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Balanced  print  head  drive  mechanism. 
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<§5  The  shuttle  print  head  of  a  matrix  printer  carries  a  plurality 
of  printing  elements  and  is  supported  by  leaf  springs  on  the 
printer  frame.  The  print  head  is  fixed  to  the  movable  core  of  a 
linear  electric  motor  whose  driving  coil  is  also  supported  on 
the  frame  by  leaf  springs.  The  masses  of  the  print  head  array 
and  coil  are  made  equal  to  form  a  balanced  mass/spring  system 
having  a  natural  resonant  frequency  of  oscillation  of  sinusoidal 
motion.  The  resonant  frequency  is  chosen  to  correspond  to  a 
desired  print  rate.  The  drive  coil  is  energized  with  alternating 
current  at  the  resonant  frequency  in  order  to  maintain  the  si- 
nusoidal  oscillation  of  the  print  head  array  at  the  required  ampli- 
tude  of  oscillation.  Selective  energization  of  the  printing 
elements  effects  selective  printing  of  indicia  at  equal  space 
column  locations. 
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  The  shuttle  print  head  of  a  matrix  printer  carries  a  plurality 
of  printing  elements  and  is  supported  by  leaf  springs  on  the 
printer  frame.  The  print  head  is  fixed  to  the  movable  core  of  a 
linear  electric  motor  whose  driving  coil  is  also  supported  on 
the  frame  by  leaf  springs.  The  masses  of  the  print  head  array 
and  coil  are  made  equal  to  form  a  balanced  mass/spring  system 
having  a  natural  resonant  frequency  of  oscillation  of  sinusoidal 
motion.  The  resonant  frequency  is  chosen  to  correspond  to  a 
desired  print  rate.  The  drive  coil  is  energized  with  alternating 
current  at  the  resonant  frequency  in  order  to  maintain  the  si- 
nusoidal  oscillation  of the  print  head  array  at the  required  ampli- 
tude  of  oscillation.  Selective  energization  of  the  printing 
elements  effects  selective  printing  of  indicia  at  equal  space 
column  locations. 



B a c k g r o u n d  o f   t he   i n v e n t i o n  

F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  an  i m p r o v e d  
p r i n t   head   d r i v e   s y s t e m   f o r   a  s h u t t l e   d o t   m a t r i x   t y p e  
p r i n t e r   a n d ,   more   p a r t i c u l a r l y ,   to  s u c h   a  d r i v e   s y s t e m  
in  w h i c h   t h e   p r i n t   head   and  d r i v e   m e c h a n i s m   h a v e   e q u a l  

m a s s e s   and  a r e   m o u n t e d   on  s p r i n g s  t o   p r o v i d e   a  m e c h a n -  

i c a l l y   b a l a n c e d   s y s t e m   w h e r e i n   t h e   p r i n t   head   a r r a y  
o s c i l l a t e s   or  r e c i p r o c a t e s   w i t h   a  s i n u s o i d a l   m o t i o n   a t   a '  

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

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

D e s c r i p t i o n  o f   t he   P r i o r   A r t  

As  t h e   r e q u i r e m e n t s   fo r   h i g h e r   t h r o u g h p u t ,   i . e .  

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

a r t   m e c h a n i s m s   fo r   d r i v i n g   t h e   p r i n t   head   a r r a y   b e c o m e  

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

d i s p l a c e m e n t   a t   a  s t a b l e   f r e q u e n c y .   At  t h e s e   h i g h e r  

s p e e d s ,   t he   f o r c e s   r e q u i r e d   to  a c c e l e r a t e   and  d e c e l e r a t e  

t h e   p r i n t   head   a r r a y   wou ld   be  r a t h e r   l a r g e   i f   one  w e r e  
to  use   t h e  p r i o r   a r t   m e c h a n i s m s   w h i c h   wou ld   t h u s   r e q u i r e  

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

b e a r i n g s .  



In  an  a t t e m p t   t o  p r o v i d e   more   e f f i c i e n t   d r i v e  
m e c h a n i s m s   f o r   m a t r i x   p r i n t e r s ,   o t h e r s   h a v e   p r o p o s e d  
r e l a t i v e l y   c o m p l e x   m e c h a n i s m s   in  w h i c h   v a r i o u s   e l e m e n t s  

of   t h e   p r i n t e r   a r e   m o u n t e d   on  s p r i n g s .   More  s p e c i f i -  

c a l l y ,   in  U.S .   P a t e n t   No.  4 , L 2 7 , 3 3 4   t h e r e   is   d i s c l o s e d   a  

m a t r i x   p r i n t e r   in  w h i c h   t h e   p r i n t   head   i s   m o u n t e d   on  t h e  

p r i n t e r   f r a m e   by  E - s h a p e d   s p r i n g s .   The  p r i n t   head   i s  

r e c i p r o c a t e d   by  a  m o t o r   v i a   a  m e c h a n i c a l   l i n k a g e ,   and  a  
w e i g h t   i s   s p r i n g - m o u n t e d   on  t he   f r a m e   to  s u p p r e s s  
u n d e s i r a b l e   v i b r a t i o n s ;   h o w e v e r ,   t h e r e   i s   no  d i s c l o s u r e  
o f   r e c i p r o c a t i n g   t h e   p r i n t   head   a t   t h e   n a t u r a l   r e s o n a n t  

f r e q u e n c y   of   t he   s y s t e m .  
A l s o ,   in  U.S .   P a t e n t   No.  4 ,  3 0 6 ,  4 9 7   t h e r e   i s  

d i s c l o s e d   an  a t t e m p t   to  p r o v i d e   a  d y n a m i c a l l y   b a l a n c e d  

d o t   m a t r i x   p r i n t e r   w h e r e i n   t h e  p r i n t   head   is  c o n n e c t e d  

by  E - s h a p e d   p l a t e   s p r i n g s   to  a  b a l a n c i n g   mass   w h i c h ,   i n  

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

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

f r e q u e n c y   o f   t he   s y s t e m .  

In  U .S .   P a t e n t   No.  4 , 2 2 7 , 4 5 5   t h e r e   i s   d i s c l o s e d   a  

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

H o w e v e r ,   t h e   o s c i l l a t i n g   c a r r i e r   i s   c o n n e c t e d   by  l e a f  

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

c o n n e c t e d   by  l e a f   s p r i n g s   to  a  ma in   f r a m e .   F u r t h e r m o r e ,  

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

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

a r e   e l i m i n a t e d   by  a  m e t h o d   w h e r e i n   t he   m a s s   of  t he   m a i n  



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

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

f o r c e s .  

F u r t h e r m o r e ,   t h e   H e w l e t t   P a c k a r d   Company  h a s  

a n n o u n c e d   a  Model   2608A  d o t   m a t r i x   l i n e   p r i n t e r   w h e r e i n  

p r i n t   hammer  a s s e m b l i e s   a r e   m o u n t e d   on  a  c o r e   ba r   w h i c h  
is   d r i v e n   back   and  f o r t h   by  a  v o i c e   c o i l   t y p e   l i n e a r  

m o t o r ,   and  w h e r e i n   b o t h   t h e   c o r e   ba r   and  t h e   l i n e a r  

m o t o r   h o u s i n g   a r e   a t t a c h e d   to  t h e   p r i n t e r   c a s t i n g   b y  
s t i f f   f l e x u r e   s p r i n g s ;   h o w e v e r ,   t h e r e ; i s   no  i n d i c a t i o n  

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

o t h e r w i s e ,   or  t h a t   t h e   c o r e   bar   i s   d r i v e n   a t   t he   n a t u r a l  

or  r e s o n a n t   f r e q u e n c y   of  t h e   s y s t e m .  
S u m m a r y  o f   t he   I n v e n t i o n  

T h u s ,   t h e   b r o a d   o b j e c t   of  t he   i n v e n t i o n   i s  t o  

p r o v i d e   an  i m p r o v e d   p r i n t   h e a d   a r r a y   d r i v e   s y s t e m   fo r   a  
s h u t t l e   m a t r i x   p r i n t e r   w h e r e i n   a  r e s o n a n t   s p r i n g   m a s s  

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

c a t i n g   d r i v e   d e v i c e   to  o b t a i n   a  l a r g e   o s c i l l a t o r y   d i s -  

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

f r e q u e n c y .  
A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   is   to  p r o v i d e   s u c h  

an  i m p r o v e d   d r i v e   m e c h a n i s m   w h e r e i n   t he   p r i n t   head   a n d  

d r i v e   d e v i c e   form  a  b a l a n c e d   mass   s y s t e m   w h i c h   is   d r i v e n  

to  o s c i l l a t e   w i t h   s i n u s o i d a l   m o t i o n   a t   t h e   s y s t e m ' s  
n a t u r a l  o r   r e s o n a n t   f r e q u e n c y   c o r r e s p o n d i n g   to  a  d e s i r e d  

p r i n t   r a t e .  

A  more   s p e c i f i c   o b j e c t   of  t he   i n v e n t i o n   i s   t o  

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



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

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

r e s o n a n t   f r e q u e n c y   c o r r e s p o n d i n g   to  the   d e s i r e d   p r i n t  

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

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

p r i n t e r .  

A  s t i l l   more  s p e c i f i c   o b j e c t   i s   to  p r o v i d e   s u c h   a n  

i m p r o v e d   d r i v e   m e c h a n i s m   w h e r e i n   t he   c o r e   c o m p r i s e s   a  

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

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

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

FIGURE  1  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e  

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

t h e   i n v e n t i o n ,  
FIGURE  2  i s   a  s c h e m a t i c   d i a g r a m   of  a  p r i n t   h e a d  

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

FIGURE  3  i l l u s t r a t e s   s c h e m a t i c a l l y   t he   manne r   i n  

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

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

p r i n t i n g   by  t h e   p r i n t   h e a d s ,  

FIGURE  4  i l l u s t r a t e s   g r a p h i c a l l y   how  sync   p u l s e s  
f o r   g e n e r a t i n g   p r i n t   a c t u a t i o n   s i g n a l s   a r e   r e l a t e d   t o  

p r i n t   head   d i s p l a c e m e n t ,   a n d  

FIGURE  5  i l l u s t r a t e s   g r a p h i c a l l y   in  e x p a n d e d   f o r m  

t h e   r e l a t i o n s h i p   b e t w e e n   e q u a l   d o t   c o l u m n   p o s i t i o n s   o n  
t h e   p r i n t   med ium  and  t h e   t i m e   of   a c t u a t i o n   of   p r i n t  

a c t u a t o r s .  

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



FIGURE 1   is   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e  
p r i n c i p l e   of   o p e r a t i o n   of  t he   p r e f e r r e d   e m b o d i m e n t   o f  
t h e   i n v e n t i o n .   A  s h u t t l e   p r i n t   head   10  c o m p r i s e s   a n  

a r r a y   or  p l u r a l i t y   of  p r i n t i n g   e l e m e n t s   12  w h i c h   a r e  
shown  o p p o s i t e   a  l i n e   of  p r i n t   14  w h i c h ,   t y p i c a l l y ,  
wou ld   be  on  an  i n c r e m e n t a l l y   d r i v e n   s e c t i o n   of  p a p e r  
b a c k e d   by  a  s t r i k e r   bar   or  r i g i d   b a c k s t o p .   D u r i n g  
p r i n t i n g ,   t he   p r i n t   head   10  i s   r e c i p r o c a t e d   o r  
o s c i l l a t e d   in  t he   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   A .  
In  one  e m b o d i m e n t ,   to  be  d e s c r i b e d   in  f u r t h e r   d e t a i l ,  
t he   p r i n t i n g   e l e m e n t s   when  s e l e c t i v e l y   e n e r g i z e d   i m p a c t  

t he   p a p e r   t h r o u g h   an  i n k e d   r i b b o n   to  p r o d u c e   p r i n t e d  
i n d i c i a   a t   e q u a l l y   s p a c e d   c o l u m n   l o c a t i o n s   on  the   r e c o r d  
medium  or  p a p e r .  

P r i n t   head   10  i s   f i x e d   to  an  a l u m i n u m   rod   16  w h i c h ,  
in  t ' u r n ,   i s   f i x e d   to  a  p e r m a n e n t   m a g n e t   18  w h i c h   f o r m s  
t h e   m o v a b l e   c o r e   or  a r m a t u r e   of  a  r e c i p r o c a t i n g   l i n e a r  

d r i v e   m o t o r   20  i n c l u d i n g   a  d r i v e   c o i l   22  w h i c h   i s   e n e r -  

g i z e d   by  an  a l t e r n a t i n g   c u r r e n t   s i g n a l   44  h a v i n g   a  

f r e q u e n c y   e q u a l   to  one  of  t h e   a b o v e   n o t e d   r e s o n a n t  

f r e q u e n c i e s   c o r r e s p o n d i n g   to  a  d e s i r e d   p r i n t   r a t e .   A 

c o u n t e r w e i g h t   26  is   f i x e d   to  t he   c o i l   22  so  t h a t   t h e  

mass   of  t he   c o i l   and  c o u n t e r w e i g h t   is  e q u a l   to  t h a t   o f  

the   p r i n t   head   a r r a y   a s s e m b l y   i n c l u d i n g   p r i n t   head   1 0 ,  

rod  16  and  p e r m a n e n t   m a g n e t   1 8 .  

P r i n t   head   10  i s   s u p p o r t e d   by  a  p a i r   of  l e a f  

s p r i n g s   28  and  30  w h i c h   a r e   f i x e d   to  t h e   f r a m e   32  of  t h e  

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

w i t h   c o u n t e r w e i g h t   26  is  a l s o   s u p p o r t e d   on  a  p a i r   o f  

l e a f   s p r i n g s   34  a n d  3 6   f i x e d   to  t h e   f r a m e   3 2 .  



L e a f   s p r i n g s   28,  30,  34  and  36  a r e   i d e n t i c a l ,  
c o n s t r a i n   t he   p r i n t   head   a r r a y   and  c o i l  t o   r o u g h l y  
l i n e a r   m o t i o n ,   and  n e g a t e   t he   need  fo r   t h e   l i n e a r   o r  

r o t a r y   b e a r i n g s   of  t he   p r i o r   a r t .   T h e r e   is   o n l y   a  

s l i g h t   p u l l i n g   back   of  t h e   p r i n t   head   f rom  the   p a p e r   a s  
t h e   p r i n t   h e a d   i n c r e a s e s   in  d i s p l a c e m e n t   f rom  t h e   r e s t  

p o s i t i o n ,   b u t   a t   a l l   t i m e s   t he   p r i n t   head   a r r a y   r e m a i n s  

s u b s t a n t i a l l y   p a r a l l e l   to  t he   p a p e r .   Such  a  s p r i n g  
c o n f i g u r a t i o n  e l i m i n a t e s   c o n t a c t   wear   m e c h a n i s m s ,   a n d  
w i t h   p r o p e r   d e s i g n   t h e   l i f e   of  t h e   s p r i n g s   can   b e  

v e r y   l o n g .   The  s p r i n g s   a r e   t a i l o r e d   so  t h a t   t h e i r  

s t i f f n e s s ,   when  c o m b i n e d   w i t h   t he   p r i n t   h e a d   mass   or  t h e  

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

s y s t e m   h a v i n g   a  n a t u r a l   f r e q u e n c y   w h i c h   m a t c h e s   t h e  

r e q u i r e d   o s c i l l a t i n g   f r e q u e n c y   of  t he   p r i n t   head   a r r a y .  
In  o t h e r   w o r d s ,   i f   e i t h e r   t h e   p r i n t   head   o r  
c o i l / c o u n t e r w e i g h t   we re   m a n u a l l y   p u l l e d   back   a n d  

r e l e a s e d ,   e a c h   wou ld   n a t u r a l l y   v i b r a t e   a t   t he   c o r r e c t  

f u n d a m e n t a l   f r e q u e n c y .   The  a d v a n t a g e   of  s u c h   a  

m a s s - b a l a n c e d ,   m e c h a n i c a l l y   r e s o n a n t   s p r i n g   mass   s y s t e m  
is   t h a t   m i n i m a l   e x t e r n a l   f o r c e   i s   r e q u i r e d   to  a c c e l e r a t e  

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

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

n e c e s s a r y   to  r e p l a c e   a i r   r e s i s t a n c e   l o s s e s ,   p r i n t   w i r e  

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

s i n u s o i d a l   m o t i o n   of  t he   p r i n t   h e a d .   With   s u c h   a  
b a l a n c e d   s y s t e m ,   t he   p r i n t   head   a n d  c o i l   o s c i l l a t e   a t  

t he   s y s t e m ' s   f u n d a m e n t a l   r e s o n a n t   f r e q u e n c y ,   b u t   e x a c t l y  

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

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



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

FIGURE  2  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e  

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

a  m a t r i x   p r i n t e r .   C o r r e s p o n d i n g   e l e m e n t s   in  FIGURES  1 

and  2  have   t he   same  r e f e r e n c e   n u m e r a l s .   Upon  e n e r g i z i n g  
the   c o i l   22  w i t h   s i n u s o i d a l   a l t e r n a t i n g   c u r r e n t   h a v i n g   a  
f r e q u e n c y   e q u a l   to  t h e   p r e s e l e c t e d   n a t u r a l   f r e q u e n c y   o f  

t he   s y s t e m ,   t h e   c o i l   and  p e r m a n e n t   m a g n e t   18  s t a r t   t o  
v i b r a t e   w i t h   o s c i l l a t i o n s   of   i n c r e a s i n g   a m p l i t u d e .   As  
t h e   a m p l i t u d e   of  t h e   o s c i l l a t i o n s ,   i . e .   t he   d i s p l a c e m e n t  
of   t he   p r i n t   h e a d   a r r a y ,   r e a c h e s   t h e  d e s i r e d   l e v e l ,   a  
f e e d b a c k   s y s t e m   s e n s e s   and  h o l d s   t he   p r o p e r   a m p l i t u d e .  
As  t h e   l o s s e s   t a k e   e n e r g y   f r o m  t h e   s y s t e m   and  t h e  

a m p l i t u d e   t e n d s   to  d e c a y ,   t h e   f e e d b a c k   s y s t e m   a p p l i e s  
more   e n e r g y   to  the   c o i l   t o  c o r r e c t   f u r t h e r   l o s s e s ,  
t h e r e b y . m a i n t a i n i n g   t h e   s i n u s o i d a l   m o t i o n   w i t h   t h e  

d e s i r e d   a m p l i t u d e .   S i n c e   t h e   p r i n t   h e a d   a s s e m b l y   10  a n d  

m o t o r   20  a r e   of  t he   same  mass   and  u n d e r g o   t he   s a m e  
d i a p l a c e m e n t ,   t h e   s y s t e m   i s   b a l a n c e d ,   w h e r e b y   t h e   p r i n t  

head   a r r a y   and  c o i l   22  n a t u r a l l y   v i b r a t e   a t   t he   c o r r e c t  

f r e q u e n c y ,   t he   c o i l   s u p p l y i n g   o n l y   s u f f i c i e n t   e n e r g y   t o  
" t i c k l e "   t h e   s y s t e m   to  m a i n t a i n   the   s i n u s o i d a l   m o t i o n   a t  

t h e   s y s t e m ' s   r e s o n a n t   f r e q u e n c y .   The  i n p u t   e n e r g y   i s  

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

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

r e q u i r e d .  

S i n c e   the   s y s t e m   is   a  s i m p l e   b a l a n c e d   s p r i n g / m a s s  

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



r e s o n a n t   f r e q u e n c y   of   t he   s y s t e m ,   t h e   p o s i t i o n ,   v e l o c i t y  
and  a c c e l e r a t i o n   of  t h e   p r i n t   head   a r r a y   a r e   a l l  

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

use   of   o n l y   a  s i m p l e   v e l o c i t y   f e e d b a c k   s y s t e m .   F o r  

e x a m p l e ,   a  v e l o c i t y   s e n s o r   40,  w h i c h   may  be  a  c o i l  

s u r r o u n d i n g   a  p e r m a n e n t   m a g n e t   m o u n t e d   on  a  s t u d   f i x e d  

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

c o n t i n u o u s l y   p r o p o r t i o n a l   to  t h e   p r i n t   head   a r r a y  
v e l o c i t y ,   to  g e n e r a t e   t he   n e c e s s a r y   i n f o r m a t i o n   u s i n g .  

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

s i n u s o i d a l   m o t i o n .   If   t h i s   r e l a t i o n s h i p   can   be  p r o p e r l y  

m a i n t a i n e d ,  t h e   need   fo r   an  a c c u r a t e   and  e x p e n s i v e  

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

v e l o c i t y   a n a l o g   s i g n a l   c o n t i n u o u s l y   i n d i c a t e s   t h e  

v e l o c i t y   ( a n d ,   by  c a l c u l a t i o n ,   t he   p o s i t i o n )   of  t h e  

p r i n t   h e a d   10  and  is   fed   back   v i a   l i n e   41  to  a  s e r v o  

s y s t e m   42  f o r   c o n t i n u o u s l y   a d j u s t i n g   or  t i c k l i n g   t h e  

e n e r g y   i n p u t   to  t he   c o i l   22.   For  e x a m p l e ,   the   f e e d b a c k  

s i g n a l   v  may  be  a p p l i e d   to  a  c o m p a r a t o r   CF  t o g e t h e r   w i t h  

t h e   r e f e r e n c e   s i g n a l   f rom  t he   AC  s o u r c e   24  to  p r o d u c e  
t h e   m o t o r   d r i v e   s i g n a l   44  r e q u i r e d   to  r e p l a c e   l o s s e s   a n d  

m a i n t a i n   t he   s i n u s o i d a l   m o t i o n   of  t he   p r i n t   head   a r r a y  
a t   t he   r e s o n a n t   n a t u r a l   f r e q u e n c y   of  the   s y s t e m .   T h e  

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

s i n c e   t h e   s h u t t l e   p r i n t   head   a r r a y   r e a c t s   d i r e c t l y  

a g a i n s t   a  c o u n t e r w e i g h t   t h r o u g h   t h e   c o n n e c t i n g   f r a m e   3 2  

r a t h e r   t h a n   b e i n g   t i e d   to  a  s i d e   f r a m e   t h r o u g h   a  m o t o r  

and  l i n k .  

As  shown  in  FIGURES  2  and  4,  t he   v e l o c i t y   s i g n a l   v  
is   a l s o   f ed   to  a  s y n c   p u l s e   g e n e r a t o r   w h i c h   p r o d u c e s   a  



s y n c   p u l s e   when  t he   s h u t t l e   is  a t   maximum  l e f t   a n d  
maximum  r i g h t ,   i . e .   a t   t h e   z e r o   c r o s s i n g   p o i n t s   of  t h e  

s i g n a l   when  v e l o c i t y   =  0.  T h i s   s y n c   s i g n a l   is   s e n t   to  a  

m i c r o p r o c e s s o r   46  w h i c h   p r o d u c e s   an  ENABLE  command  a t  

t he   p r o p e r   t i m e   to  e n a b l e   t he   p r i n t i n g   p r o c e s s ,   i . e .  

when  t he   p r i n t i n g   e l e m e n t s   12  a r e   p o s i t i o n e d   o v e r   t h e i r  

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

A c c o r d i n g   to  FIGURE  3,  t h e r e   is  shown  s c h e m a t i c a l l y  
t he   m a n n e r   in  w h i c h   t h e   v e l o c i t y   i n f o r m a t i o n   a v a i l a b l e  

f rom  the   s e n s o r   40  i s   c o n v e r t e d   in  a  s y n c   g e n e r a t o r   5 0 ,  
i n t o   s y n c   p u l s e s  w h i c h   o c c u r  a t   t h e   z e r o   c r o s s i n g s   o f  

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

a r r a y .   Zero   c r o s s i n g   d e t e c t o r s ,   of   c o u r s e ,   a r e   w e l l  

known  in  t he   a r t .   The  s y n c   p u l s e s   a v a i l a b l e   f rom  s y n c  

g e n e r a t o r   50  a r e   a p p l i e d   to  a  s i n u s o i d a l   t i m e   p a t t e r n  

s i g n a l   g e n e r a t o r   51  w h i c h   c o n t a i n s   m i c r o p r o c e s s o r   4 6 .  
T h i s   g e n e r a t o r   51  p r o d u c e s   e n a b l i n g   s i g n a l s   w h i c h   a l l o w  

p r i n t   i n f o r m a t i o n   f rom  p r i n t   i n f o r m a t i o n   s o u r c e   53  to  b e  

l o a d e d   i n t o   g a t i n g   l o g i c   52.  A f t e r   t he   l a s t   p i e c e   o f  

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

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

a c t u a t o r s .   The  i n f o r m a t i o n   f rom  s o u r c e   53  c o n s t i t u t e s  

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

f o r m i n g   a  d o t   m a t r i x   c h a r a c t e r   t o ' b e   p r i n t e d ,   a s  w e l l  

known  in  t he   a r t .   The  i n d i v i d u a l   g a t e s   in  g a t e   a r r a y   5 2  

r e s p o n d   to  t he   e n a b l i n g ,  s i g n a l   a v a i l a b l e   f rom  g e n e r a t o r  

51  on  l e a d   55  to  e n a b l e   p r i n t   i n f o r m a t i o n   from  s o u r c e  5 3  

to  be  a p p l i e d   a t  t h e   a p p r o p r i a t e  t i m e   v i a   g a t e   a r r a y   5 2  

to  t he   s e l e c t e d   p r i n t i n g   e l e m e n t s   12  on  p r i n t   head   1 0 .  

In  one  e m b o d i m e n t   e a c h   p r i n t i n g   e l e m e n t   12  c o m p r i s e s   a 



p r i n t   c o i l   or  a c t u a t o r   56  and  an  a s s o c i a t e d   p r i n t i n g  
s t y l u s   or  w i r e   57.  When  s e l e c t i v e l y   e n e r g i z e d   by  a  

s i g n a l   f rom  g a t e   a r r a y   52,  t he   a s s o c i a t e d   p r i n t   w i r e   57  

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

c o i l s   56  to  i m p a c t   a  r e c o r d   m e d i u m ,   s u c h   as  p a p e r   5 9  

t h r o u g h   an  i n k e d   r i b b o n   58.  The  r e s u l t   of  t h i s   is   t h a t  

t h e   i n d i v i d u a l   p r i n t i n g   e l e m e n t s   12  a r e   e n e r g i z e d   in  a  
s i n u s o i d a l   t i m e   p a t t e r n   to  c a u s e   s e l e c t e d   s t y l i   57  to  b e  

d i s p l a c e d   t o w a r d   the   r e c o r d   medium  59  to  e f f e c t   p r i n t i n g  
of   d o t   i n d i c i a   a t   s e l e c t e d   e q u a l l y   s p a c e d   c o l u m n  

l o c a t i o n s   on  s a i d   p r i n t   m e d i u m .  

R e f e r r i n g   t o · F I G U R E   4,  t h e r e   i s  s h o w n   g r a p h i c a l l y  
t h e   m a n n e r   in  w h i c h   the   s y n c   p u l s e s   a r e   r e l a t e d   to  p r i n t  
h e a d   d i s p l a c e m e n t .   The  s y n c   g e n e r a t o r   50  d e t e c t s   t h e  

z e r o   c r o s s i n g   p o i n t s   of  the   s e n s o r   o u t p u t   v e l o c i t y  

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

l e f t   and  r i g h t   hand  e x c u r s i o n s   of  the   p r i n t   h e a d .  

FIGURE  5  i l l u s t r a t e s   g r a p h i c a l l y   in  e x p a n d e d   f o r m  

t h e   r e l a t i o n s h i p   b e t w e e n   e q u a l   d o t   c o l u m n   p o s i t i o n s   o n  
t he   p r i n t   med ium  59  and  t h e   t i m e   of  a c t u a t i o n   of  t h e  

p r i n t i n g   s t y l i   57.  G e n e r a t o r   51,  in  one  e m b o d i m e n t ,  

c o m p r i s e s   m i c r o p r o c e s s o r   46,  s u c h   as  an  I n t e l   8 0 8 8 ,  
w h i c h   r e s p o n d s   to  the   s y n c   p u l s e s   to  a d d r e s s   a  l o o k u p  
t a b l e   to  d e t e r m i n e   when  an  e n a b l e   s i g n a l   must   b e  

g e n e r a t e d   o v e r   l e a d   55  f o r   a p p l i c a t i o n   to  the   g a t i n g  

l o g i c   52  s u c h   t h a t   p r i n t i n g   w i l l   t a k e   p l a c e   b y  
d i s p l a c e m e n t s   of  t h e   p r i n t i n g   s t y l i   57  u n d e r   the   c o n t r o l  

of   p r i n t i n g   c o i l s   56.  The  d i s p l a c e m e n t s   o c c u r   in  a 

s i n u s o i d a l   t i m e   p a t t e r n   as  shown  by  the   a b s c i s s a   o f  

FIGURE  5  to  c a u s e   s e l e c t e d   p r i n t i n g   s t y l i ,   d e p e n d i n g   o n  



t he   p r i n t   i n f o r m a t i o n   a v a i l a b l e   f rom  s o u r c e   53,   to  b e  
f i r e d   or  d i s p l a c e d   t o w a r d   t he   r e c o r d   medium  59  to  e f f e c t  

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

l o c a t i o n s   on  t he   p r i n t   medium  w h i c h   is  shown  as  t h e  

o r d i n a t e   in  FIGURE  5.  The  use  of  a  m i c r o p r o c e s s o r   and  a  

l o o k u p   t a b l e   to  o b t a i n   d e s i r e d   t i m i n g   i n f o r m a t i o n ,   o f  

c o u r s e ,   is  w e l l   known.   The  a v a i l a b i l i t y   of  p r i n t  
i n f o r m a t i o n   from  a  s o u r c e   i s   a l s o   w e l l   known  in  t h e  

p r i n t i n g   a r t   as  is   t he   use  of  g a t e s   r e s p o n s i v e   to  t i m i n g  

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

W h i l e   t h i s   i n v e n t i o n   has   been   d e s c r i b e d   w i t h  

r e f e r e n c e   to  p a r t i c u l a r   e m b o d i m e n t s   and  e x a m p l e s ,   i n  

View  or   the  a b o v e   L e a c h i n g s ,  o t h e r   m o d i f i c a t i o n s   a n d  
v a r i a t i o n s   w i l l   o c c u r   to  t h o s e   s k i l l e d   in  t he   a r t .  

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

t he   i n v e n t i o n   is   d e f i n e d   by  the   f o l l o w i n g   c l a i m s .  



1.  In  a  m a t r i x   p r i n t e r   c o m p r i s i n g   a  f r a m e   and  h a v i n g   a  

p r i n t   head   m o u n t e d   fo r   r e c i p r o c a t i n g   m o v e m e n t   a l o n g   a  

l i n e   of  i n d i c i a   to  be  p r i n t e d   on  a  p r i n t i n g   med ium,   t h e  

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

on  the   f r a m e ,  

d r i v e   means   fo r   e l e c t r o m a g n e t i c a l l y   r e c i p r o c a t i n g  
t he   p r i n t   head   a l o n g   t h e   l i n e ,  

s e c o n d  s p e i n g   means   fo r   s u p p o r t i n g   s a i d   d r i v e   m e a n s  
on  t h e   f r a m e ,  

t he   m a s s e s   of   t he   p r i n t h e a d   and  s a i d   d r i v e   m e a n s  

b e i n g   d i m e n s i o n e d   so  t h a t   t he   c o m b i n a t i o n   of  (1)  t h e  

p r i n t   head   and  f i r s t   s p r i n g   means   and  (2)  s a i d   d r i v e  

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

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

t h e   r e c i p r o c a t i n g   m o v e m e n t   of  t he   p r i n t   head  a r r a y ,  
means   fo r   e n e r g i z i n g   s a i d   d r i v e   means   w i t h   d r i v e  

s i g n a l s   to  c a u s e   s a i d   p r i n t   head   to  move  w i t h   a  
s i n u s o i d a l   v e l o c i t y   p a t t e r n   c o r r e s p o n d i n g   to  s a i d  

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

means   for   s e l e c t i v e l y   e n e r g i z i n g   s a i d   p r i n t  

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

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

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

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



2.  The  i m p r o v e m e n t   of  c l a i m   1  w h e r e i n   s a i d   d r i v e   m e a n s  
c o m p r i s e s   a  c o i l   m e c h a n i c a l l y   c o n n e c t e d   to  s a i d   s e c o n d  

s p r i n g   means   and  a  p e r m a n e n t   m a g n e t   c o r e   f i x e d   to  s a i d  

p r i n t   h e a d ,   s a i d   e n e r g i z i n g   means   b e i n g   e l e c t r i c a l l y  
c o n n e c t e d   to  s a i d   c o i l .  

3.  The  i m p r o v e m e n t   of  c l a i m   2  w h e r e i n   s a i d   f i r s t   a n d  
s e c o n d   s p r i n g   means   c o m p r i s e   l e a f   s p r i n g s .  
4.  The  i m p r o v e m e n t   of  c l a i m   3  w h e r e i n   the   p r i n t   h e a d ,  

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

a r e   a l l   d i s p o s e d   in  a  s u b s t a n t i a l l y   h o r i z o n t a l   p l a n e .  
5.  The  i m p r o v e m e n t   of  c l a i m   3  f u r t h e r   c o m p r i s i n g  

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

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

c o n t r o l l i n g   s a i d   e n e r g i z i n g   means   to  e n e r g i z e   s a i d   m o t o r  

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

a r r a y   a l o n g   a  l i n e   of  p r i n t   on  a  p r i n t i n g   medium  in  a  

m a t r i x   p r i n t e r ,   c o m p r i s i n g :  

m o u n t i n g   the   p r i n t   head   a r r a y   on  s p r i n g s ,  

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

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

a r r a y ,  
m o u n t i n g   the   c o i l   on  s p r i n g s ,  

m a k i n g   the   mass   of   t he   c o i l   e q u a l   to  t he   mass  o f  

the   p r i n t   head   a r r a y   to  form  a  b a l a n c e d   m a s s / s p r i n g  

s y s t e m   wh ich   has  a  n a t u r a l   r e s o n a n t   f r e q u e n c y   o f  

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

r e c i p r o c a t i o n ,  

e n e r g i z i n g   t he   m o t o r   w i t h   s i n u s o i d a l   a l t e r n a t i n g  



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

f r e q u e n c y ,   a n d  

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

d e s i r e d   p r i n t   r a t e .  
7.  In  a  m a t r i x   p r i n t e r   c o m p r i s i n g   a  f r a m e   and  h a v i n g   a  

p r i n t   head   m o u n t e d   fo r   r e c i p r o c a t i n g   m o v e m e n t   a l o n g   a  
l i n e   of  i n d i c i a   to  be  p r i n t e d   on  a  p r i n t i n g   med ium,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  
f i r s t   s p r i n g   means   fo r   s u p p o r t i n g   the   p r i n t   head   o n  

t he   f r a m e ,  

d r i v e   means   f o r   e l e c t r o m a g n e t i c a l l y   r e c i p r o c a t i n g  
t he   p r i n t   head   a l o n g   s a i d   l i n e ,  

s e c o n d   s p r i n g   means   fo r   s u p p o r t i n g   s a i d   d r i v e   m e a n s  
on  t h e   f r a m e ,  

t h e   m a s s e s   of  the   p r i n t   head   and  s a i d   d r i v e   m e a n s  

b e i n g   d i m e n s i o n e d   so  t h a t   t h e  c o m b i n a t i o n   of   (1)  t h e  

p r i n t   head   and  f i r s t   s p r i n g   means   and  (2)  s a i d   d r i v e  

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

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

t h e   r e c i p r o c a t i n g   m o v e m e n t   of   t he   p r i n t   h e a d ,  

m e a n s   fo r   e n e r g i z i n g   s a i d   d r i v e   means   w i t h   d r i v e  

s i g n a l s   to  c a u s e   s a i d   p r i n t   head   to  move  w i t h   a  
s i n u s o i d a l   v e l o c i t y   p a t t e r n   c o r r e s p o n d i n g   to  s a i d  

r e s o n a n t   f r e q u e n c y ,   s a i d   p r i n t   head   c o m p r i s i n g   a  

p l u r a l i t y   of  p r i n t   a c t u a t o r s   and  a  p l u r a l i t y   o f  

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

means   fo r   s e l e c t i v e l y   e n e r g i z i n g   s a i d   p r i n t  

a c t u a t o r s   in  a  s i n u s o i d a l   t ime   p a t t e r n   to  c a u s e   t h e  

a s s o c i a t e d   s e l e c t e d   p r i n t i n g   e l e m e n t s   to  be  d i s p l a c e d  



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

s a i d   p r i n t   m e d i u m .  

8.  The  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   7  w h e r e i n   s a i d  

d r i v e   means   c o m p r i s e s   a  f i r s t   member  r i g i d l y  c o u p l e d   t o  

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

c o u p l e d   to  s a i d   f i r s t   s p r i n g   m e a n s  a n d   s a i d   p r i n t   h e a d ,  
means   fo r   e n e r g i z i n g   one  of  s a i d   m e m b e r s ,   t h e   o t h e r   o n e  
of  s a i d   m e m b e r s   r e s p o n d i n g   to  s a i d   l a s t   named  e n e r g i z i n g  
to  c a u s e   r e c i p r o c a t i n g   m o t i o n   of  s a i d   p r i n t  h e a d ,   a n d  

s a i d   f i r s t   member  d i m e n s i o n e d   to  o p e r a t e   as  a  
c o u n t e r w e i g h t   to  s a i d   p r i n t   head   d u r i n g   s u c h  

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

9 .   The  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   8  w h e r e i n   s a i d  
f i r s t   member  c o m p r i s e s   a  c o i l   m e c h a n i c a l l y   c o n n e c t e d   t o  

s a i d   s e c o n d   s p r i n g   m e a n s ,   and  s a i d   s e c o n d   m e m b e r  

c o m p r i s e s   a  p e r m a n e n t   m a g n e t   c o r e   f i x e d   to  s a i d   p r i n t  
h e a d ,   s a i d   e n e r g i z i n g   means   b e i n g   e l e c t r i c a l l y   c o u p l e d  
to  s a i d   c o i l .  

10.  The  i m p r o v e m e n t   of  c l a i m   9  w h e r e i n   s a i d   f i r s t   a n d  

s e c o n d   s p r i n g   means   c o m p r i s e   l e a f   s p r i n g s .  
11,  In  a  m a t r i x   p r i n t e r   c o m p r i s i n g   a  f r a m e   and  h a v i n g   a  

p r i n t   head   m o u n t e d   fo r   r e c i p r o c a t i n g   movemen t   a l o n g   a  
l i n e   of  i n d i c i a   to  be  p r i n t e d   on  a  p r i n t   m e d i u m ,  

f i r s t   s p r i n g   means   for   s u p p o r t i n g   the   p r i n t   h e a d  

on  the  f r a m e ,  
d r i v e   means   fo r   e l e c t r o m a g n e t i c a l l y   r e c i p r o c a t i n g  

t he   p r i n t   head   a l o n g   s a i d   l i n e ,  

s e c o n d   s p r i n g   means   fo r   s u p p o r t i n g   s a i d   d r i v e   m e a n s  

on  t h e   f r a m e ,  



means   fo r   m i n i m i z i n g   the   v i b r a t i o n   f o r c e s   on  t h e  
f r a m e   c a u s e d   by  r e c i p r o c a t i o n   of   s a i d   p r i n t   h e a d  

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

means   b e i n g   d i m e n s i o n e d   to  form  a  c o u n t e r b a l a n c e d  

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

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

t he   r e c i p r o c a t i n g   m o v e m e n t   of  t he   p r i n t   h e a d ,  

means   f o r   e n e r g i z i n g   s a i d   d r i v e   means   w i t h   d r i v e  

s i g n a l s   to  c a u s e   s a i d   p r i n t   head   to  move  w i t h   a  
s i n u s o i d a l   v e l o c i t y   p a t t e r n   c o r r e s p o n d i n g   to  s a i d  

r e s o n a n t   f r e q u e n c y ,   s a i d   p r i n t   head   c o m p r i s i n g   a  

p l u r a l i t y   of  e q u a l l y   s p a c e d   p r i n t i n g   e l e m e n t s ,   a n d  

means   f o r   s e l e c t i v e l y   e n e r g i z i n g   s a i d   p r i n t i n g  
e l e m e n t s   in  a  s i n u s o i d a l   t i m e   p a t t e r n   to  c a u s e   s e l e c t e d  

p r i n t i n g   e l e m e n t s   to  e f f e c t   s e l e c t i v e   p r i n t i n g   o f  

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

m e d i u m s .  
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