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Process  and  apparatus  for  finishing  velvet-like  fabrics. 
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o  

A  process  for  finishing  a  velvet-like  fabric,  cut  piles  (51) 
of  which  are  composed  of  thermoplastic  fiber  filaments.  The 
back  surface  of  the  fabric  is  brought  closely  into  face  to  face 
contact  with  a  heater  until  foot  portions  (55)  of  the  cut  piles 
(51)  are  plasticized  and  thereafter  a  fluid  at  a  lower  tempera- 
ture  than  that  of  the  heater  is  ejected  onto  the  cut  piles  (51), 
along  the  direction  shown  by  the  arrow  (A),  so  that  the  tilted 
cut  piles  are  straightened  upright  and  are  set  as  they  are.  The 
process  may  be  repeated.  An  apparatus  utilized  for  the 
process  has  at  least  a  heater  (1a)  provided  with  a  curvex 
contact  surface  and  at  least  a  nozzle  (3a)  facing  a  path  of  the 
fabric. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   f i n i s h i n g   of  v e l v e t - l i k e  

f a b r i c s ,   e s p e c i a l l y   v e l v e t - l i k e   f a b r i c s   c o m p o s e d   of  c u t   p i l e s  

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

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

V e l v e t   i s   a  t y p e   of  warp   p i l e   f a b r i c   c o m p r i s e d   o f  

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

a  g r o u n d   s u r f a c e .   R e c e n t l y ,   wa rp   p i l e   f a b r i c s   u t i l i z i n g  

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

w i d e l y   a v a i l a b l e .  

One  p r o b l e m   i n h e r e n t   in  v e l v e t - l i k e   f a b r i c s   u t i l i z i n g  

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

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

d y e i n g .   D i s h e v e l l m e n t   or   t i l t   of  t h e   c u t   p i l e s   d e g r a d e s   t h e  

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

p r o d u c t   in   t o t a l   p r o d u c t i o n .  

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

m e t h o d s   h a v e   b e e n   p r o p o s e d .   For   e x a m p l e ,   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  4 9 - 2 0 2 6 5   d i s c l o s e s   a  m e t h o d   in   w h i c h   a l l  

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

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

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



t o   be  s e t   u p r i g h t .  

H o w e v e r ,   in   t h e   known  m e t h o d   in   w h i c h   a  d o c t o r   k n i f e   i s  

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

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

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

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

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  4 0 - 3 6 3 8   and  No.  5 0 - 2 6 6 7 6  

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

d y e d   f a b r i c s   a r e   s t r a i g h t e n e d   up  by  e j e c t i n g   h o t   a i r   or   s t e a m  

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

b a c k   s u r f a c e   of   t h e   f a b r i c   to   be  f i n i s h e d ,   t h e   h o t   a i r   o r  

s t e a m   p a s s i n g   t h r o u g h   t h e   f a b r i c   f rom  t h e   b a c k   s u r f a c e   to  t h e  

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

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

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

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

c i r c u m s t a n c e s ,   t h e y   c u r l   due  to   t h e i r   own  l a t e n t   c r i m p s .  

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

a p p e a r a n c e   c a n n o t   be  o b t a i n e d .  

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

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

and  j e t   d y e i n g .   They   f o u n d   t h a t   p i l e s   o f   a  r e l a t i v e l y   s h o r t  

l e n g t h   of  n o t   more   t h a n   5  mm  a r e   s t r a i g h t   a t   t h e i r   f r e e   e n d  

p o r t i o n s   b u t   a r e   d e f o r m e d   a t   t h e i r   f o o t   p o r t i o n s .   Based   o n  

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

s t r a i g h t e n   t h e   d e f o r m a t i o n ,   i . e . ,   how  to   b e n d   t h e   f o o t  

p o r t i o n   of  t h e   p i l e ,   and  f i n a l l y   c o m p l e t e d   t h e   i n v e n t i o n .  



I t   is   an  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  p r o c e s s   f o r   p r o d u c i n g   a  v e l v e t - l i k e   f a b r i c   c o m p r i s i n g   a  

p l u r a l i t y   of  c u t   p i l e s ,   e s p e c i a l l y   c u t   p i l e s   made  f r o m  

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

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

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

p r o c e s s .  

In  one  a s p e c t   t h i s   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r  

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

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

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

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

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

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

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

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

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

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

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

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

f l u i d   d i s p o s e d   j u s t   b e h i n d   a  r e a r   end  of  s a i d   h e a t e r ,   b o t h  

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

s a i d   f a b r i c ,   and  means   f o r   i n t r o d u c i n g   s a i d   f a b r i c   i n t o   s a i d  

p a t h .  

The  i n v e n t i o n   and  p r e f e r r e d   f e a t u r e s   w i l l   be  e x p l a i n e d  

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

in  d e t a i l   w i t h   r e f e r e n c e   to  t h e   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  shows   an  e n l a r g e d   s e c t i o n a l   s i d e   v i ew  of  t h e  

cu t   p i l e s   b e f o r e   f i n i s h i n g ;  



F i g .   2  shows  a  s c h e m a t i c   s i d e   v i ew  of  a  d e v i c e  

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

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

F i g .   2A  is   an  e n l a r g e d   s e c t i o n   s i d e   v iew  of   a  r e a r  

end  of  t h e   a r c u a t e   h e a t e r   shown  i n   F i g .   2,  in   w h i c h   p o s i t i o n s  

of  t h e   c u t   p i l e s   a r e   i l l u s t r a t e d ;  

F i g .   3  shows  a  s c h e m a t i c   s i d e   v iew  of   a n o t h e r   d e v i c e  

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

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

F i g .   4  i s   a  s c h e m a t i c   s i d e   v i ew  of   s t i l l   a n o t h e r   d e v i c e  -  

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

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

F i g .   5  i s   a  s c h e m a t i c   s i d e   v i ew   of   a  f u r t h e r   d e v i c e  

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

n o z z l e   d i s p o s e d   b e n e a t h   t h e   f a b r i c ;  



F i g .   6  i s   a  s c h e m a t i c   s i d e   v i e w   of   an  a r r a n g e m e n t  

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

F i g s .   2  and  4  a r e   c o m b i n e d ;   a n d  

F i g s .   7  and  8  show  e n l a r g e d   s e c t i o n a l   v i e w s   of   t he   c u t  

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

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

F a b r i c s   to  be  f i n i s h e d   in   t h e   p r o c e s s   and  t h e   a p p a r a t u s  

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

r a s c h e l   k n i t ,   woven  s e a l ,   and  v e l v e t ;   one  s u r f a c e   of  e a c h  

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

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

p o l y a c r y l i c ,   and  t r i a c e t a t e   f i b e r s   in  t h e   fo rm  of   f i l a m e n t s .  

F i g u r e   1  shows  a  s t a t e   of   c u t   p i l e s   a f t e r   h a v i n g   b e e n  

d y e d .   The  c u t   p i l e s   (51)   p r o j e c t i n g   f rom  a  g r o u n d   (54)  a r e  

t i l t e d   o v e r   r a n d o m l y   and  f i l a m e n t s   (53)   c o m p o s i n g   t h e   c u t  

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

p i l e   (51)   o c c u r s   m a i n l y   in   f o o t   p o r t i o n s   ( 5 5 ) ,   w h i l e   f r e e  

p o r t i o n   (52)   t h e r e o f   b e i n g   k e p t   s t r a i g h t .  

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

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

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

p i l e   s i d e   f a c e s   t h e   h e a t e d   s u r f a c e   of   t h e   h e a t e r .   T h i s  

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

to   p l a c e   t he   f o o t   p o r t i o n s   in  a  p l a s t i c   c o n d i t i o n .   With  t h e  

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

f o r c e   t h e r e t o   wou ld   be  s u f f i c i e n t   to   c h a n g e   t h e   p o s t u r e   o f  

t h e   c u t   p i l e .  



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

t h e   h e a t e r   i s   e j e c t e d   f rom  a  n o z z l e   t o   t h e   s u r f a c e   of  t h e  

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

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

c u t   p i l e s   as   w e l l   as  s t r a i g h t e n i n g   and  s e t t i n g   u p r i g h t   t h e  

c u t   p i l e s .  

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

u t i l i z e d   as  t h e   f l u i d   to  be  e j e c t e d .   V a r i o u s   t y p e s   o f  

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

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

w e i g h t .   Among  t h e m ,   two  a r e   p r e f e r a b l e :   a  f i r s t   t y p e   w h e r e i n  

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

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

f rom  a  n o z z l e   d i s p o s e d   a b o v e   a  p a t h   of   t h e   f a b r i c ,   and  a  

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

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

a f t e r   h e a t i n g .  

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

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

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

F i g u r e s   2  and  3  show  t h e   d e v i c e s   u t i l i z e d   f o r   t h e   f i r s t  

t y p e   of  e j e c t i o n .   In  F i g .   2,  an  a r c u a t e   h e a t e r   ( l a )   h a v i n g   a  

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

t h e r e i n   h e a t i n g   w i r e s   (2)  i s   d i s p o s e d   a l o n g   a  p a t h   of  t h e  

p i l e   f a b r i c   (50)   w i t h   i t s   c o n v e x   h e a t e d   s u r f a c e   in   f a c e   t o  

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

A  n o z z l e   (3a)   f o r   e j e c t i n g   a  c o o l i n g   f l u i d   a l s o   has   a  

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



j u s t   a b o v e   t h e   r e a r   end  (4)  of   t h e   h e a t e r   ( l a )   t o   f a c e   t h e  

p i l e   s i d e   s u r f a c e   o f   t h e   f a b r i c   ( 5 0 ) .   An  o u t l e t   (5a)   of   t h e  

n o z z l e   (3a)   i s   i n c l i n e d   to   t h e   r u n n i n g   d i r e c t i o n   of   t h e  

f a b r i c   so  as  to   make  t h e   c u t   p i l e s   s t a n d   u p r i g h t .  

In  F i g .   3,  a  r o l l   h e a t e r   ( l b )   w h i c h   may  be  r o t a t a b l e ,   i s  

p r o v i d e d   i n s t e a d   of   t h e   a r c u a t e   h e a t e r   ( l a ) ,   and  a  n o z z l e   ( 3 b )  

i s   d i s p o s e d   i n s t e a d   of   t h e   n o z z l e   (3a )   j u s t   a b o v e   a  g u i d e  

b a r   (6)  l o c a t e d   b e h i n d   t h e   h e a t e r   ( l b ) .   An  o u t l e t   (5b)   o f  

t h e   n o z z l e   (3b)   i s   a l s o   i n c l i n e d   to   t h e   r u n n i n g   d i r e c t i o n   o f  

the   f a b r i c   (50)   as   in   F i g .   2 .  

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

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

h e a t e r   ( l a ) ,   ( l b ) .   The  r e a s o n s   why  t h e   a b o v e - m e n t i o n e d  

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

The  p i l e   f a b r i c   (50)   r e q u i r i n g   f i n i s h i n g   a f t e r   d y e i n g   i s  

s u p p l i e d   to   t h e   h e a t e r   ( l a )   or   ( l b ) .   The  b a c k   s u r f a c e   of   t h e  

f a b r i c   comes   i n t o   f a c e   to   f a c e   c o n t a c t   w i t h   t h e   h e a t e d   s u r f a c e  

of  the   h e a t e r   ( l a )   or   ( l b ) .   The  h e a t   f rom  t h e   b a c k   s u r f a c e  

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

p i l e   (51)  ( F i g .   1)  to   t h e   d e g r e e   n e c e s s a r y   to   p l a s t i c i z e   t h e  

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

c u t   p i l e   i s   h a r d l y   h e a t e d   a t   a l l   b e c a u s e   of  t h e   m a t e r i a l ' s  

p o o r   h e a t   c o n d u c t i v i t y .   S i n c e   t h e   f a b r i c   ( 5 0 ) ,   as  s t a t e d  

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

t h e   h e a t e r   ( l a )   o r   ( l b ) ,   t h e   i n d i v i d u a l   c u t   p i l e s   (51)   t e n d  

to  s t a n d   u p r i g h t   a t   t h e   t u r n i n g   p o i n t   as  shown  in   F i g .   2 A .  

At  t he   same  t i m e ,   t h e   c o o l i n g   f l u i d   i s   e j e c t e d   f rom  t h e  

n o z z l e   (3a)   or   (3b )   to   t h e   f o o t   p o r t i o n   a l o n g   t h e   d i r e c t i o n  



shown  by  t h e   a r r o w   ( A ) .   T h i s   s e t s   t h e   c u t   p i l e s   ( 5 1 )  

u p r i g h t .  

F i g u r e s   4  and   5  show  t h e   d e v i c e s   u t i l i z e d   f o r   t he   s e c o n d  

t y p e  o f   e j e c t i o n .   H e a t e r s   ( l c )   and  ( l d )   c o r r e s p o n d   t o  

h e a t e r s   ( l a )   and  ( l b ) ,   r e s p e c t i v e l y ,   and  a r e   a r r a n g e d   in   t h e  

same  m a n n e r   as  shown  in   F i g .   2  and  3  r e s p e c t i v e l y .  

N o z z l e s   ( 3c )   and  (3d)   c o r r e s p o n d   to   n o z z l e s   (3a)   and  ( 3 b ) ,  

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

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

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

The  f a b r i c   ( 5 0 )   t o   be  f i n i s h e d   i s   a d v a n c e d   to   t h e  

h e a t e r   ( l c )   or   ( l d )   and  h e a t e d   in  t h e   same  m a n n e r   as  d e -  

s c r i b e d   b e f o r e .   H o w e v e r ,   in   t h e   c o o l i n g   r e g i o n ,   t h e   c o o l i n g  

f l u i d   i s   s u p p l i e d   f r o m   t h e   n o z z l e   (3c )   or   (3d)   to   t h e   b a c k  

s u r f a c e   and   p a s s e s   t h r o u g h   i t   to   t h e   p i l e   s i d e   s u r f a c e .   T h e  

c u t   p i l e s   (51)   a r e   t h e r e f o r e   b l o w n   u p r i g h t   f rom  t h e   f o o t  

p o r t i o n   and  a r e   s e t   as   t h e y   a r e .   T h u s ,   i t   i s   n o t   n e c e s s a r y  

to  t u r n   t h e   f a b r i c   r u n n i n g   d i r e c t i o n   a t   t h e   r e a r   end  of  t h e  

h e a t e r   ( l c )   and  ( l d ) .  

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

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

c o n v e x .   I f   n o t ,   c l o s e   c o n t a c t   b e t w e e n   t h e   b a c k   s u r f a c e   a n d  

h e a t e r   c a n n o t   be  o b t a i n e d   and  t h e   e j e c t e d   f l u i d   may  e n t e r  

t h e r e b e t w e e n ,   c a u s i n g   u n e v e n   h e a t i n g   to   t h e   f a b r i c .  

Each   of  t h e   d e v i c e s   shown  f rom  F i g .   2  t o   5  may  be  u t i -  

l i z e d   s i n g l e l y   or   r e p e a t e d l y ,   or   may  be  c o m b i n e d   e a c h   o t h e r .  

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

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



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

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

w i t h   c u t   p i l e s   of  a  l e n g t h   f rom  0 . 5   to   5  mm.  When  s h o r t e r  

t h a n   0 .5   mm,  d i s h e v e l l m e n t   of  t h e   c u t   p i l e s   s e l d o m   o c c u r s  

e v e n   in  t h e   we t   h e a t   p r o c e s s   and  so  a p p l i c a t i o n   of   t h e  

i n v e n t i o n   i s   m e a n i n g l e s s .   On  t h e   o t h e r   h a n d ,   when  l o n g e r  

t h a n   5  mm,  i t   i s   d i f f i c u l t   to   s t r a i g h t e n   t h e   d i s h e v e l l m e n t   o f  

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

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

The  h e a t e r   t e m p e r a t u r e   u t i l i z e d   f o r   t h e   i n v e n t i o n  

d i f f e r s   in   a c c o r d a n c e   w i t h   c o n d i t i o n s   of   t h e   f a b r i c s   to   b e  

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

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

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

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

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

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

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

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

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

of   t h e   f l u i d   a p p l i e d   s o o n   a f t e r .   On  t h e   o t h e r   h a n d ,   i f   t h e  

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

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

much,   t h e r e b y   s t r e t c h i n g ,   c r i m p i n g ,   or  d i s c o l o r i n g .  

A  h e a t i n g   t e m p e r a t u r e   f rom  150°C  t o   2 2 0 ° C   i s   p r e f e r a b l e  

f o r   c u t   p i l e s   c o m p o s e d   of  p o l y e s t e r   f i b e r s ,   f rom  120°C  t o  

170°C  f o r   p o l y a m i d e   f i b e r s ,   f rom  110°C  t o   1 7 0 ° C   f o r   p o l y -  

a c r y l i c   f i b e r s ,   and  f rom  150°C  to   220°C  f o r   t r i a c e t a t e   f i b e r s .  



S i n c e   dry  h e a t   i s   u t i l i z e d  

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

n o t   h a v e   t o   be  in   t h e   d r y   c o n d i t i o n   and  can   be  d r i e d   a t   t h e  

s a m e  t i m e   as  t he   h e a t i n g   p r o c e s s .  

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

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

s o u r c e .   The  n o z z l e   may  h a v e   a  f i x e d   e j e c t i n g   d i r e c t i o n  

o u t l e t .   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   e j e c t i n g   d i r e c t i o n  

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

to  be  f i n i s h e d ,   s u c h   as  t h e   l e n g t h   of  t h e   c u t   p i l e ,   d e g r e e   o f  

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

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

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

S i n c e ,   in   t h e   c a s e   of   F i g s .   1  and  2,  t h e   r u n n i n g   d i -  

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

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

d i r e c t l y   t o   t he   p i l e   s i d e   s u r f a c e ,   can   p a s s   r a p i d l y   o u t   o f  

t he   p r o c e s s i n g   a r e a   and  h a s   no  a f f e c t   on  t h e   h e a t e r   t e m p e r -  

a t u r e   or   t h e   p o s i t i o n   of   t h e   j u s t   s t r a i g h t e n e d   c u t   p i l e s .   I n  

t h e   c a s e   of   F i g s .   4  and   5,  of   c o u r s e ,   i t   i s   a p p a r e n t   t h a t   t h e  

u s e d   f l u i d   can   p a s s  a w a y   e a s i l y .  

F i g u r e   7  shows   t h e   s h a p e   of   t h e   r e s u l t a n t   c u t  p i l e   ( 5 1 a )  

a c h i e v e d   by  means  of  t h e   i n v e n t i o n .   F i g u r e   8  shows   c u t   p i l e   ( 5 1 b )  

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

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

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

end  p o r t i o n   ( 5 2 a )   and  ( 5 2 b )   of  t h e   c u t   p i l e s   ( 5 1 a )   and  ( 5 1 b ) .  

In   t h e   p r e s e n t   i n v e n t i o n ,   f i l a m e n t s   ( 5 3 a )   c o m p o s i n g   t h e   c u t  



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

u p r i g h t   f rom  a  g r o u n d   ( 5 4 ) .   C o n t r a r y   to   t h i s ,   in   t he   c o n -  

v e n t i o n a l   p r o c e s s ,   f i l a m e n t s   ( 5 3 b )   a r e   b e n t   a t   t h e   f o o t  

p o r t i o n   (55)   and  a r e   c r o s s e d   w i t h   e a c h   o t h e r   as  w e l l   as  b e i n g  

d e f o r m e d   a t   t h e   f r e e   end  p o r t i o n s   ( 5 2 b )   t h e r e o f .   As  a  r e s u l t ,  

t he   f o r m e r   s h o w s   a  much  b e t t e r   e v e n n e s s   in   a p p e a r a n c e   t h a n  

t h e   l a t t e r .  

F i g u r e   6  s h o w s   a  p r e f e r r e d   a r r a n g e m e n t   a c c o r d i n g   to   t h e  

i n v e n t i o n , .   The  a r r a n g e m e n t   i s   a  c o m b i n a t i o n   of  t he   d e v i c e s  

shown  in  F i g s .   2  and  4.  The  same  r e f e r e n c e   n u m e r a l s   a r e   u s e d  

in  F i g .   6  as  in   F i g s .   2  and  4 .  

The  f a b r i c   ( 5 0 ) ,   h a v i n g   b e e n   t r e a t e d   in   d y e i n g   p r o c e s s ,  

i s   f ed   f rom  a  r o l l e d   p a c k a g e   (60)   to   a  s p r e a d i n g   p l a t e   ( 1 0 ) ,  

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

r o l l   ( 1 1 ) ,   t e n s i o n   r o l l s   ( 1 2 ) ,   ( 1 3 ) ,   a  g u i d e   r o l l   ( 1 4 ) ,   a n d  

f i r s t   a r c u a t e   h e a t e r   ( l a ) .  

The  f a b r i c   (50)   i s   in   c o n t a c t   w i t h   t h e   f i r s t   h e a t e r   ( l a )  

such   t h a t   t h e   b a c k   s u r f a c e   of  t h e   f a b r i c   c l o s e l y   f a c e s   t h e  

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

c u t   p i l e ,   w h i c h   has   been   d e f o r m e d   by  a c t i o n s   e x e r t e d   d u r i n g  

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

t h e m s e l v e s .   A  n o z z l e   (3a)   d i s p o s e d   a t   t h e   r e a r   end  of  t h e  

h e a t e r   ( l a )   e j e c t s   c o o l i n g   a i r   of  a  l o w e r   t e m p e r a t u r e   t h a n  

t h a t   of  t he   h e a t e r   ( l a )   to  t he   p i l e   s i d e   s u r f a c e   of  t h e  

f a b r i c   (50)   j u s t   a t   t he   t u r n i n g   p o i n t   o f   t h e   f a b r i c   r u n n i n g  

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

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

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



i n d i v i d u a l l y   s e p a r a t e d   and  s t r a i g h t e n e d .   At  t h e   same  t i m e ,  

t h e y   a r e   s e t   in   t h e   s h a p e   as  t h e y   a r e .   The  f a b r i c   (50)   i s  

t h e n   a d v a n c e d   v i a   g u i d e   r o l l s   ( 1 5 ) ,   (16)   to   a  s e c o n d   a r c u a t e  

h e a t e r   ( l c )   f o r   h e a t   t r e a t m e n t .   N e x t ,   i t   i s   s u b j e c t e d   t o  

c o o l i n g   a i r   e j e c t e d   f rom  a  n o z z l e   ( 3c )   d i s p o s e d   b e n e a t h   t h e  

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

s u r f a c e   to   t h e   p i l e   s i d e   s u r f a c e   of  t h e   f a b r i c   and  h a s   t h e  

same  e f f e c t s   on  t h e   c u t   p i l e   as  n o z z l e   ( 3 a ) .  

The  a i r   e j e c t e d   f rom  t h e   n o z z l e s   (3a )   and  (3b)   i s  

s u p p l i e d   f rom  a  c o m p r e s s o r   (20)   t h r o u g h   a  p i p e   (21)   a n d  

c o n t r o l   v a l v e s   (22)   and  ( 2 3 ) .  

F i n a l l y ,   t h e   f a b r i c   i s   g u i d e d   t o   a  s w i n g   r o l l   ( 1 7 )  

u t i l i z e d   f o r   l o w e r i n g   t h e   f a b r i c   o r d e r l y   in   a  c a r r i e r   ( 1 8 ) .  

In  t h i s   a r r a n g e m e n t ,  a   c o m b i n a t i o n   of   two  d i f f e r e n t   t y p e  

d e v i c e s   i s   e m p l o y e d .   H o w e v e r ,   t h e r e   a r e   many  c o m b i n a t i o n s  

o t h e r   t h a n   t h e   a r r a n g e m e n t   shown  in   F i g .   5.  For   e x a m p l e ,   i t  

i s   p o s s i b l e   to   c o m b i n e   two  same  t y p e   d e v i c e s   or   more  t h a n   t w o  

d e v i c e s   of  any  t y p e .  

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

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

[ E x a m p l e   1 ]  

Two  k i n d s   of   g r a y   f a b r i c s   h a v i n g   3  mm  and  5  mm  l e n g t h  

p i l e   r e s p e c t i v e l y   w e r e   p r e p a r e d   w i t h   a  22G  d o u b l e   r a s c h e l  

m a c h i n e   u s i n g   p o l y e s t e r   f i b e r   f i l a m e n t s   of   50  d / 4 8   f  as  a  

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

100  d / 1 2 0   f  as   a  p i l e   c o m p o n e n t .  

The  f a b r i c s   w e r e   i n t r o d u c e d   i n t o   a  j e t   d y e i n g   m a c h i n e .  

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



p o l y a c r y l i c   p a r t   was  d y e d .   A f t e r   b e i n g   s q u e e z e d   w i t h   a  

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

s o f t e n e r   in   a  r a t i o   of  10  g / i   and  w e r e   d r i e d   and  t e n t e r e d  

w i t h  a   p i n t e n t e r   a t   a  t e m p e r a t u r e   of   1 2 0 ° C .   F i n a l l y   t h e y  

were   r o l l e d   up  on  a  c o r e .  

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

and  d i s h e v e l l e d .  

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

F i g .   6  and  w e r e   f i n i s h e d   a t   a  r a t e   of   4  m/min   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s :  

Bo th   f i n a l   f a b r i c s   o b t a i n e d   had  u p r i g h t   s t a n d i n g   c u t   p i l e s  

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

f rom  t h e   f o o t   p o r t i o n   to  t h e   f r e e   end  p o r t i o n .   As  a  w h o l e ,  

t he   f a b r i c s   had  a  s o f t   t o u c h   and  good   v e l v e t - l i k e   a p p e a r a n c e  



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

[ E x a m p l e   2]  

An  g r a y   f a b r i c   of   2  mm  l e n g t h   p i l e   was  p r e p a r e d   w i t h   a  

p i l e  l o o m   u s i n g   p o l y e s t e r   f i b e r   f i l a m e n t s   o f   50  d / 1 2   f  as  a  

g r o u n d   c o m p o n e n t   and  of   50  d / 2 4   f  as  a  p i l e   c o m p o n e n t .   T h e  

f a b r i c   was  c a r r i e r - d y e d   w i t h   a  j e t   d y e i n g   m a c h i n e ,   and  w a s  

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

of  10  g / t .   A f t e r   b e i n g   d r i e d   and  r o l l e d   u p ,   t h e   f a b r i c ,  

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

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

F i g s .   3  and   5,  i n   t h a t   o r d e r .  

The  f a b r i c   was  f i n i s h e d   a t   a  r a t e   of   3  m / m i n   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s :  

T e m p e r a t u r e   of  h e a t e r s   ( l b ) ,   ( l d ) :   1 8 0 ° C  

T e m p e r a t u r e   of   c o o l i n g   a i r   f r o m  

n o z z l e s   ( 3 b ) ,   ( 3 d ) :   2 0 ° C  

F low  r a t e   of  c o o l i n g   a i r :   2  m 3 / m i n  

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

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

f o o t   p o r t i o n   to   t h e   f r e e   end  p o r t i o n .   As  a  w h o l e ,   t h e   f a b r i c  

was  a  h i g h   c l a s s   v e l v e t - l i k e   f a b r i c   good   in   a p p e a r a n c e   due  t o  

a p p a r e n t   d e n s e n e s s   of  t h e   c u t   p i l e s .  

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

in   e x a m p l e   2,  was  p r e p a r e d .   The  f a b r i c   was  t r e a t e d   s e p a r a t e l y  

by  two  d i f f e r e n t   c o n v e n t i o n a l   p r o c e s s e s .   One  was  t h e   p r o c e s s  

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

r e p e a t e d   b r u s h i n g   and  s h e a r i n g .   The  o t h e r   c o m p r i s e s   e j e c t i o n  

of   h o t   a i r   f r om  t h e   n o z z l e   shown  in  F i g .   2  d i r e c t l y   to   t h e  



p i l e   s i d e   s u r f a c e   of  t h e   f a b r i c .  

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

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

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

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

[ E x a m p l e   3] 

An  g r a y   f a b r i c   of  3  mm  l e n g t h   p i l e   was  p r e p a r e d   w i t h   a  

22G  d o u b l e   r a s c h e l   m a c h i n e   u s i n g   p o l y e s t e r   f i b e r   f i l a m e n t s   o f  

50  d / 4 8   f  as  a  g r o u n d   c o m p o n e n t  a n d   p o l y a c r y l i c   f i b e r  

f i l a m e n t s   of  150  d / 6 0   f  as  a  p i l e   c o m p o n e n t .  

The  f a b r i c   was  i n t r o d u c e d   i n t o   a  j e t   d y e i n g   m a c h i n e .  

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

p o l y a c r y l i c   f i b e r   p a r t   was  d y e d .   A f t e r   b e i n g   a q u e e z e d   w i t h   a  

m a n g l e ,   i t   was  p a d d e d   w i t h   l i q u i d   c o n t a i n i n g   a  c a t i o n i c  

s o f t e n e r   in   a  r a t i o   of  10  g / t   and  was  d r i e d   and  t e n t e r e d   w i t h  

a  p i n t e n t e r   a t   a  t e m p e r a t u r e   of   1 2 0 ° C .   F i n a l l y   t h e   f a b r i c  

was  r o l l e d   up  on  a  c o r e .  

Cut  p i l e s   on  the   r e s u l t e d   f a b r i c   w e r e   r a n d o m l y   t i l t e d  

a l l  o v e r   t h e   s u r f a c e .  

The  f a b r i c   was  i n t r o d u c e d   i n t o   t h e   d e v i c e   shown  i n  

F i g .   2  and  was  f i n i s h e d   a t   a  r a t e   of   4  m / m i n   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s :  



For   c o m p a r i s o n ,   t h e   same  p r e f i n i s h e d   f a b r i c   as  t r e a t e d   i n  

e x a m p l e   3  was  t r e a t e d   by  a  c o n v e n t i o n a l   p r o c e s s   in   w h i c h   h o t  

a i r   was  e j e c t e d   f rom  a  n o z z l e   d i r e c t l y   to   t h e   p i l e   s i d e  

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

p o r t i o n s   c r i m p e d   by  t h e   h e a t   f rom  t h e   h o t   a i r .   In  a d d i t i o n ,  

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

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

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

u n e c o n o m i c a l   due  to   i t s   h i g h   h e a t - c o n s u m p t i o n .  

[ E x a m p l e   4] 

F o u r   g r a y   f a b r i c s   of  1,  3,  5,   and  7  mm  p i l e   l e n g t h e s ,  

r e s p e c t i v e l y   were   p r e p a r e d   w i t h   a  22G  d o u b l e   r a s c h e l   m a c h i n e  

u s i n g   p o l y a c r y l i c   f i b e r   f i l a m e n t s   of   100  d / 1 2 0   f  a s   p i l e  

c o m p o n e n t s   and  p o l y e s t e r   f i b e r   f i l a m e n t s   o f   50  d / 4 8  f   a s  

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

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

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

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

c a t i o n i c   s o f t e n e r   in  a  r a t i o   of   10  g / i ,   and  were   d r i e d   w i t h   a  

p i n t e n t e r   a t   a  t e m p e r a t u r e   of  1 2 0 ° C .   F i n a l l y ,   t h e y   w e r e  

r o l l e d   up  on  a  c o r e .   A l l   of  t h e   r e s u l t a n t   f a b r i c s   had  t i l t e d  

c u t   p i l e s .   The  f a b r i c s   w e r e   s u p p l i e d   to   t h e   d e v i c e   shown  i n  

F i g .   4  and  r e p e a t e d l y   p r o c e s s e d   t h r e e   t i m e s   a c c o r d i n g   to   t h e  

i n v e n t i o n   a t   a  r a t e   o f ' 4   m / m i n   u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s :  



All   t h e   r e s u l t i n g   f a b r i c s   e x c e p t   t h a t   h a v i n g   7  mm  l e n g t h   p i l e  

showed   s p l e n d e d   s u r f a c e   e f f e c t s   and  t o u c h   j u s t   l i k e   c h i f f o n  

v e l v e t .   The  e x c e p t i o n   had  an  a p p e a r a n c e   i n f e r i o r   to   t h e  

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

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

f r e e   end  p o r t i o n s   of  i t s   c u t   p i l e s .  

[ E x a m p l e   5 ]  

A  g r a y   f a b r i c   of  2  mm  l e n g t h   p i l e   was  p r e p a r e d   w i t h   a 

v e l v e t   loom  u s i n g   t r i a c e t a t e   f i b e r   f i l a m e n t s   120  d / 5 5   f  as  a  

p i l e   c o m p o n e n t   and  p o l y e s t e r   f i b e r   f i l a m e n t s   50  d / 4 8   f  as  a  

g r o u n d   c o m p o n e n t .   The  f a b r i c   was  dyed   w i t h   a  j e t   d y e i n g  

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

a  r a t i o   of  10  g / i ,   and  was  d r i e d   w i t h   a  p i n t e n t e r .  

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

t h e   s u r f a c e   r a n d o m l y .   I t   was  i n t r o d u c e d   i n t o   t h e   a r r a n g e m e n t  

shown  in  F i g .   6  and  was  f i n i s h e d   a t   a  r a t e   of   4  m / m i n   u n d e r  

t h e   f o l l o w i n g   c o n d i t i o n s :  



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

f i n i s h i n g   p r o c e s s   was  r e p e a t e d   o n c e   more   w h e r e b y   t h e   d e s i r e d  

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



1.  A  p r o c e s s   f o r   f i n i s h i n g   a  v e l v e t - l i k e   f a b r i c  

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

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

on  a  s u r f a c e   of   s a i d   f a b r i c ,   in  w h i c h   t h e   b a c k   s u r f a c e   o f  

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

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

and  in  t h a t   i m m e d i a t e l y   t h e r e a f t e r ,   a  f l u i d   h a v i n g   a  t e m p e r -  

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

p i l e s   a l o n g   a  d i r e c t i o n   to  make  s a i d   cu t   p i l e s   s t a n d   u p r i g h t .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  in   w h i c h   s a i d   f l u i d  

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

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  in  w h i c h   s a i d   f l u i d  

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

4.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1,  2,  a n d  

3,  in   w h i c h   any  of   s a i d   p r o c e s s e s   d e s c r i b e d   in   c l a i m s   1,  2 ,  

and   3  i s   r e p e a t e d   a t   l e a s t   t w i c e .  

5.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of   t he   p r e c e d i n g  

c l a i m s ,   in  w h i c h   s a i d   f l u i d   i s   a i r .  

6.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   in  w h i c h   s a i d   cu t   p i l e s   h a v e   a  l e n g t h   f rom  0 .5   to  5mm. 

7.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  the   p r e c e d i n g  

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

of   s i n g l e   f i l a m e n t s   t h i n n e r   t h a n   1 .0   d e n i e r .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g  

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

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

9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  



c l a i m s ,   in   w h i c h   s a i d   f a b r i c   has   b e e n   t r e a t e d   in  a  w e t  

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

10.  An  a p p a r a t u s   u t i l i z e d   f o r   t he   p r o c e s s   a c c o r d i n g  

to  c l a i m   1,  c o m p r i s i n g   a  h e a t e r   p r o v i d e d   w i t h   a  c o n v e x e d  

c o n t a c t   s u r f a c e ,   a  n o z z l e   f o r   e j e c t i n g   s a i d   f l u i d   d i s p o s e d  

j u s t   b e h i n d   a  r e a r   end   of  s a i d   h e a t e r ,   b o t h   s a i d   h e a t e r   a n d  

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

and  means   f o r   i n t r o d u c i n g   s a i d   f a b r i c   i n t o   s a i d   p a t h .  

l l .   An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   10,   in  w h i c h   s a i d  

n o z z l e   i s   d i s p o s e d   a b o v e   s a i d   p a t h .  

12.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   10,   in  w h i c h   s a i d  

n o z z l e   i s   d i s p o s e d   b e n e a t h   s a i d   p a t h .  

13.   An  a p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   10,   1 1 ,  

and  12,   in   w h i c h   more  t h a n   two  c o m b i n a t i o n s   of   any  of   s a i d  

h e a t e r   and  s a i d   n o z z l e   d e s c r i b e d   in   c l a i m s   10,   11,   and  12  a r e  

d i s p o s e d   in   s e r i e s .  

14.  An  a p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   10  to   1 3  

in   w h i c h   s a i d   h e a t e r   i s   an  a r c u a t e   h e a t e r .  

15.   An  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   10  t o  

13  in  w h i c h   s a i d   h e a t e r   i s   a  r o l l   h e a t e r .  

16.   An  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   10  t o  

15  in  w h i c h   s a i d   n o z z l e   has   a  s l i t - l i k e   o u t l e t .  

17.  An  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   10  t o  

1 6 . i n   w h i c h   s a i d   n o z z l e   i s   a d j u s t a b l e   as  to  i t s   e j e c t i n g  

d i r e c t i o n .  

18.  A  v e l v e t - l i k e   f a b r i c   f i n i s h e d   w i t h   a  p r o c e s s   and  a n  

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