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Continuous  multicolor  printing  method  and  apparatus. 

@  Disclosed  is  a  continuous  multicolor  printing  apparatus 
comprising  an  endless  belt  spread  between  a  pair  of  pulleys  and 
intermittently  driven  by  at  least  one  of  said  pulleys  (2,  3)  to 
intermittently  feed  a  substrate  (1  )  to  be  printed,  which  is  placed 
on  the  belt,  into  a  printing  zone  (P)  and  printing  the  substrate 
through  a  flat  screen,  wherein  there  are  many  small  apertures 
in  the  endless  belt  and  a  sub-atomospheric  pressure  is  pro- 
duced  below  the  endless  belt  such  that  the  substrate  (1)  ad- 
heres  closely  to  the  endless  belt,  marks  are  printed  (20)  on  the 
substrate  before  printing  of  a  first  color,  and  the  intermittently 
feeding  of  the  endless  belt  is  controlled  by  detecting  (21  ,  22) 
said  marks. 
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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  

(1)  F i e l 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  c o n t i n u o u s   m u l t i -  

c o l o r   p r i n t i n g   m e t h o d   and  a p p a r a t u s .   More  p a r t i c u l a r l y ,  
t h e   i n v e n t i o n   r e l a t e s   to   a  c o n t i n u o u s   m u l t i c o l o r   p r i n t -  

ing   m e t h o d   and  a p p a r a t u s   in  w h i c h   a  s u b s t r a t e   to   b e  

p r i n t e d   i s   d e l i v e r e d   i n t o   a  p r i n t i n g   zone  by  u t i l i z i n g  

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

(2)  D e s c r i p t i o n   of  t h e   P r i o r   A r t :  

V a r i o u s   p r i n t i n g   a p p a r a t u s e s   such   as  g r a v u r e  

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

b e e n   u sed   as  m e a n s   f o r   c o n t i n u o u s   m u l t i c o l o r   p r i n t i n g  

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

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

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

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

and  as  means   f o r   p e r f o r m i n g   m u l t i c o l o r   p r i n t i n g   b y  

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

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

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

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

in  a  r e a r   p a r t   of   a  p r i n t i n g   zone   and  p r i n t i n g   i s  

c o n d u c t e d   in   a  c o n t i n u o u s   m a n n e r .  

The  f o r m e r   p r o c e s s   i s   d e f e c t i v e   in  t h a t   t h e   p r o -  

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

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

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

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

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

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

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



f e e d   t e n s i o n   of  t he   s u b s t r a t e   a t   a  c o n s t a n t   l e v e l .  

As  a n o t h e r   means   f o r   t h e   c o n t i n u o u s   m u l t i c o l o r  

s c r e e n   p r i n t i n g ,   t h e r e   can  be  m e n t i o n e d   an  a u t o m a t i c  

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

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

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

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

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

and  i n t e r m i t t e n t   d r i v i n g   of  a  c e r t a i n   f e e d   r a t e   i s  

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

m a t c h i n g   p r e c i s i o n   can  be  m a i n t a i n e d   in  t h i s   p r i n t i n g  

p r o c e s s .   H o w e v e r ,   in  the  c a s e   w h e r e   t h e   s u b s t r a t e   i s   a  

p a p e r   or  f i l m ,   p e e l i n g   of  t h e   s u b s t r a t e   f rom  t h e   e n d l e s s  

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

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

be  a d o p t e d .  

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

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

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

w h i c h   c a n n o t   be  d e l i v e r e d   in   t h e   s t a t e   b o n d e d   to   a n  
e n d l e s s   b e l t   can   be  p r i n t e d   a t   a  v e r y   h i g h   p r i n t i n g  

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

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

b o n d i n g   t he   s u b s t r a t e   to   an  e n d l e s s   b e l t   or  t h e   l i k e .  

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

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

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

i n t e r m i t t e n t l y   d r i v i n g   an  e n d l e s s   b e l t   s p r e a d   b e t w e e n  

a  p a i r   of  p u l l e y s   by  a t   l e a s t   one  of   s a i d   p u l l e y s   t o  

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

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

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



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

p r e s s u r e   i s   p r o d u c e d   b e l o w   t he   e n d l e s s   b e l t   to   i n t e r -  

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

in  t h e   s t a t e   w h e r e   t h e   s u b s t r a t e   a d h e r e s   c l o s e l y   t o  

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

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

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

by  d e t e c t i n g   s a i d   m a r k s .  

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

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

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

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

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

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

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

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

mesh  b e l t   i s   u s e d   as  t h e   e n d l e s s   b e l t ,   a  s u c t i o n   t a b l e  

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

a r e a   of  t he   mesh   b e l t ,   a  s u b s t r a t e   to  be  p r i n t e d   i s  

d e l i v e r e d   to   t h e   p r i n t i n g   zone  i n t e g r a l l y   w i t h   t h e   m e s h  

b e l t   by  a  s u c k i n g   f o r c e ,   m a r k i n g   means   f o r   f o r m i n g  

m a r k s   on  t h e   s u b s t r a t e   and  d e t e c t i n g   means   f o r   d e t e c t i n g  

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

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

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

by  a  d e t e c t i o n   s i g n a l   f r o m   s a i d   mark   d e t e c t i n g   means   t o  

c o n t r o l   t h e   i n t e r m i t t e n t   f e e d i n g   of  t he   mesh  m e l t .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

F i g .   1  i s   a  d i a g r a m   i l l u s t r a t i n g   a  p r i n t i n g   a p p a r a t u s  

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

F i g s .   2  and   3  a r e   d i a g r a m s   i l l u s t r a t i n g   an  a r r a n g e -  

ment   and  s t r u c t u r e   of   a  mesh   b e l t   and  s u c t i o n   t a b l e   i n  

t he   p r e s e n t   i n v e n t i o n .  



F i g .   4  i s   a  a i a g r a m   i l l u s t r a t i n g   a  p r i n t i n g   a p p a r a t u s  

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

D e t a i l e d   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  

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

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

a c c o m p a n y i n g   d r a w i n g s .  

R e f e r r i n g   to   F i g .   1  i l l u s t r a t i n g   an  e m b o d i m e n t   o f  

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

p r e s e n t   i n v e n t i o n ,   a  d r i v i n g   p u l l e y   2  and  a  d r i v e n  

p u l l e y   3  a r e   a r r a n g e d   on  t h e   r e a r   and  f r o n t   s i d e s ,   r e s -  

p e c t i v e l y ,   in   t h e   a d v a n c i n g   d i r e c t i o n   of  a  s u b s t r a t e   1  

to   be  p r i n t e d   in   p a r a l l e l   to   e a c h   o t h e r ,   and  an  e n d l e s s  

m e s h   b e l t   4  of   a  m e t a l   i s   wound  on  t he   p u l l e y s   2  and  3  

and  s p r e a d   t h e r e b e t w e e n .  

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

2  by  a  d r i v i n g   m o t o r   5  t h r o u g h   a  worm  6  and  a  w o r m  

g e a r   7,  and  c o r r e s p o n d i n g   i n t e r m i t t e n t   f e e d i n g   i s   g i v e n  

to   t h e   mesh  b e l t   4 .  

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

i s   t h a t   t h e   s u b s t r a t e   1  i s   d e l i v e r e d   to  a  p r i n t i n g   z o n e  

P  by  u s i n g   t h e   mesh   b e l t   4  and  s u c t i o n   t a b l e s   8  a r e  

a r r a n g e d   b e l o w   t h e   mesh  b e l t   4  on  t h e   d e l i v e r y   s i d e  

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

8  a r e   c o n n e c t e d   to   a  vacuum  pump  or   e x h a u s t   b l o w e r   1 0  

t h r o u g h   p i p e s   9.  R e f e r r i n g   to   F i g s .   2  and  3  i l l u s t r a t i n g  

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

t a b l e   8  and  mesh  b e l t   4,  t h e   s u c t i o n   t a b l e   8  i s   s e c u r e d  

to   a  m a c h i n e   f r a m e   ( n o t   s h o w n )   in   c l o s e   p r o x i m i t y   to  t h e  

l o w e r   end  of   t h e   d e l i v e r y   s i d e   of   t he   mesh  b e l t   4 .  

Many  s m a l l   a p e r t u r e s   8A  a r e   f o r m e d   on  t h e   t o p   s u r -  

f a c e   of  t h e   s u c t i o n   t a b l e   8  s u b s t a n t i a l l y   u n i f o r m l y   o n  

t h e   e n t i r e   s u r f a c e ,   and  t h e   s u c t i o n   p i p e   9  i s   c o n n e c t e d  

to   t h e   l o w e r   or  s i d e   s u r f a c e   of  t h e   s u c t i o n   t a b l e   8 ,  



w h i c h   i s   c o m m u n i c a t e d   w i t h   t h e   v a c u u m   pump  or  e x h a u s t  

b l o w e r   10,   so  t h a t   vacuum  or  s u b a t m o s p h e r i c   p r e s s u r e   i s  

m a i n t a i n e d   in  a  h o l l o w   c h a m b e r   8 B .  

When  t h e   v a c u u m   pump  or  e x h a u s t   b l o w e r   10  i s   a c t u a t e d  

f o r   d e l i v e r i n g   t h e   s u b s t r a t e   1  on  t h e   mesh  b e l t   4,  v a c u u m  

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

c h a m b e r   8B  of  t he   s u c t i o n   t a l b e   8.  A c c o r d i n g l y ,   t h e  

s u b s t r a t e   1  i s   c a u s e d   to   a d h e r e   c l o s e l y   to   t h e   mesh   b e l t  

4  and  t h e   s u b s t r a t e   1  i s   s m o o t h l y   d e l i v e r e d   to  t h e   p r i n t -  

ing   zone  w i t h o u t   d i s l o c a t i o n   or  o t h e r   t r o u b l e .  

S m a l l   a p e r t u r e s   4A  a r e   f o r m e d   on  t h e   mesh  b e l t   4 .  

In  o r d e r   to   a t t a i n   a  s u c k i n g   e f f e c t   on  t h e   e n t i r e   s u r f a c e  

of  t he   s u b s t r a t e   1  to   be  d e l i v e r e d   and  i m p a r t   a  g o o d  

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

a  mesh  s c r e e n   h a v i n g   a  h i g h   mesh   r a t i o   be  u s e d .  

T h i s   mesh   b e l t   4  i s   p r e p a r e d   a c c o r d i n g   to   an  e l e c -  

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

t h e   p r o d u c t i o n   of   r o t a r y   mesh  s c r e e n s .   I f   t h i s   m e t h o d  

i s   a d o p t e d ,   a  mesh  b e l t   of  40  to   200  mesh   i s   o r d i n a r i l y  

o b t a i n e d .  

M o r e o v e r ,   v a r i o u s   mesh  b e l t s   of  m e t a l s   and  n o n -  

m e t a l l i c   m a t e r i a l s   may  be  u s e d .   H o w e v e r ,   f r om  t h e  

p r a c t i c a l   v i e w p o i n t ,   a  mesh  b e l t   p r e p a r e d   a c c o r d i n g   t o  

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

b e c a u s e   t h e   f r i c t i o n   r e s i s t a n c e   to   t h e   s u c t i o n   t a b l e   8  

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

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

be  o b t a i n e d .  

R e f e r r i n g   to  F i g .   1  a g a i n ,   in   t h e   p r e s e n t   i n v e n t i o n ,  

s i n c e   a  s u c k i n g   f o r c e   i s   i m p o s e d   on  the   e n t i r e   s u r f a c e  

of  the   s u b s t r a t e   1  by  t h e   o p e r a t i o n   of   t h e   v a c u u m   p u m p  

or  e x h a u s t   b l o w e r   10,   t he   s u b s t r a t e   1  i s   d e l i v e r e d   i n  

t h e   p r i n t i n g   zone   P  in   t h e   s t a t e   w h e r e   t he   s u b s t r a t e   1  



a d h e r e s   c l o s e l y   to  t he   mesh  b e l t   4  and  i s   i n t e g r a t e d   w i t h  

t h e   mesh  b e l t   4.  I f   t h i s   s u c k i n g   o p e r a t i o n   i s   c o n t i n u e d  

even   w h i l e   the   mesh  b e l t   4  is   s t o p p e d ,   t h e   s u b s t r a t e   1  i s  

f i x e d   on  t h e   mesh  b e l t   4  in  t h e   s t a t e   a d h e r i n g   c l o s e l y  

t h e r e t o .   A c c o r d i n g l y ,   p r i n t i n g   can   be  p e r f o m r e d   p r e c i s e l y  

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

In  t h e   e m b o d i m e n t   i l l u s t r a t e d   in   F i g .   1,  a  p l u r a l i t y  

of  p l a n o g r a p h i c   p r i n t i n g   u n i t s   11  a r e   a r r a n g e d   a t   i n t e r -  

v a l s   c o r r e s p o n d i n g   to   t h e   f e e d   r e p e a t ,   and  i f   n e c e s s a r y ,  
i n t e r m e d i a t e   d r i e r s   12  a r e   a r r a n g e d   in   i n t e r m e d i a t e  

p o r t i o n s   b e t w e e n   a d j a c e n t   p r i n t i n g   u n i t s   11,   w h e r e b y  

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

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

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

s u b s t r a t e   1  a r e   p r i n t e d   on  t h e   s u b s t r a t e   1  b e f o r e   p r i n t -  

i ng   of   a  f i r s t   c o l o r   and  a t   t h e   s u b s e q u e n t   p r i n t i n g  

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

to  c o n t r o l   t h e   f e e d   l e n g t h s   of   t h e   mesh   b e l t   4 .  

A  m a r k i n g   d e v i c e   20  i s   a r r a n g e d   to   p r i n t   m a r k s   f o r  

r e s p e c t i v e   f e e d s   of  t h e   s u b s t r a t e   1  b e f o r e   p r i n t i n g   o f  

a  f i r s t   c o l o r .   T h i s   m a r k i n g   d e v i c e   20  c o m p r i s e s ,   f o r  

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

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

s u b s t r a t e   1.  I t   i s   s u f f i c i e n t   i f   t h e   s i z e   of   t h e   m a r k s  

i s   s u c h   t h a t   t h e   m a r k s   can  be  d e t e c t e d   by  a  p h o t o e l e c t r i c  

s e n s o r .   I f   t h e   s u b s t r a t e   1  i s   a  w h i t e   p a p e r ,   a  b l a c k   o r  

b rown  ink   may  be  u s e d   f o r   p r i n t i n g   t h e   m a r k s .  

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

m a r k s   a r e   a r r a n g e d   f o r w a r d l y   of   t h e   f i r s t   p r i n t i n g   z o n e  

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

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

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

s e n s o r   21  f o r   e m i t t i n g   a  d e c e l e r a t i o n   s i g n a l   and  a  

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



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

r e s p e c t   to  t h e   m o v e m e n t   of  the   mesh   b e l t   4 .  

More  s p e c i f i c a l l y ,   when  t h e   mark   p r i n t e d   on  t h e  

s u b s t r a t e   1  i s   d e t e c t e d   by  t he   d e t e c t i n g   s e n s o r   21  f o r  

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

d e c e l e r a t e d ,   and  when  t h e   mark   i s   d e t e c t e d   by  t h e  

d e t e c t i n g   s e n s o r   22  f o r   e m i t t i n g   a  s t o p   s i g n a l ,   t h e   d r i -  

v i n g   m o t o r   5  i s   s t o p p e d ,   w h e r e b y   i n t e r m i t t e n t   d r i v i n g   o f  

t h e   mesh  b e l t   4  i s   a c c o m p l i s h e d .  

The  d e t e c t i o n   m e c h a n i s m s   21  and  22  a r e   a r r a n g e d  

so  t h a t   t h e   p o s i t i o n s   of  t h e   d e t e c t i o n   m e c h a n i s m s   2 1  

and  22  can   be  c h a n g e d   and  a d j u s t e d   in  t h e   a d v a n c i n g  

d i r e c t i o n   of   t h e   b e l t   4  a c c o r d i n g   to   t h e   f e e d   l e n g t h  

( r e p e a t   l e n g t h )   of   t h e   b e l t   4 .  

In  o t h e r   w o r d s ,   t h e   d i s t a n c e   L  b e t w e e n   t h e   m a r k i n g  

p o s i t i o n   of   t h e   m a r k i n g   d e v i c e   20  and  t h e   d e t e c t i o n  

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

of   t h e   b e l t   4 .  

The  s u b s t r a t e   i s   i n t e r m i t t e n t l y   d r i v e n   i n t e g r a l l y  

w i t h   t he   mesh  b e l t   4  by  t h e   a b o v e - m e n t i o n e d   s u c k i n g  

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

s a r y   c o l o r s ,   t h e   s u b s t r a t e   1  i s   s e p a r a t e d   f rom  t h e  

mesh  b e l t   4,  p a s s e d   t h r o u g h   a  f i n a l   d r i e r   13  a n d  

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

In  t h e   e m b o d i m e n t   i l l u s t r a t e d   in   F i g .   1,  a  p l u r a l i t y  

of   s u c t i o n   t a b l e s   8  a r e   a r r a n g e d   in   a  d i v i d e d   m a n n e r .  

Of  c o u r s e ,   in   t h e   p r e s e n t   i n v e n t i o n ,   one  s u c t i o n   t a b l e  

may  be  a r r a n g e d   so  t h a t   a  s u c k i n g   e f f e c t   i s   p r o d u c e d  

t h r o u g h o u t   t h e   p r i n t i n g   zone   f r o m   b e f o r e   t h e   i n i t i a t i o n  

of  t h e   p r i n t i n g   o p e r a t i o n   to   t h e   t e r m i n a t i o n   of   t h e  

p r i n t i n g   o p e r a t i o n   to   p r e v e n t   e l o n g a t i o n   or  c o n t r a c t i o n  

or  s l i p p i n g   o f   t h e   s u b s t r a t e   1 .  

F i g .   4  i l l u s t r a t e s   an  e m b o d i m e n t   of   p l a n o g r a p h i c  



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

number   of  c o l o r s   i s   l a r g e   and  a  l o n g   p r i n t i n g   zone   i s  

n e c e s s a r y .   The  mesh  b e l t   4  i s   p r e p a r e d   by  t h e   e l e c t r o -  

p l a t i n g   m e t h o d   as  in  t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t ,   b u t  

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

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

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

t h e   l e n g t h   of  t h e   mesh  b e l t   i s   i n s u f f i c i e n t   in   s o m e  

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

w h i c h   as  shown  in  F i g .   4,  t h e   mesh  b e l t   4  and  t h e   d r i v i n g  

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

a r e   c o n n e c t e d   t o   one  a n o t h e r   so  t h a t   t h e y   may  be  d r i v e n  

i n t e g r a l l y .  

In  t h i s   e m b o d i m e n t ,   t h e   mesh  b e l t   4,  d r i v i n g  

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

and  a r r a n g e d   in   t h e   same  m a n n e r   as  in  t h e   e m b o d i m e n t   s h o w n  

in  F i g .   1 .   H o w e v e r ,   t h e   d r i v i n g   f o r c e   of  t h e   d r i v i n g  

m o t o r   5  i s   d i v i d e d   f o r   r e s p e c t i v e   f r a g m e n t s   and  t r a n s m i t t e d  

to   t h e   r e s p e c t i v e   d r i v i n g   p u l l e y s   2  t h r o u g h   r e d u c t i o n  

g e a r s   17  s u c h   as  worm  g e a r s   and  t h e   d r i v i n g   p u l l e y s   2  

a r e   s y n c h r o n o u s l y   d r i v e n   t h r o u g h   l i n e   s h a f t s   1 8 .  

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

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

b e l t   of  a  m e t a l   i s   u s e d   as  a  d e l i v e r i n g   member ,   and  a  
s u b s t r a t e   to   be  p r i n t e d   i s   a l w a y s   s u c k e d   c o n t i n u o u s l y  

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

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

s u r f a c e   of  t h e   m e t a l   mesh  b e l t   and  i s   d e l i v e r e d   in   t h e  

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

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

M o r e o v e r ,   in   t h e   p r e s e n t   i n v e n t i o n ,   s i n c e   i n t e r m i t t e n t  

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



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

a c c o m p l i s h e d   at   a  h i g h   p r e c i s i o n .  

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

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

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

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

be  p r i n t e d .   M o r e o v e r ,   e l o n g a t i o n   or  c o n t r a c t i o n   of  t h e  

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

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

mesh  b e l t   as  t he   d e l i v e r y   m e m b e r .   A c c o r d i n g l y ,   t h e  

s t r u c t u r e   of   t e n s i o n   a d j u s t i n g   means   a r r a n g e d   in  t h e  

p o r t i o n s   f o r   r o l l i n g   ou t   and  up  t h e   s u b s t r a t e   can  b e  

s i m p l i f i e d .   T h u s ,   p r o m i n e n t   a d v a n t a g e s   can  be  a t t a i n e d  

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



1.  An  a p p a r a t u s   f o r   c o n t i n u o u s   m u l t i - c o l o u r  

p r i n t i n g   on  a  s u b s t r a t e   (1)  c o m p r i s i n g   a  p r i n t i n g   u n i t   ( 1 1 )  

h a v i n g   a  f l a t   s c r e e n ,   an  e n d l e s s   b e l t   (4)  s p r e a d   b e t w e e n  

two  p u l l e y s   ( 2 , 3 ) ,   a  d r i v e   m e c h a n i s m   ( 5 , 6 , 7 )   f o r   d r i v i n g  

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

b e l t   (4)  p a s t   t h e   p r i n t i n g   u n i t   (11)   w h e r e i n   t h e   b e l t   (4)  h a s  

a p e r t u r e s   (4A)  and  t h e   a p p a r a t u s   f u r t h e r   c o m p r i s e s   a  

s u c t i o n   d e v i c e   ( 8 , 9 , 1 0 )   a r r a n g e d   to   a p p l y   s u b - a t m o s p h e r i c  

p r e s s u r e   t h r o u g h   t h e   a p e r t u r e s   (4A)  to   t h e   s u b s t r a t e   ( 1 )  

s u c h   t h a t   t h e   s u b s t r a t e   (1)  i s   h e l d   a g a i n s t   t h e   b e l t   ( 4 ) ,  

m a r k i n g   means   (20)   f o r   m a r k i n g   t h e   s u b s t r a t e   (1)  and  a  

d e t e c t o r   ( 2 1 , 2 2 )   f o r   d e t e c t i n g  m a r k s   on  t h e   s u b s t r a t e   ( 1 )  

and  c o n t r o l l i n g   t h e   d r i v e   m e c h a n i s m   ( 5 , 6 , 7 ) .  

2.  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   1  h a v i n g   a  

f i r s t   d e t e c t o r   (21)   f o r   d e c e l e r a t i n g   t h e   d r i v e   m e c h a n i s m  

( 5 , 6 , 7 )   on  d e t e c t i o n   of  a  ma rk   on  t h e   s u b s t r a t e   (1)  and  a  

s e c o n d   d e t e c t o r   (22)   f o r   s t o p p i n g   t h e   d r i v e   m e c h a n i s m  

( 5 , 6 , 7 )   on  d e t e c t i o n   of  a  ma rk   on  t h e   s u b s t r a t e   ( 1 ) .  

3.  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   2  w h e r e i n   t h e  

s e c o n d   d e t e c t o r   (22)   i s   d o w n s t r e a m   of  t h e   f i r s t   d e t e c t o r  

(21)   and  d e t e c t s   t h e   same  m a r k s   as  t h e   f i r s t   d e t e c t o r   ( 2 1 ) .  

4.  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  

1  to   3  w h e r e i n   t h e   m a r k i n g   d e v i c e   (20)   and  d e t e c t o r   ( 2 0 , 2 1 )  

a r e   u p s t r e a m   of  t h e   p r i n t i n g   u n i t   ( 1 1 ) .  

5.  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  

1  to   4  w h e r e i n   t h e   b e l t   (4)  i s   in   t h e   f o r m   of  a  mesh   b e l t .  

6.  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  

1  to   5  w h e r e i n   t h e   d i s t a n c e   b e t w e e n   t h e   m a r k i n g   m e a n s   ( 2 0 )  

and  d e t e c t o r   ( 2 1 , 2 2 )   i s   a d j u s t a b l e .  

7.  A  p r o c e s s   f o r   c o n t i n u o u s   m u l t i - c o l o u r   p r i n t i n g  

c o m p r i s i n g   f e e d i n g   a  s u b s t r a t e   ( 1 ) ,   on  an  e n d l e s s   b e l t   ( 4 )  

s p r e a d   b e t w e e n   two  p u l l e y s   ( 2 , 3 ) ,   i n t o   a  p r i n t i n g   zone   ( P )  

and  p r i n t i n g   t h e   s u b s t r a t e   (1)  t h r o u g h   a  f l a t   s c r e e n ,  

w h e r e i n   t h e   s u b s t r a t e   (1)  i s   h e l d   a g a i n s t   t h e   b e l t   (4)  b y  



a p p l y i n g   s u b - a t m o s p h e r i c   p r e s s u r e   to   t h e   s u b s t r a t e   ( 1 )  

t h r o u g h   a p e r t u r e s   (4A)  in   t h e   b e l t   (4)  and  w h e r e i n   f e e d i n g  

t h e   s u b s t r a t e   (1)  i s   c o n t r o l l e d   by  m a r k i n g   t h e   s u b s t r a t e   ( 1 )  

and  s u b s e q u e n t l y   d e t e c t i n g   m a r k s   on  t h e   s u b s t r a t e   ( 1 ) .  

8.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   7  w h e r e i n  

m a r k s   on  t h e   s u b s t r a t e   (1)  a r e   d e t e c t e d   by  a  f i r s t  

d e t e c t o r   (21)   w h i c h   c a u s e s   d e c e l e r a t i o n   of  t h e   b e l t   (4)  a n d  

m a r k s   on  t h e   s u b s t r a t e   (1)  a r e   d e t e c t e d   by  a  s e c o n d  

d e t e c t o r   (22)   w h i c h   c a u s e s   s t o p p i n g   of   t h e   b e l t   ( 4 ) .  

9.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   8  w h e r e i n   a  

ma rk   i s   d e t e c t e d   by  t h e   f i r s t   d e t e c t o r   (21)   and  t h e   b e l t  

(4)  i s   d e c e l e r a t e d   and  s u b s e q u e n t l y   t h e   same  ma rk   i s  

d e t e c t e d   by  t h e   s e c o n d   d e t e c t o r   (22)   and  t h e   b e l t   (4)  i s  

s t o p p e d .  

10.   A  p r o c e s s   as  c l a i m e d   in   any  one  of  c l a i m s  

7  to   9  w h e r e i n   t h e   s u b s t r a t e   (1)  i s   m a r k e d ,   and  t h e   m a r k s  

a r e   d e t e c t e d ,   u p s t r e a m   of   t h e   p r i n t i n g   zone   ( P ) .  
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