o n   o f   t h e   m a t e r i a l   b e i n g   s p o o l e d   i s   d e t e r -  

m i n e d   by  t he   p o w e r   i n p u t   to  t h e   t o r q u e   m o t o r   2 1 .  

2.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

by  t h e   p r o v i s i o n   o f   means   w h e r e b y   t h e   p o w e r   i n p u t   to  t h e  

t o r q u e   m o t o r   21  can   be  a d j u s t e d   by  an  o p e r a t o r .  

3.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   1  or   c l a i m   2  c h a r a c t e r -  

i s e d   by  means   w h e r e b y   t he   s p e e d   o f   t he   c a p s t a n   d r i v e   37 ,   38  

can  be  v a r i e d ,   to   v a r y   t h e   p a s s   s p e e d   of   t h e   m a t e r i a l   b e i n g  

s p o o l e d .  

4.  A  m a c h i n e   as  c l a i m e d   i n   any  one  of   c l a i m s   1  to  3 

c h a r a c t e r i s e d   by  means   w h e r e b y   u p o n  i n i t i a t i o n   of   t h e  

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

of  the   t o r q u e   m o t o r   21  a t   i t s   c h o s e n   v a l u e   f o r  t h e   s p o o l i n g  

o p e r a t i o n ,   b e f o r e   o p e r a t i o n   of   t he   c a p s t a n   d r i v e   37,   3 8  

at   i t s   c h o s e n   s p e e d   f o r   t he   s p o o l i n g   o p e r a t i o n ,   t he   c a p s t a n  

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

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

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

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

to  s a i d   c h o s e n   v a l u e .  



5.  A  m a c h i n e   as  c l a i m e d   in   a n y  o n e   of  t he   p r e c e d i n g  

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

t r a v e r s e   m o v e m e n t   b e t w e e n ,   in   u s e ,   t he   s p o o l   and  the   m a t -  

e r i a l   to  be  wound  o n t o   the   s p o o l ,   t h e r e   is   p r o v i d e d   a  

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

49  (82)   and  51  ( 8 7 ) ,   t h e   f i r s t   c l u t c h   49  (82)   b e i n g   e n g a g e d  

and  t he   s e c o n d   c l u t c h   51  (87)   d i s e n g a g e d   f o r   t r a v e r s e   i n  

one  d i r e c t i o n ,   and  t he   s e c o n d   c l u t c h   51  (87)   b e i n g   e n g a g e d  

and  t h e   f i r s t   c l u t c h   49  (82)   b e i n g   d i s e n g a g e d   f o r   t r a v e r s e  

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

6.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   5  c h a r a c t e r i s e d   i n  

t h a t   s a i d   t a k e - u p   s p o o l   c a r r i e r   23  is   c a r r i e d   on  a  t a k e - u p  

s p o o l   c a r r i a g e   13  and  t h e   m a c h i n e   f u r t h e r   i n c l u d e s   a  c a p t i v e  

n u t   18  c a r r i e d   by  s a i d   c a r r i a g e   13,  a  r o t a t a b l e   l e a d - s c r e w  

17  c o - o p e r a t i n g   w i t h   t he   n u t   18  and  h e l d   a g a i n s t   a x i a l   m o v e -  

ment   w h e r e b y   as  t he   l e a d - s c r e w   17  r o t a t e s   t he   n u t   18  i s  

c a u s e d   to  move  a x i a l l y   a l o n g   the   l e n g t h   of  the   l e a d - s c r e w   1 7 ,  

and  a  l e a d - s c r e w   d r i v e   m e c h a n i s m ,   t he   l e a d - s c r e w   d r i v e  

m e c h a n i s m   c o m p r i s i n g   means   56  (79)   d r i v i n g   the   i n p u t   o f  

s a i d   f i r s t   c l u t c h   49  (82)   in   one  d i r e c t i o n ,   means  57  ( 8 5 )  

d r i v i n g   t h e   i n p u t   of  s a i d   s e c o n d   c l u t c h   51  (87)   in   t he   o p p -  
o s i t e   d i r e c t i o n ,   and  a  c o m b i n e d   o u t p u t   member   46  (89)   f o r  

t he   f i r s t   and  s e c o n d   c l u t c h e s ,   t h e   l e a d - s c r e w   17  b e i n g  

d r i v e n   f r o m   the   c o m b i n e d   o u t p u t   member   46  (89)   of  t h e  

f i r s t   and  s e c o n d   c l u t c h e s ,   and  b e i n g   d r i v e n   in   one  r o t a t i o n -  

a l   d i r e c t i o n ,   to  move  t he   c a r r i a g e   13  in   one  l i n e a r   d i r e c t i o n ,  

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

d i s e n g a g e d ,   so  t h a t  t h e   c o m b i n e d   c l u t c h   o u t p u t   member   4 6  

(89)   i s   d r i v e n   by  the   f i r s t   c l u t c h   i n p u t   m e m b e r ,   and  t h e  

l e a d - s c r e w   17  b e i n g   d r i v e n   in   t h e   o p p o s i t e   r o t a t i o n a l  

d i r e c t i o n   to  move  the   c a r r i a g e   13  in   t h e   o p p o s i t e   l i n e a r  

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

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

member   d r i v e s   t he   c o m b i n e d   c l u t c h   o u t p u t   member  46  ( 8 9 ) .  



7.  A  m a c h i n e   as  c l a i m e d  i n   c l a i m   5  or  c l a i m   6  c h a r -  

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

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

8 .   A  m a c h i n e   as  c l a i m e d   i n   any  one  of   c l a i m s   5  to  7  

c h a r a c t e r i s e d   i n   t h a t   s a i d   means   56  d r i v i n g   t h e   i n p u t   o f  

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

means  57  d r i v i n g   t he   i n p u t   of   s a i d   s e c o n d   c l u t c h   i n c l u d e s  

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

9.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   8  c h a r a c t e r i s e d   i n  

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

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

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

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

s e c o n d   e l e c t r i c   m o t o r s   s i m u l t a n e o u s l y   and  by  t he   same  a m o u n t .  

10.  A  m a c h i n e   as  c l a i m e d   i n   any  one  of  c l a i m s   5  to   7  

c h a r a c t e r i s e d   i n   t h a t   s a i d   means   d r i v i n g   t he   i n p u t   of   s a i d  

f i r s t   c l u t c h   i n c l u d e s   an  e l e c t r i c   m o t o r   71  and  s a i d   m e a n s  

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

e l e c t r i c   m o t o r   71  and  a  d r i v e   r e v e r s i n g   m e c h a n i s m   75  ( 9 5 ,  

96,   97)  w h e r e b y   s a i d   e l e c t r i c   m o t o r   71  d r i v e s   b o t h   t h e  

f i r s t   c l u t c h   i n p u t   83  and  t h e   s e c o n d   c l u t c h   i n p u t   88  a t  

t he   same  r o t a t i o n a l   s p e e d   b u t   i n   o p p o s i t e   r o t a t i o n a l  

d i r e c t i o n s .  

11.  A  m a c h i n e   as  c l a i m e d   i n   any  one  of  t h e   p r e c e d i n g  

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

d u r i n g   r e l a t i v e   t r a v e r s e   m o v e m e n t   o f   t h e   s p o o l   14  a n d  

m a t e r i a l   b e i n g   wound  as  t h e   m a t e r i a l   i s   wound  a d j a c e n t  

the   a x i a l   ends   of   t h e   s p o o l   14,  t o , p r o d u c e   a  v a r i a t i o n  

in   t he   r e l a t i o n s h i p   of   t h e   s p e e d   of   t r a v e r s e   to  t h e   s p e e d  

of   r o t a t i o n   of  t h e   s p o o l   14,  s u c h   t h a t   t he   s p a c i n g   b e t w e e n  

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

a d j a c e n t   t he   a x i a l   ends   of  t he   s p o o l   t h a n   o v e r   t h e   r e m a i n d e r  

of  t he   s p o o l .  



12.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   11  c h a r a c t e r i s e d   i n  

t h a t   t h e r e   i s   p r o v i d e d   a  r e c i p r o c a b l e   c a r r i a g e   13  f o r  

c a r r y i n g   the   t a k e - u p   s p o o l   14  i n   u s e ,   means   17,  18  f o r   r e c -  

i p r o c a t i n g   the   c a r r i a g e   13,  and  means   s e n s i n g   the   p o s i t i o n  

of  t h e   c a r r i a g e   13  in   r e l a t i o n   to  the   i n p u t   p a t h   of  m a t e r i a l  

to  t h e   t a k e - u p   s p o o l   i n   u s e ,   s a i d   s e n s i n g   means   in   u s e  

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

c a r r i a g e   13  in   a  m a n n e r   to  i n c r e a s e   t he   s p e e d   of  t r a v e r s e   a t  

t h o s e   p o i n t s   in  the   m o v e m e n t   of  t he   c a r r i a g e   13  w h e r e  

m a t e r i a l   i s   b e i n g   wound  a d j a c e n t   the   two  a x i a l   e n d s   of  t h e  

t a k e - u p   s p o o l .  

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

a d j a c e n t   t he   a x i a l   e n d s   of  t he   s p o o l   t he   l a y   of  a x i a l l y  

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

t h a n   t h r o u g h o u t   t he   r e m a i n d e r   of  the   a x i a l   l e n g t h   of  t h e  

s p o o l .  

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

p r o v i d e d   means  o p e r a b l e   d u r i n g   r e l a t i v e   t r a v e r s e   m o v e m e n t  

of   t h e   s p o o l   14  and  m a t e r i a l   b e i n g   wound  as  t he   m a t e r i a l  

i s   wound  a d j a c e n t   t he   a x i a l   ends   of  t he   s p o o l   14,  t o  

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

of  t r a v e r s e   to  t he   s p e e d   of  r o t a t i o n   of  t he   s p o o l   1 4 ,  

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

m a t e r i a l   b e i n g   wound  i s   g r e a t e r   a d j a c e n t   t he   a x i a l   e n d s  

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

15.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   14  c h a r a c t e r i s e d   b y  

a  r e c i p r o c a b l e   c a r r i a g e   13  f o r   c a r r y i n g   the   t a k e - u p   s p o o l  
14  in   u s e ,   means  17,  18  f o r   r e c i p r o c a t i n g   the   c a r r i a g e  

13,  and  means  s e n s i n g   t he   p o s i t i o n   of  t he   c a r r i a g e   13 

in   r e l a t i o n   to  the   i n p u t   p a t h   of  m a t e r i a l   to  the   t a k e - u p  

s p o o l   in   u s e ,   s a i d   s e n s i n g   means   in   use   c o n t r o l l i n g   t h e  

s p e e d   of  t r a v e r s e   of  t he   r e c i p r o c a b l e   c a r r i a g e   13  in  a  

m a n n e r   to  i n c r e a s e   t he   s p e e d   of  t r a v e r s e   a t   t h o s e  p o i n t s  

in   t he   movement   of  t he   c a r r i a g e   13  w h e r e   m a t e r i a l   i s  

b e i n g   wound  a d j a c e n t   t he   two  a x i a l   ends   of  t he   t a k e - u p   s p o o l .  



16.  A  s p o o l   of  m a t e r i a l   c h a r a c t e r i s e d   in   t h a t   t h e  

m a t e r i a l   i s   so  wound  t h a t   t h e   l a y   of  t he   t u r n s   of  e a c h  

l a y e r   i s   w i d e r   a d j a c e n t   t he   a x i a l   e n d s   of  t he   s p o o l .  










	bibliography
	description
	claims
	drawings
	search report

