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©  NEEDLE  SELECTING  DEVICE  FOR  CIRCULAR  KNITTING  MACHINES. 
  A  needle  selecting  device  for  circular  knitting  machines, 
including  a  plurality  of  fingers  each  of  which  is  supported 
pivotably  nearly  at  its  center  position,  and  each  of  which  is 
provided  at  its  one  end  with  a  permanent  magnet,  and  at  the 
other  end  thereof  with  a  pushing  surface;  and  an  U-shaped 
electromagnetic  coil  having  S and  N  poles  which  are 
arranged  vertically  in  opposition  to  the  permanent  magnet. 
When  an  electric  current  is  applied  to  the  electromagnetic 
coil  selectively  in  the  forward  and  backward  directions  in 
accordance  with  a  certain  plan,  the  fingers  are  moved 
pivotally,  so  that  the  pushing  surfaces  of  the  fingers  and  a 
finger-engageable  butt  of  a  jack  engage  each  other  selective- 
ly.  That  is,  a  lift  cams  in  the  circular  knitting  machine  and  a 
cam-engageable  but  of  the  jack  engage  each  other  selective- 
ly,  thereby  effecting  knitting  based  on  a  predetermined 
pattern. 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to  a  k n i t t i n g   n e e d l e   d r i v i n g  

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

More  s p e c i f i c a l l y ,   t h i s   i n v e n t i o n   r e l a t e s   to  t h e  

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

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

m a k i n g   or  r e m o v i n g   e n g a g e m e n t   b e t w e e n   r a i s i n g   cams  f o r  

a p p l y i n g   v e r t i c a l   m o v e m e n t   to  a  p l u r a l i t y   of  k n i t t i n g  

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

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

of   t h e   k n i t t i n g   n e e d l e s   on  t h e   b a s i s   of  a  p r e d e t e r m i n e d  

k n i t t i n g   p l a n .  

PRIOR  ART 

As  i l l u s t r a t e d   in  F i g .   8,  a  j a c q u a r d   c i r c u l a r  

k n i t t i n g   m a c h i n e   i s   c o m p r i s e d   of  a  k n i t t i n g   c y l i n d e r   2 

h a v i n g   a  p l u r a l i t y   of  k n i t t i n g   n e e d l e s   3,  y a r n   f e e d  

d e v i c e s   8,  and  a  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   1 

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

a  p a t t e r n i n g   p r o c e d u r e   memory  4  f o r   v e r t i c a l   m o v e m e n t  

of  t he   k n i t t i n g   n e e d l e s .   The  k n i t t i n g   c y l i n d e r   2  i s  

r o t a t e d   t h r o u g h   a  t r a n s m i t t i n g   m e c h a n i s m   7  by  a  m o t o r   6 .  

The  r o t a t i o n   of  t h e   k n i t t i n g   c y l i n d e r ,   more  e x a c t l y ,   t h e  

r o t a t i o n a l   a n g l e   of  t he   k n i t t i n g   c y l i n d e r ,   is   d e t e c t e d  

by  a  d e c o d e r   5  and  t r a n s m i t t e d   to  t he   p a t t e r n i n g  

p r o c e d u r e   memory  4.  A  k n i t t i n g   p r o c e d u r e   c o r r e s p o n d i n g  

to  t h e   r o t a t i o n a l   a n g l e   of  t he   k n i t t i n g   c y l i n d e r   2  i s  

t r a n s f e r r e d   from  the   p a t t e r n i n g   p r o c e d u r e   memory  4  t o  

t he   k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   1.  The  p a t t e r n i n g  

p r o c e d u r e   memory  4  u s u a l l y   c o n s i s t s   of  a  p in   drum  or  a  

c o m p u t e r   memory.   A  p l u r a l i t y   of  y a r n   9  is   fed  t h r o u g h  

t h e   y a r n   f eed   d e v i c e s   8  to  t he   k n i t t i n g   n e e d l e s   3 .  

As  a  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   now  in  w i d e  



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

as  shown  in  F i g .   9,  a  ma in   p o r t i o n   of   w h i c h   i s   c o m p r i s e d  

of   a  p l u r a l i t y   o f   p l a t e s   60  a r r a n g e d   s l i d a b l y   in  p a r a l l e l  

t o   e a c h   o t h e r .   In  t h i s   m e c h a n i s m ,   t h e   p l a t e s   60  s l i d e  

b a s e d   on  p i n s   on  t h e   p i n   drum  or  s i g n a l s   e m i t t e d   f rom  t h e  

c o m p u t e r   m e m o r y .   When  a  p l a t e   60  moves   t o w a r d   a  c e n t e r  

o f   t h e   k n i t t i n g   c y l i n d e r   62,  a  j a c k   61  e n g a g i n g   t h e  

l o w e r   end  o f   t h e  k n i t t i n g   n e e d l e   moves   t o w a r d   t h e   c e n t e r  

o f   t h e   k n i t t i n g   c y l i n d e r ,   so  t h a t   a  cam  b u t t   p r o v i d e d   o n  

t h e   l o w e r   p o r t i o n   o f   t h e   j a c k   61  i s   d i s e n g a g e d   f rom  a  

r i s i n g   cam  64.  A c c o r d i n g l y ,   by  c o n t r o l l i n g   t h e   s l i d i n g  

m o v e m e n t   of   t h e   p l a t e   60  by  t h e   p i n s   or   s i g n a l s   e m i t t e d  

f r o m   t h e   m e m o r y ,   t h e   v e r t i c a l   m o v e m e n t   o f   t h e   c o r r e -  

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

h a v i n g   t h e   p r e d e t e r m i n e d   p a t t e r n   c a n   be  m a d e .  

At  t h e   p r e s e n t ,   h i g h   s p e e d   d r i v e   o f   t h e   j a c q u a r d  

c i r c u l a r   k n i t t i n g   m a c h i n e   i s   d e s i r e d .   I t   i s   n e c e s s a r y  
to   s p e e d   up  t h e   r e s p o n s e   o f   t h e  k n i t t i n g   n e e d l e   d r i v i n g  

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

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

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

t h e   p l a t e s   in  a  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   h a v i n g  

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

known  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m .   I t   i s   p o s s i b l e  

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

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

s l i d i n g   s p e e d ,   h o w e v e r ,   t h e   k n i t t i n g   n e e d l e   d r i v i n g  

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

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

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

k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   h a v i n g   a  s m a l l   s i z e  

and  h i g h   r e s p o n s e   s p e e d   i s   s t r o n g l y   d e s i r e d   to   e n a b l e  

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

DISCLOSURE  OF  THE  INVENTION 

The  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a  

k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   h a v i n g   a  s m a l l   s i z e  



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

A  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   in   a c c o r d a n c e  

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

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

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

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

of   t h e   k n i t t i n g   n e e d l e s   by  b e i n g   p i v o t e d   a t   p o i n t s  

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

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

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

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

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

P e r m a n e n t   m a g n e t s   a r e   p r o v i d e d   on  e n d s   of   t h e   f i n g e r s  

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

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

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

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

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

h i l l   s h a p e   in  t h e   h o r i z o n t a l   p l a n e   and  a  p r e d e t e r m i n e d  

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

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

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

on  t h e   h o u s i n g .   The  S - p a l e s   and  t h e   N - p a l e s   of   t h e  

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

v e r t i c a l   d i r e c t i o n   so  as  to   s u b s t a n t i a l l y   f a c e   t h e   e n d  

s u r f a c e s   of   t h e   p e r m a n e n t   m a g n e t s ,   of   t h e   f i n g e r s   i n  

t h e   u p p e r   p o s i t i o n   and  l o w e r   p o s i t i o n   of   t h e   s w i n g i n g  

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

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

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

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

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

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

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

l e n g t h w i s e   d i r e c t i o n   of  t h e   k n i t t i n g   c y l i n d e r   and  e x t e n d  

in  d i r e c t i o n   away  f rom  t h e   f i n g e r s   to   fo rm  l e a d   s u r f a c e s  

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



k n i t t i n g   n e e d l e s .   In  t h e   k n i t t i n g   n e e d l e   d r i v i n g  

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

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

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

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

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

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

f i n g e r   b u t t s   of   t h e   j a c k s .   The  e n g a g e m e n t   b e t w e e n   a  

r a i s i n g   cams  and  cam  b u t t s   o f   t h e   j a c k s   i s   t h e r e b y  

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

b e c o m e s   p o s s i b l e .  

S i n c e   t h e   ma in   p o r t i o n   o f   t h e   k n i t t i n g   n e e d l e  

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

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

f i n g e r s   as  d e s c r i b e d   h e r e i n b e f o r e   and  t h e   s w i n g i n g  

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

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

t h e   p e r m a n e n t   m a g n e t s   a r r a n g e d   on  t h e   e n d s   o f   t h e  

f i n g e r s ,   t h e   k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   can   b e  

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

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

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

F u r t h e r ,   s i n c e   t h e   c o n s t r u c t i o n   of   t h e   d e v i c e   of   t h e  

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

f a c t u r e d   a t   low  c o s t .   A l s o ,   i t   i s   p o s s i b l e   to   s a v e  

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

S t i l l   m o r e ,   t h e   f i n g e r   g u i d e s   of   t h e   k n i t t i n g  

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

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

f i n g e r   b u t t s   of   t h e   j a c k s   e n g a g i n g   t h e   l o w e r   e . ids   o f   t h e  

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

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

a d v a n c e   by  t h e   l e a d   s u r f a c e s .   C o n s e q u e n t l y ,   t h e r e   i s  

no  c h a n c e   t h a t   a  f i n g e r   b u t t   of   a  j a c k   w i l l   d i r e c t l y  

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

t h e   f i n g e r s .  

In  t he   k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   i n  



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

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

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

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

e n g a g e   w i t h   t h e   f i n g e r   b u t t s   of  t h e   j a c k s   a b u t t i n g   t h e  

l o w e r   e n d s   of   t h e   k n i t t i n g   n e e d l e s ,   t h e   two  end  e d g e s  

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

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

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

t h e   k n i t t i n g   c y l i n d e r ,   be  p o s i t i o n e d   in  t h e   same  p l a n e  

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

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

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

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

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

so  t h e   r i s k   of   damage   to   t h e   f i n g e r s   can   be  r e d u c e d  

a n d ,   as  a  r e s u l t ,   t he   d u r a b i l i t y   of   t h e   k n i t t i n g   n e e d l e  

d r i v i n g   m e c h a n i s m   can  be  s i g n i f i c a n t l y   i n c r e a s e d .  

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

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

t h e   p r e s e n t   i n v e n t i o n   can   be  u s e d   when  t h e   c i r c u l a r  

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

t h e   r e v e r s e   d i r e c t i o n .   I n c i d e n t a l l y ,   when  t h e   c i r c u l a r  

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

f o r m e d   in   a  h a l f   h i l l   s h a p e   may  be  u s e d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  f r o n t   e l e v a t i o n   of  a  k n i t t i n g   n e e d l e  

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

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

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

of  F i g .   1 ;  

F i g .   3  i s   a  s i d e   v i e w   a l o n g   t h e   l i n e   I I I   to   I I I  

of  F i g .   1 ;  

F i g .   4  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   i l l u s t r a t i n g  

a  r e l a t i v e   r e l a t i o n   among  a  f i n g e r ,   an  e l e c t r o m a g n e t i c  

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

n e e d l e   d r i v i n g   m e c h a n i s m   i l l u s t r a t e d   in  F i g .   1 ;  



F i g s .   5  and  6  a r e   f r o n t   e l e v a t i o n s   i l l u s t r a t i n g   a  

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

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

and   a  r a i s i n g   cam,  F i g .   5  s h o w i n g   t h e   c a s e   w h e r e   t h e  

b u t t   d o e s   n o t   a b u t   t h e   r a i s i n g   cam  and  F i g .   6  s h o w i n g  

t h e   c a s e   w h e r e   t h e   b u t t   a b u t s   t h e   r a i s i n g   c a m ;  

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

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

p u s h i n g   member   and  t h e   h o u s i n g ;  

F i g .   8  i s   a  p e r s p e c t i v e   v i e w   i l l u s t r a t i n g   a n  

e x a m p l e   of   a  c o n v e n t i o n a l   known  j a c q u a r d   c i r c u l a r  

k n i t t i n g   m a c h i n e ;   a n d  

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

i l l u s t r a t i n g   a  c o n v e n t i o n a l   known  k n i t t i n g   n e e d l e  

d r i v i n g   m e c h a n i s m .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

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

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

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

As  i l l u s t r a t e d   in  F i g .   1,  t h e   k n i t t i n g   n e e d l e  

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

e i g h t   f i n g e r s   11,  an  e l e c t r o m a g n e t i c   f i n g e r   o p e r a t i n g  

d e v i c e   30  a r r a n g e d   b e h i n d   t h e   f i n g e r s   11,   and  a  

h o u s i n g   20  s u p p o r t i n g   t h e   e i g h t   f i n g e r s   11  and  t h e  

e l e c t r o m a g n e t i c   f i n g e r   o p e r a t i n g   d e v i c e   30.  T h o u g h  

e i g h t   f i n g e r s   a r e   shown  in  t h e   k n i t t i n g   n e e d l e   d r i v i n g  

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

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

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

t y p e )   k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m s .   A  k n i t t i n g  

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

i s   p r e f e r a b l e ,   b e c a u s e   i t   i s   p o s s i b l e   to   make  t h e  

e x t e r n a l   d i m e n s i o n s   s m a l l e r .   S i n c e ,   in   t h e   e m b o d i m e n t  

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

k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   can   be  made  h i g h   s p e e d ,  

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

k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   w i t h   e i g h t   f i n g e r s .  



I n c i d e n t a l l y ,   t h e   i d e a l   n u m b e r   of  f i n g e r s   in   a  k n i t t i n g  

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

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

F i g .   4,  a  f i n g e r   1  i s   c o m p r i s e d   of   a  f i n g e r   c e n t r a l  

p o r t i o n   19  s u p p o r t e d   r o t a t i v e l y   by  a  p i v o t   16,   a  f i r s t  

arm  12  and  a  s e c o n d   arm  13  e x t e n d i n g   f rom  t h e   f i n g e r  

c e n t r a l   p o r t i o n   19  to   t h e   two  s i d e s ,   a  p u s h i n g   m e m b e r  

14  a t t a c h e d   to   a  t o p   end  o f   t h e   f i r s t   arm  12,   and  a  

p e r m a n e n t   m a g n e t   17  a t t a c h e d   to   a  t o p   end  o f   t h e   s e c o n d  

arm  13.   The  t o p   end  of   t h e   p u s h i n g   member   14  i s   s u b -  

s t a n t i a l l y   f o r m e d   in   a  h i l l   s h a p e   in  t h e   h o r i z o n t a l  

p l a n e   i n c l u d i n g   t h e   l e n g t h w i s e   a x i s   of  t h e   f i n g e r   11  a n d  

i n c l i n e d   s u r f a c e s   t h e r e o f   fo rm  p u s h i n g   s u r f a c e s   15,   1 5 ' .  

The  p e r m a n e n t   m a g n e t   17  i s   f o r m e d   s u c h   t h a t   t h e   l i n e  

c o n n e c t i n g   t h e   two  p o l e s ,   i . e . ,   S - p o l e   and  N - p o l e ,  

c o r r e s p o n d s   to   t h e   l e n g t h w i s e   d i r e c t i o n   of   t h e   f i n g e r   1 1 .  

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

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

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

m a g n e t i c   c o i l s   33  and  34  and  e l e c t r o m a g n e t   e n d s   31  and  35  

p r o v i d e d   on  e a c h   e l e c t r o m a g n e t i c   c o i l   33  and  34  to   f o r m  

a  U - s h a p e   e l e c t r o m a g n e t i c   c o i l ,   as  i l l u s t r a t e d   in  F i g .   4 .  

I n c i d e n t a l l y ,   t h o u g h   F i g .   4  shows   t h a t   t h e   two  e l e c t r o -  

m a g n e t   e n d s   31  and  35  c o n n e c t e d   w i t h   t h e   e l e c t r o m a g n e t i c  

c o i l s   33  and  34  by  l e a d i n g   w i r e s ,   t h i s   i s   f o r   c o n v e n i e n c e  

in  e x p l a n a t i o n .   In  a c t u a l i t y ,   as  i l l u s t r a t e d   in   F i g .   1 ,  

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

e l e c t r o m a g n e t i c   c o i l .   The  e l e c t r o m a g n e t   e n d s   31  and  35  

a r e   a r r a n g e d   in   a  r e a r   v e r t i c a l   p l a t e   22  of   t h e   h o u s i n g  

20,  as  i l l u s t r a t e d   in   F i g .   3.  N a m e l y ,   t h e   e l e c t r o m a g n e t  

e n d s   31a  and  35a  in  F i g .   3  a r e   e n d s   of   t h e   c o r e   of  t h e  

p a i r   of   e l e c t r o m a g n e t i c   c o i l   33a  and  3 4 a .   When  c u r r e n t  

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

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

s t a t e   of   t h e   e l e c t r o m a g n e t   end  35a  and  a  m i n u s   s t a t e  

of   t h e   e l e c t r o m a g n e t   end  31a  to   a  m i n u s   s t a t e   of   t h e  

e l e c t r o m a g n e t   end  35a  and  a  p l u s   s t a t e   of   t h e   e l e c t r o -  



m a g n e t   end  3 1 a ,   by  c h a n g i n g   t h e   d i r e c t i o n   of   t h e   e l e c t r i c  

c u r r e n t .   The  c h a n g e   of   t h e   d i r e c t i o n   of   t h e   e l e c t r i c  

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

so  t h a t   t h e   c h a n g e   b e t w e e n   t h e   p l u s   s t a t e   and  t h e   m i n u s  

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

an  e x t r e m e   h i g h   s p e e d .  

As  d e s c r i b e d   h e r e i n b e f o r e ,   e i g h t   f i n g e r s   a r e  

a r r a n g e d   in   t h e   p r e s e n t   e m b o d i m e n t .   W i t h   r e g a r d   t o   a n  

a r r a n g e m e n t   o f   t h e   f i n g e r s ,   t h e   p u s h i n g   s u r f a c e s   1 5  

and  15 '   ( f o r   s i m p l i f i c a t i o n ,   in   F i g .   2,  t h e   r e f e r e n c e  

n u m e r a l s   a r e   g i v e n   o n l y   t o   t h e   p u s h i n g   s u r f a c e s   1 5 a ,  

15b  . . .   and   15h  on  one  s i d e )   a r e   a r r a n g e d   a t   i n t e r v a l s  

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

w i t h   t h e   s l i d i n g   d i r e c t i o n   o f   t h e   k n i t t i n g   n e e d l e s ) .  

H o w e v e r ,   in   t h e   p r e s e n t   e m b o d i m e n t ,   f o u r   f i n g e r s   o f   t h e  

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

and  t h e   o t h e r   f o u r   f i n g e r s   ( n o t   shown  in   F i g .   1)  a t   t h e  

b a c k   s i d e   by  f o r m i n g   t h e   p u s h i n g   member   14  of   t h e   r e a r  

p o r t i o n   o f   t h e   p u s h i n g   s u r f a c e   15  in   a  s i c k l e - l i k e   s h a p e  

as  i l l u s t r a t e d   in   F i g .   4.  T h e r e f o r e ,   t h e   e l e c t r o m a g n e t  

s u r f a c e s   c o r r e s p o n d i n g   to   t h e   p e r m a n e n t   m a g n e t s   17  o n  

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

f o u r   p a i r s   a r e   a t   t h e   l e f t   and  f o u r   p a i r   a r e   a t   t h e  

r i g h t .   By  a r r a n g i n g   t h e   e i g h t   f i n g e r s   a r e   d e s c r i b e d  

h e r e i n b e f o r e ,   t h e   e i g h t   f i n g e r   c e n t r a l   p o r t i o n s   1 9  

a r e   s e p a r a t e d   i n t o   two  g r o u p s ;   a  l e f t   1 9 a ,   19b ,   1 9 c ,  

and  19d  and   a  r i g h t   19e ,   1 9 f ,   19g  and  19h  in   F i g .   2 .  

C o n s e q u e n t l y ,   t h e   f i n g e r   c e n t r a l   p o r t i o n s   19  and  t h e  

p i v o t s   16  can   be  d e s i g n e d   to   d i m e n s i o n s   s u f f i c i e n t   t o  

w i t h s t a n d   t h e   h i g h   s p e e d   s l i d i n g   o f   t h e   f i n g e r s   1 1  

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

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

be  i n c r e a s e d .   On  t h e   o t h e r   h a n d ,   i t   i s   p o s s i b l e   to   m a k e  

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

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

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

t h e   p e r m a n e n t   m a g n e t s   17  and   t h e   e l e c t r o m a g n e t i c   e n d s   3 1  



and  35  of   t h e   e l e c t r o m a g n e t i c   f i n g e r   d r a w i n g   m e c h a n i s m   30 

be  s u c h   t h a t   t h e   two  a p p r o a c h   e a c h   o t h e r   w i t h o u t   a c t u a l  

c o n t a c t .  

N e x t ,   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   h o u s i n g   20  a n d  

t h e   f i n g e r s   11  w i l l   be  d e s c r i b e d .   The  h o u s i n g   20  

i n c l u d e s   a  p i v o t   s u p p o r t   member   ( n o t   shown)   e x t e n d i n g  

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

of   t h e   h o u s i n g   20.   The  p i v o t   s u p p o r t   member   s u p p o r t s  

f o u r   p i v o t s   16  on  b o t h   s i d e s   t h e r e o f .   On  t h e   o t h e r  

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

a  f i n g e r   g u i d e   21 .   The  f i n g e r   g u i d e   21  i s   p r o v i d e d   w i t h  

an  o p e n i n g   23  h a v i n g   a  s u b s t a n t i a l l y   r e c t a n g u l a r   s h a p e .  

The  p u s h i n g   s u r f a c e s   15  and   15 '   of   t h e   f i n g e r s   1 1  

p r o t r u d e   i n t o   t h e   o p e n i n g   23.  The  o p e n i n g   23  may  b e  

f o r m e d   as  a  s l i t   e x t e n d i n g   f rom  a  t o p   end  to   a  l o w e r  

end   o f   t h e   h o u s i n g   20.  The  r e l a t i v e   p o s i t i o n   b e t w e e n  

t h e   f i n g e r   g u i d e   21  and  t h e   p i v o t s   16  s u p p o r t i n g   t h e  

f i n g e r s   11  i s   d e t e r m i n e d   s u c h   t h a t   t h e   s p a c e   b e t w e e n   t h e  

s i d e   w a l l s   25  and  25 '   of   t h e   o p e n i n g   23  ( s e e   F i g s .   2 

and  4)  i s   s e t   s l i g h t l y   l a r g e r   t h a n   t h e   d i s t a n c e   b e t w e e n  

t h e   s i d e   w a l l s   55  and  55 '   of   t h e   p u s h i n g   member   14  a n d  

s u c h   t h a t   a t   l e a s t   one  p o r t i o n   of   t h e   p u s h i n g   s u r f a c e   15 

p r o t r u d e s   f rom  t h e   l e a d   s u r f a c e   24  of  t h e   f i n g e r  

g u i d e   2 1 .  

An  o p e r a t i o n   of   t h e   f i n g e r s   11  of  t h e   k n i t t i n g  

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

and  t h e   m o v i n g   s t a t e   of   a  cam  b u t t   ( l e v e l i n g   b u t t )   o f  

t h e   j a c k   c a u s e d   by  t h e   o p e r a t i o n   w i l l   be  now  d e s c r i b e d  

in  c o n n e c t i o n   w i t h   F i g s .   5  and  6.  In  F i g s .   5  and  6 ,  

40  i s   a  j a c k .   The  j a c k   40  i s   p r o v i d e d   w i t h   a  f i n g e r  

b u t t   41  and  a  cam  b u t t   42.   In  F i g .   5,  t h e   S - p o l e   a t   t h e  

end  o f   t h e   p e r m a n e n t   m a g n e t   17  of   t h e   f i n g e r   11  f a c e s   a n  

e l e c t r o m a g n e t   end  31,  t h e   end  f a c e   of  w h i c h   i s   an  N - p o l e ,  

so  t h a t   t h e   f i n g e r   11  i s   k e p t   in  t h e   h o r i z o n t a l   p l a n e   i n  

F i g .   5.  C o n s e q u e n t l y ,   t h e   f i n g e r   b u t t   42  of   t h e   j a c k   40 

on  t h e   k n i t t i n g   c y l i n d e r   ( n o t   shown)   a b u t s   t h e   p u s h i n g  

s u r f a c e   15  of   t h e   f i n g e r   11,   so  t h a t   t h e   j a c k   40  i s  



t u r n e d   in   t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n .   T h e r e f o r e ,  

t h e   cam  b u t t   42  o f   t h e   l o w e r   end  of   t h e   j a c k   40  d o e s   n o t  

a b u t   a  r a i s i n g   cam  43  a r r a n g e d   on  a  m a c h i n e   f r a m e   of   t h e  

c i r c u l a r   k n i t t i n g   m a c h i n e ,   so  t h a t   t h e   j a c k   40  and  t h e  

k n i t t i n g   n e e d l e   ( n o t   shown)   e n g a g i n g   t h e   j a c k   40  do  n o t  

r e c e i v e   a  r a i s i n g   m o v e m e n t   c a u s e d   by  t h e   r a i s i n g   cam  4 3 .  

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

o f   t h e   e l e c t r o m a g n e t i c   c o i l   by  t h e   e l e c t r o m a g n e t   e n d s   3 1  

and  35  as  shown  in  F i g .   6  r e s u l t s   in  t h e   S - p o l e   of   t h e  

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

F i g .   5,  by  t h e   N - p o l e   a p p e a r i n g   a t   t h e   e l e c t r o m a g n e t  

end  35  and  r e p e l l e d   by  t h e   S - p o l e   a p p e a r i n g   a t   t h e  

e l e c t r o m a g n e t   end   31,  w h e r e b y   t h e   p u s h i n g   s u r f a c e   of   t h e  

end  o f   t h e   f i g u r e   11  i s   moved   down.   When  t h e   k n i t t i n g  

c y l i n d e r   r o t a t e s   in  t h i s   s t a t e ,   t h e   f i n g e r   b u t t   41  o f  

t h e   j a c k   40  on  t h e   k n i t t i n g   c y l i n d e r   d o e s   n o t   a b u t   t h e  

p u s h i n g   s u r f a c e   15  and  t h e   j a c k   40  i s   m a i n t a i n e d   i n  

r o u g h l y   t h e   v e r t i c a l   p o s i t i o n   in   F i g .   6.  The  cam  b u t t   4 2  

of   t h e   j a c k   40  m a i n t a i n i n g   i t s   v e r t i c a l   p o s i t i o n   a n d  

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

cam  43  and  g u i d e d   by  t h e   t r i a n g l e   s h a p e   s i d e   e d g e   t o  

r i s e ,   so  t h a t   t h e   k n i t t i n g   n e e d l e   e n g a g i n g   w i t h   t h e   t o p  

end  of   t h e   j a c k   i s   r a i s e d .  

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

p u s h i n g   s u r f a c e   15  of   t h e   f i n g e r   11  and  t h e   f i n g e r  

b u t t   41  of   t h e   j a c k   40  may  be  c o n s t i t u t e d ,   c o n v e r s e l y   t o  

F i g .   6,  so  t h a t   e n g a g e m e n t   b e t w e e n   t h e   f i n g e r   b u t t   4 1  

and   t h e   p u s h i n g   s u r f a c e   15  i s   r e l e a s e d   by  u p w a r d   m o v e m e n t  

of   t h e   p u s h i n g   s u r f a c e   1 5 .  

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

t h e   f i n g e r   11  i s   p e r f o r m e d   by  c h a n g i n g   t h e   d i r e c t i o n   o f  

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

33  and  34.  S i n c e   t h e   c h a n g e   of   t h e   d i r e c t i o n   o f   t h e  

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

can   be  e f f e c t e d   a t   a  h i g h   s p e e d .   S i n c e   t h e   f i n g e r   c a n  

c h a n g e   in  p o s i t i o n   by  a  s w i n g i n g   m o v e m e n t   a b o u t   t h e  

p i v o t   16,   t h e   f i n g e r   r a p i d l y   r e s p o n d s   to   t h e   a t t r a c t i o n  



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

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

to   c h a n g e   in   p o s i t i o n .   C o n s e q u e n t l y ,   t h e   p u s h i n g  

s u r f a c e   of   t h e   f i n g e r   can   be  i n s e r t e d   to   or   r e m o v e d  

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

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

known  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m .  

The  s h a p e   of   t h e   p u s h i n g   member   14  and  t h e   r e l a t i v e  

p o s i t i o n   b e t w e e n   t h e   f i n g e r   g u i d e   21  and  t h e   p u s h i n g  

member   14  in   t h e   h o u s i n g   20  a r e   now  d e s c r i b e d   in   c o n -  

n e c t i o n   w i t h   F i g .   7 .  

The  p u s h i n g   member   14  may  be  f o r m e d   in  a  h i l l   s h a p e  

h a v i n g   i n c l i n e d   p u s h i n g   s u r f a c e s   15  and  15'   on  i t s   t w o  

s i d e s ,   as  i l l u s t r a t e d   in   F i g .   7  ( a ) ,   ( b ) ,   ( c ) ,   ( d ) ,  

and  ( e ) ,   or   in   a  h a l f   h i l l   s h a p e   h a v i n g   an  i n c l i n e d  

p u s h i n g   s u r f a c e   15 '   on  o n l y   one  s i d e ,   as  i l l u s t r a t e d  

in  F i g .   7 ( f ) .   In  t h e   f o r m e r   c a s e ,   when  t h e   k n i t t i n g  

c y l i n d e r   can   r o t a t e   in   two  d i r e c t i o n s ,   i . e . ,   t h e   n o r m a l  

d i r e c t i o n   and  t h e   r e v e r s e   d i r e c t i o n ,   r o t a t i o n   in   t h e   t w o  

d i r e c t i o n s   of   th   k n i t t i n g   c y l i n d e r   can  be  h a n d l e d   by  a  

s i n g l e   k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m .   The  l a t t e r  

p u s h i n g   member   can   be  u s e d   o n l y   f o r   r o t a t i o n   in   o n e  

d i r e c t i o n   of   t h e   k n i t t i n g   c y l i n d e r .  

The  r e l a t i v e   p o s i t i o n   b e t w e e n   t h e   f i n g e r   g u i d e   2 1  

and  t h e   p u s h i n g   member   14  may  be  d e t e r m i n e d   s u c h   t h a t  

t h e   p u s h i n g   s u r f a c e s   15  and   15 '   of   t he   p u s h i n g   m e m b e r   14  

a r e   c o m p l e t e l y   e x p o s e d   f r o m   t h e   l e a d   s u r f a c e   24  and   2 4 '  

and  f u r t h e r   p o r t i o n s   of   s i d e   w a l l s   55  and  55 '   of   t h e  

p u s h i n g   member   14  a r e   e x p o s e d   f rom  t h e   l e a d   s u r f a c e   24  

and  24 '   as  i l l u s t r a t e d   in   F i g .   ( e ) .   H o w e v e r ,   i t   i s  

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

g u i d e   21  and  t h e   p u s h i n g   member   14  be  d e t e r m i n e d   s u c h  

t h a t   p o i n t s   56  and  5 6 ' ,   a t   w h i c h   t h e   p u s h i n g   s u r f a c e s  

15  and   15 '   m e e t   t h e   s i d e   w a l l s   55  and  5 5 ' ,   a r e   a r r a n g e d  

w i t h i n   t h e   l e a d   s u r f a c e s   24  and  24'   as  i l l u s t r a t e d   i n  

F i g .   7 ( a ) ;   or   t h e   p o i n t s   56  and  56'   c o i n c i d e   w i t h   t h e  

l e a d   s u r f a c e s   24  and  2 4 ' ,   as  i l l u s t r a t e d   in  F i g .   7 ( b ) .  



When  t h e   r e l a t i v e   p o s i t i o n   b e t w e e n   them  i s   d e t e r m i n e d   a s  

i l l u s t r a t e d   in  F i g .   7 ( a )   o r   F i g .   7 ( b ) ,   t h e   j a c k   b u t t   41  

a d v a n c i n g   t o w a r d   t h e   p u s h i n g   s u r f a c e s   15  and  15 '   u n d e r  

t h e   g u i d e   of   t h e   l e a d   s u r f a c e   24  or   24'   can   r i d e   o n  

t h e   p u s h i n g   s u r f a c e   15  or  15 '   w i t h o u t   r e c e i v i n g   a n y  
r e s i s t a n c e   and  c an   move  by  b e i n g   p u s h e d   by  t h e   p u s h i n g  

s u r f a c e   15  or  1 5 ' ,   more   c o n c r e t e l y ,   by  t h e   j a c k   b u t t  

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

S i n c e   t h e   l e a d   s u r f a c e s   24  and  24'   s e r v e   to  p u s h  

t h e   j a c k   to   a  s u i t a b l e   l e v e l   when  t h e   j a c k   j umps   o u t  

in   t h e   r a d i a l   d i r e c t i o n   o f   t h e   k n i t t i n g   c y l i n d e r   b y  

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

s u r f a c e   can   p r e v e n t   t h e   f i n g e r   b u t t   f rom  d a m a g i n g   t h e  

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

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

24  and   24 '   may  be  s u c h   t h a t   t h e   l e a d   s u r f a c e s   24  and  2 4 '  

a r e   in   t h e   h o r i z o n t a l   p l a n e   in   F i g .   7,  as  i l l u s t r a t e d  

in   F i g .   7 ( a )   and  F i g .   7 ( b )   a r e   i n c l i n e d   o u t w a r d   a s  

i l l u s t r a t e d   in  F i g .   7 ( c ) ,   or   i n c l i n e d   i n w a r d   as  i l l u s -  

t r a t e d   in  F i g .   7 ( d ) .   The  p o s i t i o n   of   F i g .   7 ( c )   h e l p s   t o  

s l o w l y   p u s h   in  a  p r o t r u d i n g   j a c k ,   and  t h e   p o s i t i o n   o f  

F i g .   (d)  h e l p s   to   p u s h   in  an  a b n o r m a l l y   p r o t r u d i n g   j a c k .  

T h o u g h   t h e   l e a d s   s u r f a c e s   24  and  24'   of   t h e   f i n g e r  

g u i d e   21  a r e   f o r m e d   as  f l a t   p l a n e s ,   t h e   s h a p e   of   t h e  

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

f o r m e d   as  an  a r c - l i k e   s h a p e .  

CAPABILITY  OF  EXPLOITATION  IN  INDUSTRY 

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

to  t h e   p r e s e n t   i n v e n t i o n   i s   c o n s t i t u t e d   as  d e s c r i b e d  

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

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

i t   i s   p o s s i b l e   to   make  t h e   k n i t t i n g   n e e d l e   d r i v i n g  

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

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

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

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

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



s i g n i f i c a n t   s a v i n g s   in  p o w e r   c o n s u m p t i o n .  

F u r t h e r ,   when  t h e   two  e d g e s   of   t h e   p u s h i n g   s u r f a c e  

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

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

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

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

f rom  b e i n g   d a m a g e d   by  t h e   b u t t   on  t h e   r o t a t i n g   k n i t t i n g  

c y l i n d e r .  



1.  A  k n i t t i n g   n e e d l e   d r i v i n g   m e c h a n i s m   of   a  

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

p a t t e r n   by  m a k i n g   or  r e m o v i n g   e n g a g e m e n t   b e t w e e n   r a i s i n g  

cams  f o r   a p p l y i n g   v e r t i c a l   m o v e m e n t   to   a  p l u r a l i t y   o f  

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

k n i t t i n g   m a c h i n e   and  cam  b u t t s   o f   j a c k s   e n g a g i n g   w i t h  

l o w e r   e n d s   o f   t h e   k n i t t i n g   n e e d l e s   on  t h e   b a s i s   of   a  

p r e d e t e r m i n e d   k n i t t i n g   p l a n :   c h a r a c t e r i z e d   in   t h a t  

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

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

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

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

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

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

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

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

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

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

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

b e i n g   p r o v i d e d   on  e n d s   o f   t h e   f i n g e r s   r e m o t e   f r o m   t h e  

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

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

d i r e c t i o n s   of   t h e   f i n g e r s ;   t h e   e n d s   n e a r   to   t h e   k n i t t i n g  

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

h a v i n g   a  h i l l   s h a p e   or   a  h a l f   h i l l   s h a p e   in   t h e   h o r i -  

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

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

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

and  N - p o l e s   of   w h i c h   a r e   a t t a c h e d   on  t h e   h o u s i n g ,   t h e  

S - p o l e s   and  t h e   N - p o l e s   o f   t h e   e l e c t r o m a g n e t s   p o s i t i o n e d  

a t   i n t e r v a l s   in   t h e   v e r t i c a l   d i r e c t i o n   so  as  to   s u b s t a n -  

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

t h e   f i n g e r s   in  t h e   u p p e r   p o s i t i o n   and  l o w e r   p o s i t i o n  

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

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

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



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

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

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

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

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

c y l i n d e r   and  e x t e n d i n g   in   d i r e c t i o n   away  f rom  t h e  

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

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

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

d e v i c e   b e i n g   s u p p l i e d   s e l e c t i v e l y   w i t h   p l u s   or  m i n u s  

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

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

b e t w e e n   t h e   p u s h i n g   s u r f a c e s   of   t h e   f i n g e r s   and  t h e  

f i n g e r   b u t t s   o f   t h e   j a c k s ;   w h e r e b y   t h e   e n g a g e m e n t  

b e t w e e n   r a i s i n g   cams  and  cam  b u t t s   of  t h e   j a c k s   i s  

t h e r e b y   s e l e c t e d   and   k n i t t i n g   of   t h e   p r e d e t e r m i n e d  

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

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

to  c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   r e l a t i v e   p o s i t i o n s  

b e t w e e n   s a i d   f i n g e r s   and  s a i d   f i n g e r   g u i d e s   a r e   d e t e r -  

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

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

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

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

r e m o t e   f r o m   t h e   k n i t t i n g   c y l i n d e r   or  an  e d g e   of   t h e   h a l f  

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

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

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

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

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

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

to  c l a i m   1  or   c l a i m   2,  c h a r a c t e r i z e d   in   t h a t   s a i d   e n d s  

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

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

s a i d   p u s h i n g   s u r f a c e s .  

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

to  c l a i m   1  or   c l a i m   2,  c h a r a c t e r i z e d   in   t h a t   s a i d   e n d s  



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

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

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