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©  Dot  matrix  printer. 

©  A  dot  matrix  printer  is  described  in  which  the  dots  are 
formed  by  impact  at  an  intersection  between  an  oblique 
raised  ridge  (2)  on  a  platen  (1)  and  a  vertical  ridge  font 
member  (4)  borne  by  a  moving  belt  (3).  Moving  belt  (3)  bears 
a  plurality  of  font  members  each  mounted  on  a  flexible  finger 
(13)  which  can  be  deflected  out  of  the  path  of  the  moving  belt 
by  impact  from  a  printer  hammer  mechanism  (6).  The  platen 
(1)  and  the  moving  belt  (3)  are  arranged  parallely  to  and 
along  a  printing  line.  The  platen  may  have  a  plurality  of 
raised  knife-edge  ridges  on  its  surface.  By  appropriate  timing 
of  hammer  actuations,  individual  font  members  (4)  may  be 
caused  to  impact  against  the  ridges  on  the  platen.  If  the 
paper  and  a  ribbon  are  interposed  between  the  font  mem- 
bers  (4)  and  a  knife-edge  ridges  (2)  on  the  platen,  a  mark  in 
the  shape  of  the  intersectional  area  between  the  font  and  the 
knife-edge  ridge  can  be  made. 
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T h i s   i n v e n t i o n   r e l a t e s   to   d o t   m a t r i x   p r i n t e r s   in   g e n e r a l   a n d  

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

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

b e t w e e n   a  f o n t   e l e m e n t   and  a  p l a t e n   e l e m e n t .  

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

U S - A - 4 , 0 6 8 , 5 8 3   i s   one  s u c h   e x a m p l e .   In  t h i s   e x a m p l e ,   d o t s   a r e  

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

m o v i n g   b a n d   and  an  e l o n g a t e d   h o r i z o n t a l l y   p l a c e d   k n i f e   e d g e  
hammer .   A  d o t   i s   made  a t   t h e   i n t e r s e c t i o n   b e t w e e n   t h e   h o r i -  

z o n t a l   hammer   k n i f e - e d g e   f a c e   and  t h e   v e r t i c a l   b a r   m o v i n g  

w i t h   t h e   m o v i n g   b e l t .   The  d i r e c t   i n t e r s e c t i o n   b e t w e e n   t h e  

hammer  and  t h e   b a r   e l e m e n t   on  t h e   b e l t ,   w i t h   t h e   b e l t   e l e m e n t  

a c t i n g   as  a  p l a t e n ,   m a k e s   a  mark   by  u t i l i z i n g   a  p a p e r   and  a  

r i b b o n   w h i c h   may  be  i n t e r p o s e d   b e t w e e n   t h e   two  m e m b e r s .  

In  d e s i g n s   of   t h i s   s o r t ,   shadow  p r i n t i n g   i s   a  w e l l - k n o w n  

p r o b l e m .   A  wide   hammer   ( one   h a v i n g   an  e l o n g a t e d   i m p a c t   f a c e )  

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

c h a r a c t e r   w i d t h s ,   t e n d s   to   move  an  a d j a c e n t   p o r t i o n   of   t h e  

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

on  t h e   m o v i n g   b a n d / p l a t e n .   T h i s   i s   known  as  s h a d o w   p r i n t i n g  

or  s m e a r i n g   and  i s   an  u n d e s i r a b l e   r e s u l t   as  w i l l   be  r e a d i l y  

a p p r e c i a t e d .  

In  a d d i t i o n ,   t h e   a c c u r a t e   t i m i n g   of   i m p a c t   b e t w e e n   a  m o v i n g  

hammer  k n i f e   f a c e   and  a  m o v i n g   v e r t i c a l   b a r / P l a t e n   i s   a  m o r e  

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

be  d e s i r a b l e .  

A n o t h e r   p r i o r   a r t   d e v i c e   i s   shown  in  t h e   IBM  T e c h n i c a l   D i s -  

c l o s u r e   B u l l e t i n ,   V o l .   20,  N o . 9 ,   F e b r u a r y   1978 ,   p a g e   3 4 0 8 ,  

s h o w i n g   a  d e v i c e   s i m i l a r   to   t h a t   in  t h e   a f o r e m e n t i o n e d   U S - A  

P a t e n t   and  s u f f e r i n g   f rom  t h e   same  g e n e r a l   d e f i c i e n c i e s .  



I t   i s   w e l l   known  f rom  e a c h   o f   t h e s e   r e f e r e n c e s   t h a t   s l a n t e d  

h a m m e r s   and   k n i f e   e d g e s   or   t h e   l i k e   may  be  e m p l o y e d   to  a c -  

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

f o r m e d   d o t s   w i l l   be  a l i g n e d   i n   t h e   same  row  on  m o v i n g   p a p e r .  

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

h o r i z o n t a l   d o t   l i n e s   when  b o t h   t h e   hammer   f a c e   and  t h e   i n t e r -  

s e c t i n g   b a r / p l a t e n   a r e   m o v i n g   c an   r e s u l t   i n   i n a c c u r a t e   r e g i s -  

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

In  v i e w   o f   t h e   f o r e g o i n g   d i f f i c u l t i e s   w i t h   t h e   known  p r i o r  

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

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

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

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

s e c t i o n a l   m a t r i x   p r i n t i n g .  

The  f o r e g o i n g   and  o t h e r   u n e m u m e r a t e d   o b j e c 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   met   by  p r o v i d i n g   a  c o n t i n u o u s l y   m o v i n g   b a n d  

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

a r e   i n t e r p o s e d   b e t w e e n   i n d i v i d u a l   hammer   f a c e s   and  a  f i x e d  

p l a t e n .   The  p l a t e n   has   one   o r   more   i n c l i n e d   p r o j e c t i n g   r i b s  

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

f o n t   e l e m e n t ,   w h i c h   i s   i n   t h e   fo rm  o f   a  r a i s e d   b a r   or   r i d g e ,  

and  t h e   r a i s e d   r i d g e   or   r i b   on  t h e   p l a t e n   c r e a t e s   a  d o t   u p o n  

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

E i t h e r   a c t i o n   p a p e r   of   t h e   s o r t   t h a t   c an   be  m a r k e d   by  i m p a c t  

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

m e d i a   s u c h   as  an  i n k e d   r i b b o n   or   t h e   l i k e   may  be  s i m i l a r l y  

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

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

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

t h e   s h a d o w   p r i n t i n g   p r o b l e m .   Only   as  much  p a p e r   or  r i b b o n   a s  

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

e l e m e n t   i s   d i s p l a c e d .   M o r e o v e r ,   s i n c e   t h e   hammer   f a c e   d o e s  

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

p e n s i v e   h a m m e r   a s s e m b l y   i s   n o t   s u b j e c t e d   to   as  s e v e r e   a  w e a r  

c o n d i t i o n   as  w o u l d   o t h e r w i s e   be  t h e   c a s e .  



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

w h i c h   t h e   f i g u r e s   a r e   as  f o l l o w s  :  

F i g u r e   1  i s   a  s e m i - p i c t o r i a l   s c h e m a t i c   d i a g r a m   s h o w i n g   t h e  

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

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   in   a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f .  

F i g u r e   2  i s   a  s c h e m a t i c   h o r i z o n t a l   c r o s s - s e c t i o n   t a k e n  

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

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

m e n t s   in   f i g u r e   1 .  

F i g u r e   3  i s   an  e x p l o d e d   p i c t o r i a l   s e g m e n t   of   s e v e r a l   of   t h e  

e l e m e n t   in   f i g u r e s   1  and  2  s h o w i n g   in   g r e a t e r   d e t a i l   t h e  

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

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

T u r n i n g   to   f i g u r e   1,  t h e   o v e r a l l   l a y o u t   of  t h e   m e c h a n i c a l  

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

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

i n d i v i d u a l   e l e m e n t s   w i l l   be  d e s c r i b e d   in   g r e a t e r   d e t a i l  

b e l o w ,   b u t   a r e   b r i e f l y   d e s c r i b e d   now  as  a  g e n e r a l   a i d   t o  

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

In  f i g u r e   1,  t h e   p l a t e n   1  i s   made  of   h a r d e n e d   s t e e l   or  o t h e r  

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

a b r a s i o n .   P l a t e n   1  i s   p r o v i d e d   w i t h   a  s e r i e s   of   s l i g h t l y  

i n c l i n e d   r a i s e d   r i d g e s   2  w h i c h   a r e   t h e   i m p a c t   f a c e s   of   t h e  

p l a t e n   a g a i n s t   w h i c h   t h e   v e r t i c a l   b a r   p r i n t   e l e m e n t s   4  o n  

m o v i n g   b a n d   3  may  be  s t r u c k .   They  a r e   s t r u c k   by  t h e   hammers   6 

i m p a c t i n g   a g a i n s t   a n v i l s   5  on  t h e   b a c k   f a c e s   of   t h e   f i n g e r s  

13  in   t h e   b a n d   3.  A  b a n d   of   p r i n t   hammer   d r i v e r s   of  t h e  

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

or  s i m i l a r   d r i v e   a p p a r a t u s   f o r   d r i v i n g   t h e   h a m m e r s   6  in   t h e  

d i r e c t i o n   t o w a r d   p l a t e n   1.  The  i m p a c t   f a c e s   of   t h e   hammers   6 



i m p a c t   a n v i l s   5  in   t h e i r   f l i g h t   p a s t   t h e   f a c e   of   the   h a m m e r s  

in   t h e   hammer   b a n k .  

P a p e r   9  and  a  p r i n t i n g   r i b b o n   10  a r e   i n t e r p o s e d   b e t w e e n  

p l a t e n   1  and  t h e   b a n d   3  f o r   m a k i n g   m a r k s   on  t h e   p a p e r .  A   m a r k  

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

r i d g e   2  o f   p l a t e n   1  and  t h e   i m p a c t   b a r   4  w h i c h   i s   a  r a i s e d  

r i d g e   on  f i n g e r   13  c a r r i e d   by  b a n d   3.  The  r a i s e d   r i d g e s   2  o n  

p l a t e n   1  a r e   i n c l i n e d   s l i g h t l y   as  s h o w n .   P a p e r   9  i s   c o n t i -  

n u o u s l y   moved  in   an  u p w a r d   d i r e c t i o n   i n   t h e   f i g u r e   and  t h e  

b a n d   3  p r o g r e s s e s   f rom  r i g h t   t o   l e f t   as  shown .   A  h o r i z o n t a l  

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

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

r i g h t - h a n d   of   e a c h   r i d g e   2.  T h e s e   d o t s   w i l l   move  u p w a r d   w i t h  

t h e   c o n t i n u o u s   m o t i o n   of   p a p e r   9.  P a p e r   9  may  be  d r i v e n   by  a  

s u i t a b l e   d r i v e   m o t o r   12  and  t r a c t o r s   11  w e l l   known  in   t h e  

a r t .   S u c c e e d i n g   d o t s   w i l l   be  s t r u c k   by  r e p e a t e d   hammer  i m p a c t  

a g a i n s t   t h e   a n v i l s   as  t h e   f i n g e r s   13  w i t h   t h e   m o v i n g   b a r  

e l e m e n t s   4  p r o g r e s s   f rom  r i g h t   to   l e f t   s c a n n i n g   a c r o s s   t h e  

f a c e s   o f   t h e   r i d g e s   2.  The  d e g r e e   o f   i n c l i n e   i s   a  f u n c t i o n   o f  

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

a p p r e c i a t e d   by  t h o s e   s k i l l e d   i n   t h e   a r t .  

R i b b o n   10  i s   shown  to  be  s l i g h t l y   a n g l e d   a c r o s s   t h e   f a c e   o f  

t h e   p l a t e n   1  to   d i s t r i b u t e   t h e   w e a r   a r e a   a c r o s s   t h e   f u l l  

h e i g h t   o f   t h e   r i b b o n   as  i s   s i m i l a r l y   w e l l   known  i n   t h e   p r i n t -  

e r   a r t s .  

I t   w i l l   be  i n s t a n t l y   a p p r e c i a t e d   t h a t   by  n u m e r o u s   h a m m e r  

s t r i k e s   a  h o r i z o n t a l   row  of   s i n g l e   d o t s   can   be  c r e a t e d   a n d  

t h a t   s u c c e e d i n g   rows   of   d o t s   c an   be  s i m i l a r l y   c r e a t e d   t o  

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

w i t h i n   t h e   v e r t i c a l   and  h o r i z o n t a l   p i c t u r e   e l e m e n t   ( P E L )  

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

l a t e r .  

T u r n i n g   to   f i g u r e   2,  a  s c h e m a t i c   h o r i z o n t a l   c r o s s - s e c t i o n  

t h r o u g h   t h e   m a j o r   e l e m e n t s   as  shown  i n   f i g u r e   1  i s   d e p i c t e d .  



P l a t e n   1  i s   s e e n   end  on  w i t h   a  r a i s e d   r i d g e   2  on  i t s   i m p a c t  

f a c e .   The  p a p e r   9,  r i b b o n   10  and  t h e   d r i v e   t r a c t o r s   11  a r e  

a l s o   s c h e m a t i c a l l y   i n d i c a t e d   in   t h e i r   r e l a t i v e   p o s i t i o n s .   T h e  
r a i s e d   v e r t i c a l   b a r   on  f i n g e r   13  i s   shown  as  b a r   4.  An  a n v i l  

5  i s   a f f i x e d   to  t h e   f i n g e r   13,  n o t   v i s i b l e   in   f i g u r e   2,  a n d  

i s   a r r a n g e d   c o l i n e a r   w i t h   t h e   i m p a c t   f a c e   of   t h e   hammer   6 .  

T u r n i n g   to   f i g u r e   3,  an  e x p l o d e d   p i c t o r i a l   v i e w   s h o w i n g   t h e  

a r r a n g e m e n t   of   t h e   b a s i c   e l e m e n t s   and  f u r t h e r   i n d i c a t i n g   s o m e  
d e t a i l s   of   t h e   band   3  a r e   s h o w n .   F i g u r e   3  i s   a r r a n g e d   f r o m  

t o p   to   b o t t o m   s h o w i n g   t h e   p l a t e n ,   t h e   p a p e r ,   t h e   r i b b o n ,   t h e  

b a n d ,   and  t h e   hammer  f a c e s   in   t h e i r   o r d e r   of   a s s e m b l y   t o  

i n d i c a t e   a  b a c k   to  f r o n t   d e p t h   a r r a n g e m e n t ,   as  shown  i n  

f i g u r e   2 .  

As  shown  i n   f i g u r e   3,  e a c h   r a i s e d   r i d g e   2  i s   i n c l i n e d   to   s p a n  
a  v e r t i c a l   d i s t a n c e   e q u a l   to   1  d i v i d e d   by  t h e   v e r t i c a l   P E L .  

The  p a p e r   9  i s   a s s u m e d   to   move  in   t h e   u p w a r d   d i r e c t i o n   a s  

shown  by  t h e   a r r o w .   The  r i b b o n   10  may  move  e i t h e r   l e f t   o r  

r i g h t ,   b u t   i s   shown  m o v i n g   to   t h e   l e f t   in   t h e   f i g u r e .   T h e  

b a n d   3  c a r r y i n g   f i n g e r s   13,  w h i c h   may  be  a r r a n g e d   e i t h e r  

v e r t i c a l l y   or  h o r i z o n t a l l y   as  i n d i c a t e d   and  e a c h   b e a r i n g   a 

r a i s e d   p r i n t i n g   b a r   4,  i s   a l s o   shown .   The  v i e w   of   t h e   band   3 ,  

f i n g e r s   13,   and  p r i n t i n g   b a r s   4  o m i t s   t h e   a n v i l s   5  w h i c h ,   f o r  

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

E a c h   hammer   f a c e   6  has   a  w i d t h   s u f f i c i e n t   to   s p a n   one  or  m o r e  

c h a r a c t e r   w i d t h s .   The  h a m m e r s   a r e   s e p a r a t e d   f rom  e a c h   o t h e r  

by  a  s m a l l   d i s t a n c e   s u f f i c i e n t   to   e l i m i n a t e   t h e   p o s s i b i l i t y  

of   n i p p i n g   or  c r a s h i n g .   T h e s e   t e r m s   a r e   d e f i n e d   to   mean  a  

h o r i z o n t a l   c o l l i s i o n   b e t w e e n   t h e   m o v i n g   a n v i l   5  on  a  b a n d  

f i n g e r   e l e m e n t   13  m o v i n g   as  shown  in   f i g u r e   3  upon   t h e   e d g e  

of   an  e x t e n d e d   hammer  6.  T h i s   u s u a l l y   may  o c c u r   n e a r   one  o f  

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

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



The  h e i g h t   of   e a c h   b a r   e l e m e n t   4  i s   s l i g h t l y   g r e a t e r   t h a n   t h e  

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

2  on  p l a t e n   1.  T h i s   a l l o w s   e a c h   b a r   4  to   s t r i k e   any  a r e a   o f  

t h e   r a i s e d   r i d g e   2  d e p e n i n g   upon  when  hammer   i m p a c t   o c c u r s .  

As  shown  in   f i g u r e   3,  t h e   b a n d   3  i s   p r o v i d e d   w i t h   a  s e r i e s   o f  

t i m i n g   m a r k s   14  s c h e m a t i c a l l y   i n d i c a t e d   as  t h e   t i m i n g   t r a c k  

14  on  t h e   l o w e r   e d g e   o f   b a n d   3.  T h e s e   m a r k s   a r e   w e l l   known  i n  

t h e   a r t   and  may  c o m p r i s e   e i t h e r   o p t i c a l   s l i t s   or  a  s i m i l a r  

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

of   a  fo rm  w e l l   known  in   t h e   p r i n t e r   a r t s .   Such   d e v i c e s   a r e  

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

a c c u r a t e l y   s y n c h r o n i z i n g   t h e   f i r i n g   o f   h a m m e r s   6.  The  d e t a i l s  

o f   s u c h   s y n c h r o n i z i n g   and  t i m i n g   c o n t r o l s   a r e   w e l l   known  i n  

t h i s   a r t   and  a r e   n o t   shown  h e r e i n .  

The  d e s i g n   shown  i n   t h e s e   f i g u r e s   g e n e r a t e s   a  f i x e d   v e r t i c a l  

PEL  w i t h   25  or  28  PEL  p e r   v e r t i c a l   c e n t i m e t e r   b e i n g   s u g -  

g e s t e d .   The  t i l t i n g   o f   t h e   s e g m e n t s   2  on  p l a t e n   1  i s   s u c h  

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

l i n e   s p a c e   w i l l   be  f i x e d   to   1  o v e r   t h e   v e r t i c a l   PEL  d i s t a n c e  

i f   maximum  t h r o u g h p u t   i s   d e s i r e d .   The  r e s u l t   o f   t h i s   i s   t h a t  

a f t e r   c o m p l e t i n g   a  row  o f   d o t s ,   t h e   n e x t   row  can   b e g i n   i m m e -  

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

p r i n t i n g   of   t h e   l a s t   d o t   to   commence   p r i n t i n g   t h e   n e x t   r o w .  

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

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

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

a l l o w   one  or   more  b l a n k   d o t   row  t i m e s   t o   p a s s .  

The  s y s t e m   w i l l   wo rk   w e l l   f o r   hammer  o p e r a t i o n s   n o t   r e q u i r i n g  

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

hammer   p i t c h   or   f rom  some  i n t e g r a l   n u m b e r   of   hammer  p i t c h e s .  

As  may  be  s e e n   i n   f i g u r e   1,  t h e   p i t c h   of   t h e   p r i n t i n g   e l e -  

m e n t s   on  b e l t   or   b a n d   3  i s   t w i c e   t h a t   of   t h e   hammer  p i t c h   s o  

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

t h e   b a n d   3.  As  shown  in   f i g u r e   1,  t h e   p i t c h   b e t w e e n   p r i n t i n g  

e l e m e n t s   can   be  c h o s e n   to   be  an  i n t e g r a l   n u m b e r   of  h a m m e r  



p i t c h e s .   Each   hammer   f a c e   can   be  a d v a n t a g e o u s l y   c h o s e n   t o  

s p a n   an  i n t e g r a l   n u m b e r   of   d e s i r e d   c h a r a c t e r   w i d t h s ,   t y p i c a l -  

ly   two  or  m o r e .   The  s p a c i n g   of   t h e   p r i n t i n g   e l e m e n t s   4  o n  
b a n d   3  i s   shown  w i t h   a  two  to   one  d i f f e r e n c e   in   s p a c i n g .  

T h i s   has   some  a d v a n t a g e s   s i n c e   e v e r y   o t h e r   hammer   f a c e   w i l l  

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

l e a s t   h a l f   of   t h e   t i m e .   T h i s   e l i m i n a t e s   t h e   p o s s i b i l i t y   o f  

n i p p i n g   or  c r a s h i n g   p r e v i o u s l y   a l l u d e d   to   and  can   r e d u c e   t h e  

p e a k   e l e c t r i c a l   p o w e r   d i s s i p a t e d   to   o n e - h a l f   s i n c e   o n l y   h a l f  

of   t h e   h a m m e r s   w i l l   be  a c t i v a t e d   d u r i n g   an  e q u a l   a m o u n t   o f  

t i m e .   T o t a l   p o w e r   r e m a i n s   a p p r o x i m a t e l y   t h e   same  s i n c e   t h e  

same  n u m b e r   of   hammer  s t r i k e s   w i l l   be  r e q u i r e d   to   g e n e r a t e   a  

n o r m a l   c h a r a c t e r .  

S p e e d s   o f   1500  to   2000  l i n e s   p e r   m i n u t e   w i t h   p r e s e n t   t e c h n -  

o l o g y ,   a s s u m i n g   a  .75  m i l l i s e c o n d   hammer   r e p e t i t i o n   r a t e   a n d  

one  hammer  f o r   e a c h   d o t   e l e m e n t ,   c a n   be  a t t a i n e d .  

C o n t i n u o u s   f e e d i n g   of  p a p e r   9  r e q u i r e s   t h e   p i t c h   of   e l e m e n t s  

on  b a n d   3  to   be  an  i n t e g r a l   n u m b e r   of   hammer  f a c e   p i t c h e s .  

One,  two  or  m o r e ,   so  l o n g   as  i t   i s   a  w h o l e   i n t e g r a l   n u m b e r ,  

a r e   a c c e p t a b l e .   For   t h e   e x a m p l e   shown  in  f i g u r e s ,   b e c a u s e  

e a c h   d o t   b a r   4  has   two  hammer  f a c e s   6  to  p a s s ,   p r i n t i n g   o f  

t he   d o t s   w i l l   t a k e   t w i c e   as  l o n g   as  i t   w o u l d   w i t h   one  h a m m e r  

f o r   e a c h   d o t   e l e m e n t .   But   no  t i m e   w i l l   be  l o s t   in   o v e r a l l  

p r i n t i n g   due  to   t h e   f a c t   t h a t   t h e   p a p e r   i s   a l s o   b e i n g   c o n t i -  

n u o u s l y   moved .   In  a  t y p i c a l   e x a m p l e ,   t h e   t h r o u g h p u t   i s   t h e  

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

e q u a l   to  t h e   t i m e   f o r   p r i n t i n g   a  row  of  d o t s   w i t h   one  h a m m e r  

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

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

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

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

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

a  p o s s i b l e   r e d u c t i o n   of  hammer   d r i v e r s   7  s i n c e   a  d r i v e r   c a n  

be  s h a r e d   b e t w e e n   two  h a m m e r s   as  i s   known  in  t h e   a r t ,   a n d  

o n l y   h a l f   t h e   n u m b e r   of  d r i v e r s   as  t h e r e   a re   h a m m e r s   w i l l   b e  

r e q u i r e d .  



A l s o ,   a  l o w e r   c o s t   f o r m - f e e d i n g   o p e r a t i o n   i s   p o s s i b l e   s i n c e  

t h e   m o t o r   12  can   be  a  s y n c h r o n o u s   AC  m o t o r   i n s t e a d   o f  

e x p e n s i v e   DC  s t e p p i n g   m o t o r .   T h e r e   i s   a l s o   no  n e c e s s a r y   DC 

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

r e d u c e s   c o s t   and  c o m p l e x i t y   o f   t h e   p r i n t e r .  

The  r i b b o n   10  can   be  on  e i t h e r   s i d e   of  t h e   p a p e r   9.  The  f r o n t  

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

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

T y p i c a l   d i m e n s i o n s   f o r   t h e   r a i s e d   r i d g e   p o r t i o n s   2  on  p l a t e n  

1  w o u l d   h a v e   a  f a c e   of   a p p r o x i m a t e l y   0 ,3   mm  to   0 .4mm.  T h e  

i m p a c t i n g   b a r   m e m b e r s   4  c a r r i e d   on  f i n g e r s   13  w i l l   h a v e   a  
s i m i l a r   w i d t h   and  a  h e i g h t   as  p r e v i o u s l y   d e s c r i b e d   of   s l i g h t -  

l y   more   t h a n   t h e   t o t a l   v e r t i c a l   r i s e   in   t h e   a n g l e d   r i d g e s   2 

on  p l a t e n   1 .  

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

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

i n   t h i s   s p e c i f i c a t i o n   i s   a l l e v i a t e d   in   t h i s   d e s i g n .   S i n c e  

o n l y   a  v e r y   s m a l l   p o r t i o n   of   p a p e r   9  w i l l   be  d e f e c t e d   by  t h e  

b a r   e l e m e n t s   4  ( t h a t   p o r t i o n   b e i n g   a p p r o x i m a t e l y   t h e   w i d t h   o f  

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

e l i m i n a t e d   e v e n   w h e r e   t h e   hammer   f a c e s   o f   t h e   hammer   6  m a y  

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

T h i s   was  n o t   a t t a i n a b l e   w i t h   t h e   a f o r e m e n t i o n e d   p r i o r   a r t  

d e s i g n s   s i n c e   t h e   f u l l   w i d t h   of   t h e   hammer  w o u l d   d e f l e c t   t h e  

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

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

on  a  m o v i n g   b a n d   to   c a u s e   t h e   shadow  p r i n t i n g   or   s m e a r i n g  

e f f e c t   p r e v i o u s l y   d e s c r i b e d .  

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

r e m a i n s   in   f i x e d   p o s i t i o n   in   t h e   p r e s e n t   d e s i g n ,   t h e   r a i s e d  

r i d g e s   2  and   p l a t e n   1  b e i n g   f i r m l y   and  r i g i d l y   h e l d   in   p l a c e ,  

t h e r e   i s   one  l e s s   d e g r e e   of  f r e e d o m   in  t h e   s y s t e m .   T h i s  

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

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



s i n c e   m i n o r   v a r i a t i o n s   in   hammer   f l i g h t   t i m e   and  b e l t   v e l o c i -  

ty   can   be  more  e a s i l y   a c c o m m o d a t e d .  

In  a d d i t i o n ,   wear   on  t h e   h a m m e r s   may  be  r e d u c e d   b o t h   b y  

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

s e v e r a l   h a m m e r s   f o r   e a c h   b a r   e l e m e n t   and  by  t h e   f a c t   t h a t   t h e  

hammer   f a c e s   d o t   n o t   h a v e   to   be  k n i f e   e d g e s   to   i m p a c t   t h e  

a n v i l s   5 .  

As  w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in   t h e   a r t ,   v a r i o u s  

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

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

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

can   be  d i s p e n s e d   w i t h ,   t h e   r a i s e d   r i d g e s   2  n e e d   n o t   be  i n -  

c l i n e d   on  p l a t e n   1  and  a  s i m p l e   s t e p w i s e   p a p e r   f e e d i n g   m e -  

c h a n i s m   can   be  e m p l o y e d .  

S i m i l a r l y ,   w h i l e   t he   f i n g e r s   13  on  b e l t   3  h a v e   b e e n   shown  i n  

b o t h   t h e   v e r t i c a l   and  h o r i z o n t a l   o r i e n t a t i o n s ,   i t   i s   g e n e r a l -  

ly   p r e f e r r e d   to   o r i e n t   t he   f i n g e r s   in   t h e   h o r i z o n t a l   o r i e n t a -  

t i o n   as  shown  in   f i g u r e   3  w i t h   t h e   l e f t m o s t   or  l e a d i n g   e d g e  

of   t h e   f i n g e r   b e i n g   t h e   p a r t   t h a t   i s   r i g i d l y   a f f i x e d   to   o r  

i n t e g r a l   w i t h   b e l t   3.  O t h e r   s t y l e s   and  d e s i g n s   of   f i n g e r s   13  

on  t h e   b e l t   3  a r e   known  in   t h e   a r t   and  w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   t h e r e i n .  

A l s o ,   hammer   6  and  d r i v e r   7  a r e   w e l l   known  in   t h e   a r t   a n d  

n e e d   no  f u r t h e r   d e s c r i p t i o n   h e r e i n .  

The  d r i v e   p u l l e y s   8  shown  in   f i g u r e   1  move  t h e   b a n d   3  a t   a  

c o n s t a n t   v e l o c i t y   and  a r e   d r i v e n   by  a  s u i t a b l e   s y n c h r o n o u s   AC 

m o t o r   or  t h e   l i k e .   The  f u n c t i o n   of   t h e   t i m i n g   m a r k s   14  o n  

b a n d   3  i s   w e l l   known  in  t h e   a r t ,   i t   b e i n g   u n d e r s t o o d   t h a t   t h e  

m a r k s   14  b e i n g   e i t h e r   o p t i c a l   or  m a g n e t i c   or   t h e   e q u i v a l e n t  

a r e   s p a c e d   r e l a t i v e   to  t h e   p r i n t i n g   e l e m e n t s   4  in   such   a  

m a n n e r   t h a t   once   t he   e m i t t e r   or   p i c k u p   s e n s e s   t h e   m a r k s ,   t h e  

f i r i n g   of  p r i n t   hammers   can  be  a c c u r a t e l y   t i m e d   by  c o u n t i n g  

m a r k s   p a s s i n g   a  g i v e n   p o i n t  



O t h e r   e l e m e n t s   s u c h   as  some  means   n o t   shown  f o r   m o v i n g   t h e  

r i b b o n   10  a r e   e q u a l l y   w e l l   known  as  a r e   t h e   p a p e r   t r a c t o r s   1 1  

and  d r i v e   m o t o r   12,  a l l   of   w h i c h   a r e   c o m m o n l y   e m p l o y e d   in   a  

v a r i e t y   o f   p r i n t e r s .  

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

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

e l e m e n t   b e i n g   i n   t h e   fo rm  of   t h e   m o v a b l e   r i d g e   on  a  m o v i n g  

b a n d   to   be  i m p a c t e d   by  a  f i x e d   p o s i t i o n   hammer   a c h i e v e s   a  

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

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

d e s i g n s   as  p o i n t e d   o u t .  



1.  Dot   m a t r i x   p r i n t e r   c o m p r i s i n g  :  

a  m o v a b l e   c a r r i e r   (3)  p r o v i d e d   w i t h   a t   l e a s t   one  r a i s e d  

r i d g e   f o n t   member   ( 4 ) ,   s a i d   c a r r i e r   b e i n g   p o s i t i o n e d   t o  

be  g e n e r a l l y   p a r a l l e l   w i t h   and  m o v a b l e   a l o n g   a  p r i n t i n g  

l i n e ,  

a t   l e a s t   one  p r i n t   hammer   ( 6 ) ,   a n d  

means   f o r   d r i v i n g   s a i d   hammer  to   i m p a c t   s a i d   m o v a b l e  

c a r r i e r   ( 3 ) ,  

c h a r a c t e r i z e d   in   t h a t  :  

i t   c o m p r i s e s   a  f i x e d   p l a t e n   (1)   h a v i n g   a t   l e a s t   o n e  
r a i s e d   r i d g e   e l e m e n t   (2)  on  an  i m p a c t   f a c e   t h e r e o f ,   s a i d  

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

and  a l o n g   a  p r i n t i n g   l i n e   and  s a i d   r a i s e d   r i d g e   e l e m e n t  

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

to   s a i d   r a i s e d   r i d g e   on  s a i d   f o n t   member   ( 4 ) ,  

s a i d   r a i s e d   r i d g e   f o n t   member   (4)  i s   l o c a t e d   on  a  f i r s t  

f a c e   of   s a i d   c a r r i e r   to   f a c e   s a i d   f i x e d   p l a t e n   ( 1 ) ,  

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

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

f o n t   member   (4)   t h e r e o n   i n t o   c o n t a c t   w i t h   s a i d   r a i s e d  

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

of  s a i d   r a i s e d   r i d g e   on  s a i d   f o n t   member   (4)  w i t h   s a i d  

r a i s e d   r i d g e   e l e m e n t   (2)  on  s a i d   p l a t e n   fo rms   a  d o t  

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

r i d g e   e l e m e n t s .  

2.  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  :  



i t   c o m p r i s e s   c o n t i n u o u s   f o r m s   f e e d   m e a n s   (11 ,   12)  and  a  

s u p p l y   o f   p a p e r   f o rm  or   medium  (9)  to   be  m a r k e d   upon   i n  

e n g a g e m e n t   w i t h   s a i d   c o n t i n u o u s   fo rm  f e e d   m e a n s ;  

s a i d   p a p e r   i s   p o s i t i o n e d   to   l i e   b e t w e e n   s a i d   c a r r i e r   ( 3 )  

and   s a i d   p l a t e n   ( 1 ) ,  

s a i d   f o r m s   f e e d   m e a n s   move  s a i d   p a p e r   i n   a  d i r e c t i o n  

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

c a r r i e r   ( 3 ) ,   a n d  

s a i d   r a i s e d   r i d g e   e l e m e n t   (2)  on  s a i d   p l a t e n   (1)  i s  

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

(3)   p a s t   s a i d   p l a t e n   (1)  to   c o m p e n s a t e   f o r   t h e   m o t i o n   o f  

s a i d   f o r m .  

3.  P r i n t e r   a c c o r d i n g   to   c l a i m s   1  o r   2,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   f o n t   m e m b e r   (4)  on  s a i d   c a r r i e r   (3)  i s   in   t h e  

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

i s   c a r r i e d   on  an  i n t e g r a l l y   f o r m e d   d e f l e c t a b l e   f i n g e r  

( 1 3 )   f l e x i b l y   m o u n t e d   on  s a i d   c a r r i e r .  

4.  P r i n t e r   a c c o r d i n g   t o   c l a i m s   1  or   2,  c h a r a c t e r i z e d   i n  

t h a t  :  

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

f l e x i b l e   m a t e r i a l   to   w h i c h   a r e   a f f i x e d   d e f l e c t a b l e  

f i n g e r s   ( 1 3 )   e a c h   f i n g e r   b e a r i n g   on  one   s i d e   s a i d   r a i s e d  

r i d g e   p r i n t   f o n t   member   (4)  a n d ;  

d r i v e   m e a n s   (8)   a r e   c o n n e c t e d   w i t h   s a i d   c a r r i e r   f o r  

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

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

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

c h a r a c t e r i z e d   i n   t h a t   s a i d   f i x e d   p l a t e n   (1)   b e a r s   s e v e r -  

a l   p a r a l l e l   l i n e a r   r a i s e d   r i d g e   e l e m e n t s   (2)  d i s p o s e d  

o b l i q u e l y   w i t h   r e s p e c t   to   t h e   v e r t i c a l .  



6.  P r i n t e r   a c c o r d i n g   to  c l a i m s   4  or  5,  c h a r a c t e r i z e d   i n  

t h a t   a n v i l s   (5)  a r e   a f f i x e d   on  t h e   o t h e r   s i d e   of   s a i d  

f i n g e r s   (13)   j u s t   b e h i n d   s a i d   f o n t   members   (4)  r e s p e c t -  

i v e l y ,   s a i d   hammer   (6)   i m p a c t i n g   s a i d   a n v i l s   to   d e f l e c t  

s a i d   f i n g e r s   t o w a r d s   s a i d   p l a t e n   ( 1 ) .  

7.  P r i n t e r   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   2  to   6,  c h a -  

r a c t e r i z e d   i n   t h a t   an  i n k i n g   r i b b o n   (10)   in   t h e   f o rm  o f  

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

t e r p o s e d   b e t w e e n   s a i d   c a r r i e r   (3)  and  s a i d   p a p e r   f o r m  

( 9 ) .  
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