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(54)  Multihead  serial  printer. 
  Print  heads  (103a, 103b)  are  mounted  on  carriages  (111a, 
111b)  respectively,  which  are  independently  movable  by 
respective  motors  (110a,  110b)  for  enabling  the  print  heads 
(103a,  103b)  to  effect  uniform  printing.  A  shift  mechanism 
(105a)  is  mounted  on  at  least  one  of  the  carriages  (111a)  for 
moving  the  print  head  (103a)  in  a  paper-feeding  direction 
along  the  surface  of  a  platen  (1). 



BACKGROUND  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 u l t i h e a d   s e r i a l  

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

h o r i z o n t a l   or  c h a r a c t e r - s p a c i n g   d i r e c t i o n .  

One  known  m u l t i h e a d   p r i n t e r   i s   d i s c l o s e d   in  J a p a n e s e  

L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  5 8 - 1 6 3 6 7 0 .   The  d i s c l o s e d  

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

o p e r a b l e   b e t w e e n   a  h i g h - s p e e d   p r i n t i n g   mode  and  a  h i g h -  

d e n s i t y   p r i n t i n g   mode.   T h e r e   is  a n o t h e r   known  p r i n t e r  

h a v i n g   a  p r i n t   h e a d   and  a  pen  head   b o t h   m o u n t e d   on  a  s i n g l e  

c a r r i a g e ,   t he   p r i n t e r   b e i n g   s w i t c h a b l e   b e t w e e n   a  mode  i n  

wh ich   t he   p r i n t e r   o p e r a t e s   as  a  p r i n t e r   and  a n o t h e r   mode  i n  

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

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

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

head  has  a  f i x e d   p r i n t  a r e a .   In  such   a  m u l t i h e a d   p r i n t e r ,  

t h e   p r i n t i n g   s p e e d   i s   h i g h e r   in  p r o p o r t i o n   to  t h e   number   o f  

p r i n t   h e a d s   u s e d   in  t h e   c a s e   where   c h a r a c t e r s   to  be  p r i n t e d  

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

l i n e .  

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

p r i n t e d   in  v a r i o u s   q u a n t i t i e s   and  a r e a s ,   and  in  many  c a s e s  

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

T h e r e f o r e ,   t he   p r i o r   m u l t i h e a d   p r i n t e r s   have   s u f f e r e d  

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



wear  and  a  h i g h   t e m p e r a t u r e ,   and  the   p r i n t   s p e e d   is  n o t   s o  

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

SUMMARY  OF  THE  INVENTION 

I t   is   a  p r i m a r y   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 u l t i h e a d   s e r i a l   p r i n t e r   w h i c h   has  p r i n t   h e a d s  

s u b j e c t e d   to  u n i f o r m   l o a d s   in  v a r i o u s   p r i n t i n g   m o d e s ,   i s  

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

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

v i b r a t i o n s   and  n o i s e ,   and  is  s m a l l   in  s i z e ,   l i g h t   i n  

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

a u t o m a t i o n   e q u i p m e n t .  

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

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

s i z e   w i t h   an  i n c r e a s e d   number   of  c a r r i a g e s ,   has  a  r e d u c e d  

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

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

amoun t   of  f e e d   of  p a p e r .  

S t i l l   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   i s   t o  

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

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

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

p r i n t i n g   and  h i g h - s p e e d   p l o t t i n g   m o d e s .  

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

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

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

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



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

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

m o v a b l e   in  a  h o r i z o n t a l   or  c h a r a c t e r - s p a c i n g   d i r e c t i o n   by  

i n d e p e n d e n t   d r i v e   s o u r c e s .   At  l e a s t   one  c a r r i a g e   has  a  

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

of  a  p l a t e n   in  a  p a p e r - f e e d i n g   d i r e c t i o n .   One  of  the   p r i n t  

h e a d s   may  c o m p r i s e   an  o r d i n a r y   p r i n t   h e a d   and  the   o t h e r   a  

pen  head   h a v i n g   a  p l u r a l i t y   of  p e n s .   The  pen  head   h a s  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  i s   a  p e r s p e c t i v e   view  o f  a   m u l t i h e a d   s e r i a l  

p r i n t e r   a c c o r d i n g   to  a  f i r s t   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 ;  

FIG.  2  i s   a  b l o c k   d i a g r a m   of  a  c o n t r o l   c i r c u i t   f o r  

t h e   m u l t i h e a d   s e r i a l   p r i n t e r   shown  in  FIG.  1 ;  

FIG.  3  is   a  f l o w c h a r t   of  o p e r a t i o n  o f   t h e   c o n t r o l  

c i r c u i t   of  FIG.  2 ;  

FIG.  4  is   a  d i a g r a m  e x p l a n a t o r y   of  an  e x a m p l e   o f  

o p e r a t i o n   of  p r i n t   h e a d s ;  

FIG.  5  i s   an  e n l a r g e d   e x p l o d e d   p e r s p e c t i v e   view  of  a  

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

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

FIG.  6  is   a  p e r s p e c t i v e   view  of  a   m u l t i h e a d   s e r i a l  

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

i n v e n t i o n ;  



FIG.  7  is  a  f r a g m e n t a r y   p e r s p e c t i v e   v iew  of  a  

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

and  m o v i n g   the   same  in  a  l i n e   d i r e c t i o n ;  

FIG.  8  is   a  d i a g r a m   s h o w i n g   s h i f t   p o s i t i o n s   f o r   p r i n t  

h e a d s ;  

FIG.  9  is  a  d i a g r a m   i l l u s t r a t i v e   of  p r i n t i n g  

p r o c e d u r e s   f o r   v a r i o u s   p r i n t   f o r m a t s ;  

FIG.  10  is  an  e x p l o d e d   p e r s p e c t i v e   view  of   a  s h i f t  

m e c h a n i s m ;  

FIGS.   11  and  12  a r e   s i d e   e l e v a t i o n a l   v i e w s   s h o w i n g  

u n s h i f t e d   and  s h i f t e d   p o s i t i o n s   of  t he   p r i n t   h e a d ;  

FIGS.   13  and  14  a re   s i d e   e l e v a t i o n a l   and  p l a n   v i e w s  

of  a  c a r r i a g e   d r i v e   m e c h a n i s m ;  

FIG.  15  is   an  e x p l o d e d   p e r s p e c t i v e   v iew  of  t h e  

c a r r i a g e   d r i v e   m e c h a n i s m ;  

FIG.  16  i s   a  p e r s p e c t i v e   v iew  of  a  m o d i f i c a t i o n   o f  

the   s e c o n d   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 ;  

FIG.  17  is  a  d i a g r a m   s h o w i n g   d i f f e r e n t   p r i n t   f o r m a t  

e x a m p l e s ;  

FIG.   18  is  a  p e r s p e c t i v e   v iew  of  a  m u l t i h e a d   s e r i a l  

p r i n t e r   a c c o r d i n g   to  a  t h i r d   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 ;   a n d  

FIG.  19  is   an  e n l a r g e d   e x p l o d e d   p e r s p e c t i v e   v i e w   of  a  

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

s e r i a l   p r i n t e r   i l l u s t r a t e d   in  FIG.  1 8 .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  p r e s e n t   i n v e n t i o n   f o r   a t t a i n i n g   the   a b o v e -  



m e n t i o n e d   o b j e c t s  w i l l   now  be  d e s c r i b e d   in  d e t a i l   w i t h  

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

d r a w i n g s .  

FIG.  1  shows   in  p e r s p e c t i v e   a  m u l t i h e a d   s e r i a l  

p r i n t e r   a c c o r d i n g   to  a  f i r s t   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 .   A  p l a t e n   1  is   r o t a t a b l y   s u p p o r t e d   by  a n d  

b e t w e e n   a  p a i r   of  s i d e   p l a t e s ,   w i t h   a  s h e e t   2  of  p r i n t  

p a p e r   s e t   a r o u n d   t h e   p l a t e n   1 .  

S e l f - p r o p e l l e d   c a r r i a g e s   3a,   3b  a r e   m o v a b l e  

i n d e p e n d e n t l y   a l o n g   t he   p l a t e n   1  in  a  h o r i z o n t a l ,   or  a  

.  c h a r a c t e r - s p a c i n g ,   or   l i n e   d i r e c t i o n .   The  c a r r i a g e s   3a ,   3 b  

a r e   g u i d e d   by  a  p a i r   of  g u i d e   s h a f t s   4a ,   4b.  One  of  t h e  

c a r r i a g e s   3a  s u p p o r t s   t h e r e o n   a  w i r e   d o t - m a t r i x   p r i n t   h e a d  

5a,  an  ink  r i b b o n   c a s s e t t e   or  c a r t r i d g e   6a ,   and  a  s p a c i n g  

m o t o r   ( d e s c r i b e d   l a t e r ) ,   and  the  o t h e r   c a r r i a g e   3 b  

s i m i l a r l y   s u p p o r t s   t h e r e o n   a  w i r e   d o t - m a t r i x   p r i n t   head   5 b ,  

an  ink  r i b b o n   c a s s e t t e   or  c a r t r i d g e   6b,  and  a  s p a c i n g  

m o t o r .  

The  ink  r i b b o n   c a s s e t t e s   6a ,   6b  a r e   r e m o v a b l y   m o u n t e d  

on  t he   c a r r i a g e s   3a ,   3b,  r e s p e c t i v e l y ,   f o r   r e p l a c e m e n t .  

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

c a r r i a g e s   3a ,   3b  a r e   i n d e p e n d e n t l y   d r i v a b l e   by  a  c o n t r o l  

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

c a r r i a g e s   3a,   3b  so  t h a t   t he   p r i n t   h e a d s   5a ,   5b  w i l l   b e  

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

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

t i m e .   T h e r e a f t e r ,   t h e   c a r r i a g e s   3a,   3b  a r e   moved  in  t h e  



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

o p e r a t i o n   s e q u e n c e s ,   w h i l e   t he   p r i n t   h e a d s   5a ,   5b  a r e  

i n d e p e n d e n t l y   a c t u a t e d   to  c a u s e   the   p r i n t   w i r e s   to  p r e s s  

t he   s h e e t   2  a g a i n s t   t he   p l a t e n   1  w i t h   t he   ink   r i b b o n s   o f  

t he   ink  r i b b o n   c a s s e t t e s   6a ,   6b  b e i n g   i n t e r p o s e d  

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

s h e e t   2 .  

Wi th   t h e   p r i n t   h e a d s   5a ,   5b  m o u n t e d   r e s p e c t i v e l y   on  

the   c a r r i a g e s   3a,   3b  and  t h e   c a r r i a g e s   3a ,   3b  i n d e p e n d e n t l y  

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

p r i n t   h e a d s   5a ,   5b  a r e   r e n d e r e d   v a r i a b l e .   L e f t h a n d   a n d  

r i g h t h a n d   h a l v e s   on  l i n e s   can  t h e r e f o r e   u n i f o r m l y   b e  

p r i n t e d   by  t he   two  p r i n t   h e a d s   5a ,   5b,  and  a  t i m e   i n t e r v a l  

r e q u i r e d   f o r   p r i n t i n g   one  l i n e   can  be  s h o r t e n e d .  

FIG.  2  i l l u s t r a t e s   in  b l o c k   a  c o n t r o l   c i r c u i t   f o r  

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

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

c o n t r o l   u n i t   7  fo r   c o n t r o l l i n g   t h e   p r i n t e r   as  a  w h o l e ,   t h e  

main   c o n t r o l   u n i t   7  b e i n g   p r i m a r i l y   c o m p o s e d   of  a  CPU,  I / O  

p o r t s ,   a  t i m e r ,   and  m e m o r i e s .  

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

s u b c o n t r o l   u n i t s   8a,   8b  f o r   c o n t r o l l i n g   c h a r a c t e r - s p a c i n g  

o p e r a t i o n   of  t h e   c a r r i a g e s   3a ,   3b  and  p r i n t i n g   o p e r a t i o n   o f  

t he   p r i n t   h e a d s   5a,   5b  on  the   c a r r i a g e s   3a ,   3b,  a  p a i r   o f  

head   d r i v e r   c i r c u i t s   9a,   9b  f o r   d r i v i n g   t h e   p r i n t   h e a d s   5 a ,  

5b,  r e s p e c t i v e l y ,   a  p a i r   of  m o t o r   d r i v e r   c i r c u i t s   10a ,   1 0 b  

f o r   d r i v i n g   t h e   s p a c i n g   m o t o r s   on  t he   c a r r i a g e s   3a ,   3b,  a n d  



a  m o t o r   d r i v e r   c i r c u i t   12  f o r   d r i v i n g   a  l i n e   f e e d   m o t o r   1 3 .  

D e s i g n a t e d   as   l l a ,   l l b   a re   t he   s p a c i n g   m o t o r s   for   m o v i n g  

the   c a r r i a g e s   3a,  3b  in  the   c h a r a c t e r - s p a c i n g   d i r e c t i o n .  

The  c o n t r o l   c i r c u i t   is  g e n e r a l l y   i n d i c a t e d   by  1 4 .  

P r i n t i n g   commands   and  d a t a   a r e   d e l i v e r e d   o v e r   a  s i g n a l   l i n e  

15  from  an  e x t e r n a l   d e v i c e   of  t h e   m u l t i h e a d   s e r i a l   p r i n t e r  

to  t he   main   c o n t r o l   u n i t   7.  The  c o n t r o l   c i r c u i t   14  a l s o  

has  s i g n a l   l i n e s   16a ,   16b  f o r   d e l i v e r i n g   f e e d b a c k   s i g n a l s  

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

8a,  8b,  r e s p e c t i v e l y ,   and  a  s i g n a l   l i n e   17  fo r   d e l i v e r i n g   a  

f e e d b a c k   s i g n a l   f rom  the   l i n e   f e e d   m o t o r   13  to  t he   m a i n  

c o n t r o l   u n i t   7 .  

FIG.  3  shows  a  f l o w c h a r t   of  s u c c e s s i v e   s t e p s   o f  

o p e r a t i o n   of  t he   c o n t r o l   c i r c u i t   14.  O p e r a t i o n   of  t h e  

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

to  FIGS.  2  and  3 .  

P r i n t   command  r e c e p t i o n :  

The  main   c o n t r o l   u n i t   7  of  t he   m u l t i h e a d   s e r i a l  

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

e x t e r n a l   d e v i c e   o v e r   the   s i g n a l   l i n e   1 5 .  

D e l i v e r y   of  p r i n t   i n s t r u c t i o n s :  

The  main   c o n t r o l   u n i t   7  d i v i d e s   t he   r e c e i v e d   o n e - l i n e  

c h a r a c t e r   d a t a   i n t o   two  o p t i m u m   p r i n t   b l o c k s   to  be  p r i n t e d  

r e s p e c t i v e l y   by  t h e   p r i n t   h e a d s   5a ,   5b  so  t h a t   the   t i m e  

r e q u i r e d   f o r   t h e   p r i n t i n g   o p e r a t i o n   w i l l   be  as  shor t   as  p o s s i b l e ,   and 

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

f o r   p r i n t i n g   the   p r i n t   b l o c k s .  



S i m u l t a n e o u s l y ,   t h e   main  c o n t r o l   u n i t   7  i n s t r u c t s   t h e  

s u b c o n t r o l   u n i t s   8a,  8b  w i t h   p r i n t - s t a r t   p o s i t i o n s   a n d  

c h a r a c t e r - s p a c i n g   d i r e c t i o n s   fo r   t he   p r i n t   h e a d s   5a ,   5b  s o  

t h a t   the   c a r r i a g e s   3a ,   3b  w i l l   no t   i m p i n g e   a g a i n s t   e a c h  

o t h e r   when  t he   p r i n t   h e a d s   5a ,   5b  p r i n t   t h e   d e s i r e d  

c h a r a c t e r   b l o c k s   s i m u l t a n e o u s l y .  

Movement   t o w a r d   p r i n t - s t a r t   p o s i t i o n :  

Based   on  t h e   i n s t r u c t i o n s   from  the   main   c o n t r o l   u n i t  

7,  t he   s u b c o n t r o l   u n i t s   8a,  8b  e n a b l e   t he   s p a c i n g   m o t o r s  

l l a ,   l l b   to   move  t h e   c a r r i a g e s   3a,   3b  f rom  t h e i r   p r e s e n t  

p o s i t i o n s   so  t h a t   the   p r i n t   h e a d s   5a,   5b  r e a c h   t h e  

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

More  s p e c i f i c a l l y ,   t he   s u b c o n t r o l   u n i t   8a  i s  

t r i g g e r e d   by  a  t r i g g e r   p u l s e   ( d e s c r i b e d   l a t e r )   to   a p p l y  

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

10a ,   w h i c h   e n e r g i z e s   t h e   s p a c i n g   m o t o r   l l a   to  move  t h e  

c a r r i a g e   3a .   T h e r e a f t e r ,   t h e   c a r r i a g e   3a  i s   r e p e a t e d l y  

moved  u n t i l   t h e   p r i n t   head   5a  r e a c h e s   t h e   p r i n t - s t a r t  

p o s i t i o n .  

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

c l o s e d - l o o p   c o n t r o l   is   e f f e c t e d ,   a  f e e d b a c k   s i g n a l  

d e l i v e r e d   o v e r   t he   s i g n a l   l i n e   16a  is  u s e d   as  a  t r i g g e r  

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

Where   t h e   s p a c i n g   m o t o r   l l a   is   to  be  c o n t r o l l e d   in  an  o p e n  

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

o p e r a t i o n   may  be  g e n e r a t e d   w i t h i n   t h e   s u b c o n t r o l   u n i t   8 a .  

The  p r i n t   head   5b  i s   l i k e w i s e   moved  to   t he   p r i n t -  



s t a r t   p o s i t i o n   by  the   s u b c o n t r o l   u n i t   8a,  the   m o t o r   d r i v e r  

c i r c u i t   l O b ,   and  the   s p a c i n g   m o t o r   l l b   in  the   same  m a n n e r  

as  d e s c r i b e d   a b o v e .  

P r i n t i n g   o p e r a t i o n :  

A f t e r   t he   p r i n t   h e a d s   5a ,   5b  have   r e a c h e d   t he   p r i n t -  

s t a r t   p o s i t i o n s ,   a  mode  of  p r i n t i n g   o p e r a t i o n   is   i n i t i a t e d .  

In  t he   p r i n t i n g   o p e r a t i o n ,   t he   s u b c o n t r o l   u n i t   8 a  

moves  the   p r i n t   head   5a  in  a  c h a r a c t e r - s p a c i n g   d i r e c t i o n  

i n s t r u c t e d   by  the   main  c o n t r o l   u n i t   7.  T h e r e f o r e ,   t h e  

s u b c o n t r o l   u n i t   8a  i s s u e s   the   same  s i g n a l   as  u s e d   in  m o v i n g  

t h e   c a r r i a g e   3a  to  the   p r i n t - s t a r t   p o s i t i o n   to  t h e   m o t o r  

d r i v e r   c i r c u i t   10a .   At  t he   same  t i m e ,   t he   s u b c o n t r o l   u n i t  

8a  e n a b l e s   t h e   head   d r i v e r   c i r c u i t   9a  to  i n s t r u c t   t h e   p r i n t  

head  5a  to  p r i n t   a  p r i n t   p a t t e r n   c o r r e s p o n d i n g   to  a  c u r r e n t  

p o s i t i o n   of  t h e   p r i n t   head  5a  in  t he   p r i n t   b l o c k   i n s t r u c t e d  

by  t he   main  c o n t r o l   u n i t   7.  The  p r i n t   head   5a  now  d r i v e s  

t h o s e   p r i n t   w i r e s   wh ich   c o r r e s p o n d   to  t h e   p r i n t   p a t t e r n   t o  

e f f e c t   p r i n t i n g   in  r e s p o n s e   to  t he   i n s t r u c t i o n   f rom  t h e  

head   d r i v e r   c i r c u i t   5 a .  

The  p r i n t i n g   o p e r a t i o n   is   r e p e a t e d   w h i l e   mov ing   t h e  

c a r r i a g e   3a  u n t i l   a l l   p r i n t   p a t t e r n s   in  t h e   p r i n t   b l o c k  

i n s t r u c t e d   b y  t h e   main   c o n t r o l   u n i t   7  a r e   p r i n t e d .  

When  a l l   p r i n t   p a t t e r n s   have   been   p r i n t e d ,   t h e  

s u b c o n t r o l   u n i t   8a  i s s u e s   a  s i g n a l   i n d i c a t i v e   of  an  end  o f  

the   p r i n t i n g   o p e r a t i o n   ( h e r e i n a f t e r   r e f e r r e d   to  as  a  " p r i n t  

end  s i g n a l " )   to   the   main  c o n t r o l   u n i t   7,  and  the   p r i n t i n g  

o p e r a t i o n   i s   now  f i n i s h e d .  



The  p r i n t i n g   o p e r a t i o n   has  been  d e s c r i b e d   w i t h  

r e s p e c t   to  the   s u b c o n t r o l   u n i t   8a  and  t h e   c a r r i a g e   3 a  

c o n t r o l l e d   t h e r e b y .   The  same  p r i n t i n g   o p e r a t i o n   is   a l s o  

e f f e c t e d   by  the   s u b c o n t r o l   u n i t   8b  and  t h e   c a r r i a g e   3 b  

c o n t r o l l e d   t h e r e b y .   The  c a r r i a g e s   3a,   3b  e f f e c t   t h e i r  

p r i n t i n g   o p e r a t i o n s   s i m u l t a n e o u s l y .  

L i n e   f e e d   o p e r a t i o n :  

Upon  c o m p l e 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 ,   t he   p r i n t  

end  s i g n a l s   i s s u e d   f rom  t he   s u b c o n t r o l   u n i t s   8a,  8b  a r e  

a p p l i e d   to  t he   main  c o n t r o l   u n i t   7,  w h i c h   now  e n t e r s   i n t o   a  

l i n e   f e e d   o p e r a t i o n .  

For   l i n e   f e e d ,   t he   main   c o n t r o l   u n i t   7  is  t r i g g e r e d  

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

and  d r i v e   s i g n a l s   fo r   t he   l i n e   f e e d   m o t o r   13  t o  t h e   m o t o r  

d r i v e r   c i r c u i t   12.  In  r e s p o n s e   to  t he   a p p l i e d   s i g n a l s ,   t h e  

m o t o r   d r i v e r   c i r c u i t   12  is   e n e r g i z e d   to   r o t a t e   t h e   l i n e  

f e e d   m o t o r   13  f o r   f e e d i n g   t h e   s h e e t   2  shown  in  FIG.  1 .  

T h e r e a f t e r ,   t h e   a b o v e   l i n e   f e e d   o p e r a t i o n   is   r e p e a t e d  

u n t i l   t h e   s h e e t   2  is  fed   o v e r   a  d e s i r e d   i n t e r v a l .  

Where   t he   l i n e   f e e d   m o t o r   13  is   a  DC  m o t o r   a n d  

c l o s e d - l o o p   c o n t r o l   is   e f f e c t e d ,   a  f e e d b a c k   s i g n a l  

d e l i v e r e d   o v e r   t he   s i g n a l   l i n e   17  is  u s e d   as  a  t r i g g e r  

p u l s e   f o r   t he   a b o v e   r e p e t i t i v e   l i n e   f e e d   o p e r a t i o n .   W h e r e  

t h e   l i n e   f e e d   m o t o r   13  is  to  be  c o n t r o l l e d   in  an  open  l d o p ,  

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

be  g e n e r a t e d   w i t h i n   t he   main   c o n t r o l   u n i t   7 .  

The  s u c c e s s i v e   s t e p s   of  o p e r a t i o n   f rom  t he   p r i n t  



command  r e c e p t i o n   to  t he   l i n e   f e e d   o p e r a t i o n   a r e   r e p e a t e d  

by  the  c o n t r o l   c i r c u i t   14  for   s u c c e s s i v e l y   o p e r a t i n g   t h e  

p r i n t e r   fo r   p r i n t i n g .  

An  e x a m p l e   of  o p e r a t i o n   of  t he   p r i n t   h e a d s   5a,   5b  i s  

i l l u s t r a t e d   in  FIG.  4.  In  t h i s   e x a m p l e ,   t h e   p r i n t   d a t a  

c o n t a i n   o n l y   50  c h a r a c t e r s   from  the   l e f t h a n d   end  in  t h e  

maximum  c a p a c i t y   of  80  c h a r a c t e r s / l i n e .   T h e r e f o r e ,   in  t h e  

p r i n t - s t a r t   p o s i t i o n s ,   t h e   p r i n t   head   5a  is   l o c a t e d   in  t h e  

home  p o s i t i o n   or  i n i t i a l   p o s i t i o n ,   and  the   p r i n t   head   5b  i s  

l o c a t e d   a t   t he   2 4 t h   c h a r a c t e r ,   and  t h e r e a f t e r   the   p r i n t  

h e a d s   5a,   5b  a r e   moved  to  the   r i g h t   so  t h a t   t h e y   f i n i s h  

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

FIG.  5  is   an  e n l a r g e d   e x p l o d e d   p e r s p e c t i v e   v iew  o f  

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

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 .   S i n c e   t h e   c a r r i a g e s  

3a,   3b  a re   of  t h e   same  c o n s t r u c t i o n ,   o n l y   t he   c a r r i a g e   3 a  

is  i l l u s t r a t e d .  

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

m o t o r   f i x e d   by  s c r e w s   or  the   l i k e   to  the   u n d e r s i d e   of  t h e  

c a r r i a g e   3.  D e s i g n a t e d   a s   18  is  a  p h o t o s e n s o r   f o r  

d e t e c t i n g   a  r o t a t i o n a l   a n g l e   of  t h e   s p a c i n g   m o t o r   l l a ,   19  a  

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

20  a  r a c k   h e l d   in  mesh  w i t h   t he   p i s i o n   19,  and  21  a  f r a m e  

s u p p o r t i n g   the   r a c k   20.  The  r a c k   20  is  s h a r e d   by  t h e  

c a r r i a g e   3 b .  

A  f l e x i b l e   c a b l e   22  is  a t t a c h e d   to  t he   s p a c i n g   m o t o r  

and  the   c a r r i a g e   3a  and  c o n n e c t e d   to  t he   c o n t r o l   c i r c u i t   14  



shown  in  FIG.  2.  E l e c t r i c   power   is   s u p p l i e d   t h r o u g h   t h e  

f l e x i b l e   c a b l e   22  to   c i r c u i t   c o m p o n e n t s   on  t he   c a r r i a g e   3 a ,  

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

22  b e t w e e n   t h e   c i r c u i t   c o m p o n e n t s   and  t h e   c o n t r o l   c i r c u i t  

1 4 .  

The  m e c h a n i s m   shown  in  FIG.  5  o p e r a t e s   as  f o l l o w s :  

When  e l e c t r i c   power   i s   s u p p l i e d   f rom  t he   c o n t r o l   c i r c u i t   14 

t h r o u g h   t he   f l e x i b l e   c a b l e   22,  t h e   s p a c i n g   m o t o r   l l a   i s  

r o t a t e d   to  r o t a t e   t h e   p i n i o n   19  m o u n t e d   on  t he   r o t o r   s h a f t  

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

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

m o t o r   l l a   to   t he   c o n t r o l   c i r c u i t   14.   At  t h e   same  t i m e ,   t h e  

c a r r i a g e   3a ,   t he   s p a c i n g   m o t o r   l l a ,   t h e   p h o t o s e n s o r   18,  t h e  

p i n i o n   19,  and  t he   f l e x i b l e   m o t o r   22  a r e   moved  in  u n i s o n  

u n d e r   a  r e a c t i v e   f o r c e   from  t h e   r a c k   20  m e s h i n g   w i t h   t h e  

p i n i o n   1 9 .  

The  p r e s e n t   i n v e n t i o n   is  no t   l i m i t e d   to  t he   f o r e g o i n g  

e m b o d i m e n t ,   bu t   v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   may  b e  

made  t h e r e i n .   For  e x a m p l e ,   t h e   c a r r i a g e s   3a ,   3b  may  b e  

d r i v e n   i n d e p e n d e n t l y   by  two  m o t o r s   and  two  t r a n s m i s s i o n  

m e c h a n i s m s   f i x e d   to  the   f r a m e .   A l t h o u g h   t h r e e   or  m o r e  

p r i n t   h e a d s   may  be  e m p l o y e d ,   two  or  t h r e e   p r i n t   h e a d s   a r e  

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

and  t h e   c o n t r o l   c i r c u i t .  

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

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

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



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

a c r o s s   t he   p l a t e n .  

FIG.  6  i l l u s t r a t e s   in  p e r s p e c t i v e   a  m u l t i h e a d   s e r i a l  

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

101  i s   a  s h e e t   of  p r i n t   p a p e r ,   102  a  p l a t e n ,   103a  and  1 0 3 b  

p r i n t   h e a d s ,   104  an  ink  r i b b o n   c a r t r i d g e ,   105a  and  1 0 5 b  

s h i f t   m e c h a n i s m s   f o r   v e r t i c a l l y   m o v i n g   the  p r i n t   h e a d s   1 0 3 a  

and  103b  a l o n g   the   s u r f a c e   of  t h e   p l a t e n   102,   106  and  1 0 7  

g u i d e   s h a f t s ,   and  108  a  r a c k .   The  p r i n t   h e a d s   1 0 3 a ,   1 0 3 b  

a r e   a r r a n g e d   in  a  c h a r a c t e r - s p a c i n g   d i r e c t i o n ,   and  can  b e  

i n d e p e n d e n t l y   s h i f t e d   in  a  p a p e r - f e e d i n g ,   or  l i n e - s p a c i n g ,  

or  c o l u m n   d i r e c t i o n   and  moved  in  t h e   c h a r a c t e r - s p a c i n g   o r  

l i n e   d i r e c t i o n .  

FIG.  7  f r a g m e n t a r i l y   shows   a  m e c h a n i s m   fo r   s h i f t i n g  

t he   p r i n t   head   103a  in  t h e   c o l u m n   d i r e c t i o n   and  m o v i n g   t h e  

same  in  t he   l i n e   d i r e c t i o n .   The  m e c h a n i s m   i n c l u d e s   a  

s h i f t i n g   m o t o r   109a  f o r   a c t u a t i n g   the   s h i f t   m e c h a n i s m   1 0 5 a  

to  s h i f t   t h e   p r i n t   head   103a   in  t he   co lumn  d i r e c t i o n ,   and  a  

f l a t   DC  b r u s h l e s s   m o t o r   110a   h a v i n g   a  g e a r   m e s h i n g   w i t h   t h e  

r a c k   108,   t he   m o t o r   110a  b e i n g   a t t a c h e d   to  a  c a r r i a g e   l l l a .  

The  c a r r i a g e   l l l a   is  s u p p o r t e d   on  t h e   g u i d e   s h a f t s   106 ,   1 0 7  

f o r   m o v e m e n t   in  the   c h a r a c t e r - s p a c i n g   d i r e c t i o n .  

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

to  t h e   s e c o n d   e m b o d i m e n t   is   as  f o l l o w s :   When  t h e   f l a t   DC 

b r u s h l e s s   m o t o r   110a  is  r o t a t e d ,   t h e   c a r r i a g e  l l l a   is  m o v e d  

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

r o t a t a b l e   s h a f t   of  t he   m o t o r   i s   h e l d   in  mesh  w i t h   t h e   r a c k  



108.  As  t he   c a r r i a g e   l l l a  i s   g u i d e d   and  s u p p o r t e d   by  t h e  

g u i d e   s h a f t s   106 ,   107 ,   t h e   c a r r i a g e   l l l a   moves   in  a  

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

109a  i s   r o t a t e d ,   t h e   p r i n t   head   108a  i s   c a u s e d   by  the   s h i f t  

m e c h a n i s m   105a  to  move  in  a  p a p e r - f e e d i n g   or  c o l u m n  

d i r e c t i o n   a l o n g   the   s u r f a c e   of  t he   p l a t e n   102 .   The  p r i n t  

head  103a  can  t h u s   be  s h i f t e d   in  t he   c o l u m n   d i r e c t i o n   a n d  

moved  in  t he   l i n e   d i r e c t i o n .   When  p r i n t   w i r e s   a r e  

p r o j e c t e d   w h i l e   t h e   p r i n t   head   103a  is   moved   in  the  l i n e  

d i r e c t i o n ,   ink  is   t r a n s f e r r e d   t h e r e b y   f r o m   an  ink  r i b b o n   o f  

the   ink  r i b b o n   c a r t r i d g e   104  to  form  d o t s   on  t h e   s h e e t   1 0 1 .  

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

b e i n g   r e l a t e d   to  t h e   p r i n t   head   1 0 3 a ,   t h e   p r i n t   head  1 0 3 b  

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

the   l i n e   d i r e c t i o n   in  the   same  m a n n e r   as  d e s c r i b e d   a b o v e .  

S i n c e   t he   p r i n t   h e a d s   1 0 3 a ,   103b  a r e   s h i f t e d   and  moved  b y  

the   s e p a r a t e   m o t o r s ,   t h e y   can  be  c o n t r o l l e d   i n d e p e n d e n t l y  

of  e ach   o t h e r .   T h i s   a d v a n t a g e   w i l l   be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  FIGS.   8  and  9 .  

FIG.  8  shows   v a r i o u s   s h i f t e d   p o s i t i o n s   of  t he   p r i n t  

h e a d s   1 0 3 a ,   103b .   FIG.  8 ( a )   i l l u s t r a t e s   a  p o s i t i o n   i n  

w h i c h   t he   p r i n t   h e a d s   a r e   h o r i z o n t a l l y   a l i g n e d   fo r   p r i n t i n g  

one  l i n e .   FIG.  8 ( b )   shows  a  p o s i t i o n   in  w h i c h   one  of  t h e  

p r i n t   h e a d s   is   s h i f t e d   f o r   p r i n t i n g   two  l i n e s .   FIG.  8 ( c )  

is  i l l u s t r a t i v e   of  a  p o s i t i o n   in  w h i c h   one  of  the   p r i n t  

h e a d s   is  s h i f t e d   by  a  p i t c h   of  1/2  d o t   f o r   h i g h - d e n s i t y  

p r i n t i n g .  



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

d e s c r i b e d   w i t h   r e f e r e n c e   to  FIG.  9 .  

(1)  When  a  p r i n t   a r e a   s p r e a d s   a l l  o v e r   the   s h e e t   o f  

p r i n t   p a p e r   ( s e e   a  d a t a   l i s t   shown  in  FIG.  1 7 ( a ) ) :   T h e  

p r i n t   heads   1 0 3 a ,   103b  a re   p o s i t i o n e d   in  t h e   o n e - l i n e  

p r i n t i n g   p o s i t i o n   i l l u s t r a t e d   in  FIG.   8 ( a ) ,   and  moved  i n  

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

from  the   p o s i t i o n s   (1)  and  (2)  in  FIG.  9 ( a ) .  

(2)  When  a  p r i n t   a r e a   l i e s   on  one  s i d e   or  i s  

l o c a l i z e d   on  t h e   s h e e t   ( see   a  p r o g r a m   l i s t   in  FIG.  1 7 ( b ) ) :  

The  p r i n t   h e a d s   1 0 3 a ,   103b  a r e   p o s i t i o n e d   in  t he   t w o - l i n e  

p r i n t i n g   p o s i t i o n   i l l u s t r a t e d   in  FIG.  8 ( b ) ,   and  moved  i n  

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

f rom  the   p o s i t i o n s   (1)  and  (2)  in  FIG.   9 ( b ) .  

The  p r i n t i n g   o p e r a t i o n   may  be  e f f e c t e d   as  shown  i n  

FIG.  9 ( c ) ,   e m p l o y i n g   m o v e m e n t s   s i m i l a r   to  t h o s e   in  F I G .  

9 ( a ) .   H o w e v e r ,   t h e   p r i n t i n g   p r o c e d u r e   of  FIG.  9(b)   i s  

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

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

l i n e   s p a c i n g s .  

(3)  When  p r i n t   a r e a s   a r e   d i v i d e d   on  b o t h   s i d e s   of  t h e  

s h e e t   ( see   an  a c c o u n t   book  s h e e t   in  FIG.   9 ( c ) ) :   The  p r i n t  

h e a d s   1 0 3 a ,   103b  a r e   p o s i t i o n e d   in  t h e   o n e - l i n e   p r i n t i n g  

p o s i t i o n   i l l u s t r a t e d   in  FIG.  8 ( a ) ,   and  moved  in  t h e  

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

the   p o s i t i o n s   (1)  and  (2)  in  FIG.  9 ( d ) .   L i n e   f e ed   i s  

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



and  the   p r i n t   head   w h i c h   has  c o m p l e t e d   one  l i n e   p r i n t i n g  

f a s t e r   t h a n   the   o t h e r   is  s h i f t e d   to  a  p r i n t   p o s i t i o n   fo r   a  

n e x t   l i n e   and  w a i t s   fo r   t he   o t h e r   p r i n t   h e a t   to   c o m p l e t e  

i t s   p r i n t i n g .  

(4)  When  p r i n t   a r e a s   a r e   d i s p e r s e d   on  one  l i n e   or  i n  

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

FIG.  1 7 ( d ) ) :   The  p r i n t   h e a d s   1 0 3 a ,   103b  a r e   p o s i t i o n e d   i n  

t h e   o n e - l i n e   p r i n t i n g   p o s i t i o n   i l l u s t r a t e d   in  FIG.  8 ( a ) ,  

and  moved  in  the   c h a r a c t e r - s p a c i n g   d i r e c t i o n s   i n d i c a t e d   by  

t he   a r r o w s   f rom  t he   p o s i t i o n s   (1)  and  (2)  in  FIG.   9 (d )   f o r  

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

(5)  For   h i g h - d e n s i t y   p r i n t i n g :  

The  p r i n t   h e a d s   1 0 3 a ,   103b  a r e   p o s i t i o n e d   in  t h e  

h i g h - d e n s i t y   p r i n t i n g   p o s i t i o n   i l l u s t r a t e d   in  FIG.  8 ( c ) ,  

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

the  a r r o w s   f rom  the   m u t u a l l y   c l o s e   p o s i t i o n s   (1)  and  (2)  i n  

FIG.  9 ( e )   f o r   p r i n t i n g .   At  t h i s   t i m e ,   e a c h   p r i n t   head   i s  

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

d i v i d i n g   one  do t   p i t c h   of  t h e   p r i n t   head   by  t h e   number   o f  

p r i n t   h e a d s   u s e d   ( in   t h e   i l l u s t r a t e d   e x a m p l e ,   two  p r i n t  

h e a d s   a re   e m p l o y e d ,   and  t h e y   a r e   s h i f t e d   by  1 /2   d o t  

p i t c h e s ) .  

FIG.  10  is   a  p e r s p e c t i v e   v iew  of  t h e   s h i f t   m e c h a n i s m  

wh ich   has   s i d e   f r a m e s   1 1 2 a ,   113a  and  the   s h i f t i n g   m o t o r  

109a ,Which   a r e   m o u n t e d   on  t h e   c a r r i a g e   l l l a .   The  s i d e  

f r a m e s   1 1 2 a ,   113a   have   in  t h e i r   i n n e r   s u r f a c e s   g r o o v e s  

1 1 4 a ,   115b  d e f i n e d   r e s p e c t i v e l y   t h e r e i n   and  h a v i n g   a  c e n t e r  



of  c u r v a t u r e   e q u a l   to  t he   c e n t e r   of  t he   p l a t e n .   A  g u i d e  

116a  has  r i d g e s   1 1 7 a ,   118a  f i t t e d   r e s p e c t i v e l y   in  t h e  

g r o o v e s   1 1 4 a ,   115a  so  t h a t   the   g u i d e   116a  can  be  a n g u l a r l y  

moved  a l o n g   t he   s u r f a c e   of  the   p l a t e n .   The  g u i d e   116a   a l s o  

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

119a  in  i t s   c e n t r a l   l o w e r   p o r t i o n ,   and  an  e c c e n t r i c  

cam  120a  m o u n t e d   on  the   r o t a t a b l e   s h a f t   of  t he   s h i f t i n g  

m o t o r   109a  is  h e l d   in  c o n t a c t   w i t h   t he   cam  f o l l o w e r   s u r f a c e  

1 1 9 a .   The  p r i n t   head   103a  is  f i x e d   to  t he   g u i d e   116a  a n d  

s a n d w i c h e d   b e t w e e n   t h e   s i d e   f r a m e s   1 1 2 a ,   112b .   The  g u i d e  

116a  is  n o r m a l l y   u r g e d   d o w n w a r d l y   by  a  r e s e t   s p r i n g   1 2 1 a .  

In  o p e r a t i o n ,   when  t he   e c c e n t r i c   cam  120a  is  r o t a t e d  

in  r e s p o n s e   to   r o t a t i o n   of  t he   s h i f t i n g   m o t o r   1 0 9 a ,   t h e  

g u i d e   116a  c o n t a c t i n g   t h e   cam  120a  t h r o u g h   t he   cam  f o l l o w e r  

s u r f a c e   119a  i s   moved  up  and  down.  As  t he   r i d g e s   1 1 7 a ,  

118a   of  t he   g u i d e   116a  a r e   f i t t e d   in  t he   g r o o v e s   1 1 4 a ,   1 1 5 a  

in  t he   s i d e   f r a m e s   1 1 2 a ,   1 1 3 a ,   t h e   g u i d e   116a  and  t h e   p r i n t  

head   103a  a r e   a n g u l a r l y   moved  a l o n g   t h e   s u r f a c e   of  t h e  

p l a t e n .   T h e r e f o r e ,   t he   d i s t a n c e   b e t w e e n   t h e   p l a t e n   102  a n d  

t he   p r i n t   head   103a   r e m a i n s   c o n s t a n t   i r r e s p e c t i v e   of  t h e  

i n t e r v a l   of  s h i f t i n g   m o v e m e n t   of  t h e   p r i n t   head   1 0 3 a .   F I G .  

11  shows  t he   p r i n t   h e a d   103a  in  an  u n s h i f t e d   p o s i t i o n ,   a n d  

FIG.  12  i l l u s t r a t e s   t h e   p r i n t   head   103a  in  a  s h i f t e d  

p o s i t i o n .  

FIGS.  13  and  14  show  a  c a r r i a g e   d r i v e   m e c h a n i s m .   T h e  

f l a t   DC  b r u s h l e s s   m o t o r   110a  is  d i s p o s e d   be low  the   c a r r i a g e  

l l l a   and  has  a  s h a f t   on  w h i c h   t h e r e   is   m o u n t e d   a  p i n i o n  



122a  he ld   in  mesh  w i t h   t h e   r a c k   1 0 8 .  

FIG.  15  i l l u s t r a t e s   t he   c a r r i a g e   d r i v e   m e c h a n i s m   i n  

g r e a t e r   d e t a i l .   The  r o t a t i o n a l   a n g l e   of  t he   f l a t   DC 

b r u s h l e s s   m o t o r   l 1 0 a   i s   d e t e c t e d   by  a  p h o t o s e n s o r   1 2 3 a .   T h e  

r a c k   108  is   f i x e d   to  a  l o w e r   f r a m e   1 2 4 a .   The  p r i n t   h e a d  

1 0 3 a ,   the   s h i f t i n g   m o t o r   1 0 9 a ,   t he   f l a t   DC  b r u s h l e s s   m o t o r  

110a  and  t h e   p h o t o s e n s o r   1 2 3 a ,   a l l   m o u n t e d   on  t h e   c a r r i a g e  

l l l a ,   a re   e l e c t r i c a l l y   c o n n e c t e d   to  a  c o n t r o l   c i r c u i t ,   n o t  

shown,   by  a  f l e x i b l e   c a b l e   1 2 5 a .  

The  c a r r i a g e   d r i v e   m e c h a n i s m   o p e r a t e s   by  r o t a t i n g   t h e  

f l a t   DC  b r u s h l e s s   m o t o r   l 1 0 a   w i t h   e l e c t r i c   p o w e r   s u p p l i e d  

t h r o u g h   the  f l e x i b l e   c a b l e   1 2 5 a ,   t h u s   r o t a t i n g   the   p i n i o n  

122a .   Upon  r o t a t i o n   of  t he   p i n i o n   122a ,   t h e   p h o t o s e n s o r  

123a  i s s u e s   a  s i g n a l   i n d i c a t i v e   of  an  a n g l e   of  r o t a t i o n   o f  

the   mo to r   1 1 0 a ,   and   t h e   c a r r i a g e   l l l a   is   moved   u n d e r   a  

r e a c t i v e   f o r c e   f rom  t h e   r a c k   1 0 8 .  

The  s h i f t   m e c h a n i s m   shown  in  FIGS.  10,   11,  and  1 2 ,  

and  the   c a r r i a g e   d r i v e   m e c h a n i s m   i l l u s t r a t e d   in  F I G S .  1 3 ,  

14,   and  15  have   been   d e s c r i b e d   as  b e i n g   a s s o c i a t e d   w i t h   t h e  

p r i n t   head  1 0 3 a .   The  p r i n t   head   103b  is   a l s o   a s s o c i a t e d  

w i t h   the   same  m e c h a n i s m s .  

The  p r e s e n t   i n v e n t i o n   is   no t   l i m i t e d   to   t h e   a b o v e  

e m b o d i m e n t ,   bu t   many  c h a n g e s   and  m o d i f i c a t i o n s   may  be  m a d e  

t h e r e i n .   For  e x a m p l e ,   two  ink  r i b b o n   c a r t r i d g e s   1 0 4 a ,   1 0 4 b  

may  be  used   as  shown  in  FIG.  16  in  p l a c e   of   t he   ink  r i b b o n  

c a r t r i d g e   104 ,   and  may  be  m o u n t e d   on  c a r r i a g e s   l l l a ,   l l l b ,  

r e s p e c t i v e l y .   In  t h i s   m o d i f i c a t i o n ,   a  r i g h t h a n d   arm  of  t h e  



ink  r i b b o n   c a r t r i d g e   104a  and  a  l e f t h a n d   arm  of  t he   i n k  

r i b b o n   c a r t r i d g e   104b  s h o u l d   be  as  t h i n   as  p o s s i b l e   t o  

p o s i t i o n   the   p r i n t   h e a d s   1 0 3 a ,   103b  c l o s e l y   t o g e t h e r .   T h i s  

r e d u c e s   d i s t a n c e s   which   the   p r i n t   h e a d s   have  to  move  i n  

a p p r o a c h i n g   the   p r i n t - s t a r t   p o s i t i o n s   in  the   p r i n t   f o r m a t s  

shown  in  FIGS.   9 ( b )   and  ( e ) .   A l t h o u g h   the   s e l f - p r o p e l l e d  

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

the   c a r r i a g e   is   s i m p l e r   in  c o n s t r u c t i o n ,   t he   d r i v e   m o t o r  

may  be  m o u n t e d  o n   the   f r a m e ,   and  t h e   c a r r i a g e   may  be  m o v e d  

by  the   d r i v e   m o t o r   t h r o u g h   a  b e l t   or  a  w i r e .  

W h e r e - t h e   p l a t e n   is  of  a  f l a t   s h a p e   r a t h e r   t h a n   a  

c y l i n d r i c a l   s h a p e ,   the   p r i n t   h e a d   may  be  m o v e d  

p e r p e n d i c u l a r l y   to   the   c a r r i a g e .   With  t h i s   a l t e r n a t i v e ,  

t he   g r o o v e s   1 1 4 a ,   115a  and  t h e   r i d g e s   1 1 6 a ,   117a  a r e  

s t r a i g h t   in  c o n f i g u r a t i o n .  

A c c o r d i n g   to  the   s e c o n d   e m b o d i m e n t ,   as  d e s c r i b e d  

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

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

may  be  of  s u b s t a n t i a l l y   t he   same  d i m e n s i o n s   as  t h o s e   f o r  

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

is   s u f f i c i e n t .   In  the   h i g h - d e n s i t y   p r i n t i n g ,   t he   p r i n t  

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

t h e r e   is  no  p a p e r   f e e d i n g   o p e r a t i o n   wh ich   wou ld   f e e d   t h e  

s h e e t   in  an  u n s t a b l e   i n t e r v a l .   T h e r e f o r e ,   any  p o s i t i o n a l  

e r r o r   is  s m a l l   to   m a i n t a i n   good   p r i n t i n g   q u a l i t y .  

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

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



h e a d .  

FIG.  18  i l l u s t r a t e s   in  p e r s p e c t i v e   a  m u l t i h e a d   s e r i a l  

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

i n v e n t i o n .   D e s i g n a t e d   as   201  is   a  s h e e t   of  p r i n t   p a p e r ,  

202  a  p l a t e n   a r o u n d   w h i c h   the   s h e e t   201  is  wound  to  p r o v i d e  

a  p r i n t   s u r f a c e ,   and  2 0 3 a ,   203b  g u i d e   s h a f t s   e x t e n d i n g  

p a r a l l e l   to  t he   p l a t e n   202,   t he   p l a t e n   202  and  the   g u i d e  

s h a f t s   2 0 3 a ,   203b  b e i n g   s u p p o r t e d a t   t h e i r   ends   by  f r a m e s .  

D e n o t e d   a s   204,  205  a r e   c a r r i a g e s   s l i d a b l y   m o u n t e d   on  t h e  

g u i d e   s h a f t s   2 0 3 a ,   2 0 3 b ,   206  an  o r d i n a r y   p r i n t   h e a d  

m o u n t e d   on  t h e   c a r r i a g e   204  and  h a v i n g   d o t - m a t r i x   w i r e s ,  

207  an  ink   r i b b o n   c a r t r i d g e   m o u n t e d   on  the   c a r r i a g e   2 0 4 ,  

208  a  pen  head   m o u n t e d   on  the   c a r r i a g e   205  and  h a v i n g   a  

p l u r a l i t y   of  p e n s ,   209  a  v e r t i c a l   s h i f t   m e c h a n i s m  

( d e s c r i b e d   l a t e r )   f o r   m o v i n g   t he   pen  head   208  in  a  

d i r e c t i o n   in  w h i c h   t h e   s h e e t   201  is   f e d ,   i . e . ,   in  t h e  

c o l u m n   d i r e c t i o n ,   and  210  a  r a c k   h e l d   in  mesh  w i t h   p i n i o n s  

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

204,   205.   The  c a r r i a g e s   204,   205  can  t h e r e f o r e   b e  

s e l e c t i v e l y   moved  i n d e p e n d e n t l y   or  t o g e t h e r   in  t h e  

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

The  v e r t i c a l   s h i f t   m e c h a n i s m   209  f o r   t he   pen  head   2 0 8  

w i l l   be  d e s c r i b e d .  

FIG.  19  is  an  e n l a r g e d   e x p l o d e d   p e r s p e c t i v e   v iew  o f  

t h e   v e r t i c a l   s h i f t   m e c h a n i s m   209.   The  pens   a r e   d e s i g n a t e d  

as   211  and  may  c o m p r i s e   b a l l - p o i n t   p e n s   or  ink  p e n s .   T h e  

p e n s   211  a r e   h o r i z o n t a l l y   s u p p o r t e d   by  g u i d e s   212  so  as  t o  



be  d i r e c t e d   t o w a r d   the   p l a t e n   202.   The  g u i d e s   212  a r e  

s a n d w i c h e d   by  and  b e t w e e n   g u i d e s   213  h a v i n g   g r o o v e s   2 1 4 a ,  

2 1 4 b , h a v i n g   a  c e n t e r   of  c u r v a t u r e   e q u a l   to  t he   c e n t e r   o f  

the   p l a t e n   202.   The  g u i d e s   212  a r e   f i t t e d   e n d w i s e   in  t h e  

g r o o v e s   2 1 4 a ,   214b  f o r   s l i d i n g   m o v e m e n t   t h e r e i n .   With   t h e  

g u i d e s   212  t h u s   s l i d a b l y   moved ,   t he   t i p   ends   of  the   p e n s  

211  can  be  moved  a l o n g   the   s u r f a c e   of  t he   p l a t e n   202  in  t h e  

p a p e r - f e e d i n g   or  co lumn   d i r e c t i o n   f o r   a  d e s i r e d   i n t e r v a l .  

D e s i g n a t e d   as  215  is  a  cam  f o l l o w e r   s u p p o r t i n g  

t h e r e o n   t he   g u i d e s   212  and  u r g e d   by  a  r e s e t   s p r i n g   2 1 6  

t o w a r d   t h e   c a r r i a g e   205.  An  e c c e n t r i c   cam  217  is   d i s p o s e d  

in  the  cam  f o l l o w e r   215  and  r o t a t a b l e   by  a  d r i v e   m o t o r   2 1 8 .  

When  the   e c c e n t r i c   cam  217  i s   r o t a t e d   by  t he   d r i v e   m o t o r  

218,   t he   cam  f o l l o w e r   215  is   moved  up  and  d o w n .  

An  a c t u a t o r   219  has  one  end  e n g a g i n g   in  s l o t s   211a  i n  

t h e   pens   211  and  i s   m a g n e t i c a l l y   a t t r a c t e d   by  a  m a g n e t   2 2 0 .  

The  a c t u a t o r   219  is  moved  u n d e r   m a g n e t i c   a t t r a c t i o n   of  t h e  

m a g n e t   220  to  p r e s s   t he   p e n s   211  t o w a r d   the   p l a t e n   2 0 2 .  

The  v e r t i c a l   s h i f t   m e c h a n i s m   209  is   t h u s   c o n s t r u c t e d ,  

and  i t s   o p e r a t i o n   w i l l   no t   be  d e s c r i b e d   as  i t   is  t he   s a m e  

as  the   o p e r a t i o n   of  t he   s e c o n d   e m b o d i m e n t   d e s c r i b e d   w i t h  

r e f e r e n c e   to   FIGS.  11  and  1 2 .  

W i t h   t h e   t h i r d   e m b o d i m e n t ,   o n l y   one  p r i n t   head   i s  

s u p p o r t e d   on  e a c h   c a r r i a g e ,   and  h e n c e   can  be  moved  a t   a  

h i g h   s p e e d .   C h a r a c t e r s   a r e   p r i n t e d   by  t h e   d o t - m a t r i x   p r i n t  

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

s m o o t h   l i n e s   by  the   pen  h e a d .   As  a  c o n s e q u e n c e ,   t h e  



p r i n t i n g   s p e e d   is  i n c r e a s e d ,   and  t he   p r i n t i n g   q u a l i t y   i s  

i m p r o v e d .  

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

shown  and  d e s c r i b e d ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   m a n y  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  t h e r e i n   w i t h o u t  

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



1.  A  m u l t i h e a d   s e r i a l   p r i n t e r   h a v i n g   a  p l u r a l i t y   of  p r i n t  

h e a d s   (5a ,   5b)  a r r a n g e d   a l o n g   t h e   c h a r a c t e r - s p a c i n g   o r  

h o r i z o n t a l   d i r e c t i o n   of  a  p l a t e n   ( 1 ) ,   c  h  a  r  a  c  t   e  r  -  

i  z  e  d   in  t h a t   s a i d   p r i n t   h e a d s   (5a,   5b)  a r e   m o u n t e d  

r e s p e c t i v e l y   on  a  p l u r a l i t y   of  m o v a b l e   c a r r i a g e s   ( 3 a , 3 b )  

and  a  p l u r a l i t y   of  m o t o r s   ( 1 1 a ,   11b)  is   o p e r a t i v e l y   c o u p -  

l ed   w i t h   s a i d   c a r r i a g e s   (3a ,   3b)  r e s p e c t i v e l y ,   f o r   i n -  

d e p e n d e n t l y   m o v i n g   s a i d   c a r r i a g e s   (3a,   3 b ) .  

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

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   s a i d   m o t o r s   ( 1 1 a ,  

11b)  a r e   m o u n t e d   on  s a i d   c a r r i a g e s   (3a,   3b)  r e s p e c t i v e l y  

f o r   e n a b l i n g   s a i d   c a r r i a g e s   (3a ,   3b)  to  be  s e l f - p r o -  

p e l l e d .  

3.  A  m u l t i h e a d   s e r i a l   p r i n t e r   a c c o r d i n g   to   c l a i m s   1  or  2 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   a  s h i f t   m e c h a n i s m  

(105  a,  105b)  is  m o u n t e d   on  a t   l e a s t   one  of  s a i d   c a r r i a g e s  

( 1 1 1 a ,   111b)  and  a  p l u r a l i t y   of  m o t o r s   ( 1 0 9 a ,   1 0 9 b )  

is   o p e r a t i v e l y   c o u p l e d   w i t h   s a i d   s h i f t   m e c h a n i s m   ( 1 0 5 a ,  

105b)  r e s p e c t i v e l y ,   f o r   i n d e p e n d e n t l y   mov ing   s a i d   p r i n t  

h e a d s   ( 1 0 3 a ,   103b)  in  a  p a p e r - f e e d i n g   or  v e r t i c a l   d i r e c -  

t i o n   a l o n g   t h e   s u r f a c e   of  t h e   p l a t e n   ( 1 ) .  



4.  A  m u l t i h e a d   s e r i a l   p r i n t e r   a c c o r d i n g   to   c l a i m   3 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   a t   l e a s t   one  o f  

s a i d   p r i n t   h e a d s   ( 1 0 3 a ,   103b)  i s   m o v a b l e   a l o n g  

t h e   s u r f a c e   of  t h e   p l a t e n   (1)  in  t h e   c o l u m n   a n d / o r  

in  t he   l i n e   d i r e c t i o n ,   i n d e p e n d e n t l y   of   t h e   o t h e r  

p r i n t   h e a d s   ( 1 0 3 a ,   1 0 3 b ) .  

5.  A  m u l t i h e a d   s e r i a l   p r i n t e r   a c c o r d i n g   to   c l a i m   4 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   movemen t   o f  

e a c h   p r i n t  h e a d   ( 1 0 3 a ,   103b)  is   c o n t r o l l a b l e   by  t w o  

m o t o r s   ( 1 0 9 a ,   109b ;   110a ,   1 1 0 b ) ,   one  f o r   t h e   h o r i z o n t a l  

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

f a c e   of  t h e   p l a t e n   ( 1 ) .  

6.  A  m u l t i h e a d   s e r i a l   p r i n t e r   a c c o r d i n g   to   c l a i m s   3  to   5 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   a t   l e a s t   one  o f  

s a i d   p r i n t   h e a d s   (206)  c o m p r i s e s   a  pen  h e a d   ( 2 0 8 ) .  

7.  A  m u l t i h e a d   s e r i a l   p r i n t e r   a c c o r d i n g   to   c l a i m   6 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   pen  h e a d   ( 2 0 6 )  

c o m p r i s e s   a  p l u r a l i t y   of  pens   ( 2 1 1 ) ,   b e i n g   a r r a n g e d  

a l o n g   t h e   h o r i z o n t a l   d i r e c t i o n   of  t h e   p l a t e n   (1)  a n d  

b e i n g   s u p p o r t e d   by  a  g u i d e   means  ( 2 1 2 ) .  
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