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B a c k g r o u n d   of  t h e   i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  w e f t   r e s e r v o i r   f o r  

f l u i d   j e t   l o o m s ,   and  more  p a r t i c u l a r l y   r e l a t e s   to  i m p r o v e -  

ment  in   c o n s t r u c t i o n   and  o p e r a t i o n   of  a  w e f t   r e s e r v o i r   f o r  

f l u i d   j e t   looms   on  w h i c h   w e f t   is   wound  a b o u t   a  r e s e r v o i r   d r u m  

made  up  of  c o n i c a l   and  c y l i n d r i c a l   s e c t i o n s   by  o p e r a t i o n   of  a  

r o t a r y   y a r n   g u i d e   s y n c h r o n i z e d   w i t h   loom  r u n n i n g ,   and  r e s e r v e d  

t h e r e o n   and  d e l i v e r e d   t h e r e f r o m   f o r   i n s e r t i o n   of  w e f t   u n d e r  

p i n   c o n t r o l .  

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

c l o s e r   to  t h e   s u p p l y   s o u r c e   of  w e f t   is   r e f e r r e d   to  as  " t h e  

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

j e t   n o z z l e   is   r e f e r r e d   to  as  " t h e   d o w n s t r e a m   s i d e " .  

I n s e r t i o n   of  w e f t   in   g e n e r a l   s t a r t s   a t   a  moment  b e t w e e n  

90° and  1 1 0   c r a n k   a n g l e   and  t e r m i n a t e s   a t   a  moment  b e t w e e n   2 5 0 °  

and  2 7 0   c r a n k   a n g l e .   F i r s t ,  t h e   w e f t   is  unwound   f rom  t he   r e -  

s e r v o i r   drum  by  f r e e   d e l i v e r y   and  t he   s o - c a l l e d   c o n t r o l l e d  

d e l i v e r y   of  w e f t   s t a r t s   j u s t   b e f o r e   t he   end  of  t he   i n s e r t i o n .  



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

i n s e r t i o n   of  w e f t   s h o u l d   s t a r t   a t   a b o u t   90°  c r a n k   a n g l e   a n d  

t e r m i n a t e s   a t   a b o u t   270°   c r a n k   a n g l e .  

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

t h e   c o n t r o l   p i n   comes   in   e n g a g e m e n t   w i t h   a  w e f t   on  t he   r e -  

s e r v o i r   drum  and  h i n d e r s   i t s   d e l i v e r y   f rom  t h e   r e s e r v o i r   d r u m .  

When  a  c o n t r o l   p i n   i s   l o c a t e d   w i t h i n   i t s   s t a n d - b y   z o n e ,   t h e  

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

v o i r   drum  and  a l l o w s   d e l i v e r y   of  t he   w e f t   f r om  t he   r e s e r v o i r  

d rum.   More  s p e c i f i c a l l y ,   a  c o n t r o l   p i n   f i r s t   r e c e d e s   f r o m  

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

o p e r a t i v e   zone   w h i l e   i n t r u d i n g   i n t o   t he   s t a n d - b y   z o n e ,   a n d  

a r r i v e s   a t   t he   m o s t   r e c e d e d   p o s i t i o n   in   t h e   s t a n d - b y   z o n e .  

On  r e t u r n   r o u t e ,   t h e   c o n t r o l   p i n   a d v a n c e s   f rom  the   most   r e -  

c e d e d   p o s i t i o n   i n   t h e   s t a n d - b y   z o n e ,   l e a v e s   t h e   s t a n d - b y   z o n e  

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

mos t   a d v a n c e d   p o s i t i o n   in   t h e   o p e r a t i v e   z o n e .  

In  t he   c a s e   of  a  w e f t   r e s e r v o i r   on  w h i c h   a  c o n t r o l   p i n  

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

l e a v e s  i t s   o p e r a t i v e   zone   by  d i s a p p e a r i n g   f rom  the   p e r i p h e r y  

of  t he   r e s e r v o i r   d rum,   and  a d v a n c e s   i n t o   i t s   o p e r a t i v e   z o n e  

by  a p p e a r i n g   on  t h e   p e r i p h e r y   of  the   r e s e r v o i r   d r u m .  

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



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

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

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

a x i a l   d i r e c t i o n   of  t he   r e s e r v o i r   drum  so  t h a t   e a c h   of  t h e m  

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

a l o n g   an  a r c   p a t h   of  t r a v e l   in   t he   a x i a l   d i r e c t i o n   of  t he   r e -  

s e r v o i r   d rum.   A s s i g n m e n t   of  w e f t   is   c a r r i e d   o u t   when  two  o f  

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

a r c   p a t h s   of  t r a v e l .   More  s p e c i f i c a l l y ,   a  w e f t   h e l d   by  t h e  

f i r s t   c o n t r o l   p i n   i s   t a k e n   o v e r   by  t he   t h i r d   c o n t r o l   p in   and  a  

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

t h i r d   c o n t r o l   p i n .  

In  t h e   w e f t   r e s e r v o i r   of  t h i s   t y p e ,   c o i l s   of  w e f t   r e s e r -  

ved  on  the   r e s e r v o i r   drum  s h i f t   d o w n s t r e a m   in   a d v a n c e   to  t h e  

f o l l o w i n g   d e l i v e r y   of  w e f t   f rom  the   r e s e r v o i r   d rum.   S i n c e   t h i s  

movemen t   of  w e f t   is  c a r r i e d   ou t   u n d e r   p i n   c o n t r o l ,   t he   c o i l s   o f  

w e f t   move  v e r y   s m o o t h l y   on  t he   r e s e r v o i r   drum  w i t h o u t   a n y  

d a n g e r   of  i m p u l s i v e   d a m a g e .  

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

a l t e r n a t e   i n t e r - p i n   a s s i g n m e n t   of  w e f t .   T h a t   i s ,   one  is  f r o m  

the   f i r s t   to  t h i r d   c o n t r o l   p i n   and  the   o t h e r   f rom  the   s e c o n d   t o  

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

a r e a s   and  d i s t a n c e s   of  movement   of  w e f t .   As  a  c o n s e q u e n c e ,   t h e  

p o s t u r e   of  we f t   on  the   r e s e r v o i r   drum  j u s t   b e f o r e   d e l i v e r y  



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

a v o i d a b l e   v a r i a t i o n   in   t r a n s p o r t a t i o n   of  w e f t   d u r i n g   i n s e r -  

t i o n .   In  a d d i t i o n ,   t h e   mode  of  cam  d r i v e  

n e e d s   to  v a r y   f rom  p i n   to  p i n   and ,   c o n -  

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

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

of  t h e   d e v i c e .  

Summary   of   t h e   i n v e n t i o n  

I t   i s   o n e - 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   to  p r o v i d e   a n  

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

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

i n s e r t i o n .  

I t   i s   a n o t h e r   o b j e c t   of  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 n  

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

c o n t r o l   p i n s   b u t   has   a  f u n c t i o n   s u b s t a n t i a l l y   s i m i l a r   to  t h a t   o f  

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

I t   i s   t he   o t h e r   o b j e c t   of  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  

an  i m p r o v e d   w e f t   r e s e r v o i r   f o r   f l u i d   j e t   looms  on  w h i c h   t h e  

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

d u c e d .  



In  a c c o r d a n c e   w i t h   one  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 ,  

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

in   t he   a x i a l   d i r e c t i o n   of  a  r e s e r v o i r   drum  e a c h   f o r   t i m e d   m o v e -  

ment   a l o n g   an  a r c   p a t h   of  t r a v e l   in  t he   a x i a l   d i r e c t i o n   of  t h e  

r e s e r v o i r  d r u m   b e t w e e n   o p e r a t i v e   and  s t a n d - b y   z o n e s .   When  t h e  

c o n t r o l   p i n s   p a s s   by  e a c h   o t h e r   on  t h e i r   c o u r s e s   of  t r a v e l ,  

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

c o n t r o l   p i n .  

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

t i o n ,   a  p a i r   of  c o n t r o l   p i n s   a r e   cam  d r i v e n   f o r   movemen t   e a c h  

a l o n g   an  a r c   p a t h   of  t r a v e l   in  t he   a x i a l   d i r e c t i o n   of  t he   r e -  

s e r v o i r   drum  so  t h a t ,   when  t he   c o n t r o l   p i n s   p a s s   by  e a c h   o t h e r  

on  t h e i r   c o u r s e s   of  t r a v e l ,   c o i l s   of  w e f t   f o r   t h e   f i r s t   i n s e r -  

t i o n   of  w e f t   o n l y   a r e   a s s i g n e d   f rom  the   f i r s t   to  s e c o n d   c o n t r o l  

p i n .  



D e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s  

One  e m b o d i m e n t   of  t h e   w e f t   r e s e r v o i r   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   shown  in  F i g .   1,  in   w h i c h   a  s t a t i o n -  

a r y   r e s e r v o i r   d rum  is   u s e d .   N e e d l e s s   to  s a y ,   t h e   p r e s e n t   i n -  

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

r e s e r v o i r   d r u m , - - t o o .  

A l t h o u g h   u s e   of  t he   w e f t   r e s e r v o i r   i s   h e r e i n a f t e r   e x -  

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

w e f t s ,   t h e   w e f t   r e s e r v o i r   can   w e l l   be  u s e d   f o r   w e a v i n g  b y   o n e  

s o r t   of  w e a v i n g ,   t o o .  

In  t he   c o n s t r u c i t o n   of  the   f o l l o w i n g   w e f t   r e s e r v o i r ,   t h e  

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

v o i r   drum  on  t h e   o u t e r   s i d e   of  t h e   r e s e r v o i r   drum  w h e r e a s   t h e  

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

r e s e r v o i r   drum  on  t h e   i n n e r   s i d e   of  t he   r e s e r v o i r   d rum.   B u t  

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

c o n t r o l   p i n   may  move  on  t h e   i n n e r   s i d e   and  t h e   s e c o n d   c o n t r o l  

p i n   on  t h e   o u t e r   s i d e   of  t he   r e s e r v o i r   d rum.   Bo th   of  them  may  

be  a r r a n g e d   e i t h e r   on  t h e   o u t e r   or  on  t h e   i n n e r   s i d e   of  t h e   r e -  

s e r v o i r   d r u m .  

The  r e s e r v o i r   drum  1  i n c l u d e s   an  u p s t r e a m   s i d e   c o n i c a l  

s e c t i o n   l a ,   a  d o w n s t r e a m   s i d e   c y l i n d r i c a l   s e c t i o n   1b  and  a  s l o t  



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

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

and  1 b .  

A  m a g a z i n e   41  i s   a r r a n g e d   on  t he   o u t e r   s i d e   of  t h e   r e s e r -  

v o i r   drum  1  in   a  f i x e d   r e l a t i o n s h i p ,   and  a  s l o t   41a  i s   f o r m e d   i n  

t h e   w a l l   of  m a g a z i n e   41  f a c i n g   t he   r e s e r v o i r   drum  1  w h i l s t   e x -  

t e n d i n g   in   the   a x i a l   d i r e c t i o n   of  t he   r e s e r v o i r   drum  1.  T h e  

f i r s t   c o n t r o l   p i n   P1  is   d i r e c t e d   t o w a r d s   t h e   r e s e r v o i r   drum  1 

t h r o u g h   t h i s   s l o t   41a  and  i t s   d r i v e   cam  Cl  i s   e n c a s e d   w i t h i n  

t h e   m a g a z i n e   4 1 .  

A  s u p p o r t   s h a f t   43  i s   f i x e d   w i t h i n   t h e   m a g a z i n e   41  w h i l s t  

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

r e c t i o n   of  t he   r e s e r v o i r   drum  1,  and  a  b i f u r c a t e   l e v e r   46  i s  

i d l y   i n s e r t e d , a t   i t s   m i d d l e , o v e r   the   s u p p o r t . s h a f t   43.  T h e  

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

s l o t   41a  and ,   at   i t s   d i s t a l   e n d ,   f i r m l y   h o l d s   t h e   f i r s t   c o n t r o l  

p i n   P1,  w h e r e a s   t he   s e c o n d   b r a n c h   46b  r o t a t a b l y   c a r r i e s   a  c a m  

f o l l o w e r   48.  A  s p r i n g   s e a t   51  is   p r o p e r l y   f o r m e d   on  the   s e c o n d  

b r a n c h   46b  of  t he   b i f u r c a t e   l e v e r   46  and  a  t e n s i o n   s p r i n g   54  i s  

i n t e r p o s e d   b e t w e e n   t h i s   s p r i n g   s e a t   51  and  a n o t h e r   s p r i n g   s e a t  

52  p r o p e r l y   f o r m e d   w i t h i n   t he   m a g a z i n e   4 1 .  

A  cam  s h a f t   56  is   r o t a t a b l y   a r r a n g e d   w i t h i n   t he   m a g a z i n e  

41  s u b s t a n t i a l l y   in  p a r a l l e l   to  t he   s u p p o r t   s h a f t   43  f o r   t h e  



b i f u r c a t e   l e v e r   46  and  t h e   a b o v e - d e s c r i b e d   d r i v e   cam  C1  f o r   t h e  

f i r s t   c o n t r o l   p i n   P1  i s   f i x e d l y   m o u n t e d  o n   t h i s   cam  s h a f t   5 6 .  

O n l y   a  p a r t   of  t h e   cam  p r o f i l e   i s   i l l u s t r a t e d   in   t he   d r a w i n g  

f o r   s i m p l i f i c a t i o n   p u r p o s e s .   The  cam  s h a f t   56  is   o p e r a t i o n a l l y  

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

s u c h   as  a  d r i v e   s h a f t   ( n o t   shown)   f o r   a  r o t a r y   y a r n   g u i d e   21  o f  

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

t h e   l o o m .   By  o p e r a t i o n   of  the   t e n s i o n   s p r i n g   54,  t h e   cam  f o l -  

l o w e r   48  i s   a l w a y s   k e p t   in   r e s i l i e n t   p r e s s u r e   c o n t a c t   w i t h  

p e r i p h e r y   of  t h e   d r i v e   cam  Cl  so  t a h t   t he   f i r s t   c o n t r o l   p i n   P1 

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

43  as  t h e . c a m   Cl  r o t a t e s .  

A  s u p p o r t   s h a f t   4  i s   s e c u r e d   to  an  i n s i d e   f r a m e w o r k   3  o f  

t h e   r e s e r v o i r   drum  1  w h i l s t   e x t e n d i n g   in   a  d i r e c t i o n   s u b s -  

t a n t i a l l y   n o r m a l   to  t he   a x i a l   d i r e c t i o n   of  t he   l a t t e r ,   and  a  

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

s u p p o r t   s h a f t   4.  The  f i r s t   b r a n c h   7a  of  t h i s   b i f u r c a t e   l e v e r   7 

f i r m l y   h o l d s ,   a t   i t s   d i s t a l   e n d ,   t he   s e c o n d   c o n t r o l   p i n   P2 

d i r e c t e d   t o w a r d s   t he   p e r i p h e r y   of  t he   r e s e r v o i r   drum  1,  w h e r e a s  

t h e   s e c o n d   b r a n c h   7b  r o t a t a b l y   c a r r i e s   a  cam  f o l l o w e r   8.  A 

s p r i n g   s e a t   9  is   p r o p e r l y   f o r m e d   on  t he   s e c o n d   b r a n c h   7b  of  t h e  

b i f u r c a t e   l e v e r   7,  and  a  c o m p r e s s i o n   s p r i n g   11  is   i n t e r p o s e d  

b e t w e e n   t h i s   s p r i n g   s e a t   9  and  a n o t h e r   s p r i n g   s e a t   ( n o t   s h o w n )  

p r o p e r l y   a r r a n g e d   on  the   i n s i d e   f r a m e w o r k   3 .  



A  cam  s h a f t   19  i s   r o t a t a b l y   m o u n t e d   i n s i d e   t h e   f r a m e -  

work   3  s u b s t a n t i a l l y   in   p a r a l l e l   to  t he   a b o v e - d e s c r i b e d   s u p p o r t  

s h a f t   4,  and  a  d r i v e   cam  C2  f o r   the   s e c o n d   c o n t r o l   p in   P2  i s  

s e c u r e d l y   m o u n t e d   on  t h i s   cam  s h a f t   19.  On ly   a  p a r t   of  the   c am 

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

f o l l o w e r   8  i s   a l w a y s   k e p t   in   r e s i l i n e t   p r e s s u r e   c o n t a c t   w i t h  

t h e   d r i v e   cam  C2  by  o p e r a t i o n   of  t he   c o m p r e s s i o n   s p r i n g   1 1 .  

As  t h e   d r i v e   cam  C2  r o t a t e s ,   t he   s e c o n d   c o n t r o l   p i n   P2  i s  

d r i v e n   f o r   a   m o v e m e n t   a r o u n d   the   s u p p o r t   s h a f t   4 .  

O p e r a t i o n   of  t h e   w e f t   r e s e r v o i r   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   w i l l   h e r e i n a f t e r   be  e x p l a i n e d   i n  r e f e r e n c e   t o  

a  2 x 1   t y p e   a l t e r n a t e   w e a v i n g   in  w h i c h   two  w e f t s   of  the   f i r s t  

s o r t   and  one  w e f t   of  t he   s e c o n d   s o r t   a r e   i n s e r t e d   a l t e r n a t e l y .  

T h a t   i s ,   i f   two  s o r t s   of  w e f t s   A  and  B  a r e   u s e d ,   w e f t   i n s e r -  

t i o n   is   c a r r i e d   ou t   in   t he   o r d e r   of  A,  A,  B,  A,  A,  B.  To  t h i s  

end ,   two  s e t s   of  w e f t   r e s e r v o i r s   a re   u s e d   in   c o m b i n a t i o n .   E a c h  

of  t h e   d r i v e   cams  C1  and  C2  c o m p l e t e s   i t s   one  c y c l e   r o t a t i o n  

w i t h i n   a  p e r i o d   of  0° to  1080°   c r a n k   a n g l e ,   w e f t   d e l i v e r y   f o r  

the   f i r s t   w e f t   i n s e r t i o n   is   c a r r i e d   ou t   w i t h i n   a  p e r i o d   of  0°  

to  3 6 0   c r a n k   a n g l e   and  w e f t   d e l i v e r y   f o r   t h e   s e c o n d   i n s e r t i o n  

is  c a r r i e d   ou t   w i t h i n   a  p e r i o d   of  3 6 0  t o   720°  c r a n k   a n g l e ,   o n  

one  w e f t   r e s e r v o i r .   D u r i n g   a  p e r i o d   of  720°  t o   1080  c r a n k  

a n g l e ,   w e f t   d e l i v e r y   f o r   i n s e r t i o n   is  c a r r i e d   ou t   once  on  t h e  

o t h e r   w e f t   r e s e r v o i r .  

I n   the   c a s e   of  a  2 x 2   t ype   a l t e r n a t e   w e a v i n g   in  wh ich   t w o  



w e f t s   of  t h e   f i r s t   s o r t   and  two  w e f t s   of  t he   s e c o n d   s o r t   a r e  

i n s e r t e d   a l t e r n a t e l y ,   e a c h   of  t h e   d r i v e   cams  C1  and  C2  c o m -  

p l e t e s   i t s   one  c y c l e   r o t a t i o n   w i t h i n   a  p e r i o d   of  0  t o   1 4 4 0 °  

c r a n k   a n g l e   and  w e f t   d e l i v e r y   f o r   i n s e r t i o n   is   c a r r i e d   ou t   t w i c e  

w i t h i n   a  p e r i o d   of   0° to  7 2 0   c r a n k   a n g l e   on  one  w e f t   r e s e r v o i r .  

D u r i n g   a  p e r i o d   of  720°  to   1440°   c r a n k   a n g l e ,   w e f t   d e l i v e r y   f o r  

i n s e r t i o n   i s   c a r r i e d   ou t   t w i c e   on  t he   o t h e r   w e f t   r e s e r v o i r .  

D e p e n d i n g   on  t he   t y p e   of  a l t e r n a t e   w e a v i n g   by  two  s o r t s  

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

• 
t he   p e r i o d   of  0  to  720  c r a n k   a n g l e   v a r i e s .   H o w e v e r ,   t h e   o c -  

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

and  t h e   t i m i n g   of  s h i f t   f rom  t he   h i g h   to  low  s e c t i o n   of  t h e  

d r i v e   cam  a r e   n o t   i n f l u e n c e d   a t   a l l   by  t h e   t y p e   a l t e r n a t e  

w e a v i n g .  

One  e x a m p l e   of   t h e   o p e r a t i o n   of  t he   w e f t   r e s e r v o i r   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   shown  in  F i g .   2,  in   w h i c h  

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

w e f t   f o r   one  i n s e r t i o n   of  w e f t .   F u r t h e r   in  the   i l l u s t r a t i o n ,  

b l a c k   c i r c l e s   i n d i c a t e   c o i l s   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   o f  

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

i n s e r t i o n   of  w e f t .  

A  moment   ( I )   in  F i g .   2  c o r r e s p o n d s   to  0°  c r a n k   a n g l e .   A t  

t h i s   m o m e n t ,   t h e   f i r s t   c o n t r o l   p i n   P1  s t a y s   s t a n d s t i l l   a t   t h e  



most   a d v a n c e d   p o s i t i o n   in   i t s   o p e r a t i v e   zone   w h e r e a s   t h e  

s e c o n d   c o n t r o l   p i n   P2  has   a l r e a d y   s t a r t e d   to  r e c e d e   f rom  t h e  

mos t   a d v a n c e d   p o s i t i o n   in  i t s   o p e r a t i v e   zone   in  o r d e r   to  m o v e  

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

of  t h e   r e s e r v o i r   drum  1.  R e s e r v a t i o n   of  w e f t   f o r   t he   s e c o n d  

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

c o n t r o l   p i n   P1  and  c o i l s   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   a r e  

r e s e r v e d   in  t he   a r e a   b e t w e e n   the   f i r s t   and  s e c o n d   c o n t r o l   p i n s  

P1  and  P 2 .  

A  moment  (II)   in  F i g .   2  c o r r e s p o n d s   to  900  c r a n k   c y c l e .  

At  t h i s   momen t ;   t h e   f i r s t   c o n t r o l   p i n  P 1   s t i l l   s t a y s   at   t h e   m o s t  

a d v a n c e d   p o s i t i o n   in   i t s   o p e r a t i v e   zone   w h e r e a s   t he   s e c o n d   c o n -  

t r o l   p i n   P2,  as  a  r e s u l t   of  i t s   c o n t i n u e d   r e c e s s i o n ,   has  j u s t  

l e f t   t he   o p e r a t i v e   z o n e .   More  s p e c i f i c a l l y ,   t h e   s e c o n d   c o n t r o l  

p i n   P2  has   d i s a p p e a r e d   f rom  t he   p e r i p h e r y   of  t h e   r e s e r v o i r  

drum  1.  D e l i v e r y   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   s t a r t s   a t  

t h i s   moment .   As  a  c o n s e q u e n c e ,   t he   c o i l s   of  w e f t   r e s e r v e d   i n  

t he   a r e a   b e t w e e n   t h e   f i r s t   and  s e c o n d   c o n t r o l   p i n s   P1  and  P2  a r e  

d e l i v e r e d   in   s e q u e n c e   due  to  t r a c t i o n   b y  t h e   m a i n  j e t   n o z z l e  

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

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

t h e   f i r s t   c o n t r o l   p i n   P l .  

A  moment  (DI)  in  F i g .   2  c o r r e s p o n d s   to   1800  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  r e m a i n s   s t a n d s t i l l   at  t h e   m o s t  



a d v a n c e d   p o s i t i o n   in   t he   o p e r a t i v e   zone  and  t he   s e c o n d   c o n t r o l  

p i n   P2  has   a l r e a d y   a r r i v e d   a t   t h e   most   r e c e d e d   p o s i t i o n   in   t h e  

s t a n d - b y   z o n e .   R e s e r v a t i o n   of  w e f t   on  t h e   u p s t r e a m   s i d e   a n d  

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

P1  b o t h   f u r t h e r   c o n t i n u e   a t   t h i s   m o m e n t .  

A  moment   (IV)  in   F i g .   2  c o r r e s p o n d s   to  2 7 0   c r a n k   a n g l e .  

A b o u t   t h i s   momen t ,   t he   f i r s t   c o n t r o l   p i n   P1  s t a r t s   to  r e c e d e  

f r o m   t h e   mos t   a d v a n c e d   p o s i t i o n   in   i t s   o p e r a t i v e   zone   in   o r d e r  

to  move  d o w n s t r e a m .   C o n c u r r e n t l y   w i t h   t h i s ,   t h e   s e c o n d   c o n t r o l  

p i n   P2  s t a r t s   to  a d v a n c e   f rom  t h e   most   r e c e d e d   p o s i t i o n   in   i t s  

s t a n d - b y   zone   in   o r d e r   to  t r a v e l   u p s t r e a m   in  t h e   a x i a l   d i r e c -  

t i o n   of   t h e   r e s e r v o i r   drum  1.  The  f i r s t   i n s e r t i o n   of  w e f t  

t e r m i n a t e s   a b o u t   t h i s   momen t .   R e s e r v a t i o n   of  w e f t   i s   f u r t h e r  

d e v e l o p i n g   on  t he   u p s t r e a m   s i d e   of  t he   f i r s t   c o n t r o l   p i n   P1  a n d  

no  c o i l   of   w e f t   now  r e m a i n s   on  t h e   d o w n s t r e a m   s i d e .  

A  moment   (V)  in   F i g .   2  c o r r e s p o n d s   to  360°  c r a n k   a n g l e .  

S o m e w h a t   b e f o r e   t h i s   momen t ,   t he   f i r s t   c o n t r o l   p i n   P1  t r a v e l i n g  

d o w n s t r e a m   p a s s e s   by  t h e   s e c o n d   c o n t r o l   p i n   P2  t r a v e l i n g   u p -  

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

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

P1,  a r e   a s s i g n e d   to  t h e   s e c o n d   c o n t r o l   p i n   P2  a t   t h i s   v e r y  

moment   of  p a s s i n g   by.   In  o t h e r   w o r d s ,   a s s i g n m e n t   of  r e s e r v e d  

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

and  P2.  S i n c e   t h i s   a s s i g n m e n t   of  r e s e r v e d   w e f t   i s   c a r r i e d   o u t  



when  t h e   two  c o n t r o l   p i n s   Pl  and  P2  g e t   c l o s e s t   to  e a c h   o t h e r ,  

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

In  o t h e r   w o r d s ,   a s s i g n m e n t   of  r e s e r v e d   w e f t   can  be  s i g n i f i -  

c a n t l y   s t a b i l i z e d .  

At  t h e   moment  (V),   t he   f i r s t   c o n t r o l   p i n   P1  s t a y s   s t a n d -  

s t i l l   a t   t h e   most   r e c e d e d   p o s i t i o n   in   i t s   s t a n d - b y   zone  w h e r e a s  

t h e   s e c o n d   c o n t r o l   p i n   P2  a l s o   s t a y s   s t a n d s t i l l   bu t   a t   t h e   m o s t  

a d v a n c e d   p o s i t i o n   in   i t s   o p e r a t i v e   z o n e .   More  s p e c i f i c a l l y ,  

t h e   f i r s t   c o n t r o l   p i n   Pl  is  l o c a t e d   r a d i a l l y   o u t s i d e   t he   c y -  

l i n d r i c a l   s e c t i o n   lb   of  t h e  r e s e r v o i r   d rum  1  and  t he   s e c o n d  

c o n t r o l   p i n   P2  is   l o c a t e d   a b o u t   t h e   b o r d e r   b e t w e e n   the   c o n i c a l  

and  c y l i n d r i c a l   s e c t i o n s   la  and  l b .   C o i l s   of  w e f t   f o r   t h e  

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

s e c o n d   c o n t r o l   p i n   P 2 .  

A  moment  (VI)  in   F i g .   2  c o r r e s p o n d s   to  4 5 0   c r a n k   a n g l e .  

S l i g h t l y   b e f o r e   t h i s   moment ,   the   f i r s t   c o n t r o l   p i n   P1  s t a r t s   t o  

a d v a n c e   f rom  the   most   r e c e d e d   p o s i t i o n   in   t h e   s t a n d - b y   zone   t o  

move  u p s t r e a m   and  the   s e c o n d   c o n t r o l   p i n   P2  s t a r t s   to  r e c e d e  

f rom  t he   most   a d v a n c e d   p o s i t i o n   in   t h e   o p e r a t i v e   zone   to  t r a v e l  

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

s t r e a m   s i d e .   At  t h i s   v e r y   moment  (VI) ,   d e l i v e r y   of  w e f t   f o r   t h e  

s e c o n d   i n s e r t i o n   is  on  the   v e r g e   of  s t a r t .   Tha t   i s ,   t he   f i r s t  

c o n t r o l   p i n   P1  has  j u s t   i n t r u d e d   i n t o   t h e   o p e r a t i v e   zone  a n d  

t h e   s e c o n d   c o n t r o l   p in   P2  is  on  t h e   v e r g e   of  l e a v i n g   f rom  t h e  



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

s t r e a m   s i d e   of  t h e   s e c o n d   c o n t r o l   p i n   P 2 .  

A  moment   (VII)  in   F i g .   2  c o r r e s p o n d s   to  540°  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  s t a y s   s t a n d s t i l l   a t   t h e   mos t   a d v a n c e d  

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

P2  s t a y s   s t a n d s t i l l   a t   t h e   mos t   r e c e d e d   p o s i t i o n   in   the   s t a n d -  

by  z o n e .   The  p o s i t i o n s   of  t h e   two  c o n t r o l   p i n s   P1  and  P2  a t  

t h i s   moment   a r e   t h e  s a m e  a s   t h o s e   a t   t h e   momen t   III .   R e s e r v a -  

t i o n  o f   w e f t  f o r  t h e  f i r s t   i n s e r t i o n   o f  t h e   n e x t  c y c l e   h a s  

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

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

s i d e   o f   t h e   f i r s t   c o n t r o l   p i n   P l .  

A  moment   (VIII)  in   F i g .   2  c o r r e s p o n d s   to  630  c r a n k   a n g l e .  

The  f i r s t   and  s e c o n d   c o n t r o l   p i n s   P1  and  P2  b o t h   r e t a i n s   t h e i r  

p o s i t i o n s   a t   t he   moment   ( V I I ) .   The  s e c o n d   i n s e r t i o n   of  w e f t   h a s  

a l r e a d y   t e r m i n a t e d   a t   t h i s   moment .   R e s e r v a t i o n   of  w e f t   d e v e l o p s  

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

T h i s   c o n d i t i o n   i s   m a i n t a i n e d   a l s o   a t   a  moment  (IX)  in   F i g .  

2  w h i c h   c o r r e s p o n d s   to  7200  c r a n k   a n g l e .  

0 
A  moment   X  in   F i g .   2  c o r r e s p o n d s   to  810  c r a n k   a n g l e   a n d  

s h i f t   in   c o n d i t i o n   f rom  t h i s   moment  c o r r e s p o n d s   to  t h a t   f r o m  

t h e   moment   (IV)  to  t h e   moment   (VI).   Abou t   t h i s   momen t ,   t h e  



f i r s t   c o n t r o l   p i n   P1  s t a r t s   to  r e c e d e   f rom  the   mos t   a d v a n c e d  

p o s i t i o n   in   t he   o p e r a t i v e   zone   to  t r a v e l   d o w n s t r e a m   w h e r e a s   t h e  

s e c o n d   c o n t r o l   p i n   P2  s t a r t s   to  a d v a n c e   f rom  the   m o s t   r e c e d e d  

p o s i t i o n   in   t he   s t a n d - b y   z o n e .   R e s e r v a t i o n   of  w e f t   f u r t h e r   d e -  

v e l o p s   on  t h e   u p s t r e a m   s i d e   of  t he   f i r s t   c o n t r o l   p i n   P 1 .  

A  moment  (XI)  in   F i g .   2  c o r r e s p o n d s   to  9 0 0   c r a n k   a n g l e .  

S o m e w h a t   b e f o r e   t h i s   momen t ,   t he   f i r s t   c o n t r o l   p i n   P1  t r a v e l i n g  

d o w n s t r e a m   p a s s e s   by  t h e   s e c o n d   c o n t r o l   p i n   P2  t r a v e l i n g   u p -  

s t r e a m ,   and  c o i l s   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   of   t he   n e x t  

c y c l e ,   w h i c h   have   b e e n   h e l d   on  t he   u p s t r e a m   s i d e   of  t he   f i r s t  

c o n t r o l   p i n   P1,  a r e   a s s i g n e d   to  t h e   s e c o n d   c o n t r o l   p i n   P2  a t  

t h i s   v e r y   moment  of  p a s s i n g   by.  In  o t h e r   w o r d s ,   a s s i g n m e n t   o f  

r e s e r v e d   w e f t   t a k e s   p l a c e   b e t w e e n   the   f i r s t   and  s e c o n d   c o n t r o l  

p i n s   P1  and  P 2 .  

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

t he   moment  (V),   c o i l s   of  w e f t   f o r   t he   s e c o n d   i n s e r t i o n   a r e  

a s s i g n e d   f rom  the   f i r s t   to  s e c o n d   c o n t r o l   p i n .   W h e r e a s ,   in   t h e  

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

(XI),   c o i l s   of  w e f t   f o r   t h e   f i r s t   i n s e r t i o n   of  t h e   n e x t   c y c l e  

a r e   a s s i g n e d   f rom  the   f i r s t   to  s e c o n d   c o n t r o l   p i n .  

In  e i t h e r   c a s e ,   t h e   c o i l s   o f  

r e s e r v e d   w e f t   a re   a l w a y s   a s s i g n e d   f rom  the   f i r s t   to  s e c o n d  

c o n t r o l   p i n   a t  t h e   same  a x i a l   p o s i t i o n   on  t h e  r e s e r v o i r   d r u m  

w h e r e a t   t he   two  c o n t r o l   p i n s   p a s s   by.   T h i s   s i m i l a r i t y   i n  



a s s i g n m e n t   of  r e s e r v e d   w e f t   r e l a t e s   to  s i m i l a r i t y   in   mode  o f  

r e s e r v a t i o n   of  w e f t   f o r   t h e   f i r s t   and  s e c o n d   i n s e r t i o n s .   S u c h  

s i m i l a r   mode  of  r e s e r v a t i o n   of  w e f t   a t   d i f f e r e n t   moments   r e -  

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

d i f f e r e n t   moment .   U n i f o r m   i n s e r t i o n   can   be  c a r r i e d   o u t   f o r  

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

o f  t h e   p r e s e n t   i n v e n t i o n .  

0 
F i n a l l y ,   a  moment   (XII)  in   F i g .   2  c o r r e s p o n d   to  990  c r a n k  

a n g l e .   S l i g h t l y   b e f o r e   t h i s   moment ,   t he   f i r s t   c o n t r o l   p i n   P1 

s t a r t s   to  a d v a n c e   f r o m   t h e   mos t   r e c e d e d   p o s i t i o n   in  t he   s t a n d - b y  

z o n e   to  t r a v e l   u p s t r e a m   and  t he   s e c o n d   c o n t r o l   p i n   P2  s t a r t s   t o  

r e c e d e   f rom  t he   mos t   a d v a n c e d   p o s i t i o n   in   t h e   o p e r a t i v e   zone   t o  

move  d o w n s t r e a m .   The  f i r s t   c o n t r o l   p i n   P1  t r a v e l i n g   u p s t r e a m  

and  t h e   s e c o n d   c o n t r o l   p i n   P2  t r a v e l i n g   d o w n s t r e a m   p a s s   b y .  

At  t h e   moment  ( X I I ) ,  a s   a  c o n s e q u e n c e ,   t h e   f i r s t   c o n t r o l  

p i n   P1  has   i n t r u d e d   i n t o   t h e   o p e r a t i v e   z o n e   and  t h e   s e c o n d   c o n -  

t r o l   p i n   P2  i s   on  t h e   v e r g e   of  l e a v i n g   t h e   o p e r a t i v e   z o n e ,   t h e  

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

s e c o n d   c o n t r o l   p i n   P2.  Then   the   who le   r e v e r t s   to  t h e   s i t u a -  

t i o n   a t   t he   moment  ( I )   in   F i g .   2  and  t h e   n e x t   c y c l e   of  l o o m  

r u n n i n g   s t a r t s .  

In  t h e   c a s e   of  t h e   w e f t   r e s e r v o i r   h a v i n g   t h e   o p e r a t i o n  

e x e m p l i f i e d   in  F i g .   2,  d r i v e   cams  C1  and  C2  f o r   t h e   f i r s t   a n d  



s e c o n d   c o n t r o l   p i n s   P1  and  P2  a r e   d e s i g n e d   and  p h a s e d   f r o m  

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

s e r t i o n s   a r e   b o t h   a s s i g n e d   b e t w e e n   t h e   two  c o n t r o l   p i n s   P1  a n d  

P2  a t   t h e  s a m e  a x i a l   p o s i t i o n   o n  t h e   r e s e r v o i r   d r u m .  

The  o t h e r   e x a m p l e   of  t he   o p e r a t i o n   of   t h e   w e f t   r e s e r v o i r  

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   shown  in   F i g .   3 ,  

in   w h i c h ,   l i k e   t he   f i r s t   e x a m p l e ,   f o u r   c o i l s   of  w e f t   a r e   a s -  

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

of  w e f t ,   b l a c k   c i r c l e s   i n d i c a t e   c o i l s   of   w e f t   f o r   t he   f i r s t  

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

t h e   s e c o n d   i n s e r t i o n   of  w e f t . '  

A  moment  ( I )   in   F i g .   3  c o r r e s p o n d s   to  0°  c r a n k   a n g l e .   T h e  

f i r s t   c o n t r o l   p i n   P1  i s   l o c a t e d   w i t h i n   t h e   o p e r a t i v e   zone  a n d  

the   s e c o n d   c o n t r o l   p i n   P2  has   s t a r t e d   to  r e c e d e   f rom  the   m o s t  

a d v a n c e d   p o s i t i o n   in  t he   o p e r a t i v e   zone   to   move  d o w n s t r e a m   a l o n g  

an  a r c   p a t h   of  t r a v e l   in   t h e   a x i a l   d i r e c t i o n   of  t he   w e f t   r e -  

s e r v o i r   1.  R e s e r v a t i o n   of  w e f t   f o r   t he   s e c o n d   i n s e r t i o n   h a s  

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

P1  and  c o i l s   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   a r e   h e l d   in   t h e  

a r e a   b e t w e e n   the   two  c o n t r o l   p i n s   P1  and  P 2 .  

A  moment  (II)  in   F i g .   3  c o r r e s p o n d s   to   900  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  s t i l l   r e m a i n s   in   t h e   o p e r a t i v e   z o n e  

bu t   the   s e c o n d   c o n t r o l   p i n   P2  has  j u s t   l e f t   t he   o p e r a t i v e   z o n e .  



More  s p e c i f i c a l l y ,   t h e   s e c o n d   c o n t r o l   p i n   P2  has  j u s t   d i s -  

a p p e a r e d   f rom  t h e   p e r i p h e r y   of   t h e   r e s e r v o i r   drum  1.  D e l i v e r y  

of  w e f t   f o r   t h e   f i r s t   i n s e r t i o n   now  s t a r t s .   R e s e r v a t i o n   o f  

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

t r o l   p i n   P1  and  t h e   c o i l s   of  w e f t ,   w h i c h   have   b e e n   h e l d   in   t h e  

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

ly  d e l i v e r e d   due  to  t r a c t i o n   by  t he   main   j e t   n o z z l e   w h i c h   h a s  

s t a r t e d   t he   f i r s t   i n s e r t i o n   of  w e f t .  

A  moment  (III)  in   F i g .   3  c o r r e s p o n d s   to  180°  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  s t a y s   s t a n d s t i l l   in   t he   o p e r a t i v e   z o n e  

and  t h e   s e c o n d   c o n t r o l   p i n   P2  in   t he   s t a n d - b y   z o n e .   T h i s   c o n -  

d i t i o n   i s   m a i n t a i n e d   a t  a   moment  (IV)  in  F i g .   3  c o r r e s p o n d i n g  

to  270°  c r a n k   a n g l e ,   and  r e s e r v a t i o n   of  w e f t   f u r t h e r   d e v e l o p s  

on  t h e   u p s t r e a m   s i d e   of  t h e   f i r s t   c o n t r o l   p i n   P1.  The  f i r s t  

i n s e r t i o n   of  w e f t   t e r m i n a t e s   a b o u t   t h e   moment   ( IV) .  

A  moment  (V)  in   F i g .   3  c o r r e s p o n d s   to  360°  c r a n k   a n g l e .  

S l i g h t l y   b e f o r e   t h i s   m o m e n t ,   t h e   f i r s t   p i n   P1  has   s t a r t e d   t o  

r e c e d e   f rom  the   mos t   a d v a n c e d   p o s i t i o n   to  move  d o w n s t r e a m   a l o n g  

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

drum  1  a n d ,   a t   t he   moment   (V) ,   i s   j u s t   g o i n g   to  l e a v e   t h e   o p e -  

r a t i v e   z o n e .   The  s e c o n d   c o n t r o l   p i n   P2  r e m a i n s   s t a n d - s t i l l   a t  

t h e   most   r e c e d e d   p o s i t i o n   in   t he   s t a n d - b y   z o n e .   C o i l s   of  w e f t  

a r e   h e l d   on  t he   u p s t r e a m   s i d e   of  t he   f i r s t   c o n t r o l   p i n   P1  f o r  

use   a t   t he   s e c o n d   i n s e r t i o n   of  w e f t .  



A  moment   (VI)  in   F i g .   3  c o r r e s p o n d s   to  4 5 0   c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  has  r e a c h e d   the   mos t   r e c e d e d   p o s i -  

t i o n   in   t h e   s t a n d - b y   zone  and  t he   s e c o n d   c o n t r o l   p i n   P2  r e m a i n s  

s t a n d s t i l l   a t   t he   mos t   r e c e d e d   p o s i t i o n   in   t h e   s t a n d - b y   z o n e .  

The  s e c o n d   i n s e r t i o n   of  w e f t   s t a r t s   a t   t h i s   m o m e n t .   As  a  c o n -  

s e q u e n c e ,   t h e   c o i l s   of  w e f t ,   w h i c h   have   b e e n   h e l d   by  the   f i r s t  

c o n t r o l   p i n   P1,  a r e   s e q u e n t i a l l y   d e l i v e r e d   due  to  t r a c t i o n   o f  

t he   ma in   j e t   n o z z l e .  

The  p r o c e s s   f rom  the   moment  (IV)  to  t he   moment   (VI)  in   t h i s  

e x a m p l e   s h o u l d   be  c o m p a r e d   w i t h   t h a t   f rom  t h e   moment  (IV)  to  t h e  

moment  (VI)  i n  t h e   p r e c e d i n g   e x a m p l e   shown  in   F i g .   2.  In  t h e  

c a s e   of  t h e   p r e c e d i n g   e x a m p l e   shown  in  F i g .   2,  c o i l s   of  w e f t   f o r  

t he   s e c o n d   i n s e r t i o n   a r e   once   a s s i g n e d   f rom  t h e   f i r s t   to  s e c o n d  

c o n t r o l   p i n   P2  in   a d v a n c e   to  d e l i v e r y   f rom  t h e   r e s e r v o i r   drum  1 .  

In  t he   c a s e   of  t he   e x a m p l e   shown  in  F i g .   3,  c o i l s  

of  w e f t   a r e   r e l e a s e d   f rom  h o l d   by  t h e   f i r s t   c o n t r o l   p i n  P l   a n d  

d i r e c t l y   s u b j e c t e d   to  d e l i v e r y   f rom  the   r e s e r v o i r   drum  1  w i t h -  

ou t   any  i n t e r - p i n   a s s i g n m e n t .  

A  moment   (VII)  in  F i g .   3  c o r r e s p o n d s   to  540°  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  has  a l r e a d y   s t a r t e d   to  a d v a n c e   f rom  t h e  

most   r e c e d e d   p o s i t i o n   in  the   s t a n d - b y   zone   and  t h e   s e c o n d   c o n -  

t r o l   p i n   P2  r e m a i n s   s t a n d s t i l l   in  t he   s t a n d - b y   z o n e .  

0 
A  moment  (VIII)  in  F i g .   3  c o r r e s p o n d s   to  630  c r a n k   a n g l e .  



The  f i r s t   c o n t r o l   p i n   P1  has   a l r e a d y   b e e n   r e g i s t e r e d   a t   t h e  

mos t   a d v a n c e d   p o s i t i o n   in   t he   o p e r a t i v e   zone   and  t he   p o s i t i o n  

of   t h e   s e c o n d   c o n t r o l   p i n   P2  i s   u n c h a n g e d .   The  s e c o n d   i n s e r -  

t i o n   of   w e f t   t e r m i n a t e s   a b o u t   t h i s   moment   and  r e s e r v a t i o n   o f  

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

s t a r t e d   on  t h e   u p s t r e a m   s i d e   of  t h e   f i r s t   c o n t r o l   p i n   P l .   T h i s  

c o n d i t i o n   i s   m a i n t a i n e d   a t   t h e   moment   (IX)  i n   F i g .   3   c o r r e s -  

p o n d i n g   to  720  c r a n k   a n g l e   and  t h e   a b o v e - d e s c r i b e d   r e s e r v a t i o n  

of   w e f t   f u r t h e r   d e v e l o p s .  

A  moment  (X)  in   F i g .   3  c o r r e s p o n d s   to  8100  c r a n k   a n g l e .  

The  f i r s t   c o n t r o l   p i n   P1  has   a l r e a d y   s t a r t e d   to  r e c e d e   f rom  t h e  

mos t   a d v a n c e d   p o s i t i o n   in   t he   o p e r a t i v e   zone   and ,   a t   t h i s   m o -  

m e n t ,   is   j u s t   g o i n g   to  l e a v e   the   o p e r a t i v e   z o n e .   C o n c u r r e n t l y ,  

t he   s e c o n d   c o n t r o l   p i n   P2  has   a l r e a d y   s t a r t e d   to  a d v a n c e   f r o m  

t h e   mos t   r e c e d e d   p o s i t i o n   in   t he   s t a n d - b y   zone   and ,   a t   t h i s   m o -  

m e n t ,   i s   on  the   v e r g e   of  i n t r u s i o n   i n t o   t h e   o p e r a t i v e   z o n e .  

R e s e r v a t i o n   of  w e f t   f u r t h e r   c o n t i n u e s   on  t h e   u p s t r e a m   s i d e   o f  

t h e   f i r s t   c o n t r o l   p i n   P 1 .  

A  moment  (XI)  in   F i g .   3  c o r r e s p o n d s   to  900  c r a n k   a n g l e .  

S o m e w h a t   b e f o r e   t h i s   m o m e n t ,   t he   f i r s t   c o n t r o l   p i n   P1  t r a v e l i n g  

d o w n s t r e a m   p a s s e s   by  the   s e c o n d   c o n t r o l   p i n   P2  t r a v e l i n g   u p -  

s t r e a m   and  c o i l s   of  w e f t   f o r   t he   f i r s t   i n s e r t i o n   of  t he   n e x t  

c y c l e ,   w h i c h   have   b e e n   h e l d   on  t he   u p s t r e a m   s i d e   of  t he   f i r s t  

c o n t r o l   p i n   P l ,   a r e   a s s i g n e d   to  t h e   s e c o n d   c o n t r o l   p i n   P2  a t  



t h i s   v e r y   moment  of  p a s s i n g   by.  A s s i g n m e n t   of  r e s e r v e d   w e f t  

t a k e s   p l a c e   b e t w e e n   t he   f i r s t   and  s e c o n d   c o n t r o l   p i n s   P1  and  P 2 .  

The  f i r s t   c o n t r o l   p i n   P1  i s   now  r e g i s t e r e d   a t   the   most   r e c e d e d  

p o s i t i o n   in   t he   s t a n d - b y   zone   w h e r e a s   t he   s e c o n d   c o n t r o l   p i n  

P2  i s   r e g i s t e r e d   a t   t h e   mos t   a d v a n c e d   p o s i t i o n   in  t he   o p e r a t i v e  

z o n e .  

A  moment  (XU)  i n  F i g .   3  c o r r e s p o n d s   to  990°  c r a n k   c y c l e .  

The  f i r s t   c o n t r o l   p i n   P1  s t a r t s   to  a d v a n c e   f rom  t he   most   r e c e d e d  

p o s i t i o n   in   the   s t a n d - b y   zone   to  move  u p s t r e a m   a l o n g   an  a r c   p a t h  

of  t r a v e l   in   t h e   a x i a l   d i r e c t i o n   of  t he   r e s e r v o i r   d rum.   T h e  

s e c o n d   c o n t r o l   p i n   P2  c o n c u r r e n t l y   s t a r t s   to  r e c e d e   f rom  t h e  

mos t   a d v a n c e d   p o s i t i o n   in   t h e   o p e r a t i v e   zone   to  move  d o w n s t r e a m  

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

p i n   P 2 .  

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

n e x t   c y c l e   a re   once   a s s i g n e d   f rom  the   f i r s t   to  s e c o n d   c o n t r o l  

p i n   P2  in  a d v a n c e   to  d e l i v e r y   f rom  the   r e s e r v o i r  d r u m   1.  H o w -  

e v e r ,   as  a l r e a d y   e x p l a i n e d   in   c o n n e c t i o n   w i t h   t he   moments   ( I V )  

to  ( V I ) ,   c o i l s   of  w e f t   f o r   t he   s e c o n d   i n s e r t i o n   a r e   d i r e c t l y  

s u b j e c t e d   to  d e l i v e r y   f rom  the   r e s e r v o i r   drum  w i t h o u t   any  a d -  

v a n c e d   i n t e r - p i n   a s s i g n m e n t .   T h a n k s   to  r e d u c t i o n   in  number   o f  

a s s i g n m e n t   of  w e f t   w h i c h   i n e v i t a b l y   a c c o m p a n i e s   a x i a l   d i s p l a c e -  

ment   of  c o i l s   of  w e f t   on  t h e   r e s e r v o i r   d rum,   the   c o i l s   of  w e f t  

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

r a t i o n   shown  in  F i g .   2 .  



1.  A  w e f t   r e s e r v o i r   f o r   f l u i d   j e t   looms  on  w h i c h   w e f t   i s  

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

a  r e s e r v o i r   drum  made  up  of   an  u p s t r e a m   s i d e   c o n i c a l   s e c -  

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

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

of   w e f t   t a k e n   f rom  a  g i v e n   s o u r c e   of  s u p p l y ,  

f i r s t   and  s e c o n d   c o n t r o l   p i n s   a n n e x e d   to  s a i d   r e s e r v o i r  

d rum  one  a f t e r   a n o t h e r   in   t he   a x i a l   d i r e c t i o n   of  s a i d   r e s e r v o i r  

drum  w i t h   t h e i r   p o i n t s   b e i n g   d i r e c t e d   to  an  o p e r a t i v e   z o n e  

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

s e c t i o n s   of   s a i d   r e s e r v o i r   d r u m ,   a n d  

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

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

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

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

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

to  c a u s e ,   a t   l e a s t   once   in  one  c y c l e   o p e r a t i o n   of  s a i d   w e f t  

r e s e r v o i r ,   a s s i g n m e n t   of  c o i l s   of  w e f t   f rom  s a i d   f i r s t   to  s e -  

cond   c o n t r o l   p i n .  



2.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in  c l a i m   1  in  w h i c h  

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

ment   in   s u c h   a  m a n n e r   t h a t ,   j u s t   b e f o r e   i n i t i a t i o n   of  e a c h   i n -  

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

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

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

of  c o i l s   of  w e f t   a t   e v e r y   p a s s i n g   b y .  

3.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in  c l a i m   1  in  w h i c h  

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

ment   in  such   a  m a n n e r   t h a t ,   j u s t   b e f o r e   i n i t i a t i o n   of  t he   f i r s t  

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

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

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

w e f t   f o r   the   f i r s t   i n s e r t i o n   of  w e f t .  

4.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in  c l a i m   1,  2  or  3  in  w h i c h  

s a i d   d r i v i n g   means  i n c l u d e s   a  cam  d r i v e   m e c h a n i s m ,  

5.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in  c l a i m   1,  2  or  3  in  w h i c h  

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

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



6.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in   c l a i m   1,  2  or  3  in  w h i c h  

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

ly   o u t s i d e   s a i d   r e s e r v o i r   d r u m .  

( F o r   US  a p p l i c a t i o n   o n l y )  

7.  A  w e f t   r e s e r v o i r   as  c l a i m e d   in   c l a i m  4   in   w h i c h   s a i d   c a m  

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

f i r s t   and  s e c o n d   f r a m e w o r k s   a r r a n g e d  i n   f i x e d   r e l a t i o n -  

s h i p   to  s a i d   r e s e r v o i r   d r u m ,  

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

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

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

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

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

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

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

g u i d e ,  

a  f i r s t   cam  s e c u r e d   to  s a i d   f i r s t   cam  s h a f t ,  



f i r s t   means   f o r   k e e p i n g   s a i d   f i r s t   cam  f o l l o w e r   in   r e -  

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

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

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

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

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

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

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

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

a  s e c o n d   cam  s e c u r e d   to  s a i d   s e c o n d   cam  s h a f t ,  

s e c o n d   means  f o r   k e e p i n g   s a i d   s e c o n d   cam  f o l l o w e r   in  r e -  

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