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©  Method  of  controlling  film  thickness  of  mixture  liquid  layer  of  oil  material  and  water  in  printer. 

  A  method  of  controlling  film  thickness  of  a  mixture  liquid 
layer  of  oil  material  and  water  in  a  printer  such  as,  for 
example,  an  offset  printer  is  disclosed  wherein  the  mixture 
liquid  layer  of  the  oil  material  containing  printing  ink, 
printer's  varnish  and  the  like  and  water  such  as,  for  example, 
dampening  water  attached  to  one  roller  of  a  roller  group 
carrying  the  mixture  liquid  layer  is  alternately  irradiated  by 
infrared  rays  which  are  most  strongly  absorbed  into  the  oil 
material  and  the  water  and  by  infrared  rays  which  are  hardly 
absorbed  into  the  oil  material  and  the  water.  Film  thicknes- 
ses  of  the  oil  material  and  the  water  are  detected  on  the  basis 
of  infrared  absorption  characteristics  of  the  oil  material  and 
the  water.  The  detected  film  thicknesses  of  the  oil  material 
and  the  water  are  compared  with  the  respective  predeter- 
mined  target  values  and  supply  of  the  oil  material  and  the 
water  is  controlled  so  that  differences  between  the  detected 
film  thicknesses  and  the  respective  target  values  are  mini- 
mized.  Thus.  printing  failure  such  as  so-called  greasing  and 
water  stain  occurring  in  a  prior  art  printing  is  prevented  and 
printing  quality  is  improved,  so  that  spoilages  can  be 
reduced. 



( i )   FIELD  OF  THE  INVENTION 

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  m e t h o d   o f  

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

l a y e r   in  a  d e v i c e ,   w h i c h   s u p p l i e s   m i x t u r e   l i q u i d   of  o i l  

m a t e r i a l   and  w a t e r ,   such   as  an  ink  and  d a m p e n i n g   w a t e r   f e e d e r  

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

p a r t i c u l a r l y   an  o f f s e t   p r i n t e r .  

( i i )   PRIOR  ART  STATEMENT 

In  an  o f f s e t   p r i n t e r ,   i t   is  n e c e s s a r y   to   m a k e  

p r i n t i n g   w h i l e   s u p p l y   of  ink  and  d a m p e n i n g   w a t e r   is   o p t i m a l l y  

m a i n t a i n e d   as  wel l   known.   H o w e v e r ,   t h i c k n e s s   of  t h e   ink  a n d  

t h e   d a m p e n i n g   w a t e r   is   g r e a t l y   v a r i e d   d e p e n d i n g   on  v a r i a t i o n  

of  s p e e d   of  a  p r i n t i n g   m a c h i n e   and  a m b i e n t   t e m p e r a t u r e .   When 

f i l m   t h i c k n e s s   of  ink  is  v a r i e d ,   ink  d e n s i t y   on  a  p r i n t e d  

m a t t e r   is  c h a n g e d .   When  t h e   b a l a n c e   of  ink  and  d a m p e n i n g  

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

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

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

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

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

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

d a m p e n i n g   w a t e r   have   been  p r o p o s e d   h e r e t o f o r e .   One  of  them  i s  

d i s c l o s e d   in  in  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.  5 2 - 3 7 4 0 2 ,   i n  

w h i c h   ink  and  d a m p e n i n g   w a t e r   on  a  f o rm  c y l i n d e r   a r e  



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

h a v i n g   t h e   r a n g e   of  v i s i b l e   r a y s   and  l i g h t   a b s o r p t i o n  

c h a r a c t e r i s t i c   of  t he   ink  i s   u t i l i z e d   to  d e t e r m i n e   f i l m  

t h i c k n e s s   of  t h e   i nk .   At  t h e   same  t i m e ,   l i g h t   a b s o r p t i o n  

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

d e t e r m i n e   f i l m   t h i c k n e s s .   T h u s ,   s u p p l y   of  t h e   ink  and  t h e  

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

r e s u l t s .  

H o w e v e r ,   in  t h e   c o n v e n t i o n a l   manner   o f  

a u t o m a t i c a l l y   c o n t r o l l i n g   t h e   ink   and  the   d a m p e n i n g   w a t e r   i n  

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

ink  i s   d e t e r m i n e d   by  t h e   a b s o r p t i o n   c h a r a c t e r i s t i c   of  t h e  

l i g h t   h a v i n g   t h e   r a n g e   of  v i s i b l e   r a y s   bu t   t h e   a b s o r p t i o n  

c h a r a c t e r i s t i c   is  d i f f e r e n t   d e p e n d i n g   on  t y p e s   of  i n k ,  

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

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

t y p e s   of  t h e   ink  and  i t   t a k e s   much  t i m e   to  c o n t r o l   t h e   f i l m  

t h i c k n e s s .   F u r t h e r ,   t he   m e a s u r e d   v a l u e   is  g r e a t l y   i n f l u e n c e d  

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

o u t s i d e   and  h e n c e   i t   is   d i f f i c u l t   to   d e t e r m i n e   t h e   f i l m  

t h i c k n e s s   of  t h e   ink  e x a c t l y .  

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

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

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

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

p r o p e r l y   on  t h e   b a s i s   of  t h e i r   own  e x p e r i e n c e   and  j u d g m e n t   t o  



a d j u s t   t h e   f i l m   t h i c k n e s s .   A c c o r d i n g l y ,   v a r i a t i o n   of  t h e  

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

as  t e m p e r a t u r e   can  no t   be  f o l l o w e d   e x a c t l y .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is  made  in  v i ew  of  t he   a b o v e  

d e f f i c i e n c i e s .  

( I )   I t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

l i q u i d   l a y e r   in  w h i c h   t h e   f i l m   t h i c k n e s s   of  t h e   m i x t u r e  

l i q u i d   l a y e r   of  o i l   m a t e r i a l   and  w a t e r   in  a  p r i n t e r   i s  

e x a c t l y   m e a s u r e d   so  t h a t   t h e   same  m e a s u r e d   v a l u e s   a r e   a l w a y s  

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

v a r i a t i o n   t h e r e o f   is   c o r r e c t l y   d e t e r m i n e d   in  a  s h o r t   t i m e   s o  

t h a t   t h e   f i l m   t h i c k n e s s   can  be  c o n t r o l l e d   r e l i a b l y .  

( I I )   I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

m i x t u r e   l i q u i d   l a y e r   in  w h i c h   s u p p l y   of  ink  or  v a r n i s h   a n d  

w a t e r   or  d a m p e n i n g   w a t e r   f ed   to   a  p r i n t e r   is   a l w a y s  

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

s u c h   as  s o - c a l l e d   g r e a s i n g   and  w a t e r   s t a i n   o c c u r r i n g   due  t o  

v a r i a t i o n   of  s u p p l y   of  t h e   ink  or  t h e   v a r n i s h   and  t h e   w a t e r  

or  t h e   d a m p e n i n g   w a t e r .  

In  o r d e r   to   a c h i e v e   t h e   a b o v e   o b j e c t s ,   t he   p r e s e n t  

i n v e n t i o n   is   c o n f i g u r e d   as  f o l l o w s .  

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



m i x t u r e   l i q u i d   l a y e r   of  o i l   m a t e r i a l   and  w a t e r   in  a  p r i n t e r  

i s   c h a r a c t e r i z e d   in  t h a t   t h e   m i x t u r e   l i q u i d   l a y e r   of  t h e   o i l  

m a t e r i a l   c o n t a i n i n g   ink  or  v a r n i s h   and  t h e   w a t e r   c o n t a i n i n g  

d a m p e n i n g   w a t e r   a t t a c h e d   on  one  r o l l e r   made  of  m a t e r i a l  

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

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

o i l   m a t e r i a l   and  t h e   w a t e r   is   a l t e r n a t e l y   i r r a d i a t e d   b y  

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

m a t e r i a l   a n d  t h e   w a t e r   and  by  i n f r a r e d   r a y s   w h i c h   a r e   h a r d l y  

a b s o r b e d   i n t o   t h e   o i l   m a t e r i a l   and  t h e   w a t e r .   F i l m  

t h i c k n e s s e s   of  t h e   o i l   m a t e r i a l   and  t h e   w a t e r   a r e   d e t e c t e d   on  

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

m a t e r i a l   and  t h e   w a t e r .   The  d e t e c t e d   f i l m   t h i c k n e s s e s   of  t h e  

o i l   m a t e r i a l   and  t h e   w a t e r   a r e   c o m p a r e d   w i t h   t h e   r e s p e c t i v e  

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

t h e   w a t e r   i s   c o n t r o l l e d   so  t h a t   d i f f e r e n c e s   b e t w e e n   t h e  

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

a r e   m i n i m i z e d .  

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

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

The  f i l m   t h i c k n e s s   of  t h e   m i x t u r e   l i q u i d   l a y e r   o f  

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

no  c o n t a c t   m a n n e r   i r r e s p e c t i v e   of  t y p e s   of  t h e   o i l   m a t e r i a l  

and  t h e   f i l m   t h i c k n e s s   can  be  a u t o m a t i c a l l y   c o n t r o l l e d   to  b e  

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

S u p p l y   of  t h e   o i l   m a t e r i a l   c o n t a i n i n g   ink  o r  



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

w a t e r   f e d   to   t h e   p r i n t e r   can  be  a l w a y s   m a i n t a i n e d   to  a n  

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

and  w a t e r   s t a i n   o c c u r r i n g   due  to   v a r i a t i o n   of  s u p p l y   of  t h e  

o i l   m a t e r i a l   and  s u p p l y   of  t h e   w a t e r   can  be  p r e v e n t e d ,   s o  

t h a t   s p o i l a g e s   can  be  r e d u c e d .  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  s c h e m a t i c a l l y   i l l u s t r a t e s   an  e m b o d i m e n t  

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

f i l m   t h i c k n e s s   of  ink  and  d a m p e n i n g   w a t e r   in  an  o f f s e t  

p r i n t e r ;  

F i g .   2  is   a  g r a p h   s h o w i n g   a  r e l a t i o n   of  w a v e l e n g t h  

of  i n f r a r e d   r a y s   and  t r a n s m i t t a n c e s   of  ink   and  w a t e r ;  

F i g .   3  s c h e m a t i c a l l y   i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t  

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

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

d e v i c e ;  

F i g .   4  is   a  g r a p h   of   a  r e l a t i o n   of  w a v e l e n g t h   o f  

i n f r a r e d   r a y s   and  t r a n s m i t t a n c e s   of  v a r n i s h   and  w a t e r ;   a n d  

F i g .   5  is  an  e n l a r g e d   s i d e   v iew  of  a  p o r t i o n   of  a  

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

a u t o m a t i c   c o n t r o l .  



DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

now  d e s c r i b e d   on  t h e   b a s i s   of  t h e   d r a w i n g s .  

( F i r s t   E m b o d i m e n t )  

An  e m b o d i m e n t   i m p l e m e n t i n g   t h e   p r e s e n t   i n v e n t i o n   i n  

a u t o m a t i c   c o n t r o l   of  f i l m   t h i c k n e s s   of  a  m i x t u r e   l i q u i d  

l a y e r   of  ink  and  d a m p e n i n g   w a t e r   in  an  o f f s e t   p r i n t e r   i s  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1,  2  and  5.  D e s c r i b i n g   t h e  

o f f s e t   p r i n t e r   w i t h   r e f e r e n c e   to   F i g .   1,  t h e   o f f s e t   p r i n t e r  

c o m p r i s e s   an  i m p r e s s i o n   c y l i n d e r   30,  a  b l a n k e t   c y l i n d e r   31,  a  

p l a t e   c y l i n d e r   3 3 ,  a n   i n k i n g   d e v i c e   i n c l u d i n g   a  fo rm  r o l l e r  

34,   i n k i n g   r o l l e r s   36,  an  ink  d u c t o r   37,   an  ink  f o u n t a i n  

r o l l e r   38  and  an  ink  f o u n t a i n   39,   and  a  d a m p i n g   w a t e r   d e v i c e  

i n c l u d i n g   a  d a m p i n g   w a t e r   t a n k   41,   a  w a t e r   f o u n t a i n   r o l l e r  

42,  a  r o l l e r   43  and  a  fo rm  d a m p i n g   r o l l e r   44.   T h u s ,   p r i n t i n g  

is   made  on  p r i n t i n g   p a p e r   32.   In  t h e   a u t o m a t i c   c o n t r o l  

a p p a r a t u s ,   w h i l e   a  m e t a l   r o l l e r   35  or  40  of  t h e   i n k i n g  

r o l l e r s   36  m e a s u r e s   t h e   f i l m   t h i c k n e s s  o f   t h e   ink  and  t h e  

d a m p e n i n g   w a t e r ,   t h e   m e t a l   r o l l e r   may  be  r e p l a c e d   w i t h   o t h e r  

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

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

t h e   i n k i n g   r o l l e r s   36  to   m e a s u r e   t h e   f i l m   t h i c k n e s s   of  t h e  

ink  and  t h e   d a m p e n i n g   w a t e r .  

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

r e f e r e n c e   to  F i g s .   1  and  5.  In  F i g .   5,  n u m e r a l   10  d e n o t e s   a n  



i n f r a r e d   e m i t t i n g   e l e m e n t ,   11  a  l e n s ,   12  an  i n t e r f e r e n c e  

f i l t e r ,   13  a  l i g h t   g u i d e   p i p e ,   14  t he   m i x t u r e   l i q u i d   l a y e r   o f  

t h e   ink  and  t h e   d a m p e n i n g   w a t e r   e x i s t i n g   on  t he   m e t a l   r o l l e r  

35,  15  a  p h o t o e l e c t r i c   e l e m e n t   (a  m e a s u r i n g   d e v i c e   or  a 

d e t e c t o r )   d i s p o s e d   in  t he   v i c i n i t y   of  t h e   me ta l   r o l l e r   35,   1 6  

an  a m p l i f i e r ,   18  a  s y n c h r o n i z e r ,   19  an  A/D  c o n v e r t e r ,   20  a  

c o m p u t e r   and  21  a  p l o t t e r .   In  F i g .   1,  n u m e r a l s   23  and  2 4  

d e n o t e   D/A  c o n v e r t e r s ,   25  a  m o t o r   f o r   d r i v i n g   t h e   i n k  

f o u n t a i n   r o l l e r   and  26  a  m o t o r   f o r   d r i v i n g   t h e   w a t e r   f o u n t a i n  

r o l l e r .  

O p e r a t i o n   is   now  d e s c r i b e d .   F i r s t   of  a l l ,  

d e s c r i p t i o n   i s   made  to   a  r e a s o n   why  t h e   i n f r a r e d   r a y s   a r e  

u s e d   to   d e t e c t   t h e   f i l m   t h i c k n e s s   of  t h e   ink  and  t h e  

d a m p e n i n g   w a t e r .   When  l i g h t   i l l u m i n a t e s   on  a  m a t e r i a l ,   t h e  

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

r e m a i n i n g   l i g h t   is   a c c o r d i n g l y l   o b s e r v e d   as  a  c o l o r   of  t h e  

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

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

b u t   a l s o   a  r a n g e   f rom  u l t r a v i o l e t   r a y s   to   i n f r a r e d   r a y s .  

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

of  2 . 5  µ m   to   10  µm  has   c l e a r   c o r r e l a t i o n   of  t h e   a b s o p r i o n  

c h a r a c t e r i s t i c   and  t h e   m o l e c u l a r   s t r u c t u r e ,   i t   is  m o s t   s u i t a b l e  

o b t a i n   k n o w l e d g e   c o n c e r n i n g   c o m p o u n d   s t r u c t u r e .   C u r v e s   1  

and  o f   F i g .   2  show  i n f r a r e d   a b s o r p t i o n   s p e c t r a   of  t h e   i n k  

and  t h e   d a m p e n i n g   w a t e r   in  t h e   w a v e l e n g t h   r a n g e   of  2 . 5  µ m   t o  

10 µm  m e a s u r e d   by  an  i n f r a r e d   s p e c t r o p h o t o m e t e r .  



R e p r e s e n t a t i v e   a b s o r p t i o n   z o n e s   f o r   the   ink  in  t h e   a b o v e  

s p e c t r u m   e x i s t   in  t h r e e   w a v e l e n g t h s   of  3 . 4 0  u m   ( s e e   3  o f  

F i g .   2 ) ,   5 . 4 0  µ m   ( s e e   4   and  6 . 8 5  µ m   ( s e e  @ .   The  f a c t s  

a r e   due  to  t he   m o l e c u l a r   s t r u c t u r e   of  v e h i c l e   in  t h e   ink  a n d  

i s   no t   r e l a t e d   to  a  c o l o r   of  p i g m e n t .   Tha t   i s ,   an  o f f s e t   i n k  

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

c h a r a c t e r i s t i c   and  m e a s u r e m e n t   can  be  p e r f o r m e d   in  t he   s a m e  

a b s o r p t i o n   zone   i n d e p e n d e n t l y   of  t y p e s   of  i n k .   A b s o r p t i o n  

z o n e s   f o r   t he   w a t e r   e x i s t   in  t h r e e   w a v e l e n g t h s   of  2 . 9 6  µ m  

( s e e @   of  F i g .   2 ) ,   4 . 8 0  µ m   ( s e e  @   and  6 . 1 0  µ m   ( s e e   @  

An  a c t u a l   m e a s u r e m e n t   u s e s   t he   w a v e l e n g t h s   mos t   s t r o n g l y  

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

w a v e l e n g t h   of  3 . 4 0  µ m   f o r   t h e   ink  and  t he   w a v e l e n g t h   of  2 . 9 6  

µm  f o r   t he   w a t e r .  

D e s c r i p t i o n   is  now  made  to  a  r a t e   of  t h e   a b s o r b e d  

i n f r a r e d   r a y s   i n t o   m a t e r i a l .   The  r a t e   is  r e l a t e d   to   t h i c k n e s s  

and  d e n s i t y   of  a  l a y e r   of  a  m a t e r i a l .   An  i n d e x   r e p r e s e n t i n g  

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

r e p r e s e n t e d   by  a  r a t i o   of  i n t e n s i t y   Io  of  i n c i d e n t   l i g h t   a n d  

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

p r o p o r t i o n a l   to  t h e   t h i c k n e s s   and  t h e   d e n s i t y   of  t h e   l a y e r .  

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

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

ink  r o l l e r   to  m e a s u r e   q u a n t i t y   of  l i g h t   r e f l e c t e d   f rom  a 

s u r f a c e   of  t he   r o l l e r ,   t h e   f i l m   t h i c k n e s s   of  t h e   ink  and  t h e  

p e r c e n t a g e   of  w a t e r   c o n t e n t   can  be  d e t e c t e d .  



F i g .   5  s h o w s   a  c o n f i g u r a t i o n   of  a  d e t e c t i o n   d e v i c e  

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

in  an  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 .   Whi le   t h e  

d e t e c t i o n   d e v i c e   is   a  p e r c e n t a g e   m e t e r   of  w a t e r   c o n t e n t   i n  

f i l m   t h i c k n e s s   of  ink  d e s c r i b e d   in  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  5 8 - 1 2 4 4 1 8 ,   s i n c e   t he   i n f r a r e d   s p e c t r u m  

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

s e c o n d   e m b o d i m e n t   i s   a l m o s t   i d e n t i c a l ,   t h e   d e t e c t i o n  

d e v i c e   can  be  a p p l i e d   to   b o t h   t h e   e m b o d i m e n t s .  

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

d a m p e n i n g   w a t e r   shown  in  F i g s .   1  and  5  u t i l i z e s   t h e   a b o v e  

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

e l e m e n t   10  f o r m i n g   a  l i g h t   s o u r c e   a r e   c o n d e n s e d   by  t h e   l e n s  

11  and  t h e n   p a s s   t h r o u g h   t h e   i n t e r f e r e n c e   f i l t e r   12.  T h e  

i n t e r f e r e n c e   f i l t e r   12  is   p r o v i d e d   w i t h   t h r e e   t y p e s   f i l t e r s  

of  a  f i l t e r   f o r   i n f r a r e d   r a y s   a b s o r b e d   i n t o   t h e   i n k ,   a  f i l t e r  

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

f i l t e r   f o r   r e f e r e n c e   r a y s   w h i c h   a r e   no t   a b s o r b e d   i n t o   t h e   i n k  

and  t h e   d a m p e n i n g   w a t e r .   The  i n f r a r e d   r a y s   p a s s i n g   t h r o u g h  

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

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

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

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

p i p e   13  and  t h e   r o l l e r   35  due  to  m e c h a n i c a l   v i b r a t i o n .   T h e  

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

i n f r a r e d   r a y s   a l t e r n a t e l y   i l l u m i n a t e   t h e   r o l l e r   35  b y  



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

i n t e r f e r e n c e   f i l t e r   i l l u m i n a t e s   e m u l s i f i e d   i n k  1 4   ( t h a t   i s ,   a  

m i x t u r e   l i q u i d   l a y e r   of  ink  and  d a m p e n i n g   w a t e r )   on  t h e  

r o l l e r   35  t h r o u g h   t h e   l i g h t   g u i d e   p i p e   13.  A  p o r t i o n   of  t h i s  

l i g h t   is   a b s o r b e d   i n t o   t h e   e m u l s i f i e d   ink  w h i l e   r e m a i n i n g  

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

15.  The  r e m a i n i n g   l i g h t   i s   c o n v e r t e d   to  an  e l e c t r i c   s i g n a l  

by  t h e   p h o t o e l e c t r i c   e l e m e n t   15  and  t he   s i g n a l   a m p l i f i e d   b y  

t h e   a m p l i f i e r   16  is   s u p p l i e d   to   t h e   A/D  c o n v e r t e r   19.  At  t h i s  

t i m e ,   t he   r o t a t i o n a l   n u m b e r   of  t he   r o l l e r   35  and  t h e  

r o t a t i o n a l   number   of  t h e   i n t e r f e r e n c e   f i l t e r   12  a r e   d e t e c t e d  

and  t h e   d e t e c t e d   s i g n a l s   a r e   s u p p l i e d   to   t h e   A/D  c o n v e r t e r   19  

t h r o u g h   t h e   s y n c h r o n i z e r   18.  The  d i g i t i z e d   s i g n a l s   of  t h e  

A/D  c o n v e r t e r   19  a r e   s u p p l i e d   to  t h e   c o m p u t e r   20  t o g e t h e r  

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

of  t h e   ink  and  t h e   p e r c e n t a g e   of  w a t e r   c o n t e n t ,   w h i c h   a r e  

s u p p l i e d   to  t h e   p l o t t e r   20.  F u r t h e r ,   c o n t r o l   s i g n a l s   a r e  

a p p l i e d   f rom  t h e   c o m p u t e r   20  t h r o u g h   t h e   D/A  c o n v e r t e r s   2 3  

and  24  to   t h e   m o t o r   25  f o r   d r i v i n g   t h e   ink  f o u n t a i n   r o l l e r  

and  t h e   m o t o r   26  f o r   d r i v i n g   t h e   w a t e r   f o u n t a i n   r o l l e r   t o  

c o n t r o l   t h e   r o t a t i o n a l   n u m b e r s   of  t h e   m o t o r s   25  and  26.  A t  

t h i s   t i m e ,   c o n t r o l   i s   made  so  t h a t   d e v i a t i o n   I k i  -   k i ' |  

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

and  a  t a r g e t   v a l u e   k i '   f o r   op t imum  p r i n t i n g   q u a l i t y   a n d  

d e v i a t i o n   | k w  -   k w ' |   b e t w e e n   a  v a l u e   kw  r e p r e s e n t i n g   t h e  

p e r c e n t a g e   of  w a t e r   c o n t e n t   and  a  t a r g e r   v a l u e   kw'  f o r  



o p t i m u m   p r i n t i n g   q u a l i t y   a r e   m i n i m i z e d .  

As  d e s c r i b e   a b o v e ,   s u p p l y   of  t h e   ink  and  t h e  

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

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

s o - c a l l e d   g r e a s i n g   and  w a t e r   s t a i n   o c c u r r i n g   due  to  v a r i a t i o n  

of  s u p p l y   of  t h e   ink   and  t h e   d a m p e n i n g   w a t e r   can  b e  

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

( S e c o n d   E m b o d i m e n t )  

A n o t h e r   e m b o d i m e n t   i m p l e m e n t i n g   t h e   p r e s e n t  

i n v e n t i o n   in  a u t o m a t i c   c o n t r o l   of  f i l m   t h i c k n e s s   of  a  m i x t u r e  

l i q u i d   l a y e r   of  v a r n i s h   and  w a t e r   in  a  v a r n i s h   c o a t i n g  

d e v i c e   of  a  p r i n t e r   is  now  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .  

3 ,  4   and  5 .  

R e f e r r i n g   to   F i g .   3,  t h e   v a r n i s h   c o a t i n g   d e v i c e  

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

c y l i n d e r   137,   an  i n t e r m e d i a t e   c y l i n d e r   138,   an  i m p r e s s i o n  

c y l i n d e r   139,   a  d e l i v e r y   s h a f t   140,   a  v a r n i s h   s a u c e r   133,   a 

f o u n t a i n   r o l l   134,   an  i n t e r m e d i a t e   r o l l e r   135  and  a  f o r m  

r o l l e r   136  and  a  v a r n i s h   f e e d i n g   u n i t   c o m p o s e d   of  a  v a r n i s h  

t a n k   130,  a  m i x t u r e   t a n k   131,   a  w a t e r   t a n k   132  and  pumps  1 2 8 ,  

129  and  127.   T h u s ,   c o a t i n g   is   e f f e c t e d   on  a  s u r f a c e   o f  

p r i n t i n g   m a t t e r .   A  d e t e c t i o n   d e v i c e   22  f o r   v a r n i s h   and  w a t e r ,  

w h i c h   is   t h e   same  as   t h e   d e v i c e   shown  in  F i g .   5  d e s c r i b e d   i n  

t h e   f i r s t   e m b o d i m e n t ,   is   p r o v i e d   in  t h e   v i c i n i t y   of  t h e  

r o l l e r   136  and  o u t p u t   s i g n a l s   f rom  t h e   d e t e c t i o n   d e v i c e   2 2  



a r e   s u p p l i e d   to  t he   c o m p u t e r   20  t h r o u g h   the   A/D  c o n v e r t e r   19  

to   be  p r o c e s s e d   in  t h e   c o m p u t e r   20.   D a t a   p r o d u c e d   f rom  t h e  

c o m p u t e r   20  a re   d i s p l a y e d   in  t he   p l o t t e r   21  and  s u p p l i e d   a s  

c o n t r o l   s i g n a l s   t h r o u g h   D/A  c o n v e r t e r s   123,   124  and  125  to  a  

r o t a t i o n   c o n t r o l   m o t o r   126 ,   w h i c h   d r i v e s   t he   f o u n t a i n   r o l l e r  

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

F u r t h e r ,   when  d e n s i t y   of  t h e   v a r n i s h   i s   c h a n g e d ,   t h e   p u m p s  

127  and  128  a r e   o p e r a t e d .   When  l i q u i d   l e v e l   in  t h e   m i x t u r e  

t a n k   g o e s   down,  t h e   pumps  127  and  128  a r e   a l s o   o p e r a t e d .  

F i g .   4  shows   i n f r a r e d   a b s o r p t i o n   s p e c t r a   of  v a r n i s h  

and  w a t e r   in  a  w a v e l e n g t h   r a n g e   of  2 . 5  µ m   to  10 µm  m e a s u r e d  

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

w h i l e   r e p r e s e n t a t i v e   a b s o r p t i o n   z o n e s   of  t he   v a r n i s h   e x i s t   i n  

t h r e e   w a v e l e n g t h s   of  3 . 4 0  µ m ,   5 . 7 4  µ m   and  6 . 8 5  µ m ,   v a r n i s h  

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

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

be  made  in  t he   a b s o r p t i o n   z o n e s   h a v i n g   t h e   same  w a v e l e n g t h s .  

A b s o r p t i o n   z o n e s   of  w a t e r   e x i s t   in  t h r e e   w a v e l e n g t h s   of  2 . 9 6  

µm,  4 . 8 0  u m   and  6 . 1 0  µ m .   An  a c t u a l   m e a s u r e m e n t   u s e s   t h e  

w a v e l e n g t h s   most   s t r o n g l y   a b s o r b e d ,   of  t h e s e   a b s o r p t i o n  

w a v e l e n g t h s ,   t h a t   i s ,   t h e   w a v e l e n g t h   of  3 . 4 0  µ m   f o r   t h e   i n k  

and  t h e   w a v e l e n g t h   of  2 . 9 6  µ m   f o r   t h e   w a t e r .  

The  i n d e x   r e p r e s e n t i n g   t h e   r a t e   of  t h e   a b s o r p t e d  

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

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

t h i c k n e s s   and  t h e   d e n s i t y   of  t h e   l a y e r .   U s i n g   t h i s  



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

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

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

s u r f a c e   of  t h e   r o l l e r ,   t h e   f i l m   t h i c k n e s s   of  t h e   ink  and  t h e  

p e r c e n t a g e   of  w a t e r   c o n t e n t   can  be  d e t e c t e d .   In  o t h e r   w o r d s ,  

t h e   f i l m   t h i c k n e s s e s   of  v a r n i s h   and  w a t e r   on  t h e   s u r f a c e   o f  

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

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

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

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

t h i c k n e s s   d e t e c t i o n   d e v i c e   shown  in  F i g .   5  in  t h e   same  m a n n e r  

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

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

t h e   same  as  t h o s e   of  t h e   f i r s t   e m b o d i m e n t   and  d e s c r i p t i o n  

t h e r e o f   is   o m i t t e d .   In  F i g .   5,  n u m e r a l   14'   d e n o t e s   a  m i x t u r e  

l i q u i d   l a y e r   of   v a r n i s h   and  w a t e r .  

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

t h a t   d e v i a t i o n   K  =  | k  -   k ' |   b e t w e e n   t h e   m e a s u r e d   v a l u e   k  o f  

t h e   v a r n i s h   f i l m   t h i c k n e s s   and  t h e   t a r g e t   v a l u e   k '  

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

d e n s i t y   of  t h e   v a r n i s h   is   a l s o   c o n t r o l l e d   so  t h a t   d e v i a t i o n   D 

=  | d  -   d ' |   b e t w e e n   t h e   m e a s u r e d   v a l u e   d  of  t h e   v a r n i s h  

d e n s i t y   and  t h e   t a r g e t   d e n s i t y   d   r e p r e s e n t i n g   an  o p t i m u m  

c o a t i n g   c o n d i t i o n   is  m i n i m i z e d .   By  e f f e c t i n g   c o n t r o l   in  t h i s  

m a n n e r ,   t h a t   i s ,   by  s e n d i n g   a  d e v i a t i o n   up  s i g n a l   Dup  when  

t h e   d e n s i t y   i s   i n c r e a s e d   and  a  d e v i a t i o n   down  s i g n a l   Dn  when  



t h e   d e n s i t y   is  d e c r e a s e d ,   v a r i a t i o n   of  t h e   f i l m   t h i c k n e s s   a n d  

t n e   d e n s i t y   of  t h e   v a r n i s h   due  to  v a r i a t i o n   of  p r i n t i n g  

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

h m i d i t y   can  be  m i n i m i z e d   and  s t a b l e   c o a t i n g   w i t h   h i g h  

c u a l i t y   i s   e f f e c t e d .  

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

i s   n o t   l i m i t e d   to   t h e   m e t a l   r o l l e r   and  may  be  o t h e r   r o l l e r  

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

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

r o u n t e d   in  t h e   r o l l e r   g r o u p .  

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

t h e  r o l l e r   in  t h e  p r i n t e r   a r e   d e t e c t e d   in  n o n - c o n t a c t   m a n n e r  

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

r o l l e r   and  t h e   r a t i o   of  t h e   v a r n i s h   and  t h e   w a t e r ,   and  t h e  

s t a b l e   f i l m   t h i c k n e s s   of  t h e   v a r n i s h   an  be  o b t a i n e d  

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

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

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

i s   to   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t  

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

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

c o n t r a r y ,   many  c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  in  t h e  

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

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



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

m i x t u r e   l i q u i d   l a y e r   of  o i l   m a t e r i a l   and  w a t e r   in  a  p r i n t e r ,  

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

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

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

t h e   o i l   m a t e r i a l   and  t h e   w a t e r   on  t h e   m i x t u r e   l i q u i d   l a y e r   o f  

t h e   o i l   m a t e r i a l   and  t h e   w a t e r   e x i s t i n g   on  a  r o l l e r   o f  

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

and  t h e   w a t e r   in  t h e   p r i n t e r ,   d e t e c t i n g   t he   f i l m   t h i c k n e s s  

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

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

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

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

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

o i l   m a t e r i a l   and  t h e   w a t e r   so  t h a t   t h e   d e v i a t i o n   i s  

m i n i m i z e d .  

2 .  A   m e t h o d   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   o i l  

m a t e r i a l   of  t h e   m i x t u r e   l i q u i d   l a y e r   c o m p r i s e s   i n k .  

3.  A  m e t h o d   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   o i l  

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