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@  Endless  belt. 

  An  endless  belt  for  the  extended  nip  press  of  the  press 
part  in  the  papermaking  process,  wherein  the  endless  belt  is 
composed  of  a  base  fabric  (4)  and  a  layer  of  an  elastic  mat- 
erial  (3)  coated  on  one  side  thereof,  the  base  fabric  (4)  being 
a  warp  multitude  layer  fabric  which  is  made  endless  by  hol- 
low  weaving,  and  the  exposed  side  (2)  of  the  base  fabric  (4) 
having  such  a  structure  that the  plane  (Q)  formed  by  connect- 
ing  the  apexes  of  the  winding  of  the  yarns  in  the  belt  running 
direction  (a)  is  at  a  lower  position  than  the  plane  (P)  by  con- 
nection  the  apexes  of  the  winding  of  the  yarns  in  the  direction 
(0)  transversely  across  the  belt  running  direction. 



BACKGROUND  OF  THE  INVENTION 

1)  F i e l d   of  t he   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   an  e n d l e s s   b e l t   a n d  

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

u s e d   f o r   t h e   e x t e n d e d   n i p   p r e s s   ( c a l l e d   as  ENP  h e r e a f t e r )   i n  

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

2)  D e s c r i p t i o n   of  t he   p r i o r   A r t :  

In  t h e   p r e s s   p a r t   of  p a p e r m a k i n g   p r o c e s s ,   e i t h e r   a  

r o l l   p r e s s   or   an  ENP  i s   u s e d ,   and  t h e   l a t t e r  

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

The  e x t e n d e d   n i p   p r e s s   i s   a  d e w a t e r i n g   p r e s s   c o n s i s t i n g  

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

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

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

r o l l   w h i l e   a  web  of  wet   p a p e r   s a n d w i c h e d   b e t w e e n   two  s h e e t s  

of  f e l t   i s   p a s s e d   b e t w e e n   t h e m .  

C o n v e n t i o n a l   b e l t s   f o r   t he   e x t e n d e d   n i p   p r e s s   have   s u c h  

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

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

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

one  s i d e   t h e r e o f .   In  u s e ,   t h a t   s i d e   of  t he   b e l t   on  w h i c h   i s  

f o r m e d   the   l a y e r   of  e l a s t i c   m a t e r i a l   i s   in   s l i d i n g   c o n t a c t  

w i t h   t h e   p r e s s u r e   s h o e   and  t he   o t h e r   s i d e   of  t he   b e l t   w h i c h  



is   t h e   b a s e   f a b r i c   s i d e   e x p o s e d ,   c o n t a c t s   w i t h   t he   f e l t .  

S i n c e   t h e   c o n v e n t i o n a l   b e l t   i s   made  e n d l e s s   by  j o i n i n g  

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

s y n t h e t i c   f i b e r ,   i t   has   a  d i s a d v a n t a g e   of  f o r m i n g   the   j o i n t  

mark  on  t h e   wet   p a p e r .   M o r e o v e r ,   t h e   seam  i s   n o t   u n i f o r m  

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

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

In  o r d e r   to  i n c r e a s e   t he   s t r e n g t h   of  t he   s eam,   i t   i s  

n e c e s s a r y   to   make  s u c h   a  s t r u c t u r e   t h a t   t he   y a r n s   in   t he   b e l t  

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

w i n d   s u f f i c i e n t l y   to   t w i n e   them  f u l l y .   The  s t r u c t u r e   i s  

r e a l i z e d   by  a  m u l t i p l e   w e f t   w e a v i n g   f a b r i c   in   w h i c h   t h e   l e n g t h -  

w i s e   y a r n s   w ind   to  a  l a r g e   e x t e n t   t h r o u g h o u t   the   e n t i r e   b e l t .  

On  t he   o t h e r   h a n d ,   t h e   y a r n s   in   t he   d i r e c t i o n   t r a n s v e r s e l y  

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

y a r n s   h e r e i n a f t e r )   do  no t   n e e d   a  h i g h   s t r e n g t h .   T h e r e f o r e ,  

i t   i s   n o t   n e c e s s a r y   f o r   t h e   c r o s s w i s e   y a r n s   to  w ind   in   t h e  

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

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

t h e   c r o s s w i s e   y a r n s .   T h i s   means   t h a t   t he   l e n g t h w i s e   y a r n s  

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

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

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

l a y e r   weave   i s   a t   a  d i s a d v a n t a g e   t h a t   t he   y a r n s   w h i c h   n e e d  

s t r e n g t h   m o s t   w e a r   o u t   s o o n .  

T h i s   d i s a d v a n t a g e   w o u l d   be  i n e v i t a b l e   e v e n   in  t h e  



c a s e   of  b a s e   f a b r i c   of  m u l t i p l e   l a y e r   weave  as  d i s c l o s e d  

in  UK  P a t e n t   Nos.   2 1 0 6 5 5 5 A a n d   2 1 0 6 5 5 7 A .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   t o  p r o v i d e   a n  

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

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

c h a r a c t e r i z e d   in  t h a t   t he   b a s e   f a b r i c   is  of  e n d l e s s  

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

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

by  c o n n e c t i n g   the   a p e x e s   of  t h e   w i n d i n g   of  t he   l e n g t h -  

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

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

y a r n s .  

The  e n d l e s s   b e l t   of  t h i s   i n v e n t i o n   w h i c h   is  m a d e  

e n d l e s s   by  h o l l o w   w e a v i n g   as   m e n t i o n e d   a b o v e   d o e s   n o t  

have   the   seam  w h i c h   d i f f e r s   in  s t r u c t u r e ,   t h i c k n e s s ,  

and  a i r   p e r m e a b i l i t y   f rom  the   r e s t   of  t he   b a s e   f a b r i c .  

T h e r e f o r e ,   i t   has   no  p o s s i b i l i t y   of  g i v i n g   seam  m a r k s  

to  p a p e r   when  i t   is  u sed   as  a  b e l t   for   a n  

ENP.  M o r e o v e r ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e  

e x p o s e d   s i d e   of  t he   b a s e   f a b r i c   of  t he   e n d l e s s   b e l t  

h a s   such   a  s t r u c t u r e   t h a t   t he   c r o s s w i s e   y a r n s   a r e  

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

l e n g t h w i s e   y a r n s   a r e   p r o t e c t e d   by  the   c r o s s w i s e   y a r n s .  

When  the   e n d l e s s   b e l t   of  t h i s   i n v e n t i o n   is  u sed   for   a n  



E N P  ,   t h e   c r o s s w i s e   y a r n s ,   w h i c h   a r e   n o t  

s u b j e c t e d   to  h i g h   t e n s i o n ,   w i l l   wear   out   as  t he   r e s u l t  

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

which   a r e   s u b j e c t e d   to  h i g h   t e n s i o n ,   w i l l   n o t   wear   o u t .  

T h i s   e x t e n d s   t he   l i f e   t i m e   of  t h e   b e l t   and  p e r m i t s  

t he   b e l t   to  p e r f o r m   d e w a t e r i n g . i n   a  s t a b l e   m a n n e r   o v e r  

a  long   p e r i o d   of  t i m e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is  a  p e r s p e c t i v e   v i ew  of  an  e x a m p l e   of  t h e  

e n d l e s s   b e l t   of  t h i s   i n v e n t i o n .  

F i g .   2  is   a  p a r t l y   e n l a r g e d   s e c t i o n a l   v iew  t a k e n  

a l o n g   t h e   l i n e   A-A'  of  F i g .   1 .  

F i g .   3  ( a ) ,   ( b ) ,   and  (c)  a r e   a  s e c t i o n a l   v i ew  o f  

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

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

b a s e   f a b r i c ,   r e s p e c t i v e l y .  

F i g s .   4  to   6  a r e   t h o s e   f i g u r e s   of  a n o t h e r   e x a m p l e s  

of  t he   b a s e   f a b r i c   which   c o r r e s p o n d   to  F i g .   3 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  b a s e   f a b r i c   fo r   t he   e n d l e s s   b e l t   of  t h i s  

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

w i th   t he   c r o s s w i s e   y a r n s   b e i n g   warps   and  the   l e n g t h w i s e  

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

in  two  to  f o u r   l a y e r s .   In  h o l l o w   w e a v i n g ,   an  i n n e r  

t e m p l e   is   used   to  make  the   warp  d e n s i t y   a t   b o t h  s e l v e d g e s  o f  



hollow  woven  f a b r i c   even  with  t h a t   in  o the r   p a r t s .   The  h o l l o w  

weave  t h u s   p r o d u c e d   i s   c u t   to  t h e   f i x e d   l e n g t h  t o   give  the  b a s e  

f a b r i c   of  t h e   e n d l e s s   b e l t .   The  b a s e   f a b r i c   is   u n d e r -  

gone  h e a t   s e t t i n g   w i t h   i n f r a r e d   r a y s   or  a  ho t   c y l i n d e r  

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

be  a p p l i e d   to  t he   l e n g t h w i s e   y a r n s   i s   4  to  7  kg  p e r  

c e n t i m e t e r   of  t he   b e l t   w i d t h .   H e a t   t r e a t m e n t   is  p e r -  

f o r m e d   a t   130  to  170°C  f o r   30  to  120  s e c o n d s .  

The  b a s e   f a b r i c   is   woven  of  m o n o f i l a m e n t s   or   m u l t i -  

f i l a m e n t s   of  6 - n y l o n ,   6 , 6 - n y l o n ,   6 , 1 0 - n y l o n ,   1 2 - n y l o n ,  

a r o m a t i c   p o l y a m i d e ,   o r   p o l y e s t e r   or   t h e   l i k e .  

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

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

m o n o f i l a m e n t s   0 .25   mm  to  0 .6  mm  in  d i a m e t e r   in  o r d e r  

t h a t   t he   b a s e   f a b r i c   has   as  much  s t r e n g t h   and  t h i c k n e s s  

as  r e q u i r e d .   The  l e n g t h w i s e   y a r n s   in  t he   c o a t e d   s i d e  

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

y a r n s ,   n y l o n   spun   y a r n s ,   or  p o l y e s t e r   spun   y a r n s   o f  

1000  to   4000  d e n i e r   in  o r d e r   t h a t   t hey   a r e   b a l a n c e d  

w i t h   t he   a b o v e - m e n t i o n e d   m o n o f i l a m e n t s   or  m u l t i f i l a m e n t s  

and  the   b a s e   f a b r i c   has  as  much  a i r   p e r m e a b i l i t y   a s  

r e q u i r e d .   The  number   of  y a r n s   in  e a c h   l a y e r   i s   5  t o  

30  p e r   c e n t i m e t e r   d e p e n d i n g   on  the   t h i c k n e s s ,   s t r e n g t h ,  

and  a i r   p e r m e a b i l i t y   r e q u i r e d .  

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



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

f a b r i c .   In  t r i p l e   l a y e r   f a b r i c ,   t he   l e n g t h w i s e   y a r n s  

on  t he   e x p o s e d   s i d e   of  t he   b a s e   f a b r i c   a r e   t he   same  a s  

t h o s e   in  t he   a b o v e - m e n t i o n e d   d o u b l e   l a y e r   f a b r i c ;   a n d  

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

f a b r i c   s h o u l d   be  m o n o f i l a m e n t s . 0 . 2 5   to   0.6  mm  in  d i a m e t e r  

or   m u t i f i l a m e n t s   of  450  to   3500  d e n i e r   or  t w i s t e d   y a r n s  

t h e r e o f   in  o r d e r   to  e n s u r e   good  a d h e s i o n   w i th   an  e l a s t i c  

m a t e r i a l .   The  y a r n s   of  t he   i n t e r m e d i a t e   l a y e r   s a n d w i c h e d  

b e t w e e n   t he   two  l a y e r s   s h o u l d   be  t he   same  as  t he   l e n g t h w i s e  

y a r n s   on  the   c o a t e d   s i d e   o f , t h e   a b o v e - m e n t i o n e d   d o u b l e  

l a y e r   f a b r i c .   The  number   of  y a r n s   in  e a c h   l a y e r   s h o u l d  

p r e f e r a b l y   be  5  to   12  p e r   c e n t i m e t e r .  

In  t he   c a s e   of  q u a d r u p l e   l a y e r   w e a v e ,   t he   l e n g t h w i s e  

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

s h o u l d   be  t he   same  as  t h o s e   in  t he   e x p o s e d   l a y e r   of  t h e  

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

y a r n s   in  t he   t h i r d   l a y e r   ( f r o m   the   e x p o s e d   l a y e r )   a n d  

t h e   c o a t e d   l a y e r   s h o u l d   be  t he   same  as  t h o s e   in  t h e  

i n t e r m e d i a t e   l a y e r   and  t he   c o a t e d   l a y e r   of  t he   a b o v e -  

m e n t i o n e d   t r i p l e   l a y e r w e a v e ,   r e s p e c t i v e l y .   The  number  o f  ya rns   i n  

e a c h   l a y e r   s h o u l d   be  t he   same  as  t h a t   in  t h e   c a s e   o f  

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

m o n o f i l a m e n t s   0 .3   to   0 .7  mm  in  d i a m e t e r   and  the   n u m b e r  

of  y a r n s   s h o u l d   be  12  to  24  p e r   c e n t i m e t e r   in  o r d e r   t h a t  



t h e   b a s e   f a b r i c   has  p r o p e r   t h i c k n e s s ,   wear   r e s i s t a n c e ,  

and  r u n n i n g   s t a b i l i t y .  

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

made  of  p o l y u r e t h a n e ,   a c r y l o n i t r i l e - b u t a d i e n e   c o p o l y m e r ,  

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

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

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

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

p r e f e r a b l y   be  r o u g h e n e d   w i t h   a  g r i n d s t o n e   or  the   l i k e  

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

The  y a r n s   on  the   e x p o s e d   s i d e   of  t he   b a s e   f a b r i c  

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

l o w - f r i c t i o n   f i l m ,   o r   w a t e r - p r o o f   f i l m   made  of  f l u o r o -  

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

r e s i n ,   o r   p o l y u r e t h a n e   r e s i n .  

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

have   such   a  s t r u c t u r e   t h a t   t he   p l a n e   fo rmed   by  c o n n e c t i n g  

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

a t   a  l o w e r   p o s i t i o n   t h a n   t h a t   f o rmed   by  c o n n e c t i n g   t h e  

a p e x e s   of  t he   w i n d i n g   of  t he   c r o s s w i s e   y a r n s ,   t h e  

d i s t a n c e   b e t w e e n   the   two  p l a n e s   b e i n g   0 .11   to  0 .33   mm. 

T h i s   s t r u c t u r e   is  p r e f e r r e d   f rom  t h e   s t a n d p o i n t   o f  

s t r e n g t h   and  wear  r e s i s t a n c e .   The  a i r   p e r m e a b i l i t y  

( m e a s u r e d   a c c o r d i n g   to  J IS   L - 1 0 7 9 - 1 9 7 6 )   s h o u l d   p r e f e r a b l y  

be  20  to  100  c m 3 / c m 2 / s e c   f rom  the   s t a n d p o i n t   of  f o r m i n g  



t h e   l a y e r   of  e l a s t i c   m a t e r i a l .   If   t he   a i r   p e r m e a b i l i t y  

is   l e s s   t h a n   20  c m 3 / c m 2 / s e c ,   a i r   is   e n t r a p p e d   in  t h e  

l a y e r   of  e l a s t i c   m a t e r i a l ;   and  i f   i t   is  in  e x c e s s   o f  

100  c m 3 / c m 2 / s e c ,   t he   e l a s t i c   m a t e r i a l   p a s s e s   t h r o u g h  

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

The  l a y e r   of  e l a s t i c   m a t e r i a l   can  be  f a m e d   by  a p p l y i n g  

an  e l a s t i c   m a t e r i a l   to  one  s i d e   of  t he   b a s e   f a b r i c   a n d  

g r i n d i n g   to  a  d e s i r e d   t h i c k n e s s   a f t e r   c u r i n g .   I t   i s  

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

no t   p e n e t r a t e   t h e   b a s e   f a b r i c .   One  way  of  c o n t r o l l i n g  

t he   p e n e t r a t i o n   is  to  use  a  f a s t - c u r i n g   e l a s t i c   m a t e r i a l ,  

and  t he   o t h e r   way  is   to  use  t e x t u r e d   y a r n s   as  m e n t i o n e d  

a b o v e .   T e x t u r e d   y a r n s   may  be  r e p l a c e d   by  s i n g e d   s p u n  

y a r n s .   ( S i n g e i n g   is   r e q u i r e d   to  e l i m i n a t e   f l u f f   t h a t  

f o r m s   b u b b l e s   in  t he   l a y e r   of  e l a s t i c   m a t e r i a l . )  

A f t e r   c u r i n g ,   t he   l a y e r   of  e l a s t i c   m a t e r i a l   i s  

f i n i s h e d   to  a  d e s i r e d   t h i c k n e s s   by  g r i n d i n g   a n d  a t   t h e  

same  t ime   the   s u r f a c e   t h e r e o f   is  r o u g h e n e d .   The  g r i n d -  

s t o n e   f o r   t h i s   g r i n d i n g   and  r o u g h e n i n g   is  one  w h i c h   i s  

made  of   g r e e n   s i l i c o n   c a r b i d e   ( J I S   d e s i g n a t i o n :   GC) 

h a v i n g   an  a v e r a g e   d i a m e t e r   of  840  to   5 0 0 p m   ( J I S  

d e s i g n a t i o n :   g r a i n   s i z e   2 4 ) .   T h i s   g r i n d s t o n e   g i v e s   a  

s u r f a c e   r o u g h n e s s   of  a b o u t   R m a x  2 0  µ m .   A f t e r   t he   l a y e r  

of  e l a s t i c   m a t e r i a l   has   been   f o r m e d ,   t he   e x p o s e d   s i d e  

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



f i l m ,   l o w - f r i c t i o n   f i l m ,   o r   w a t e r - p r o o f   f i l m   by  s p r a y i n g  

or   d i p p i n g .  

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

e n d l e s s   b e l t   i s   made  b y  h o l l o w   w e a v i n g .   T h e r e o f o r e ,   t h e  

e n d l e s s   b e l t   of  t h i s   i n v e n t i o n   is   f r e e   of  the   seam  w h i c h  

has   c a u s e d   p r o b l e m s   in  t he   c o n v e n t i o n a l   e n d l e s s   b e l t .  

Moreover,  because  i t   is  made  by  m u l t i p l e   w a r p w e a v e   in  w h i c h   t h e  

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

t h a n   t h o s e   of  t he   c r o s s w i s e   y a r n s ,   t h i s   s t r u c t u r e  

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

y a r n s   u n d e r   t e n s i o n   from  w e a r i n g .   Thus  the   e n d l e s s  

b e l t   of  t h i s   i n v e n t i o n   is  r e m a r k a b l y   i m p r o v e d   in  t h e  

l i f e  t i m e .  

The  e n d l e s s   b e l t   of  t h i s   i n v e n t i o n   is  s i m i l a r   t o  

t h e   c o n v e n t i o n a l   one  in  t h a t   t he   b a s e   f a b r i c   is  o f  

e n d l e s s   m u l t i p l e   l a y e r   w e a v e ;   b u t   i t   is  c h a r a c t e r i z e d  

in  t h a t   t he   b a s e   f a b r i c   i s   made  e n d l e s s   b y  h o l l o w  

w e a v i n g ,   n o t   by  s e a m i n g .   T h e r e f o r e ,   t he   e n d l e s s   b e l t  

of  t h i s   i n v e n t i o n   d o e s   no t   have   t he   s e a m i n g   a t   w h i c h  

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

and  o t h e r   a s p e c t s   to  t he   known  e n d l e s s   b e l t   for   t h e  

ENP.  

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

w i t h   a  c o n v e n t i o n a l   one  by  f l e x   t e s t   u n d e r   the   f o l l o w i n g  



c o n d i t i o n s   ( i n   a c c o r d a n c e   w i t h   J IS   K - 6 3 2 3 ) .  

T e s t   p i e c e   of  e n d l e s s   b e l t :   30  mm  wide  by  500  mm  l o n g  

S t r o k e   of  f l e x i n g :   130  mm 

Ra te   of  f l e x i n g :   180  t i m e s / m i n u t e  

A m b i e n t   t e m p e r a t u r e :   25  to  3 5 ° C  

Load:   100  k g  

The  c o n v e n t i o n a l   e n d l e s s   b e l t   became  u n u s a b l e   due  t o  

e x c e s s i v e   wear  of  the  yarns  in  the  running  d i r e c t i o n   a f t e r   500,000  t i m e  

of  f l e x i n g ;   whereas  the  end less   b e l t   of  t h i s   i n v e n t i o n   w i t h s t o o d  

1 ,000,000  times  of  f l e x i n g   at  which  the re   was  no  sign  of  wear  on  t h e  

yarns  in  the  b e l t .   In  o the r   words,  i t   is  expec ted   t h a t   the  e n d l e s s  

b e l t   of  t h i s   i n v e n t i o n   has   a  s e r v i c e   l i f e   w h i c h   i s   l o n g e r  

t h a n   t w i c e   t h a t   of  t he   c o n v e n t i o n a l   o n e .  

EXAMPLE  1 

In  F i g .   1,  t h e r e   is  shown  an  e x a m p l e   of  t he   e n d l e s s  

b e l t   (1)  of  t h i s   i n v e n t i o n   in  which   the   b a s e   f a b r i c   i s  

of  t r i p l e   warp  w e a v e .   The  l e n g t h   in  the   b e l t   r u n n i n g  

d i r e c t i o n   (@)  i s   7 .62   m  and  t he   w i d t h   in  t he   t r a n s v e r s e  

d i r e c t i o n   (β)   is   4 . 7 6   m.  The  o u t s i d e   is  t he   e x p o s e d  

s i d e   (2)  of  t he   b a s e   f a b r i c   and  t h e  i n s i d e   is   t h e  

p o l y u r e t h a n e   r u b b e r   l a y e r   ( 3 ) .  

F i g .   2  i s   a  s e c t i o n a l   view  t a k e n   a l o n g   the   l i n e  

A-A'  of  F i g .   1.  The  t h i c k n e s s   Tl  of  t he   e n d l e s s   b e l t  

(1)  i s   2 .7   mm,  t he   t h i c k n e s s   T2  of  t he   b a s e   f a b r i c   ( 4 )  

is   1 .76   mm,  and  t he   t h i c k n e s s   T3  of  t he   p o l y u r e t h a n e   r u b b e r  



l a y e r   (3)  is   2 .2   mm.  The  l e n g t h w i s e   y a r n s   ( i n   t h e  

r u n n i n g   d i r e c t i o n   (@))  form  t h r e e   l a y e r s ,   i . e . ,   t h e  

l a y e r   of  t he   e x p o s e d   s i d e   ( x l ,   x2,   . . . ) ,   t h e   i n t e r -  

m e d i a t e   l a y e r   (y1 ,   y2,   . . . ) ,   and  t h e   l a y e r   a d j a c e n t  

to  the  p o l y u r e t h a n e   l a y e r   ( z 1 ,   z2,   . . . ) .   The  c r o s s -  

wise   y a r n s   ( in   t he   t r a n s v e r s e   d i r e c t i o n   (β ) )   ( k l ,   k 2 ,  

. . . )   p a s s   o u t s i d e   t he   l e n g t h w i s e   y a r n s  ( x 1 ,   x2,  . . .   a n d  

z l ,   z2,   . . . ) .  

The  i m a g i n a r y   p l a n e   (P)  on  the   e x p o s e d   s i d e   ( 2 )  

is   in  c o n t a c t   w i th   t he   a p e x e s   of  t he   b e n d s   of  t h e  

c r o s s w i s e   y a r n s   ( k l ,   k2 ,   . . . ) .   The  i m a g i n a r y   p l a n e   (Q)  

i s   in  c o n t a c t   w i t h   t he   a p e x e s   of  t he   bends   of  t h e  

l e n g t h w i s e   y a r n s   ( x l ,   x2,  . . . ) .   The  d i s t a n c e   (H) 

b e t w e e n   the   p l a n e   (P)  and  the   p l a n e   (Q)  is   0 . 2 1   mm. 

F i g .   3  shows  t he   d e t a i l e d   s t r u c t u r e   of  t he   b a s e  

f a b r i c   ( 4 ) .   In  F i g .   3 ( a ) ,   t h e   c r o s s w i s e   y a r n s   ( k l ,   k 2 ,  

. . . )   a r e   n y l o n   m o n o f i l a m e n t s   0 .47   mm  in  d i a m e t e r ,   w h i c h  

a r e   s e t   as  t he   warp  on  the   l oom.   The  l e n g t h w i s e   y a r n s  

( x l ,   x2,  . . . )   in  t he   u p p e r   l a y e r   a r e   n y l o n   m o n o f i l a m e n t s  

0 . 3 7   mm  in  d i a m e t e r ;   t h e   l e n g t h w i s e   y a r n s  ( y 1 ,   Y2,  . . . )  

in  t h e   m i d d l e   l a y e r   a r e   t e x t u r e d   y a r n s   of  1600  d e n i e r  

n y l o n   m u l t i f i l a m e n t s ;   and  the   l e n g t h w i s e   y a r n s   ( z l ,   z 2 ,  

. . . )   in  t he   l o w e r   l a y e r   a re   n y l o n   m o n o f i l a m e n t s   0 .37   mm 

in  d i a m e t e r .   T h e s e   l e n g t h w i s e   y a r n s   a r e   s e t   as  w e f t   o n  

t h e   l o o m .   The  t h u s   s e t   warps   and  w e f t s   u n d e r g o   h o l l o w  



weave  a c c o r d i n g   to  the   weave  p a t t e r n   shown  in  Fig.  3 ( c ) .  

The  wa rps   become  t h e   c r o s s w i s e   y a r n s   in  t he   t r a n s v e r s e  

d i r e c t i o n   ((β)  and  the   w e f t s   become  the   l e n g t h w i s e   y a r n s  

in  t he   r u n n i n g   d i r e c t i o n   ( @ ) .  

T a b l e s   1-1  to   1-3  shews the   c h a r a c t e r i s t i c   p r o p e r t i e s  

of  t he   b a s e   f a b r i c   (4)  and  o t h e r   b a s e   f a b r i c s   which   a r e  

t h e   same  in  s t r u c t u r e   as  t he   b a s e  f a b r i c   (4)  b u t   a r e   m a d e  

of  d i f f e r e n t   k i n d s   of  y a r n s .  

EXAMPLE  2 

F i g .   4  shows  a n o t h e r   e x a m p l e   of  t r i p l e   l a y e r   w e a v e  

which   i s   d i f f e r e n t   f rom  t h a t   shown  in  F i g .   3.  In  t h i s  

e x a m p l e ,   t h e   c r o s s w i s e   y a r n s   (k2  and  k4)  weave  t h r o u g h  

t he   l e n g t h w i s e   y a r n s   ( x l ,   x2,  . . .   and  z1,   z2,   . . . ) ,   a n d  

t he   c r o s s w i s e   y a r n   ( k l )   w e a v e s   t h r o u g h   t he   l e n g t h w i s e  

y a r n s   ( x l ,   x2,   . . . )   and  t he   c r o s s w i s e   y a r n   ( k 3 )   w e a v e s  

t h r o u g h   t he   l e n g t h w i s e   y a r n s   ( z l ,   z 2 ,  . . . ) .   S i n c e   t h e  

y a r n s   (k1  and  k3)  bend  o b t u s e   and  the   a r e a   in  c o n t a c t  

w i t h   t he   f e l t   is   l a r g e ,   t h e   b a s e   f a b r i c   of  t h i s  s t r u c t u r e  

is   s u p e r i o r   in  w e a r   r e s i s t a n c e .  

In  t h i s   e x a m p l e ,   t h e   l e n g t h w i s e   y a r n s   ( x l ,   x2,   . . . )  

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

f i l a m e n t s   0 . 4 3   mm  in  d i a m e t e r ;   t h e   l e n g t h w i s e   y a r n s  

(Y1,  Y2,  . . . )   in  t h e   m i d d l e   l a y e r   a r e   t e x t u r e d   y a r n s  

of   1600  d e n i e r   n y l o n   m u l t i f i l a m e n t s ;   and  the   l e n g t h w i s e  



y a r n s   ( z 1 ,   z2,   . . . )   in  the   l a y e r   a d j a c e n t   to  t h e  p o l y u r e -  

t h a n e   r u b b e r   l a y e r   a r e   n y l o n   m o n o f i l a m e n t s   0 . 4 3   mm  i n  

d i a m e t e r .   The  c r o s s w i s e   y a r n s   ( k l ,   k2,   . . . )   a r e   n y l o n  

m o n o f i l a m e n t s   0 .52   mm  in  d i a m e t e r .   T a b l e   2  shows  t h e  

c h a r a c t e r i s t i c   p r o p e r t i e s   of  t he   b a s e   f a b r i c   of  t h i s  

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

weave  p a t t e r n   shown  in  F i g .  4 ( c ) .  T h e   b a s e   f a b r i c   was  m a d e  

i n t o   t he   e n d l e s s   b e l t   h a v i n g   t he   same  l e n g t h   and  w i d t h  

as  in   F i g . 3 .   EXAMPLE  3 

F i g .   5  shows  a  b a s e   f a b r i c   of  q u a d r u p l e   l a y e r   w e a v e  

in  wh ich   t he   l e n g t h w i s e   y a r n s   ( x l ,   x2,  . . . ;   Y1,  Y2,  . . . ;  

z l ,   z2,   . . . ;   and  w1,  w 2 ,  . . . )   a r e   d i s p o s e d   in  f o u r   l a y e r s .  

In  t h i s   e x a m p l e ,   t h e   l e n g t h w i s e   y a r n s   ( x l ,   x2,   . . . )  

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

f i l a m e n t s   0 . 3 5   mm  in  d i a m e t e r ;   t h e   l e n g t h w i s e   y a r n s  

(y1 ,   y2,   . . . )   in  t he   f i r s t   m i d d l e   l a y e r   a r e   n y l o n   m o n o -  

f i l a m e n t s   0 . 3 5   mm  in  d i a m e t e r ;   t h e   l e n g t h w i s e   y a r n s   ( w 1 ,  

w2,  . . . )   in  t he   s e c o n d   m i d d l e   l a y e r   a r e   1600  d e n i e r  

p o l y e s t e r   spun  y a r n ;   and  the   l e n g t h w i s e   y a r n s   ( z l ,   z 2 ,  

. . . )   in  t h e   l a y e r   a d j a c e n t   to  t he   p o l y u r e t h a n e   r u b b e r  l a y e r  

a r e   n y l o n   m o n o f i l a m e n t s   0 . 3 5   mm  in  d i a m e t e r .   The  c r o s s -  

wise   y a r n s   ( k l ,   k2,   . . . )   a r e   n y l o n   m o n o f i l a m e n t s   0 .52   mm 

in  d i a m e t e r .   T a b l e   3  shows  t he   c h a r a c t e r i s t i c   p r o p e r t i e s  

of  t he   b a s e   f a b r i c   of  t h i s   e x a m p l e .   The  b a s e   f a b r i c  

was  woven  a c c o r d i n g   to  the   weave  p a t t e r n   shown  i n  F i g .   5  ( c ) .  



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

t h e   same  l e n g h t   and  w i d t h   as  t h e   one  shown  in  F i g .   1 .  

EXAMPLE  4 

F i g .   6  shows   a  b a s e   f a b r i c   of  d o u b l e   l a y e r   w e a v e  

in  which   the   l e n g t h w i s e   y a r n s   (x  and  y)  a r e   d i s p o s e d  

in  two  l a y e r s .  

In  t h i s   e x a m p l e ,   t h e   l e n g t h w i s e   y a r n s   (x)  a t   t h e  

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

1600  d e n i e r   n y l o n   m o n o f i l a m e n t s ,   and  the   l e n g t h w i s e  

y a r n s   (y)  in  t he   l a y e r   a d j a c e n t   to  t he   p o l y u r e t h a n e   r u b b e r  

l a y e r   a r e   n y l o n   m o n o f i l a m e n t s   0 . 5 2   mm  in  d i a m e t e r .  

The  c r o s s w i s e   y a r n s   (k l   and  k2)  a r e   n y l o n   m o n o f i l a m e n t s  

0 .52   mm  in  d i a m e t e r .  

T a b l e   4  shows  the   c h a r a c t e r i s t i c   p r o p e r t i e s   o f  

t h e   b a s e   f a b r i c   of  t h i s   e x a m p l e .   The  b a s e   f a b r i c  

was  woven  a c c o r d i n g   to  t he   d e s i g n   shown  in  F i g .   6 ( c ) .  

The  b a s e   f a b r i c   was  made  i n t o   t he   e n d l e s s   b e l t   h a v i n g  

t h e   same  l e n g t h   and  w i d t h   as  t he   one  shown  in  F i g .   1 .  















1.  An  e n d l e s s   b e l t   (1)  c o m p o s e d   of  a  b a s e   f a b r i c  

(4)  and  a  l a y e r   of  an  e l a s t i c   m a t e r i a l   (3)  c o v e r i n g   o n e  

s i d e   of  t h e   b a s e   f a b r i c   ( 4 ) ,   c h a r a c t e r i z e d   in  t h a t   t h e  

b a s e   f a b r i c   (4)  is   of  e n d l e s s   and  h o l l o w   m u l t i p l e   l a y e r  

w e a v e ,   w i t h   t h e   u n c o v e r e d   s i d e   (2)  t h e r e o f   h a v i n g   s u c h   a  

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

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

d i r e c t i o n   (a)  i s   a t   a  l o w e r   p o s i t i o n   t h a n   t h e   p l a n e   ( P )  

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

y a r n s   in  t h e   d i r e c t i o n   (β)  t r a n s v e r s e l y   a c r o s s   t h e   b e l t  

r u n n i n g   d i r e c t i o n   ( a ) .  

2.  An  e n d l e s s   b e l t   a c c o r d i n g   to  C l a i m   1  w h e r e i n  

t h e   d i s t a n c e   (H)  b e t w e e n   t h e   p l a n e   (Q)  w h i c h   is   in  c o n -  

t a c t   w i t h   t h e   a p e x e s   of  t h e   w i n d i n g   of  t h e   y a r n s   in  t h e  

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

c o n t a c t   w i t h   t h e   a p e x e s   of  t h e   w i n d i n g   of  t h e   y a r n s   i n  

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

d i r e c t i o n   i s   0 . 1 1   to   0 . 3 3   mm. 

3.  An  e n d l e s s   b e l t   a c c o r d i n g   to   C l a i m   1  or  C l a i m  

2  w h e r e i n   t h e   m u l t i p l e   l a y e r   weave   of  t h e   b a s e   f a b r i c   i s  

t r i p l e   l a y e r   weave   in  w h i c h   t h e   y a r n s   in  t h e   b e l t   r u n -  

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



4.  An  e n d l e s s   b e l t   a c c o r d i n g   to   C l a i m   3  w h e r e i n  

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

j a c e n t   to  t h e   l a y e r   of  e l a s t i c   m a t e r i a l   a r e   n y l o n   m o n o -  

f i l a m e n t s   or  p o l y e s t e r   m o n o f i l a m e n t s   0 . 2 5   to   0 .6   mm  i n  

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

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

t e x t u r e d   y a r n s   of  1000  to   4000  d e n i e r   n y l o n   m u l t i f i l a -  

ment   or  n y l o n   or  p o l y e s t e r   spun   y a r n s ,   and  t h e   y a r n s   i n  

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

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

p o l y e s t e r   m o n o f i l a m e n t s   0 . 25   to  0 .6   mm  in  d i a m e t e r ,   a n d  

t h e   number   of  t h e   y a r n s   in  e a c h   l a y e r   is   5  to   12  p e r  

c e n t i m e t e r .  

5.  An  e n d l e s s   b e l t   a c c o r d i n g   to   a n y o n e   of  C l a i m s  

1  to   4  w h e r e i n   t h e   y a r n s   in  t h e   d i r e c t i o n   t r a n s v e r s e l y  

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

m e n t s   0 .3   to   0 .7   mm  in  d i a m e t e r   and  t h e   number   of  t h e  

y a r n s   i s   12  to   24  p e r   c e n t i m e t e r .  

6.  An  e n d l e s s   b e l t   a c c o r d i n g   to   a n y o n e   of  C l a i m s  

1  to   5  w h e r e i n   t h e   l a y e r   of  e l a s t i c   m a t e r i a l   i s   f o r m e d  

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

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

t h e   b a s e   f a b r i c   to  such   an  e x t e n t   t h a t   i t   does   no t   r e a c h  

t h e   o t h e r   s i d e   of  t h e   b a s e   f a b r i c .  



7.  An  e n d l e s s   b e l t   a c c o r d i n g   to  a n y o n e   of  C l a i m s  

1  to   6  w h e r e i n   t h e   y a r n s   w h i c h   a r e   e x p o s e d   on  t h e   e x p o -  

sed   s i d e   of  t h e   b a s e   f a b r i c   a r e   c o a t e d   w i t h   w e a r r e s i s -  

t a n t   f i l m .  
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