
J  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  1  0 7   9 6 5  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83306462.9  ©  Int.  CI.3:  B  41  J  3 /12  

@  Date  of  filing:  25.10.83 

©  Priority:  27.10.82  US  436950  ©Applicant:  Sanders,  Royden  C,  Jr. 
02.08.83  US  519880  Burton  Highway 

Wilton  New  Hampshire  03086(US) 

©  Date  of  publication  of  application:  ©Applicant:  Forsyth,  John  L 
09.05.84  Bulletin  84/19 

Newton  Junction  New  Hampshire  03851  (US) 
©  Designated  Contracting  States:  ^  

rjE  qb  (72)  Inventor:  Sanders,  Royden  C,  Jr. 
Burton  Highway 
Wilton  New  Hampshire  03086IUS) 

@  Inventor:  Forsyth,  John  L 

Newton  Junction  New  Hampshire  03851  (US) 

©  Representative:  Sommerville,  John  Henry  et  al, 
SOMMERVILLE  &  RUSHTON  11  Holywell  Hill 
St.  Albans  Hertfordshire,  AL1  1EZ(GB) 

©  Dot  matrix  printers  and  print  head  therefor. 

Q>7)  Several  new  print  heads  are  disclosed  for  use  in  serial 
and  line  printers.  The  print  head  is  of  the  solenoid  operated 
type  without  stored  energy  magnets  and  has  a  very  low 
mass  armature  beam  which  the  solenoid  specifications  are 
matched  for  performance  at  less  than  300  microseconds. 
Damper  mechanisms  are  provided  for  absorbing  recoil 
sufficiently  that  refire  rates  of  350  microseconds  or  less  are 
achieved.  A  new  lightweight  line  printer  is  based  on  the  low 
and  the  overall  mass  of  the  disclosed  print  head.  Serial 
printers  are  also  disclosed. 

CM 
<  

If) 
(0  
0)  

Q_ 
III 

Croydon  Printing.  Company  Ltd. 

S e v e r a l   new  print  heads  are  disclosed  for  use  in  serial 
and  line  printers.  The  print  head  is  of  the  solenoid  operated 
type  without  stored  energy  magnets  and  has  a  very  low 
mass  armature  beam  which  the  solenoid  specifications  are 
matched  for  performance  at  less  than  300  microseconds. 
Damper  mechanisms  are  provided  for  absorbing  recoil 
sufficiently  that  refire  rates  of  350  microseconds  or  less  are 
achieved.  A  new  lightweight  line  printer  is  based  on  the  low 
and  the  overall  mass  of  the  disclosed  print  head.  Serial 
printers  are  also  disclosed. 



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   a n d  

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

c o m p o n e n t s   and  a s s e m b l i e s   f o r   use   in   such   p r i n t e r s .  

The  p r i n t   head   of  t h e   p r e s e n t   i n v e n t i o n   i s  

a d a p t e d   f o r   use   e i t h e r   in   a  s e r i e s   a r r a n g e m e n t   w h e r e  

a  c o l u m n   of  d o t s   a r e   p r i n t e d   by  p r i n t   w i r e s   a t   o n c e  
in  a  v e r t i c a l   c o l u m n   or  in  a  l i n e   p r i n t e r  

a r r a n g e m e n t .   The  f o r m e r   i s   g e n e r a l l y - t e r m e d . a   s e r i a l  

p r i n t e r   in  wh ich   t h e   h e a d s   may  e i t h e r   be  v e r t i c a l l y  

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

or  m o u n t e d   a r o u n d   the   c i r c u m f e r e n c e   of  t h e   c i r c l e  

w i t h   p r i n t   w i r e s   c o n v e r g i n g   on  a  l i n e .   Such  a  s e r i a l  

p r i n t   h e a d   is   moved  a c r o s s   t h e   p a p e r   to   p r i n t   a  

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



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

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

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

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

p o s i t i o n s   to   be  p r i n t e d   on  t h e   p a p e r   a  l i n e   a t   a  

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

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

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

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

a d j a c e n t   l i n e   d u r i n g   t h e   r e t u r n   p a s s .  
The  p r i n t   h e a d   a s s e m b l i e s   w h i c h   w i l l   be  d e s c r i b e d  

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

The  e x a m p l e s   g i v e n   w i l l   be  a p p l i e d   to   a  b a s i c  

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

s e v e r a l   c o n f i g u r a t i o n s   of   s e r i a l   p r i n t   h e a d   a r r a y s .  
Of  t h e   p r i o r   a r t   U . S .   P a t e n t s   r e l e v a n t   to   t h i s  

i n v e n t i o n ,   t h e   f o l l o w i n g   a r e  b e l i e v e d   to   be  t h e   m o s t  

p e r t i n e n t .  

From  t h e s e   p a t e n t s ,   p a r t i c u l a r l y ,   Gr im,   U . S .  

3 , 7 7 0 , 0 9 2 ,   i t   i s   known  to   e m p l o y   a  s o l e n o i d   in   t h e  

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

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

c a r r i e d   on  a  beam,   t he   end  of  w h i c h   m o u n t s   a  p r i n t  

w i r e   or  s t y l u s .   When  t h e   c o i l   i s   e n e r g i z e d ,   t h e  

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

and  p r i n t   w i r e   to   i m p a c t   t h e   p a p e r .   I t   i s   a l s o   k n o w n  

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



p r i n t   h e a d   in  v a r o u s   c o n f i g u r a t i o n s   so  as  t o  

f a c i l i t a t e   e i t h e r   s e r i a l   p r i n t i n g   or  l i n e   p r i n t i n g .  

P a s t   e f f o r t s   to   a c h i e v e   t h e s e   o p e r a t i n g  

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

s o l e n o i d s   h a v e   no t   b e e n   v e r y   f a s t   f i r i n g   ( t y p i c a l l y  

h a v i n g   f i r i n g   r a t e s   of  7 5 0 - 1 2 0 0   m i c r o s e c o n d s ) .  

T h e r e f o r e ,   many  of  t h e   more  r e c e n t   d e s i g n s   in  t h i s  

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

w h i c h   a  p e r m a n e n t   m a g n e t   is   a r r a n g e d   to   h o l d   b a c k   a  

p i n   or   p r i n t   w i r e   and  a r m a t u r e   to   c l o s e   a  m a g n e t i c  

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

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

in  t h e s e   p r i o r   a r t   d e s i g n s .   The  w e i g h t   of  t h e  

p e r m a n e n t   m a g n e t   in   s u c h   s y s t e m s   has   b e c o m e  

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

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

r e f i r e   r a t e   has   l i m i t e d   t h e   s p e e d   of  t h e   p r i n t e r s .  

The  c o s t   of  m a n u f a c t u r e   was  t o o   e x p e n s i v e   and  t h e  

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

poor   y i e l d s   and  d i f f i c u l t y   in  m a n u f a c t u r e .   I n  

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

s p e e d s   of  300  l i n e s   p e r   m i n u t e   or  more  h a v e   had  t o  

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

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

p r i n t   due  to  t he   n e c e s s a r y   w e i g h t   of  t h e   m a g n e t i c  

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

d e s i g n   and  the   s t o r e d   e n e r g y   d e s i g n ,   t h e   e f f o r t   h a s  

b e e n   t o   i n c r e a s e   t h e   p r i n t i n g   s p e e d   (as   g i v e n   by  t h e  

r e f i r e   r a t e )   w h i l e   m a i n t a i n i n g   a  d y n a m i c   p r i n t   r a n g e  

( g r e a t e r   t h a n   3  or  4 x 1 0  3   i n c h e s ) ,   i m p a c t   f o r c e s  

from  g r e a t e r   t h a n   one  k i l o g r a m ,   w i t h   c o m m e n s u r a t e l y  

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

t h a n   300  m i c r o s e c o n d s ) .  

In  n e a r   l e t t e r   q u a l i t y   (NLQ)  p r i n t e r s ,   t h e r e   i s   a  
need   to  r e f i r e   t he   p i n s   a t   many  a d d i t i o n a l  



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

m a k i n g   5x7  or  7x9  c h a r a c t e r s .   High  q u a l i t y   l e t t e r s  

r e q u i r e   u n i f o r m l y   d a r k   d o t s   a t   r e f i r e   r a t e s   o f ,   e . g .  

320 ,   360 ,   400 ,   440 ,   480 ,   e t c .   m i c r o s e c o n d s  

c o r r e s p o n d i n g   r o u g h l y   to   8,  9,  10,  11,  12,  e t c .   x  
10 -3   i n c h   s e p a r a t i o n   b e t w e e n   d o t s   a t   26  i n c h e s   p e r  
s e c o n d   c a r r i a g e   s p e e d   and  t h a t   t h e r e   be  no  u n w a n t e d  

d o t s   p r i n t e d   a t   any   r e f i r e   r a t e .   U .S .   p a t e n t  

4 , 2 9 1 , 9 9 2   B a r r   e t   a l   d e s c r i b e s   an  e l e c t r o n i c   d a m p i n g  

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

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

h e a t   d i s s i p a t i o n   in   t h e   p r i n t h e a d .   O t h e r   p r i n t   h e a d s  

s u c h   as  t h o s e   p r o d u c e d   by  D.  H.  A s s o c i a t e s   o f  

S u n n y v a l e ,   C a l i f o r n i a  h a d   a  r e l a t i v e l y   f a s t   t i m e   t o  

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

d i s s i p a t e d   ( a r o u n d   1000  m i c r o s e c o n d s ) .  

T h e r e   is   a  n e e d   f o r   an  i m p r o v e d   d o t   m a t r i x  

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

l i m i t a t i o n s   and  d i s a d v a n t a g e s .  

In  g e n e r a l ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t  
1 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   d o t   m a t r i x   p r i n t e r  

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

l i m i t a t i o n s   and  d i s a d v a n t a g e s   in   a  new  d e s i g n   o f  

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

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

I t   i s   a  f u r t h e r   o b j e c t   of   t h e   i n v e n t i o n   t o  

p r o v i d e   a  new  and  i m p r o v e d   l i n e a r  d o t   m a t r i x   p r i n t e r  

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

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

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

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

o p e r a t e d   and  h a s   a  min imum  mass  of  m o v i n g   p a r t s   w h i c h  

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

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



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

p r i n t   h e a d   of  t h e   a b o v e   c h a r a c t e r   w h i c h   h a s   a n  

t i m e   to   i m p a c t   of   l e s s  t h a s  a b o u t   3 0 0  

m i c r o s e c o n d s .  

A  f u r t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   t o   p r o v i d e  

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

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

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

r e f i r e   r a t e   of  t he   a p p a r a t u s   can  be  s l i g h t l y   l o n g e r  

t h a n   t h e   t i m e   to   i m p a c t ,   i . e .   is   l e s s   t h a n   a b o u t   3 5 0  

m i c r o s e c o n d s .  

A  f u r t h e r   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   a  

p r i n t   h e a d   o p e r a b l e   t o   p r o d u c e   n e a r   l e t t e r   q u a l i t y  

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

r a t e s   of  320 ,   360 ,   400 ,   440 ,   480 ,   e t c .   m i c r o s e c o n d s  

c o r r e s p o n d i n g   r o u g h l y   t o   8,  9,  10,  11,   12  e t c .   x  
1 0 - 3   i n c h   s e p a r a t i o n   b e t w e e n   d o t s   a t   26  i n c h e s   p e r  
s e c o n d   c a r r i a g e   s p e e d   w i t h   no  u n w a n t e d   d o t s   p r i n t e d  

at   any   r e f i r e   r a t e .   T h i s   p e r f o r m a n c e   r e q u i r e s   a  

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

t h e   r e c o i l   e n e r g y   and  w h i c h   w i l l   h a v e   no  a p p r e c i a b l e  

wear   so  as  to  g i v e   t h e   p r i n t   head   a  l o n g   l i f e .  

A  f u r t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   t o   p r o v i d e  

an  i n e r t i a l   d a m p e r   m e c h a n i s m   fo r   use   on  p r i n t   h e a d s  

5so  t h a t   s u b s t a n t i a l l y   a l l   of   t h e   r e c o i l   e n e r g y   i s  

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

e l e m e n t .  

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

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

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

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

d e s i g n s   can  be  e q u a l l e d   or  b e t t e r e d .   The  d e s i g n   o f  

t h e   p r e s e n t   i n v e n t i o n   l e n d s   i t s e l f   n o t   o n l y   t o  

s e r i a l ,   mov ing   h e a d   p r i n t e r   a r r a y s ,   b u t   i s   a l s o   f o u n d  

to   be  e s p e c i a l l y   a d a p t e d   to   m a k i n g   a  s h u t t l e   l i n e  
f5 



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

to  s t o r e d   e n e r g y   s y s t e m s .  

The  p r e s e n t   i n v e n t i o n   e m p l o y s   an  i m p r o v e d   d o t  

m a t r i x   p r i n t   h e a d   w h i c h   h a s   no  s t o r e d   m a g n e t i c   e n e r g y  

c o m p o n e n t s   and  v e r y   few  p a r t s   made  of   h e a v y   m e t a l .  

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

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

a r m a t u r e   t y p e .   I t   i n c l u d e s   a  c o - a x i a l   c o r e   and  c o i l  

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

m a t e r i a l   to  fo rm  a  m a g n e t i c   r e t u r n   p a t h .   A  l e a f  

s p r i n g   a r m a t u r e   beam  i s   c a n t i l e v e r e d   o v e r   one  end  o f  

t h e   c o i l   and  s h e l l   and  c a r r i e s   an  a r m a t u r e   p l u g  

c a r e f u l l y   a l i g n e d   in   a  h o l e   c o n c e n t r i c   in   one  e n d  

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

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

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

c o r e   and  a s s o c i a t e d   t h r o u g h   t h e   s h e l l   to   c l o s e   t h e  

g a p ,   m o v i n g   t h e   a r m a t u r e   and  beam  t o w a r d   t h e   p l a t e n .  

The  b e a m  i s   f l a t ,   p l a n a r ,   and  s p r i n g y   b e t w e e n   t h e  

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

an  L - s h a p e d   s e c t i o n   b e t w e e n   t h e   a r m a t u r e   and  t h e  

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

The  d e s i g n   of  t h e   p r i n t   h e a d   i s   s u c h   t h a t ,   w h e n  

t h e   a r m a t u r e   i s   a t   r e s t ,   t h e   p r i n t   w i r e   (o r   a  m a j o r  

p o r t i o n   t h e r e o f )   e x t e n d s   in   a  s t r a i g h t   l i n e   a t   r i g h t  

a n g l e s   f rom  t h e   end  of   t h e   a r m a t u r e   so  t h a t   t h e  

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

l e n g t h .   The  p r i n t   n e e d l e   p a s s e s   t h r o u g h   j e w e l e d  

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

m o t i o n   is   f r e e   of  t h e   g u i d e s .   T h i s   e l i m i n a t e s  

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

t h e   p r i n t   n e e d l e .   The  a r m a t u r e   beam  is   p r e f e r a b l y  

s t i f f e n e d   a t   one  end  f o r m e d   t h e   same  of   an  L - s h a p e d  

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

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



from  t h e   a r m a t u r e   and  t h e   p o i n t   of  a t t a c h m e n t   of  t h e  

p r i n t   n e e d l e   to   t h e   end  of  t he   b e a m .  

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

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

can  r e a c h   maximum  c u r r e n t   i n t e n s i t y   in  l e s s   t h a n  

a b o u t   150  m i c r o s e c o n d s .   The  c u r r e n t   r e m a i n s   a t  

maximum  i n t e n s i t y   f o r   a p p r o x i m a t e l y   50  m i c r o s e c o n d s  

and  t h e n   r a p i d l y   d e c r e a s e s   to   z e r o   in  l e s s   t h a n   a  1 0 0  

m i c r o s e c o n d s .   The  mass   and  the   s p r i n g   c o n s t a n t   o f  

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

i m p e d a n c e   a r e   m a t c h e d   to  o p t i m i z e   beam  m o v e m e n t .   I t  

is  f o u n d   t h a t   (a)   a f t e r   t he   c o i l   c u r r e n t   h a s   r i s e n  

a b o u t   80  p e r c e n t ,   t h e   beam  s h o u l d   s t a r t   to   move  a n d  

r e a c h   a b o u t   20  p e r c e n t   of   i t s   maximum  m o v e m e n t   by  t h e  

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

(b)  t h a t   t h e   beam  c o m m e n c e s   to   move  w i t h i n   p l u s   1 0 0  

m i c r o s e c o n d s   or  m i n u s   50  m i c r o s e c o n d s   of  c o i l   c u r r e n t  

r e a c h i n g   i t s   max imum,   p r e f e r a b l y   w i t h i n   p l u s   or  m i n u s  

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

more  p r e f e r a b l y   a t   a p p r o x i m a t e l y   20  to   3 0  

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

m a x i m u m .  

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

p r e l o a d   b y . a   d a m p e r   so  as  to  a s s u r e   b e t t e r   d a m p i n g  

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

damper   e f f e c t i v e l y   b r i n g s   t he   beam  to   i n s t a n t   r e s t   s o  

t h a t   t he   r e f i r e   r a t e   can   be  v a r i a b l e   and  be  a l m o s t   a s  
low  as  t he   t i m e   r e q u i r e d   to   r e a c h   i m p a c t ,   i . e .   3 5 0  

m i c r o s e c o n d s .   T h i s   t i m e   i n c l u d e s   b o t h   t h e   c o i l  

o p e r a t i o n  c y c l e   t i m e   and  t he   t i m e   r e q u i r e d   to   b r i n g  

the   beam  m o t i o n   to   r e s t .   With   t h i s   p r e l o a d   t h e  

s p r i n g   a r m a t u r e   make  a  r e l a t i v e l y   s m a l l   a n g l e   w i t h  

r e s p e c t   to   n e u t r a l ,   of  b e t w e e n   one  and  t h r e e   d e g r e e s ,  
and  is  a b l e   to  make  t h e   p r i n t i n g   s t r o k e   and  r e t u r n   t o  
the   r e s t   p o s i t i o n   in   an  e x t r e m e l y   s h o r t   p e r i o d   o f  

t i m e .  



The  m o v i n g   mass   of   t h e   beam  c o n s i s t i n g   of  t h e  

p r i n t   w i r e ,   a r m a t u r e   and   beam  i s   q u i t e   low,   s o m e t h i n g  

l e s s   t h a n   t h e   r e s t   mass   o f   0 . 3   g r a m s .   The  s p r i n g  

c o n s t a n t   i s   100  g r a m s / d e g r e e ,   as  m e a s u r e d   b y  

d e f l e c t i o n   of  t h e   p r i n t   n e e d l e   w i t h   t h e   beam  m o u n t e d .  

In  one   e m b o d i m e n t   of   t h e   i n v e n t i o n   d e s i g n e d   f o r   a  

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

in  t h e   r e s t   p o s i t i o n   e s s e n t i a l l y   p a r a l l e l   and  w i t h  

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

T h i s   p e r m i t s   p r i n t i n g   a  s t r a i g h t   v e r t i c a l   or  s l a n t e d  

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

In  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   f o r  

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

a x e s  p a r a l l e L  a n d   w i t h   n i n e   c o i l s   s p a c e d   a r o u n d   t h e  

p l a n e   of  t h e   p r i n t   n e e d l e s .   In  t h i s   form  t h e   u p p e r  

end  o f   e a c h   p r i n t   n e e d l e   i s   b e n t   s l i g h t l y   so  t h a t   t h e  

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

m a j o r   a x e s   of   t h e   p r i n t   n e e d l e s .  

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

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

or  c u r v i n g   t h e   beams   as  h a s   b e e n   t h e   p r i o r   a r t  

e x p e r i e n c e .  

In  s e r i a l   p r i n t   h e a d   a r r a y   a p p l i c a t i o n s   t h e  

m o u n t i n g   s t r u c t u r e   and  m o v e m e n t   of  t he   a r r a y   as  a  

w h o l e   may  be  known  in  t h e   a r t .  

A  r e c o i l   e n e r g y   a b s o r b i n g   member  p r e f e r a b l y  

o v e r l i e s   a  r e t u r n i n g   p o r t i o n   or  end  of  e a c h   of   t h e  

a r m a t u r e   beams   and  s e r v i c e s   as  a  m e c h a n i s m   b o t h   f o r  

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

beam.   In  one  f o rm ,   t h i s   member  i s   made  of  a  s h o c k  

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

i t s   a x i s   g e n e r a l l y   p a r a l l e l   to   t h e   a x e s   of  t he   p r i n t  

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

r o t a t i o n   r o u n d   i t s   a x i s   so  t h a t ,   d u r i n g   o p e r a t i o n ,   i t  

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



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

n e e d l e s ,   p r e v e n t i n g   l o c a l i z e d   wear   of  t he   i m p a c t  

a b s o r b i n g   m a t e r i a l .  

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

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

o v e r   t he   f u l l   a r e a   of  t h e   d a m p i n g   m a t e r i a l .   T h e  

p l a t e   has   an  e f f e c t i v e   mass   e q u a l   to   t h e   e f f e c t i v e  

m o v i n g   mass  of  t h e   beam  a s s e m b l y .   Upon  r e c o i l  

i m p a c t ,   t h e   e n e r g y   of  t h e ' b e a m   is  n e a r l y   f u l l y  

t r a n s f e r r e d   to   t h e   p l a t e   and  is   s p r e a d   t h r o u g h   a n d  

a b s o r b e d   by  the   d a m p i n g   m a t e r i a l .   The  t r a n s f e r   i s  

a r r a n g e d   in  one  e m b o d i m e n t   to   o c c u r   a t   t h e   c e n t e r   o f  

p e r c u s s i o n   or  of  e f f e c t i v e   mass  of  t h e   beam  a s s e m b l y  

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

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

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

a  p r i n t   p i n ,   w i t h   a  p a r t i c u l a r   p o s i t i o n i n g   means   f o r  

h o l d i n g   t h e   a s s e m b l i e s   in  a  p r e d e t e r m i n e d   r e l a t i o n .  

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

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

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

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

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

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

more  t h a n   180  d e g r e e s   of  a r c   t h e r e o f   and  i s  

e x p a n d a b l e   to  p e r m i t   s l i d i n g   e n g a g e m e n t   w i t h   t h e  

f i r s t   p o s i t i o n i n g   means   so  as  t o  h o l d   t h e   s p r i n g  

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

P r e f e r a b l y   a  m o l d e d   s t i f f e n i n g   r i b   i s   c a r r i e d   by  t h e  

s p r i n g   a s s e m b l y   and  e x t e n d s   f rom  t h e   a r m a t u r e   to   t h e  

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

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

r i b   and  p e r m i t s   r o t a t i o n   of  t he   end  of  t h e   p i n   in  t h e  

s u p p o r t .   I t   is   a l s o   p r e f e r r e d   t h a t   t h e r e   be  a  m o l d e d  



pad  c a r r i e d   by  t h e   s t i f f e n i n g   r i b   to   e n g a g e   an  i m p a c t  

a b s o r b i n g   member  d u r i n g   t h e   r e t u r n   of  t h e   p r i n t i n g  

p i n   f r o m   p r i n t i n g   p o s i t i o n .  

T h e s e   and  o t h e r   f e a t u r e s   and  o b j e c t s   w i l l   b e c o m e  

a p p a r e n t   f rom  t he   f o l l o w i n g   e x e m p l a r y   d e s c r i p t i o n   a n d  

c l a i m s   when  t a k e n   in  c o n j u n c t i o n   w i t h   t h e   d r a w i n g s ,  

of  w h i c h :  

FIGURE  1  i s   a  p e r s p e c t i v e   v i ew  of  a  l i n e a r   d o t  

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

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

FIGURE  2  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   of   t h e  

p r i n t   h e a d   a r r a y   of  FIGURE  1  w i t h   p o r t i o n s   b r o k e n  

away  t o   show  d e t a i l s   of   c o n s t r u c t i o n .  

F I G U R E  3  i s  a  c r o s s - s e c t i o n a l   v i e w   t a k e n  a l o n g  

t h e   l i n e s   of   3-3  of  FIGURE  2 .  

FIGURE  4  i s   a  c r o s s - s e c t i o n   of   t h e   v i e w   t a k e n  

a l o n g   t h e   l i n e s   4 -4   of   FIGURE  2 .  

FIGURE  5  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n .  

FIGURE  6  i s   a  c r o s s - s e c t i o n a l   v iew  of   a n o t h e r  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n   and  is  u s e d   in  a  f o u r - p i n  

s e r i a l   p r i n t e r   a r r a y .  

FIGURE  7  i s   a  p l a n   v i e w   of  a  s p r i n g   and  a r m a t u r e  

beam  of   t h e   p r i n t   h e a d   of   FIGURE  6 .  

FIGURE  8  i s   a  s c h e m a t i c   p l a n   v i ew  of   a  f o u r - p i n  

p r i n t   w i r e   do t   m a t r i x   s e r i a l   p r i n t e r   a r r a y   d e v e l o p e d  

f rom  t h e   p r i n t   h e a d   o f   FIGURE  6 .  

F I G U R E   9  i s  a  c r o s s - s e c t i o n a l   v iew  of   a n o t h e r  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n   as  u s e d   in  a  n i n e - p i n  

s e r i a l   a r r a y .  

FIGURE  10  i s   a  p l a n   v i e w   of  t h e   l a y o u t   of   a  

n i n e - p i n   s e r i a l   p r i n t e r   a r r a y   d e v e l o p e d   f rom  t h e  

p r i n t   h e a d   of  FIGURE  9 .  



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

c u r r e n t   and  t h e   p r i n t   w i r e   m o t i o n   as  t he   f u n c t i o n   o f  

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

e m b o d i m e n t s   of  FIGURES  1  t h r o u g h   1 0 .  

FIGURES  12  and  13  a r e   p l o t s   s h o w i n g   p e r f o r m a n c e  

c h a r a c t e r i s t i c s   of  t h e   i n v e n t i o n   as  a p p l i c a b l e   to   t h e  

e m b o d i m e n t s   of  FIGURES  1  t h r o u g h   1 0 .  

FIGURE  14  i s   a  c r o s s - s e c t i o n a l   v i ew  of  a n o t h e r  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n   and  e m p h a s i z i n g   c e r t a i n  

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

t e c h n i q u e .  

FIGURE  15  shows  a  p o r t i o n   of   FIGURE  14  ( p a r t i a l l y  

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

i n v e n t i o n   t h e r e o f .  

FIGURE  16  shows  a  p o r t i o n   of  FIGURE  14  s i m i l a r   t o  

t h a t   shown  in  FIGURE  15  w i t h   a  s t i l l   f u r t h e r  

m o d i f i c a t i o n   t h e r e o f .  

FIGURE  17  i s   a  s e c t i o n a l   v i ew   t a k e n   a l o n g   t h e  

l i n e s   1 7 - 1 7   of  FIGURE  1 4 .  

FIGURE  18  i s   a  s e c t i o n a l   v i ew  t a k e n   a l o n g   t h e  

l i n e s   of  1 8 - 1 8   of  FIGURE  1 4 .  

FIGURE  19  i s   an  u p p e r   c r o s s - s e c t i o n a l   v i ew   t a k e n  

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

in  FIGURE  1 4 .  

FIGURE  20  i s   a  s e c t i o n   of  a  f u r t h e r   m o d i f i c a t i o n  

of  t he   e m b o d i m e n t   of   FIGURE  14  s h o w i n g   the   d e t a i l s   o f  

a s s e m b l y .  

FIGURE  21  i s   a  p l a n   v i ew   of   a  m u l t i b e a m  

a c c o m m o d a t i n g   p l a t e .  

FIGURE  22  i s   a  m o d i f i e d   form  of  c o n s t r u c t i o n   o f  

the   beam  a c c o m m o d a t i n g   p l a t e   of  FIGURE  2 1 .  

FIGURE  23  i s   a  s c h e m a t i c   p l a n   v i ew  of  a  f o u r - p i n  
m a t r i x   p r i n t   h e a d   a r r a y   c o n s t r u c t e d   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 .  



R e f e r r i n g   to   FIGURE  1,  t h e r e   i s   shown  a  l i n e  

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

i n v e n t i o n .   The  p r i n t e r   i n c l u d e s   a  b a s e   20  c a r r y i n g   a  

f r a m e   22,  w h i c h   s u p p o r t s   a  p l a t e n   24  a t   i t s   f o r w a r d  

l o w e r   end  o v e r   w h i c h   a  p a p e r   web  26  i s   c a r r i e d   by  a  

p a p e r   a d v a n c e   m e c h a n i s m   28  i n c l u d i n g   a  web  d r i v e  

m o t o r  3 0   and  b e l t   d r i v e   3 2 .  

A  hammer   b a n k   or  p r i n t   h e a d   c a r r y i n g   s h u t t l e   3 4  

i s   m o u n t e d   on  b r a c k e t s   36 ,   38  s e t   to   r e c i p r o c a t e  

a l o n g   g u i d e   s h a f t s   40 ,   42  f o r   a b o u t   4  c h a r a c t e r s   b a c k  

and  f o r t h   a l o n g   a  p r i n t   l i n e   4 3 .  

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

b a c k   and  f o r t h   and  i n c l u d e s   a  m o t o r   44  m o u n t e d   t o   a  

b r a c k e t   46  and  h a v i n g   a  r o t a r y   s h a f t   o u t p u t   a t   4 8  

w h i c h   c a r r i e s   a  f l y w h e e l   50 .   The  s h a f t   end  i s   o f f s e t  

to   form  a  c r a n k   of   o n e - h a l f   t h e   l e n g t h   of   t h e   d e s i r e d  

r e c i p r o c a t i o n   and  i s   j o u r n a l e d   i n t o   a  c o n n e c t i n g   r o d  

54  to   move  t h a t   end  in   a  c i r c u l a r   p a t h .   The  o t h e r  

end  of  t h e   rod   54  i s   a t t a c h e d   t h r o u g h   a  b e a r i n g   56  t o  

a  s h a f t   58  p r o j e c t i n g   f r o m   t h e   s h u t t l e   c a s e .   T h i s  

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

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

c h a r a c t e r i s t i c .  

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

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

known  in  t h e   a r t .   In  a d d i t i o n ,   a  b e a r i n g   ( n o t   s h o w n )  

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

(as   s e e n   i n   FIGURE  2)  t o   s u p p o r t   t h e   h e a d   w h i l e  

p e r m i t t i n g   t h e   d e s i r e d   m o t i o n   t h e r e o f .  

An  e n c o d i n g   d i s k   59  i s   m o u n t e d   on  t h e   o t h e r   e n d  

60  of  t h e   s h a f t   of   m o t o r   44  and   i s   p r o v i d e d   w i t h  

a l t e r n a t i n g   t r a n s p a r e n t   and   o p a q u e   s p o k e s   62  a d a p t e d  

to   be  o p t i c a l l y   s e n s e d   w i t h   a  lamp  and  s e n s o r   6 4  

m o u n t e d   t o   o v e r l i e   b o t h   s i d e s   of   t h e   d i s k .   T h i s  

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



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

d e r i v e d   f rom  t h e   e n c o d e r   and  u s e d   t o   c o n t r o l   t h e  

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

a r t .  

I t   i s   i m p o r t a n t   to   n o t e   t h a t   t h e   m o v e m e n t   of  t h e  

s h u t t l e   can  be  e f f e c t e d   w i t h o u t   t h e   n e e d   to   e m p l o y  

c o u n t e r   w e i g h t s .   T h i s   r e s u l t s   p r i n c i p a l l y   f rom  t h e  

a b i l i t y   to   r e d u c e   t h e   w e i g h t   of  t h e   s h u t t l e   b y  

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

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

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

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

FIGURES  2-4   shows  t h e   s h u t t l e   c o n s t r u c t i o n   i n  

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

6 6 - 7 0   and  end  p l a t e s   72,  73  a r e   f a s t e n e d   t o g e t h e r   t o  

fo rm  a  l i g h t   w e i g h t   f r a m e   f o r   c a r r y i n g   t h i r t y - f o u r  

p r i n t   h e a d s   74-1   t h r o u g h   7 4 - 3 4   in   a  s t a g g e r e d   a r r a y  
of   two  rows   76,  77  f a c i n g   e a c h   o t h e r   a c r o s s   t he   p r i n t  

l i n e   43  on  w h i c h   t h e i r   r e s p e c t i v e   p r i n t   w i r e s   a r e  

a l i g n e d .   Each   row  i s   o f f s e t   h a l f   t h e   d i s t a n c e  

b e t w e e n   h e a d s   to   g i v e   an  e v e n l y - s p a c e d ,   i n t e g r a t e d  

s e t   of  p r i n t   w i r e s .  

The  b a c k   p l a t e   69  c a r r i e s   a  p l u r a l i t y   of  d a m p e r s  

7 8 - 1 ,   7 8 - 2 ,   7 8 - 3 4   f o r   a b s o r b i n g   r e c o i l   e n e r g y   to  b e  

d e s c r i b e d   l a t e r .  

A l t e r n a t i v e l y ,   t h e   d a m p e r s   can   be  i n d i v i d u a l l y  
s u p p o r t e d   e a c h   f rom  t h e i r   a s s o c i a t e d   b e a m  

m o u n t i n g   s c r e w s .  

FIGURES  3  and  4  shows  t h e   p r i n t   h e a d   and  d a m p e r  

a r r a n g e m e n t   of  t h e   a r r a y   of  FIGURES  1  and  2.  T h u s ,  

e a c h   p r i n t   h e a d   i n c l u d e s   a  c y l i n d r i c a l   s o l e n o i d   8 0  

p i v o t e d   a r o u n d   a  c o r e   82  of   m a g n e t i c   m a t e r i a l   w h i c h  

may  be  2%  S i - F e   and  e n c a s e d   an  o u t e r   s h e l l   84.  A 

b o t t o m   end  p l a t e   86  c o m p l e t e s   a  m a g n e t i c   r e t u r n   p a t h  
f rom  t h e   c a s e   to   t h e   s h e l l   84  a t   one   end  and  t h e  



s h e l l   i s   c l o s e d   a t   t h e   o t h e r   end  to   form  a  t o p   p l a t e  

87  w i t h   an  a p e r t u r e   88  f o r   p a s s i n g   an  a r m a t u r e   9 0  

c a r r i e d   on  a  m o v e a b l e   s p r i n g   beam  92.  The  l a t t e r   h a s  

a  p r i n t   w i r e   94  a t t a c h e d   a t   i t s   end  and  e x t e n d i n g  

t h r o u g h   g u i d e s   9 6 .  

I n a s m u c h   as  t h e   s p e c i f i c   d e t a i l s   of  t h e   p r i n t  

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

p r i n t   h e a d   of   t h e   s e r i a l   p r i n t e r s   shown  in   F IGURES 

6 - 1 0 ,   t h e s e   a r r a n g e m e n t s   w i t h   f u r t h e r   s t r u c t u r a l  

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

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

m e c h a n i c a l   s p e c i f i c a t i o n s ,   and  e x p l a n a t i o n   of   t h e  

o p e r a t i o n ,   t h e   l a t t e r   a p p l y i n g   g e n e r a l l y   t o   a l l   o f  

t h e   e m b o d i m e n t s .  

R e f e r r i n g   now  t o   FIGURES  6  t h r o u g h   8,  t h e   p r i n t  

h e a d   as  u s e d   is   of  a  s e r i e s   a r r a y   as  shown  a n d  

i n c l u d e s   a  s o l e n o i d   g e n e r a l l y   i n d i c a t e d   a t   1 1 0 ,  

h a v i n g   a  c e n t r a l   f i x e d   c o r e   112,   a  r e t u r n   p a t h   f o r  

t h e   m a g n e t i c   c i r c u i t   114  ( and   117)  and  a  l o w  

p i m p e d a n c e   a c t u a t i n g   c o i l   116  c o n f i n e d   w i t h i n   a  o u t e r  

h o u s i n g   117 .   The  r a d i u s   f rom  t h e   c e n t e r   o f   t h e   c o i l  

to   t h e   o u t e r   edge   of   t h e   h o u s i n g   is   i n d i c a t e d   by  t h e  

l e t t e r   R.  A  p o r t i o n   120  of   t h e   h o u s i n g   c a r r y i n g   t h e  

s p r i n g   a r m a t u r e   beams   is   shown  g e n e r a l l y   a t   120  w h i l e  

5 the   b e a m s   f o r   d r i v i n g   t h e   p r i n t   n e e d l e s   a r e   shown  a t  

1 2 2 .   The  a r m a t u r e   126  i s   a t t a c h e d   to   t h e   beam  122  b y  

r i v e t   127 .   The  s p r i n g   b e a m s   122  in  t u r n   a r e   s e c u r e d  

to   t h e   t o p   of   t he   h e a d   a s s e m b l y   by  means   of   a  s c r e w  

f a s t e n e r s  1 2 9 .   A  sh im   131  i s   p o s i t i o n e d   b e t w e e n   t h e  

b e a m   122  and  t he   t o p   of  t h e   h o u s i n g   120 .   A n o t h e r  

m e t a l l i c   s h i m   131b ,   p r e f e r a b l y   of   s t a i n l e s s   s t e e l ,  

o v e r l i e s   t h e   end  of  s t a t i o n a r y   c o r e   112  to   fo rm  a  

f i x e d   gap  in   t h e   m a g n e t i c   c i r c u i t   and  p r e v e n t   w e a r .  

As  s e e n   b e s t   in  FIGURE  7,  t h e   L - s h a p e d   s e c t i o n  
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p o i n t   127  f o r   t he   m o v e a b l e   a r m a t u r e   126  ou t   to   t h e  

end  of  t h e   s p r i n g   122  to  form  a  r e l a t i v e l y   r i g i d ,   b u t  

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

m o t i o n   of  t h e   a r m a t u r e   s l u g   126  to   t h e   p r i n t   n e e d l e  

140.   The  r e m a i n d e r   of  t h e   s p r i n g   f rom  t h e   a r m a t u r e  

to  t he   s u p p o r t   i s   e s s e n t i a l l y   p l a n a r   to   p e r m i t   r e a d y  

f l e x u r e   in  t h e   s p r i n g   d r i v i n g   d i r e c t i o n .   The  p r i n t  

n e e d l e   140  i s   a t t a c h e d   by  a  m e t a l l u r g i c a l   bond  to   t h e  

end  132  of  t h e   L - s h a p e d   u p s t a n d i n g   s e c t i o n   of  t h e  

a r m a t u r e   s p r i n g .   In  p r e f e r r e d   form  t h i s   m e t a l l u r g i c  

bond  is   a  r e l a t i v e l y   h i g h   t e m p e r a t u r e   s o l d e r   s u c h   a s  

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

b e t w e e n   t he   p i v o t   p o i n t   and  t h e   end  132  p r e f e r a b l y  

w e i g h s   l e s s   t h a n   .3  g r a m s .   The  r e c o i l   a b s o r b i n g  

5member  i s   i n d i c a t e d   a t   136  as  b e i n g   c a r r i e d   by  a  

c o v e r   121  and  c o m p r i s e s   a  c y l i n d e r   of  p l a s t i c   s u c h   a  

p o l y u r e t h a n e .   Above  t h e   p l a s t i c   c y l i n d e r   is   a  d i s k  

of  p l a s t i c ,   i n d i c a t e d   a t   137 ,   f o r m e d   of  a  m a t e r i a l  

s u c h   as  p o l y t e t r a f l u o r o e t h y l e n e   or  t h e   l i k e   f o r m i n g   a  

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

p l a s t i c   136 .   I f   d e s i r e d ,   a  l a y e r   of  g r a p h i t e   may  b e  

p r o v i d e d   b e t w e e n   t h e s e   two  e l e m e n t s   136  and  137  t o  

p r o v i d e   r e l a t i v e l y   e a s y   r o t a t i o n   of  t h e   c y l i n d e r   1 3 6  

a r o u n d   i t s   a x i s .   A  s c r e w   1 1 8  i s   u s e d   f o r   a j u s t i n g  

t h e   d o w n w a r d   p o s i t i o n   of  t h e   c y l i n d e r   136 ,   t h u s  

c o n t r o l l i n g   t h e   a m o u n t   of  p r e l o a d   c o m p r e s s i o n   on  t h e  
beam  1 2 2 .  

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

s t a i n l e s s   s t e e l   (or   h a r d   p l a s t i c )   137a  on  t he   b e a r i n g  

)0  su r f ace   of  member  136  w h i c h   i s   a d a p t e d   c o n t a c t   t h e  

ends   132  of  t h e   beam  122 .   T h i s   s h e e t   of  m e t a l   ( o r  

h a r d   p l a s t i c )   i s   f o r   the   p u r p o s e   of  m i n i m i z i n g   w e a r  
of  t he   end  of  member  1 3 6 .  

In  a  p r e f e r r e d   fo rm,   t h e   s p r i n g   beam  122  has   a  
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a r o u n d   i t s   p o i n t   of  f l e x u r e   and  h a s   a  p r e l o a d   o f  

a b o u t   1 /2   to   1  d e g r e e .   The  p r e l o a d   i s ,   in  o n e  

p r e f e r r e d   f o r m ,   a b o u t   5 0 - 1 0 0   g r a m s   as  m e a s u r e d   a t   t h e  

n e e d l e   d r i v i n g   end  of   t h e   s p r i n g   a r m a t u r e .   T h i s   a l s o  

s p e c i f i e s   t h e   s p r i n g   c o n s t a n t   as  100  g r a m s   p e r   d e g r e e  

of  b e n d .  

As  a  r e s u l t   o f   t h e   t i l t   (2  to   5  d e g r e e s )   o f   t h e  

beam  122,   t h e   l o w e r   s u r f a c e   of  t h e   a r m a t u r e   126  i s  

a l s o   t i l t e d   a  l i k e   a m o u n t   w i t h   r e s p e c t   to   t h e   u p p e r  
s u r f a c e   of  t h e   s t a t i o n a r y   c o r e   112 .   When  t h e  

m o v e a b l e   c o r e   126  i s   a t t r a c t e d   to   and  c o n t a c t s   t h e  

s t a t i o n a r y  c o r e   112 ,   t h e i r   two  a d j a c e n t   s u r f a c e s  

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

a t t r a c t i v e   f o r c e   b e t w e e n   them  and  i n c r e a s i n g   t h e  

e f f i c i e n c y   of   t h e   s o l e n o i d .  

T h i s   t i l t   may  be  a c h i e v e d   by  b e v e l l i n g   t h e  

a t t a c h m e n t   s u r f a c e   of   t h e   h o u s i n g   120  a d j a c e n t   t h e  

f a s t e n e r   129  by  u s i n g   a  b e v e l l e d   sh im   131  u n d e r   t h e  

f a s t e n e r   129 ,   or  by  b e n d i n g   t h e   s p r i n g   a r m a t u r e   1 2 2 .  

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

b e v e l l e d   a  l i k e   a m o u n t .  

In  a  p r e f e r r e d - e m b o d i m e n t ,   t h e   d i s t a n c e   D  b e t w e e n  

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

t h e   a x i s   o f   t h e   p r i n t   n e e d l e   140  i s   l e s s   t h a n   1 / 3  

i n c h   and  i s   a b o u t   1 . 1   R.  As  i n d i c a t e d   in  FIGURE  1 ,  

t h e   p r i n t   n e e d l e   a x i s   140  i s   e s s e n t i a l l y   s t r a i g h t   i n  

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

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

t h e   two  g u i d e   b e a r i n g s   142  and  144  w h i c h   g u i d e   t h e  

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

s t r o k e .  

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

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

shown  in  FIGURE  8  w h e r e i n   l i k e   n u m b e r s   r e f e r   to   l i k e  

e l e m e n t s   in  FIGURES  6  and  7 .  



R e f e r r i n g   now  to  FIGURES  9  and  10  t h e r e   i s   s h o w n  

a n o t h e r   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  

p a r t i c u l a r l y   a d a p t e d   fo r   use   w i t h   a  n i n e   n e e d l e   d o t  

m a t r i x   p r i n t   h e a d .   In  t h e s e   f i g u r e s ,   l i k e   n u m b e r s  

r e f e r   to   l i k e   e l e m e n t s   in  FIGURES  6  t h r o u g h   8.  A s  

can   be  s e e n   i n  t h i s   c a s e ,   t h e   p r i n t   n e e d l e   1 4 0 . h a s   a  

s o m e w h a t   m o d i f i e d   form  in  t h a ' t   i t   h a s   two  a x e s .   T h e  

l o w e r   and  m a j o r   p o r t i o n   of  t h e   a x i s  o f   t h e   p r i n t  

n e e d l e   140a   is   s t r a i g h t   and  p a r a l l e l   to   t h e   a x e s   o f  

t h e   two  b e a r i n g s   142  and  144 .   The  u p p e r ,   m i n o r ,  

p o r t i o n   of  t he   p r i n t   n e e d l e   140b  is   b e n t   a t   a  s l i g h t  

a n g l e   B  f rom  t h e   m a j o r   a x i s   o f  t h e   p r i n t   n e e d l e ,  

( t h i s   a n g l e   b e i n g   s o m e w h a t   e x a g g e r a t e d   f o r   c l a r i t y ) ,  

and   i s   p r e f e r a b l y   a b o u t   6  d e g r e e s .   S i m i l a r l y ,   t h e  

end  132a   o f . t h e   s p r i n g   a r m a t u r e   i s   a t   an  a n g l e  

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

m e t a l l u r g i c a l   bond   can  be  o b t a i n e d   w i t h   t h e   u p p e r   e n d  

of  t h e   p r i n t   n e e d l e   1 4 0 b .   In  o t h e r   r e s p e c t s ,   t h e  

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

t h e   s a m e .   H o w e v e r ,   in  t h i s   c a s e ,   as  c an   be  s e e n ,   t h e  

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

1 . 1 .   W i t h   t h i s   m o d i f i e d   form  of   t h e  i n v e n t i o n   a s  

shown  in  FIGURE  9,  t he   n i n e   p r i n t   n e e d l e s   can   s t i l l  

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

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

t h e   n i n e   p r i n t   n e e d l e s   as   s c h e m a t i c a l l y   i n d i c a t e d   i n  

FIGURE  1 0 .  

In  FIGURE  9,  o n l y   one  s p r i n g   a r m a t u r e   i s   s h o w n .  

H o w e v e r ,   t h e   a p p r o x i m a t e   p o s i t i o n s   of  t h e   s o l e n o i d s  

is   shown  a r o u n d   t h e   p l a n e   of  t h e   n i n e   p r i n t   n e e d l e s  

w h i c h   a r e   shown  s c h e m a t i c a l l y   a t   140 .   In  t h e   FIGURE 

10  form  of   t h e   i n v e n t i o n ,   t h e   i n i t i a l   d o w n w a r d  

d r i v i n g   f o r c e   t r a n s m i t t e d   f rom  t h e   end  of  t h e  

a r m a t u r e   132a   to   t h e   p r i n t   n e e d l e   140  i s   p a r a l l e l   t o  

t h e   a x i s   of  the   m a j o r   p o r t i o n   140a  of  t h e   p r i n t  



n e e d l e ,   and  t h e   p r i n t   n e e d l e   or  w i r e   i s   a l i g n e d  

s t r a i g h t   t h r o u g h   t h e   c e n t e r   of  t h e   g u i d e s   so  t h a t  

t h e r e   i s   no  i n i t i a l   l a t e r a l   f o r c e  t r a n s m i t t e d   to  t h e  

s i d e s   o f   t h e   two  b e a r i n g s   142  and  144,   t h e r e b y  

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

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

The  f o r c e s   of  i m p a c t   b e t w e e n   t h e   m o v e a b l e  

a r m a t u r e   and   t h e   c o r e   in   t h e   p r i n t   h e a d   of   t h e  

p r e s e n t   i n v e n t i o n   w o u l d   make  c o n t a c t   a t   a b o u t   6 

( d e g r e e s ,   i f   a l l   t h e   p a r t s   a r e   a r r a n g e d   a t   r i g h t  

a n g l e s   to   e a c h   o t h e r .   I t   is   i m p o r t a n t ,   h o w e v e r ,   t h a t  

f r i c t i o n   b e t w e e n   t h e   c o r e   end  f a c e   and   t h e   a r m a t u r e  

be  m i n i m i z e d .   The  sh im   on  t h e   c o r e   s e r v e s   t o  

m i n i m i z e   t h i s   f u n c t i o n   by  c h o i c e   of   m a t e r i a l   ( M y l a r )  

; and   a l s o   s e r v e s   to   p r e v e n t   t o t a l   c o l l a p s e   of  t he   g a p  
b e t w e e n   t h e s e   p a r t s ,   so  l e s s e n i n g   t h e   i m p a c t ,   b o t h   o f  

w h i c h   c o n t r i b u t e   to   l o w e r   w e a r .  

A d d i t i o n a l l y ,   a  s h i m   ( n o t   shown  b e c a u s e   o f  

t h i n n e s s   of  s e c t i o n )   h a v i n g   an  a n g l e   of  a b o u t   6 

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

b l o c k   97  and   t h e   beam  92  in  FIGURE  1,  or  b e t w e e n   t h e  

b l o c k   131  and   beam  122  in  FIGURE  6,  in   o r d e r   t o  

i n c r e a s e   t h i s   a n g l e   by  6  d e g r e e s .   T h i s   r e s u l t s   in  a  

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

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

T h e r e   i s  a l s o   l e s s   m e c h n i c a l   v i b r a t i o n   s i n c e   t h e  

t e n d e n c y   to   b e n d   t h e   beam  a b o u t   t h e ; p o i n t   or  l i n e   o f  

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

The  d a m p e r   s y s t e m s   of   t h e   e m b o d i m e n t   of  FIGURES 

0 1 - 1 0   w i l l   n o w  b e   d i s c u s s e d .   FIGURES  6  and  9  s h o w  

d a m p e r s   1 3 6  w h i c h   h a v e   p r o t e c t i v e   c o v e r i n g s .   As  

d a m p e r s ,   t h e s e   u n i t s   a r e   d e p e n d e n t   upon   t h e  

c h a r a c t e r i s t i c s   of  t h e   m a t e r i a l   of  w h i c h   t h e y   a r e  

m a d e .   P r e f e r a b l y ,   t h e   d a m p e r s   a r e   made  o f  

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



t r a d e m a r k   SORBOTHANE  from  H a m i l t o n   K e n t ,   D i v i s i o n   o f  

BTR  C o r p o r a t i o n ,   Ken t ,   O h i o ,   or  o t h e r s   h a v i n g   s i m i l a r  

s h o c k   a b s o r b i n g   c h a r a c t e r .   In  g e n e r a l ,   t h e   m a s s  

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

and  t h e   beam  l i m i t s   t h e   t r a n s f e r   of  e n e r g y .   T h i s  

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

e m p l o y e d   as  shown  in  FIGURE  3  and  in  a  more   g e n e r a l  

v e r s i o n   in  FIGURE  5.  In  t h e   l a t t e r ,   an  i m p a c t   p l a t e  

98  of  s t a i n l e s s   s t e e l   is   c o u p l e d   to   t h e   f r o n t   s u r f a c e  

o f   t h e   d a m p e r   e l a s t o m e r   as  w i t h   a d h e s i v e   99.   T h e  

e q u i v a l e n t   mass  of  t h e   p l a t e   98  ( a d j u s t e d   f o r   s o m e  

c o n t r i b u t i o n   from  t h e   e l a s t o m e r )   and  t h e   m o v i n g   m a s s  

of  t he   beam  a r e   made  t h e   s a m e .   T h e n ,   upon   i m p a c t ,  

a l l   or  n e a r l y   a l l   of  t h e   r e c o i l   e n e r g y   of  t h e   b e a m  

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

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

t he   s u p p o r t  p l a t e   to   f a c i l i t a t e   p r e l o a d   a d j u s t m e n t .  

In  FIGURE  4,  t h e   i n e r t i a l   d a m p e r   h a s   b e e n  

a r r a n g e d   to   be  even   more  e f f e c t i v e .   I t   is   now  l o c a t e d  

a l o n g   t h e   beam  to  a p p r o x i m a t e l y   t h e   c e n t e r   of   t h e  

m a s s ,   or  more  p r e c i s e l y   to   t h e   c e n t e r   of  p e r c u s s i o n ,  

a t   100 .   The  s h a p e   of  t h e   i n e r t i a l   e l e m e n t   i s   now  i n  

t he   form  of  a  p i n   101  w i t h   a  h e a d   102  c o u p l e d   t o  

e l a s t o m e r i c   p l u g   99  of  t h e   d a m p e r   and  a  d e p e n d i n g  

p a r t   104  of  s m a l l e r   c r o s s - s e c t i o n   in  c o n t a c t   w i t h   a  

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

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   i n e r t i a l   d a m p e r  
h e r e i n   d e s c r i b e d   is   n o t   l i m i t e d   to   u s e   in  p r i n t  

h e a d s .   Such  an  i n e r t i a l   d a m p e r   i s   u s a b l e   in  a n y  

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

n e a r l y   a l l   of  the   k i n e t i c   e n e r g y   of  a  f i r s t   member  t o  

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

s t r u c t u r e .  

R e f e r r i n g   to  FIGURE  11,  t h e r e   i s   shown  a  p l o t   1 5 1  

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



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

As  can   be  s e e n   t h e   low  i m p e d a n c e   of  t h e   s o l e n o i d  

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

t i m e   b e t w e e n   100  and  150  m i c r o s e c o n d s ,   t h e   max imum 

c h a r g i n g   c u r r e n t   of   s l i g h t l y   l e s s   t h a n   t h r e e   amps  i s  

a t t a i n e d .   T h i s   c u r r e n t   i s   r e t a i n e d   f o r   a b o u t   5 0  

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

z e r o   to   p r o v i d e   a  t o t a l   d r i v e   p u l s e   of  a p p r o x i m a t e l y  

250  m i c r o s e c o n d s .   A l s o   g i v e n   i s   a  p l o t   153  of  a  

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

m o t i o n s   b e i n g   shown  in  phantom)  p l o t t e d   a g a i n s t   t h e  

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

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

t h e   m o v i n g   a r m a t u r e   beam  and  p r i n t   p i n   i s   made  as  l o w  

.as  p o s s i b l e   c o n s i s t e n t   w i t h   r e q u i r e m e n t s   o f  

s t i f f n e s s ,   f l e x i b i l i t y   and  m a g n e t i c   f u n c t i o n .   H a v i n g  

a c h i e v e d   t h i s ,   w h i c h   i s   a t   a b o u t   0 .3   g r a m s ,   and  a  

f l e x i b i l i t y   a l l o w i n g   a  l e s s   t h a n   1 0 0 - m i c r o s e c o n d  

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

m o v i n g   t h e   beam  w i t h   a d e q u a t e   f o r c e   in   t h e  

3 0 0 - m i c r o s e c o n d   t i m e   f r a m e   a l l o w e d .   T h i s   has   b e e n  

f u r t h e r   f o u n d   (a)   to   r e q u i r e   t h e   d r i v e   c u r r e n t  

f u n c t i o n   to   a c h i e v e   a b o u t   80  p e r c e n t   of   i t s   f u l l  

v a l u e   b e f o r e   t h e   beam  moves   and   t h e   beam  to   r e a c h   2 0  

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

or  (b)  t h e   beam  c o m m e n c e s   t o   move  w i t h i n   p l u s   1 0 0  

m i c r o s e c o n d s   or  m i n u s   50  m i c r o s e c o n d s   of  c o i l   c u r r e n t  

r e a c h i n g   i t s   maximum,  p r e f e r a b l y  w i t h i n   p l u s   or  m i n u s  

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

0and  more  p r e f e r e a b l y   a t   a p p r o x i m a t e l y   20  to   3 0  

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

maximum.  25  m i c r o s e c o n d s   h a s   b e e n   f o u n d   to   be  a b o u t  

o p t i m u m .   T h i s   r e l a t i o n s h i p   i s   shown  in  p l o t s   1 5 1 ,  

153.   The  s o l e n o i d   w i n d i n g s   f o r   t h e   beam  d e s c r i b e d  

h e r e i n   a r e :   180  t u r n s   o f  #   31  c o a t e d   m a g n e t   w i r e   on  a  

c o r e   0 . 1 3 4   i n c h e s   i n n e r   d i a m e t e r ,   and  s t e p p e d   t o  

0 . 1 7 5   i n c h e s  



and  0 . 3 4 5   i n c h e s   o u t e r   d i a m e t e r ,   i n d u c t a n c e   of  1 . 6  

m i l l i h e n r i e s   o p e n .  

The  c u r v e   151  c a n n o t   be  made  t o o   f a s t ,   i . e . ,   i t  

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

t h e   beam  s t a r t s   to   move .   T h i s   c o n d i t i o n   can  l e a d   t o  

a  s t a l l ,   as  w e l l   as  u n n e c e s s a r y   h e a t i n g   in  t h e  

e x c i t a t i o n   c i r c u i t .   N o r m a l l y ,   t h e r e   i s   s u f f i c i e n t  

l a g   due  to  eddy   c u r r e n t   b u i l d u p   a l o n e ,   h o w e v e r ,   s o  

t h a t   an  o p t i m i z e d   s o l e n o i d   d e s i g n   can  a c h i e v e   t h e  

p a r a m e t e r s   g i v e n .  

The  f o l l o w i n g   a r e   t y p i c a l   p r i n t   h e a d  

s p e c i f i c a t i o n s   (1,   2,  4,  8,  9,  and  34  p i n s ) .  

I m p a c t   F o r c e  -   5  p o u n d s   minimum  on  s t r o k e s   a c r o s s  

6  to   14  mi l   g a p s   and   a t   any  r e f i r e   r a t e   up  t o  

m a x i m u m .  

Maximum  R e f i r e   R a t e  -  

3000  Hz  on  1 , 2 , 4 , 8 , 9   and 16  to  64   p i n   p r i n t   h e a d s .  

Time  to  I m p a c t  -   210  m i c r o s e c o n d s   a t   6  mi l   gap   t o  

260  m i c r o s e c o n d s   a t   14  mi l   g a p .  

C u r r e n t   S t r o b e  -   160  to   180  m i c r o s e c o n d s .  

Maximum  C u r r e n t  -   2 . 8   +  o r  -   0 . 2   A m p e r e s  

C o i l   D i s s i p a t i o n  -   l e s s   t h a n   2  m i l l i j o u l e s   p e r  
d o t .  

C o i l   T e m p e r a t u r e   R a t i n g  -   200  d e g r e e s   C e n t i g r a d e .  

Number  of  C o p i e s  -   The  p r i n t   h e a d   can  p r i n t  

6 - p a r t   f o r m s .   I f   l e s s   t h a n   6 - p a r t   f o r m s   a r e  

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

p r o d u c e   i m p r o v e m e n t s   in   gap   v a r i a t i o n ,   n o i s e  

l e v e l ,   e t c .  



P r i n t   w i r e   D i a m e t e r  -   a v a i l a b l e   in  10,  12  or   1 4  

m i l s .  

P i n   C o n f i g u r a t i o n  -  

2  or  4  p i n s   on  28  mi l   s p a c i n g s .  

8  or   9  p i n s   on  14  mi l   s p a c i n g s ,   e i t h e r   s t r a i g h t  

or  s t a g g e r e d .  

34  p i n s   s p a c e d   h o r i z o n t a l l y   a t   minimum  of   2 0 0  

m i l s .  

M e c h a n i c a l   D i m e n s i o n s  -  

R e f e r r i n g   now  s p e c i f i c a l l y   to   FIGURE  14,  t h e r e   i s  

shown  a n o t h e r   e m b o d i m e n t   of   s o l e n o i d   a s s e m b l y  

g e n e r a l l y   i n d i c a t e d   a t   210 ,   c o m p r i s i n g   p o l e   p i e c e   2 1 2  

w i t h   r e t u r n   p a t h   214  and  e n e r g i z i n g   c o i l   216  ( a  

p o r t i o n   o n l y   of   w h i c h   i s   s h o w n ) .   The  e x t e r i o r   of   t h e  

h o u s i n g   217  i s   c y l i n d r i c a l   and  f o r m s   p a r t   o f   t h e  

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

l i p   218 ,   o f   g e n e r a l l y   t r i a n g u l a r   c r o s s - s e c t i o n ,   s h o w n  

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

s p r i n g   a s s e m b l y ,   g e n e r a l l y   i n d i c a t e d   a t   2 2 0 ,  

c o m p r i s e s   a  l e a f   s p r i n g   222  and  an  i n t e g r a l l y   m o l d e d  

p l a s t i c   p o s i t i o n i n g   means   224  w h i c h   s u b t e n d   more   t h a n  

180  d e g r e e s   of  a r c   a r o u n d   t h e   h o u s i n g   210  of  t h e  

s o l e n o i d   a s s e m b l y .   G r o o v e   228  (o f   c r o s s - s e c t i o n   t o  

m a t c h   t h a t   of  l i p   218)  in  t he   p o s i t i o n i n g   means   2 2 4  



i n t i m a t e l y   e n g a g e s   t h e   o u t w a r d l y   e x t e n d i n g   l i p   218  o n  

the  s o l e n o i d   a s s e m b l y   210  and  h o l d s   t he   s p r i n g  

a s s e m b l y   f i x e d l y   s e c u r e d   t h e r e t o .   As  can  be  s e e n ,  

p a r t i c u l a r l y   from  e x a m i n a t i o n   of  FIGURE  18,  t h e  

p o s i t i o n i n g   means   224  c o m p r i s e s   two  arms  w h i c h   e x t e n d  

a r o u n d   t h e   p e r i p h e r y   of   s o l e n o i d   210  and  e x t e n d  

a r o u n d   s o m e w h a t   more  t h a n   180  d e g r e e s   o f  

c i r c u m f e r e n c e .   When  t h e   two  arms  a r e   f o r c e d   i n t o  

p o s i t i o n ,   the   arms  b e i n g   s l i g h t l y   f l e x i b l e ,   t h e y  

t i g h t l y   g r i p   t h e   s o l e n o i d   a s s e m b l y   210  and  l o c k   t h e  

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

to  t h e   s o l e n o i d   a s s e m b l y .  

The  s p r i n g   a s s e m b l y   220  a l s o   c a r r i e s   a r m a t u r e  

226,   w h i c h   is  s e c u r e d   to   l e a f   s p r i n g   222  by  a  

5  s u i t a b l e   f a s t e n i n g   means   227 .   A  s t i f f e n i n g   r i b   2 3 0  

is   m o l d e d  i n t e g r a l l y   w i t h   t he   l e a f   s p r i n g   222 ,   t h i s  

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

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

p o r t i o n   232.   T h i s   p o r t i o n   232  has   a  c y l i n d r i c a l  

O r e c e s s   fo r   h o l d i n g   a  b a l l   238  f o r m i n g   t he   t o p   of  a  

p r i n t   p i n   240 .   The  s t i f f e n i n g   r i b   230  e x t e n d s   a l o n g  

s p r i n g   222  f rom  t he   o u t e r   p o r t i o n   232  to  a t   l e a s t   t h e  

l o c a t i o n   of  t he   a r m a t u r e   227  and  is  d i s p o s e d ,   in  p l a n  

s y m m e t r i c a l l y   a b o u t   a  l i n e   c e n t e r e d   on  t h e   p i n   2 4 0  

Sand  t h e   a r m a t u r e   227 .   The  s p r i n g   may  t e r m i n a t e   a t   o r  
s h o r t   of  p o r t i o n   232  or  may  e x t e n d   i n t o   p o r t i o n   2 3 2  

as  shown  in  g h o s t   in  FIGURE  14.  A  p o r t i o n   of  t h e  

s p r i n g   b e t w e e n   arms  224  and  r i b   230  is   no t   r e i n f o r c e d  

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

0  A d j a c e n t   to  t he   u p p e r   o u t e r   s u r f a c e   of  s t i f f e n i n g   r i b  

230  is  an  i n t e g r a l   pad  234  a d a p t e d   to  e n g a g e   a  s h o c k  

a b s o r b i n g   member  236  a s s o c i a t e d   w i t h   t he   p r i n t   h e a d  

h o u s i n g   ( n o t   s h o w n ) .   Member  236  is   p r e f e r a b l y   f o r m e d  

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

S G u i d e s   242  and  244  s e r v e   to   g u i d e   the   p r i n t   p i n  



d u r i n g   t h e   p r i n t i n g   s t r o k e .   A  s u p p o r t   248,   p a r t i a l l y  

shown,   p o s i t i o n s   t h e   s o l e n o i d   210  and  i t s   s p r i n g  

a s s e m b l y   220  w i t h   r e s p e c t   to   t h e   g u i d e s   242  and  2 4 4 .  

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

s p r i n g   and  i t s   a s s o c i a t e d   a r m a t u r e   226,   a r e   p l a c e d   i n  

a  j i g .   The  p o s i t i o n i n g   a rms  224  and  t h e   e l e m e n t s  

a s s o c i a t e d   w i t h   t h e   s t i f f e n i n g   r i b   230  a r e   t h e n  

m o l d e d   a r o u n d   t h e   l e a f   s p r i n g   222 .   To  i n t i m a t e l y  

bond  the   r i b   230  to   t h e   l e a f   s p r i n g   222,   h o l e s   2 5 2  

a r e   p r o v i d e d ,   w h i c h   p e r m i t   t h e   p l a s t i c   of  r i b   230  t o  

s e c u r e l y   bond   to   t h e   l e a f   s p r i n g   222 .   A  p r e f e r r e d  

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

e x t e n s i o n s   250 ,   w h i c h   e x t e n d   i n t o   t h e   m o l d e d   a rms  2 2 4  

of  t he   p o s i t i o n i n g   m e a n s .   D u r i n g   t h e   m o l d i n g  

o p e r a t i o n ,   t he   e n l a r g e d   h e a d   of   t h e   p r i n t   p i n   238  i s  

a l s o   p o s i t i o n e d   in   t h e   j i g   so  t h a t   t h e   d e p e n d i n g  

p o r t i o n   232  of  t h e   s t i f f e n i n g   member  p a r t i a l l y  

s u r r o u n d s   t h e   b a l l   238  and   h o l d s   i t   in  a  f i x e d  

r e l a t i o n s h i p   to   t h e   s p r i n g .   The  b a l l   238  and  s o c k e t  

0 in  t he   p o r t i o n   232  a r e   a r r a n g e d   so  t h a t   t h e r e   i s   n o  

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

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

d i c t a t e d   by  t h e   o p e n i n g   of   t h e   s o c k e t .   To  p e r m i t  

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

5  p o r t i o n   232,   in  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   s u r f a c e  

of  t he   b a l l   of  t h e   e n l a r g e d   h e a d   238  is   t r e a t e d  

( e . g . ,   w i t h   a  r e l e a s e   a g e n t )   so  t h a t   i t   d o e s   no t   b o n d  

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

2 3 2 .  

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

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

s o l e n o i d   a s s e m b l y   b e i n g   h e l d   f i x e d l y   by  means   of  a r m s  

224  which   a r e   s l i g h t l y   s p r e a d   a p a r t   in  o r d e r   to  p a s s  

o v e r   the   maximum  d i a m e t e r   of  t h e   p o s i t i o n i n g   l i p   2 1 8  

5  c a r r i e d   by  t h e   u p p e r   s u r f a c e   of  t h e   s o l e n o i d   a s s e m b l y .  



In  o p e r a t i o n   of  t he   d e v i c e ,   t he   s o l e n o i d   c o i l   2 1 6  

is  o p e r a t e d   and  i t   a t t r a c t s   a r m a t u r e   226  w h i c h   m o v e s  

the   s p r i n g   and  s t i f f e n i n g   member   230  d o w n w a r d l y   t o  

i m p a r t   a  p r i n t i n g   f o r c e   to   t h e   p r i n t   p i n   240 .   When  

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

222  f o r c e s   t h e   p r i n t   p i n   240  u p w a r d l y   and  t h e   s h o c k  

a b s o r b i n g   s u r f a c e   234  on  t h e   t o p   of  t he   s t i f f e n i n g  

member  230  i m p a c t s   s h o c k   a b s o r b i n g   member  2 3 6 .  

Member  236  d e f i n e s   t he   u p p e r   l i m i t   of  the   r e t u r n   p a t h  

of   t h e   s t i f f e n i n g   member  230  and  s u r f a c e   234  a f t e r   a  

p r i n t   s t r o k e .   Member  236  s e r v e s   to   dampen  t h e   b l o w  

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

in  FIGURE  14  by  means  of   t h e   s p r i n g   222,   t he   w h o l e  

a s s e m b l y   b e i n g   r e a d y   f o r   t h e   n e x t   p r i n t i n g   s t r o k e .  

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

has   b e e n   d e s c r i b e d   a b o v e ,   n u m e r o u s   m o d i f i c a t i o n s   c a n  

be  made  t h e r e i n .   For  e x a m p l e ,   t h e   l i p   218  c o u l d   b e  

c a r r i e d   by  arms  224  and  a  w o r k i n g   g r o o v e   c o u l d   b e  

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

2 1 0 .  

The  p r e f e r r e d   m e t h o d   of   s u p p o r t i n g   t he   p r i n t   p i n  

240  i n c l u d e s   t he   d e p e n d i n g   p o r t i o n   232  of  t h e  

s t i f f e n i n g   member  w h i c h   s u r r o u n d s  t h e   h e a d   238  of   t h e  

p i n .   I f   i t   is   d e s i r e d   to   o p e r a t e   t he   p r i n t   p i n   i n  

t h e   b a l l i s t i c   mode,  t h e   b o t t o m   p a r t   of  p o r t i o n   232  i s  

r e m o v e d   so  t h a t   p o r t i o n   232  no  l o n g e r   s u r r o u n d s   h e a d  

238  bu t   m e r e l y   c o n t a c t s   and   l a t e r a l l y   l o c a t e s   t h e  

r o u n d e d   h e a d   238.   T h i s   m o d i f i c a t i o n   is   shown  i n  

FIGURE  1 5 . w h e r e i n   s u r f a c e   232a   c o n t a c t s   t he   u p p e r  
s u r f a c e   of  r o u n d e d   h e a d   238  f o r   i m p a r t i n g   a  d r i v i n g  

( p r i n t i n g )   f o r c e   to  p i n   240 .   In  t h i s   c a s e ,   a  s e p a r a t e  

s p r i n g   254  is   p r o v i d e d   f o r   r e t u r n i n g   the   p i n   240  t o  

r e f i r e   p o s i t i o n   a f t e r   t h e   p r i n t i n g   s t r o k e .   I f   s p r i n g  
254  is   r e l a t i v e l y   weak  i t   w i l l   p e r m i t   the   p i n   240  t o  

o p e r a t e   in  t he   " b a l l i s t i c   m o d e " ,   e . g . ,   t he   h e a d   2 3 8  



w i l l   l e a v e   c o n t a c t   w i t h   s u r f a c e   2 3 2 a .   I f   s p r i n g   2 5 4  

is   r e l a t i v e l y   s t r o n g   t h e   p i n   w i l l   o p e r a t e   in  t h e  

" c o m p r e s s i o n   m o d e " ,   e . g .   t h e   p i n   h e a d   238  w i l l   r e m a i n  

in  c o n t a c t   w i t h   s u r f a c e   232a   d u r i n g   t h e   who le   p r i n t  

s t r o k e .  

In  s t i l l   a n o t h e r   e m b o d i m e n t   of   t h e   i n v e n t i o n  

shown  in  FIGURE  16,   t h e   l e a f   s p r i n g   member  2 2 2  

e x t e n d s   o v e r   t h e   end  of   t h e   p r i n t   p i n   and  h a s   a  

c o i n e d   r e c e s s   222a   h a v i n g   a  s p h e r i c a l   c o n c a v e   s u r f a c e  

w h i c h   m a t c h e s   t h e   end  r a d i u s   2 3 8 a   o f   t h e   p r i n t   p i n  

240.   T h i s   r a d i u s   238a   may  be  a  c o l d   h e a d e d   end  o f  

p r i n t   p i n   240  o r   can  be  s e p a r a t e   m e t a l   or  p l a s t i c  

h e m i s p h e r e   or   p a r t   s p h e r e   s e c u r e d   to   t h e   end  of   t h e  

p r i n t   p i n   2 4 0 .   In  e i t h e r   c a s e   t h e   p r i n t   p i n  e n d   2 3 8 a  

can  be  c a r r i e d   by  t h e   s p r i n g   by  b e i n g   e n c a p s u l a t e d   a s  

shown  in   p h a n t o m   l i n e s   a t   2 3 0 a   by  t h e   p l a s t i c   of  t h e  

s t i f f e n i n g   r i b   230  or  by  a  s e p a r a t e   more  f l e x i b l e ,  

p l a s t i c   s u c h   as   s i l i c o n e   r u b b e r   (RTV)  as  s o l d   by  Dow 

C o r n i n g ,   I n c .   I f   t h e   p r i n t   p i n   of   FIGURE  lb   i s   to   b e  

u s e d   in   t h e   b a l l i s t i c   mode  i t   w i l l   h a v e   the   s p r i n g  

254  of  FIGURE  1 5 .  

In  a  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   t h e  

p r i n t   w i r e   i s   a  s t e e l   w i r e   h a v i n g   a  d i a m e t e r   o f  . 0 1 4  

i n c h .   A  s u i t a b l e   p l a s t i c   f o r   m o l d i n g   t h e   arms  2 2 4  

and  s t i f f e n i n g   r i b   230  i s   a  h i g h   t e m p e r a t u r e  

r e s i s t a n t   N y l o n   166  +  c a r b o n   f i b e r   compound   such   a s  

s o l d   by  F i b e r f i l   I n c . ,   E v a n s v i l l e ,   I n d i a n a   e t   a l .  

The  s p h e r i c a l   r e c e s s   in  t h e   l e a f   s p r i n g   of  FIGURE  l b  

can  h a v e  a   r a d i u s   of  . 100   i n c h   w i t h   a  d e p t h   of   . 0 0 6  

i n c h   i f   i t   i s   t o   m a t c h   a  f a i r l y   l a r g e   end  238  o n  

p r i n t   w i r e   240  w h e r e   t h e   end  238  of  p r i n t   w i r e   240  i s  

c o l d   h e a d e d   t o   a  s p h e r i c a l   r a d i u s   of   .014   i n c h   t h e n  

t h e   r e c e s s   222a   a l s o   p r e f e r a b l y   h a s   a  .014  i n c h  

r a d i u s .  

R e f e r r i n g   now  to   FIGURES  19  and   21,  t h e r e   i s  



shown  s t i l l   a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n  

w h e r e i n   a  common  p l a t e   214a   s e r v e s   as  the   m a g n e t  

r e t u r n   p a t h   fo r   a l l   of  a  p l u r a l i t y   of  s o l e n o i d s .   I n  

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

d e s i g n   of  FIGURE  1,  a  s i n g l e   m u l t i - a r m e d   p l a t e   2 1 4 a  

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

I t   w i l l   be  a p p r e c i a t e d   t h a t   more  s o l e n o i d s   may  b e  

p r o v i d e d .   FIGURE  4  i s   a  p a r t i a l   s e c t i o n a l   v i e w  

s i m i l a r   to  FIGURE  1  s h o w i n g   one  of  t h e   s o l e n o i d s   b u t  

w i t h   t h e   p l a t e   e x t e n d i n g   b e y o n d   t h e   s i n g l e   s o l e n o i d .  

In  FIGURE  21,  t h e r e   i s   a  p l a n   v iew  of  t h e   m u l t i - a r m e d  

p l a t e   2 l 4 a  s h o w i n g   one  p a i r   of  arms  224a  w h i c h   a r e  

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

2 1 8 a  o f   t h e   p l a t e   214a   and  to   e x t e n d   a r o u n d   t h e  

c o r n e r s   214d  w h e r e b y   t h e   a rms   a r e   h e l d   r e s i l i e n t l y  

c a p t i v e   by  t h e   c o r n e r s   2 1 4 d .   A  h o l d   214b  in  e a c h   a r m  

of  t h e   p l a t e   214a  p e r m i t s   p a s s a g e   of  t h e   a r m a t u r e   2 2 6  

c a r r i e d   by  t h e   l e a f   s p r i n g   222 .   A  c e n t r a l   o p e n i n g  

214c  p r o v i d e s   s p a c e s   f o r   t h e   i n n e r   ends   of  t h e   s p r i n g  

a s s e m b l i e s   and  t h e i r   a s s o c i a t e d   p r i n t   p i n s   240  ( s h o w n  

in  the   h o l d   2 1 4 c ) .   In  f a c t   t h e   p i n s   240  wou ld   n o t  

n o r m a l l y   a p p e a r   in  t h e   p l a n e   of   t he   p l a t e   2 1 4 a .  

W h i l e   one  e m b o d i m e n t   of  an  a l t e r n a t i v e  

a r r a n g e m e n t   of  a  m u l t i a r m e d   p l a t e   214a  is  shown  i n  

FIGURES  19  and  21  n u m e r o u s   m o d i f i c a t i o n s   can  b e  

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

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

c o r r e s p o n d i n g   h o l e   in  p l a t e   214a   to   l o c k   t he   s p r i n g  

a s s e m b l y   i n t o   p o s i t i o n   when  i t   ha s   b e e n   s l i d   i n t o   t h e  

p r o p e r   l o c a t i o n   on  the   p l a t e   2 1 4 a .   In  t h i s  

e m b o d i m e n t   ( shown  in  FIGURE  20)  t h e   end  of  t h e   l e a f  

s p r i n g   can  e x t e n d   o v e r   t h e   end  of  t he   p l a t e   2 1 4 a .  

The  l e a f   s p r i n g   222  is  p r o v i d e d   w i t h   a  p a i r   o f  

d i m p l e d   d o w n w a r d l y   e x t e n d i n g   d e t e n t s   262  (one   o n l y  

b e i n g   shown)   w h i c h   m a t c h   a  p a i r   of  h o l e s   260  in  t h e  



m e t a l l i c   p l a t e   214a   of   FIGURE  4.  O b v i o u s l y ,   t h i s  

d e t e n t   c o u l d   be  in   a  p l a t e   s u c h   as  p l a t e   214  o f  

FIGURE  14 .   In  b o t h   FIGURES  14  and  5a  t h e   c a s t   a r m s  

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

t u r n e d   d o w n w a r d l y   a t   222b   to   e x t e n d   a r o u n d   end  2 1 8 b  

of   p l a t e   2 1 4 a .   In  FIGURE  5a,   t h e   l e a f   s p r i n g   i s  

p r o v i d e d   w i t h   i n w a r d l y   e x t e n d i n g   a rms   222c   to   g r i p  

t h e   end   o f   e a c h   arm  2 1 4 a .   The  e x t e n t   o f  t h e   i n w a r d  

p o r t i o n   o f   t h e   l e a f   s p r i n g   222  i s   shown  in   d o t t e d  

l i n e s   a t   222a   in   FIGURE  5 a .  

In   y e t   a n o t h e r   v a r i a t i o n ,   t h e   d e t e n t / h o l e  

a r r a n g e m e n t   i l l u s t r a t e d   in   FIGURE  4a  may  be  c o m b i n e d  

w i t h   a  s l o t   64  in   t h e   u p p e r   edge   of  h o u s i n g   17  ( s h o w n  

in  g h o s t )   and  t h e  p o r t i o n   of   t h e   l e a f   s p r i n g   w h i c h  

e x t e n d s   d o w n w a r d l y   a r o u n d   end  18b  e x t e n d s . ( a s   s h o w n  

in  g h o s t   in   FIGURE  4a)   i n t o   t h i s   s l o t   264  t o   a s s i s t  

in   c o r r e c t l y   o r i e n t i n g   t h e   l e a f   s p r i n g   222  and  t h e  

a r m a t u r e   and  p r i n t   w i r e   i t   c a r r i e s .  

In   FIGURE  6,  t h e r e   i s   i l l u s t r a t e d   a  p r e f e r r e d  

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

h a v i n g   f o u r   l e a f   s p r i n g s   222  d r i v e n   by  f o u r   a r m a t u r e s  

226  f o r   a c t i v a t i n g   f o u r   p r i n t   p i n s   2 4 0 .   In   t h i s   c a s e  

a  m u l t i - a r m e d   p l a t e   214  of  t h e   t y p e   shown  in   FIGURES 

4  and   5  s u p p o r t s   t h e   s p r i n g s   222  a t   t h e   e n d s   2 2 2 b  

t h e r e o f   by  means   s u c h   as  shown  in  FIGURE  4 a .  

In   FIGURE  2 3 ,  s o l e n o i d s   223  and  t h e i r   a s s o c i a t e d  

p i n   a s s e m b l i e s   a r e   d i s p o s e d   as  one  o p p o s e d   p a i r   o n  

t h e   s t r a i g h t   l i n e   225  w i t h   a  s e c o n d   p a i r   d i s p o s e d  

t r a n s v e r s e l y   of  l i n e   225  in  o p p o s e d   o f f s e t  

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

p i n s   4 0 .  



1.  A  p r i n t   h e a d   f o r   use   in  a  m u l t i h e a d   p r i n t i n g  

a r r a y   c h a r a c t e r i z e d   b y  

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

c y l i n d r i c a l . s i d e w a l l   and  a  p a i r   of  o p p o s e d   b a s e s  

a x i a l l y   a l i g n e d   on  and  c o n n e c t e d   w i t h   s a i d   s i d e w a l l ,  

one  of  s a i d   b a s e s   h a v i n g   an  a x i a l   a p e r t u r e   f o r m e d  

t h e r e i n ,   s a i d   c a s e   b e i n g   made  of  a  m a g n e t i c a l l y  

p e r m e a b l e   m a t e r i a l ,  

a  c o r e   of  m a g n e t i c a l l y   p e r m e a b l e   m a t e r i a l  

e x t e n d i n g   f rom  t h e   n o n - a p e r t u r e d   b a s e   to   t h e   i n s i d e  

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

w i t h i n   s a i d   c a s e ,  

a  s o l e n o i d   c o i l   d i s p o s e d   in   s a i d   c a s e   a n d  

s u r r o u n d i n g   s a i d   c o r e ,  

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

means  m o u n t i n g   s a i d   beam  to  o v e r l i e   t h e   s a i d  

a p e r t u r e ,  :  

an  a r m a t u r e   m o u n t e d   to  s a i d   beam  on  t h e   s i d e  

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

w o r k i n g   m a g n e t i c   gap  w i t h   s a i d   p o l e   end  of   s a i d   c o r e ,  
s a i d   a r m a t u r e   and  t h e   a p e r t u r e   of  s a i d   o n e  

b a s e   m a k i n g   a  c l o s e   t o l e r a n c e   gap  t h e r e b e t w e e n   t h e  

r e l u c t a n c e   of  w h i c h   i s   s u b s t a n t i a l l y   l e s s   t h a n   t h e  

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

s a i d   p o l e   f a c e ,  

a  p r i n t   p i n   a d h e r e d   to   t he   f r e e   end  of  s a i d  

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

s a i d   s o l e n o i d   and  a l o n g s i d e   t h e   same,   w h e r e b y   m o v e m e n t  

of  s a i d   a r m a t u r e   and  a t t a c h e d   beam  t o w a r d s   s a i d  

s o l e n o i d   moves  s a i d   p r i n t   p i n   in  t he   same  d i r e c t i o n   f o r  

p r i n t i n g   m o t i o n   t h e r e o f ,  

s a i d   s o l e n o i d   t u r n s   r a t i o ,   w i r e   d i a m e t e r   a n d  

p h y s i c a l   s i z e   b e i n g   a d j u s t e d   to  a  v a l u e   m a t c h e d   to   t h e  

mass  of  s a i d   beam  and  a r m a t u r e   in  s u c h   a  way  t h a t  



(a)   t h e   c u r r e n t   r i s e   upon  an  a p p l i e d   v o l t a g e   to   s a i d  

s o l e n o i d   i s   a b o u t   80  p e r c e n t   c o m p l e t e   b e f o r e   b e a m  

d e f l e c t i o n   c o m m e n c e s ,   and  100  p e r c e n t   c o m p l e t e   a t  

a b o u t   20  p e r c e n t   of   t h e   f u l l   r a n g e   of   m o v e m e n t   o f  

s a i d   b e a m ,   or  (b)  t h e   beam  c o m m e n c e s   to   move  w i t h i n  

p l u s   100  m i c r o s e c o n d s   or   m i n u s   50  m i c r o s e c o n d s   o f  

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

p l u s   or   m i n u s   35  m i c r o s e c o n d s   of  c o i l   c u r r e n t  

r e a c h i n g   i t s   maximum,  and  more  p r e f e r a b l y   a t  

a p p r o x i m a t e l y   20  to   30  m i c r o s e c o n d s   b e f o r e   t h e   c o i l  

c u r r e n t   r e a c h e s   i t s   m a x i m u m .  

2.  The  p r i n t   h e a d   as  in  c l a i m   1  c h a r a c t e r i z e d   b y  

t h e   beam  h a v i n g   a  l e a f   s p r i n g   p o r t i o n   and  t h e   m e a n s  

m o u n t i n g   t h e   beam  in  c a n t i l e v e r e d   a r r a n g m e n t   and  b y  

any   one  or   more  of  t h e   f o l l o w i n g   in   c o m b i n a t i o n :  

(a)   s a i d   gap  b e t w e e n   s a i d   p o l e   p i e c e   and  s a i d  

a r m a t u r e   b e i n g   in   t h e   r a n g e   of  a b o u t   . 008   to   . 0 1 2  

i n c h ;  

(b)  s a i d   p o l e   p i e c e   and  s a i d   p o l e   p i e c e   b e i n g  

b e v e l l e d   a t   an  a n g l e   so  t h a t   t he   p a r t s   c l o s e   f l u s h  

when  s a i d   a r m a t u r e   m e e t s   s a i d   p o l e   p i e c e ;   a n d  

(c)   a  r e s i l i e n t   d a m p e r   p l u g ,   means   m o u n t i n g   s a i d  

p l u g   a g a i n s t   t h e   b a c k s i d e   of  t he   f r e e   end  of  s a i d   p i n  

and  beam  to  a b s o r b   r e c o i l   e n e r g y   t h e r e f r o m .  

3.  The  p r i n t   h e a d   as  in  c l a i m   2  when  i n c l u d i n g  

c l a i m   2  s u b - p a r a g r a p h   (c)   c h a r a c t e r i z e d   by  means   f o r  

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

beam  t o w a r d   t h e   d i r e c t i o n   of  p i n   f i r i n g   by  a b o u t   . 0 0 2  

to   . 0 0 3   i n c h .  

4.  A  p r i n t   h e a d   as  in  c l a i m   3  c h a r a c t e r i z e d   b y  

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

means   f o r   a d j u s t i n g   t h e   same  fo r   p e r m i t t i n g   t h e  

d a m p e r   p l u g   to   r o t a t e   w h e r e b y   s a i d   p l u g   can   m o v e  

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

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

a s s e m b l y .  



5.  A  p r i n t   h e a d   as  in  c l a i m   2  when  i n c l u d i n g  

c l a i m   2  s u b - p a r a g r a p h   (c)   c h a r a c t e r i z e d   in  t h a t   s a i d  

d a m p e r   f u r t h e r   i n c l u d e s   an  i n e r t i a l   e l e m e n t   on  t h e  

f r o n t   s i d e   h a v i n g   an  e q u i v a l e n t   mass  t he   same  as  t h a t  

of  t h e   m o v i n g   p o r t i o n   of  t h e   b e a m .  

6.  A  p r i n t   h e a d   as  in  c l a i m   7  c h a r a c t e r i z e d   i n  

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

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

p e r c u s s i o n .  

7.  In  a  m u l t i h e a d   p r i n t i n g   a r r a y ,   a  p l u r a l i t y   o f  

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

a  s o l e n o i d ,  

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

m a t e r i a l   e x t e n d i n g   t h r o u g h   s a i d   s o l e n o i d ,  

a  l e a f   s p r i n g   b e a m ,  

means  m o u n t i n g   s a i d   beam  in  c a n t i l e v e r e d  

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

t h e r e o f ,  

an  a r m a t u r e   m o u n t e d   to  s a i d   beam  on  t h e   s i d e  

f a c i n g   i n t o   s a i d   c o r e   and  f o r m i n g   a  w o r k i n g   m a g n e t i c  

gap  w i t h   s a i d   p o l e   end  of   s a i d   c o r e ,  

means  f o r   a  m a g n e t i c   r e t u r n   p a t h   t h r o u g h   t h e .  

s i d e   of  t he   a r m a t u r e   to   t h e   o t h e r   end  of   t h e   c o r e ,  
s a i d   beam  e x t e n d i n g   b e y o n d   s a i d   a p e r t u r e   a  

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

p o i n t   of  s u p p o r t   and  s a i d   a r m a t u r e ,  

s a i d   beam  h a v i n g   a  f l a t   p o r t i o n   l y i n g   in  a  

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

e x t e n d i n g   to  t he   o t h e r   end  of  s a i d   beam  a n d  

a  p r i n t   p i n   a d h e r e d   t o , t h e   f r e e   end  of  s a i d  

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

s a i d   s o l e n o i d   and  a l o n g s i d e   t he   same,   w h e r e b y  

movemen t   of  s a i d   a r m a t u r e   and  a t t a c h e d   beam  t o w a r d s  

s a i d   s o l e n o i d   moves  s a i d   p r i n t   p i n   in  t h e   s a m e  

d i r e c t i o n   fo r   p r i n t i n g   m o t i o n   t h e r e o f ,  



s a i d   s o l e n o i d   t u r n s   r a t i o   w i r e   d i a m e t e r   a n d  

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

t h e   mass   of   s a i d   beam  and  a r m a t u r e   in  s u c h   a  way  t h a t  

(a)   t h e   c u r r e n t   r i s e   upon  an  a p p l i e d   v o l t a g e   to   s a i d  

s o l e n o i d   b e c o m e s   a b o u t   80  p e r c e n t   c o m p l e t e   b e f o r e  

beam  d e f l e c t i o n   and  100  p e r c e n t   a t   20  p e r c e n t   of  t h e  

f u l l   r a n g e   of   m o v e m e n t   of  s a i d   beam,   or   (b)  t h e   b e a m  

c o m m e n c e s   t o . m o v e   w i t h i n   p l u s   100  m i c r o s e c o n d s   o r  

m i n u s   50  m i c r o s e c o n d s   of  c o i l   c u r r e n t   r e a c h i n g   i t s  

maximum,   p r e f e r a b l y   w i t h i n   p l u s   or  m i n u s   35  

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

and  more   p r e f e r a b l y   a t   a p p r o x i m a t e l y   20  to   3 0  

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

m a x i m u m ,  

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

p l u g   a g a i n s t   t h e   b a c k s i d e   of  s a i d   p i n   and  beam  t o  

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

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

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

a l o n g   a  p r i n t   l i n e .  

8.   The  m u l t i h e a d   p r i n t i n g   a r r a y   as  in  c l a i m   7 

c h a r a c t e r i z e d   in   t h a t   s a i d   means   f o r   s u p p o r t i n g   s a i d  

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

m a g n e t i c   f i e l d s   t h e r e i n .  

9.  The  p r i n t   h e a d   a r r a y   as  in  c l a i m   7  or  8  

c h a r a c t e r i z e d   by  means   d i s p o s e d   b e t w e e n   s a i d   d a m p e r  

p l u g   and  s a i d   means   f o r   a d j u s t i n g   t he   same  f o r  

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

p l u g   can  move  d u r i n g   o p e r a t i o n   to  p r o g r e s s i v e l y  

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

p r i n t   p i n   beam  a s s e m b l y .  

10 .   A  m o v e a b l e   p r i n t   h e a d   a s s e m b l y   f o r   a  d o t  

m a t r i x   l i n e   p r i n t e r   c h a r a c t e r i z e d   by  a  f i r s t  

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

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



a  s e c o n d   row  b e l o w   a  p r i n t   l i n e ,   means   f o r   m o u n t i n g  

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

r e l a t i o n   to   e a c h   o t h e r   fo rm  a  u n i t a r y   row  of  e v e n l y  

s p a c e d   p r i n t   w i r e s   a t   s a i d   p r i n t   l i n e ,   means   f o r  

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

a  p r i n t i n g   s u r f a c e ,  

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

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

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

each   of  s a i d   p r i n t   h e a d   a s s e m b l i e s  

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

one  s i d e ,  

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

end  of  s a i d   b e a m ,  

an  a r m a t u r e   m o u n t e d   i n t e r m e d i a t e   s a i d   b e a m s  

e n d s ,  

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

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

c o r e   and  f u r t h e r   i n c l u d i n g   a  low  m a g n e t i c   r e t u r n  

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

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

p e r m e a b l e   m a t e r i a l   o t h e r w i s e   h a v i n g   no  r e s i d u a l  

m a g n e t i s m ,  

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

s a i d   a r m a t u r e ' a n d   s a i d   c o r e   and  t h e   s e c o n d   a i r   g a p  
b e t w e e n   the   a r m a t u r e   and  t h e   m a g n e t i c   r e t u r n   p a t h ,  

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

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

p u l s e   c l o s e s   s a i d   a r m a t u r e   c o r e   gap  to   i m p a r t   a  p r i n t  
s t r o k e   to   t he   a s s o c i a t e d   p r i n t   w i r e   and  o p e n i n g   o f  

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

p r i n t   w i r e   is   r e t u r n e d   by  t h e   a c t i o n   of  s a i d  

c a n t i l e v e r e d   l e a f   s p r i n g ,  



means  fo r   e l e c t r i c a l l y   s h o r t i n g   t h e   s o l e n o i d  

on  c u r r e n t   s e n s a t i o n   to   e n a b l e   q u i c k   l a p s e   of   t h e  

f i e l d   and  c o n s e q u e n t   q u i c k   r e t u r n   of  t h e   p r i n t   w i r e .  

11.   A  m o v e a b l e   p r i n t   h e a d   a s s e m b l y   f o r   a  d o t  

m a t r i x   l i n e   p r i n t e r   c h a r a c t e r i z e d   b y  

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

f i r s t   row  a b o v e  t h e   p r i n t   l i n e ,  

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

s e c o n d   row  b e l o w   a  p r i n t   l i n e ,  

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

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

to  f o rm  a  row  of  s p a c e d   p r i n t   w i r e s ,  

means   f o r   g u i d i n g   s a i d   p r i n t   w i r e s   i n t o   a  

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

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

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

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

w i r e   l i n e ,  

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

b i a s e d   beam  s u p p o r t e d   a t   one  end ,   a  p r i n t   w i r e  

r i g i d l y   a t t a c h e d   to   t h e   o t h e r . e n d ,   and  an  a r m a t u r e  

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

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

f rom  s a i d   one   e n d ,  

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

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

s u r r o u n d i n g   a  c o r e   and  f o r m i n g   a  low  r e d u c t a n c e  

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

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

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

p e r m e a b l e   m a t e r i a l   o t h e r w i s e   h a v i n g   no  r e s i d u a l  

m a g n e t i s m ,  

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

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

b e t w e e n   t h e   a r m a t u r e   and  t h e   m a g n e t i c   r e t u r n   p a t h  



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

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

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

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

s t r o k e   to   t h e   a s s o c i a t e d   p r i n t   w i r e ,   and  o p e n i n g   o f  

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

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

means   fo r   e l e c t r i c a l l y   s h o r t i n g   t h e   s o l e n o i d  

on  c u r r e n t   o p e n i n g   to   e n a b l e   q u i c k   c o l l a p s e   of  t h e  

f i e l d   and  c o n s e q u e n t   q u i c k   r e t u r n   of  t h e   p r i n t   w i r e ,  

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

s a i d   beam  a t   t h e   end  of  i t s   r e t u r n   s t r o k e .  

12.   In  a  m u l t i h e a d   p r i n t i n g   a r r a y ,   a  p l u r a l i t y  

of  p r i n t   h e a d s   c h a r a c t e r i z e d   b y  

a  s o l e n o i d ,  

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

m a t e r i a l   e x t e n d i n g   t h r o u g h   s a i d   s o l e n o i d ,  

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

means   m o u n t i n g   s a i d   beam  a r r a n g e m e n t   t o  

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

an  a r m a t u r e   m o u n t e d   to   s a i d   beam  on  t h e   s i d e  

f a c i n g   i n t o   s a i d   c o r e   and  f o r m i n g   a  w o r k i n g   m a g n e t i c  

gap  w i t h   s a i d   p o l e   end  of  s a i d   c o r e ,  

means   f o r   a  m a g n e t i c   r e t u r n   p a t h   t h r o u g h   t h e  

s i d e   of  t h e   a r m a t u r e   to   t h e   o t h e r   end  of  t h e   c o r e ,  
s a i d   bean   e x t e n d i n g   b e y o n d   s a i d   a p e r t u r e   a  

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

p o i n t   of  s u p p o r t   and  s a i d   a r m a t u r e ,  

s a i d   beam  h a v i n g   a  f l a t   p o r t i o n   l y i n g   in  a  

p l a n e   n o r m a l   to  t he   a x i s   of  s a i d   s o l e n o i d   a n d  

e x t e n d i n g   to  t he   o t h e r   end  of  s a i d   beam  a n d  

an  u p s t a n d i n g   f l a t   p o r t i o n   f o r m e d   i n t e g r a l l y  
t h e r e w i t h   and  e x t e n d i n g   g e n e r a l l y   from  t he   l o c a t i o n  

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

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



p o r t i o n   d e c r e a s i n g   t o w a r d s   s a i d   f r e e   end  so  t h a t   s a i d  

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

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

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

a  p r i n t   p i n   a d h e r e d   to   t h e   f r e e   end  of   s a i d  

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

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

m o v e m e n t   of   s a i d   a r m a t u r e   and  a t t a c h e d   beam  t o w a r d s  

s a i d   s o l e n o i d   moves  s a i d   p r i n t   p i n   in  t h e   s a m e  

d i r e c t i o n   f o r   p r i n t i n g   m o t i o n   t h e r e o f   means   f o r  

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

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

r e t u r n i n g   b e a m .  

13.   A  p r i n t   h e a d   as  in   c l a i m   12  c h a r a c t e r i z e d   b y  

t h e   beam  b e i n g   a  l e a f   s p r i n g   m o u n t e d   by  s a i d   means   a s  

a  c a n t i l e v e r   and  by  one  or   more   of   t h e   f o l l o w i n g   i n  

c o m b i n a t i o n :  

(a )   t h e   l e n g t h   of  s a i d   beam  f rom  s a i d   b a n d  

r a d i u s   to   t h e   f r e e   end  t h e r e o f   b e i n g   2 . 0   to   2 .5   t i m e s  

l o n g e r   t h a n   t h e   l e n g t h   of   t h e   b a n d   r a d i u s   to   s a i d  

a r m a t u r e ;  

(b)  s a i d   s o l e n o i d   t u r n s   r a t i o ,   w i r e   d i a m e t e r   a n d  

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

t h e   mass   of   s a i d   beam  and  a r m a t u r e   in  s u c h   a  way  t h a t  

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

s o l e n o i d   r e a c h e s   a b o u t   80  p e r c e n t   of  maximum  as  t h e  

beam  c o m m e n c e s   to   move  and  t h e   beam  r e a c h e s   2 0  

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

t h e   c u r r e n t   r e a c h e s   a b o u t   m a x i m u m ;  

(c)   t h e   beam  c o m m e n c e s   to   move  w i t h i n   p l u s   1 0 0  

m i c r o s e c o n d s   or  m inus   50  m i c r o s e c o n d s   of  c o i l   c u r r e n t  

r e a c h i n g   i t s   maximum,   p r e f e r a b l y   w i t h i n   p l u s   or  m i n u s  

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

and  more   p r e f e r a b l y   a t   a p p r o x i m a t e l y   20  to   3 0  

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

m a x i m u m ;  



(d)  s a i d   gap  b e t w e e n   s a i d   p o l e   p i e c e   and  s a i d  

a r m a t u r e   b e i n g   in  t he   r a n g e   of  a b o u t   .008   to  . 1 2  

i n c h e s ;  

(e)  t he   f a c e   of  s a i d   a r m a t u r e   f a c i n g   s a i d   p o l e  

p i e c e   and  s a i d   p o l e   p i e c e   b e i n g   b e v e l l e d   a t   an  a n g l e  

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

m e e t s   s a i d   p o l e   p i e c e ;  

( f )   a  r e s i l i e n t   d a m p e r   p l u g ,   means  m o u n t i n g   s a i d  

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

r e c o i l   e n e r g y   t h e r e f r o m ;  

(g)  s a i d   means   f o r   m o u n t i n g   s a i d   p l u r a l i t y   o f  

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

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

f i e l d s ,   t h e r e i n ;   a n d  

(h)  an  e l e c t r i c a l   c i r c u i t   fo r   f i r i n g   a  p u l s e   t o  

any  s e l e c t e d   o n e s   of  e a c h   of  s a i d   s o l e n o i d s   a n d  

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

e a c h   s t r o b e   p u l s e .  

14.  A  p r i n t   h e a d   as  in  c l a i m   13  when  i n c l u d i n g  

c l a i m   13  s u b - p a r a g r a p h   ( f )   c h a r a c t e r i z e d   by  means  f o r  

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

beam  t o w a r d   the   d i r e c t i o n   of  p i n   f i r i n g   by  a b o u t   . 0 0 2  

to  .003  i n c h .  

15.  A  p r i n t   h e a d   a c c o r d i n g   to   c l a i m   1 4  

c h a r a c t e r i z e d   by  means   d i s p o s e d   b e t w e e n   s a i d   d a m p e r  

p l u g   and  s a i d   means  f o r   a d j u s t i n g   t he   same  f o r  

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

p l u g   can  move  d u r i n g   o p e r a t i o n   to  p r o g r e s s i v e l y  

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

p r i n t   p i n   beam  a s s e m b l y .  

16.  A  p r i n t   h e a d   fo r   use   in  a  m u l t i h e a d   p r i n t i n g  

a r r a y   c h a r a c t e r i z e d   b y  

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

c y l i n d r i c a l   s i d e w a l l   and  a  p a i r   of  o p p o s e d   b a s e s  

3 5  a x i a l l y   a l i g n e d   on  and  c o n n e c t e d   w i t h   s a i d   s i d e w a l l ,  

one  of  s a i d   b a s e s   h a v i n g   an  a x i a l   a p e r t u r e   f o r m e d  

t h e r e i n ,   s a i d   c a s e   b e i n g   made  of  a  m a g n e t i c a l l y  

p e r m e a b l e   m a t e r i a l ,  



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

m a t e r i a l   h a v i n g   low  r e t e n t i o n i n g   e x t e n d i n g   f rom  t h e  

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

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

a  s o l e n o i d   c o i l   d i s p o s e d   in   s a i d   c a s e   a n d  

s u r r o u n d i n g   s a i d   c o r e ,  

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

means   m o u n t i n g   s a i d   beam  to   o v e r l i e   s a i d  

a p e r t u r e ,  

an  a r m a t u r e   m o u n t e d   to   s a i d   beam  on  t h e   s i d e  

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

fo rm  a  w o r k i n g   m a g n e t i c   gap  w i t h   s a i d   p o l e   end  o f  

s a i d   c o r e ,  

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

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

l e s s   t h a n   t h e   r e l u c t a n c e   of  t h e   w o r k i n g   gap  b e t w e e n  

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

s a i d   beam  e x t e n d i n g   b e y o n d   s a i d   a p e r t u r e   a  

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

p o i n t   of  s u p p o r t   and  s a i d   a r m a t u r e ,  

s a i d   beam  h a v i n g   a  f i r s t   f l a t   p o r t i o n   l y i n g  

in  a  p l a n e   n o r m a l   to   t h e   a x i s   of   s a i d   s o l e n o i d   a n d  

e x t e n d i n g   to   t h e   o t h e r   end  of   s a i d   beam  a n d  

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

i n t e g r a l l y   t h e r e w i t h   and  e x t e n d i n g   t h e s e   a l o n g  

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

t o   t h e   f r e e   end  t h e r e o f ,  

a  p r i n t   p i n   a d h e r e d   to   t h e   f r e e   end  of  s a i d  

beam  a l o n g   t h e   t e r m i n a l   p a r t   of  t h e   two  f l a t   p o r t i o n s  

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

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

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

moves   s a i d   p r i n t   p i n   in  t h e   same  d i r e c t i o n   f o r  

p r i n t i n g   m o t i o n   t h e r e o f ,  



t h e   l e n g t h   of  s a i d   beam  f rom  s a i d   b e n d  

r a d i u s   to  t he   f r e e   end  t h e r e o f   b e i n g   2 .0   to   4 . 0   t i m e s  

l o n g e r   t h a n   t he   l e n g t h   of  t h e   bend   r a d i u s   to   s a i d  

a r m a t u r e ,  

t he   gap  of  b e t w e e n   s a i d   p o l e   p i e c e   and  s a i d  

a r m a t u r e   b e i n g   a b o u t   . 0 1 0   i n c h ,  

s a i d   s o l e n o i d   t u r n s   r a t i o   w i r e ,   d i a m e t e r   a n d  

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

the   mass  of  s a i d   beam  and  a r m a t u r e   in  s u c h   a  way  t h a t  

(a)  t h e   c u r r e n t   r i s e   upon  an  a p p l i e d   v o l t a g e   to   s a i d  

s o l e n o i d   b e c o m e s   a b o u t   80  p e r c e n t   c o m p l e t e   a t   2 0  

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

or  (b)  t h e   beam  c o m m e n c e s   t o   move  w i t h i n   p l u s   1 0 0  

m i c r o s e c o n d s   or  minus   50  m i c r o s e c o n d s   of  c o i l   c u r r e n t  

r e a c h i n g   i t s   maximum,  p r e f e r a b l y   w i t h i n   p l u s   or  m i n u s  

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

and  more  p r e f e r a b l y   a t   a p p r o x i m a t e l y   20  to   3 0  

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

maximum,  s a i d   gap  b e t w e e n   s a i d   p o l e   p i e c e   and  s a i d  

a r m a t u r e   b e i n g   in  t he   r a n g e   of   a b o u t   . 0 0 8 . t o   . 0 1 2  

i n c h ,  

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

p i e c e   and  s a i d   p o l e   p i e c e   b e i n g   b e v e l l e d   a t   an  a n g l e  

so  t h a t   t h e   p a r t s   c l o s e   f l u s h   when  s a i d   a r m a t u r e  

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

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

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

r e c o i l   e n e r g y   t h e r e f r o m ,  

means  fo r   a d j u s t i n g   t h e   p o s i t i o n   o f   t h e  

damper   to   p r e l o a d   t h e   beam  t o w a r d   t h e   d i r e c t i o n   o f  

p i n ,  

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

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



17.   In  a  d o t   m a t r i x   p r i n t   h e a d   w h e r e i n  

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

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

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

an  L - s h a p e d   o u t e r   s e c t i o n   e x t e n d i n g   f rom  t h e   n e e d l e  

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

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

member   b e i n g   e s s e n t i a l l y   p l a n a r   to   p e r m i t   r e a d y  

f l e x u r e   in  t h e   n e e d l e   d r i v i n g   d i r e c t i o n ,   t h e   mass   o f  

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

l e s s   t h a n   0 .3   g r a m s   w h e r e b y   s a i d   a r m a t u r e   can   d r i v e  

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

3000   HZ.  

18.  In  a  d o t   m a t r i x   p r i n t   h e a d   w h e r e i n  

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

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

a  common  p r i n t   n e e d l e   p l a n e   in   w h i c h   s a i d   p r i n t  

n e e d l e   a x e s  l i e   d u r i n g   t h e i r   r e s t   p o s i t i o n ,   t h e  

i n d i v i d u a l   s o l e n o i d s   b e i n g   a r r a n g e d   a r o u n d   s a i d   p l a n e  

w i t h   t he   d i s t a n c e   D  b e t w e e n   t h e   c e n t e r   of  t h e  

s o l e n o i d   and  i t s   a s s o c i a t e d   n e e d l e   a x i s   b e i n g   no  m o r e  

t h a n   1 .1  R  w h e r e i n   R  i s   t h e   r a d i u s   of   t h e   s o l e n o i d  

h o u s i n g .  

19.  In  a  d o t   m a t r i x   p r i n t   h e a d   w h e r e i n  

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

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

by  t he   m a j o r   p o r t i o n   of  t h e   p r i n t   n e e d l e   b e i n g  

s t r a i g h t   and  l y i n g   a l o n g   an  a x i s ,   a  common  p r i n t  

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

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

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

b e t w e e n   t h e   u p p e r   end  of  t h e   p r i n t   n e e d l e   and  end  o f  

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

S the  a r m a t u r e   i s   in  a  d i r e c t i o n   p a r a l l e l   to   t h e   m a j o r  



a x i s   of  t h e   p r i n t   n e e d l e ,   t h e   m a j o r   a x i s   b e i n g  

a l i g n e d   w i t h   two  s p a c e d   g u i d e   members   h a v i n g   a  common 

a x i s ,   w h e r e b y   i n i t i a l   m o v e m e n t   of  t he   p r i n t   n e e d l e   i s  

a l o n g   s a i d   a x i s   w i t h   min imum  t r a n s v e r s e   b e a r i n g  

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

s u r f a c e s .  

20.  In  a  d o t   m a t r i x   p r i n t   h e a d   w h e r e i n  

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

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

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

h a v i n g   an  L - s h a p e d   o u t e r   s e c t i o n   e x t e n d i n g   f rom  t h e  

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

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

m e m b e r  b e i n g   e s s e n t i a l l y   p l a n a r   to   p e r m i t   r e a d y  

f l e x u r e   in   t h e   n e e d l e   d r i v i n g   d i r e c t i o n ,   e a c h  

s o l e n o i d   h a v i n g   a  s u f f i c i e n t l y   low  i m p e d a n c e   t h a t   a  
s o l e n o i d   c h a r g i n g   p u l s e   can   r e a c h   maximum  c h a r g i n g  

c u r r e n t   in   l e s s   t h a n   250  m i c r o s e c o n d s   and  can  r e t u r n  

to  z e r o   a t   t h e   end  of  t h e   c h a r g i n g   p u l s e   in  l e s s   t h a n  

100  m i c r o s e c o n d s .  

21 .   In  a  d o t   m a t r i x   p r i n t   h e a d   w h e r e i n  

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

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

h a v i n g   an  L - s h a p e d   o u t e r   s e c t i o n   e x t e n d i n g   f rom  t h e  

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

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

member  b e i n g   e s s e n t i a l l y   p l a n a r   to   p e r m i t   r e a d y  

f l e x u r e   in   t h e   n e e d l e   d r i v i n g   d i r e c t i o n ,   an  i m p a c t  

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

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

a r o u n d   i t s   a x i s   and  b e i n g   l i m i t e d   in  i t s   m o v e m e n t  

a l o n g   i t s   a x i s   by  an  a d j u s t i n g   s c r e w ,  a   low  f r i c t i o n  

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

i m p a c t   member  and  s a i d   s c r e w ,   movemen t   of  s a i d   s c r e w  



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

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

d r i v i n g   s t r o k e   of  b e t w e e n   1-3  d e g r e e s   a r o u n d   i t s  

p o i n t   of  f l e x u r e   and  h a v i n g   a  p r e l o a d   of   a b o u t   1 /2   t o  

1  d e g r e e ,   t h e   p r e l o a d   b e i n g   a b o u t   5 0 - 1 0 0   g r a m s   a s  

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

a r m a t u r e .  

2 2 .   The  d o t   m a t r i x   p r i n t   h e a d   of   c l a i m   1 9  

c h a r a c t e r i z e d   by  any   one  or  more  of   t h e   f o l l o w i n g  

( a )   t h e   a r m a t u r e   i s   so  m o u n t e d   in  i t s   r e s t  

p o s i t i o n   and  t h e   c o n n e c t i o n   b e t w e e n   t h e   u p p e r   end  o f  

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

s u c h   t h a t   t h e   i n i t i a l   movement   of   t h e   a r m a t u r e   i s   i n  

a  d i r e c t i o n   p a r a l l e l   t o   t h e   m a j o r   a x i s   of   t h e   p r i n t  

n e e d l e ;  

(b)   a  c y l i n d r i c a l   i m p a c t   member   o f   s h o c k  

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

and   h a s   i t s   a x i s   p a r a l l e l   to   t h e   p r i n t   n e e d l e   p l a n e ;  

( c )   t h e   d i s t a n c e   b e t w e e n   t h e   c e n t e r   of   t h e  

a r m a t u r e   and  t h e   c e n t e r   of  t h e   n e e d l e - i s   l e s s   t h a n  

a b o u t   1 /3   i n c h ;  

(d)   an  i m p a c t   member  a b u t s   t h e   n e e d l e   end  o f  

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

t o   r o t a t e   a r o u n d   i t s   a x i s   and  b e i n g   l i m i t e d   in  i t s  

m o v e m e n t  a l o n g   i t s   a x i s   by  an  a d j u s t i n g   s c r e w ,   a  l o w  

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

b e t w e e n   s a i d   i m p a c t   member  and  s a i d   s c r e w ,   m o v e m e n t  

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

s p r i n g   a r m a t u r e ;  

(e )   a  s h i m   of   n o n m a g n e t i c   s t a i n l e s s   s t e e l   i s  

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

c o r e   o f   s a i d   s o l e n o i d ;  

( f )   t h e   u p p e r   p o r t i o n   of  t h e   p r i n t   n e e d l e   i s  

b e n t   by  a  few  d e g r e e s   ( l e s s   t h a n   10  d e g r e e s )   t o  



o f f s e t   t he   end  of  t h e   s p r i n g   a r m a t u r e   f rom  t he   p r i n t  

n e e d l e   a x i s ;   a n d  

(g)  s a i d   p r i n t   n e e d l e   has   two  s t r a i g h t   p o r t i o n s  

c o n n e c t e d   by  a  b e n d ,   t he   l o w e r   p o r t i o n   b e i n g   n o r m a l  

to  t h e   a x i s   of  t h e   a s s o c i a t e d   s o l e n o i d .  

23.  A  d o t   m a t r i x   p r i n t   h e a d   c h a r a c t e r i z e d   by  a  

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

a d j a c e n t   to   i t s   u p p e r   s u r f a c e ,   a  p r i n t i n g   p i n   c a r r i e d  

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

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

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

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

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

s o l e n o i d   a s s e m b l y .  

24.   A  d o t   m a t r i x   p r i n t   h e a d   a c c o r d i n g   to   C l a i m  

23  c h a r a c t e r i z e d   in   t h a t   t h e   f i r s t   p o s i t i o n i n g   m e a n s  
is  c i r c u m f e r e n t i a l ,   t h e   s e c o n d   p o s i t i o n i n g   means   i s  

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

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

t h a n   180°   of  a r c .  

25.  The  d o t   m a t r i x   p r i n t   h e a d   of  C l a i m   2 4  

c h a r a c t e r i z e d   in  t h a t   a  p a i r   of  arms  c a r r i e d   by  t h e  

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

means ,   s a i d   a rms  b e i n g   a d a p t e d   to  e n g a g e   s a i d   f i r s t  

p o s i t i o n i n g   means   a r o u n d   more  t h a n   1800  of  a r c  

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

e n g a g e m e n t   w i t h   t h e   f i r s t   p o s i t i o n i n g   means   and  t o  

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

a s s e m b l y .  

26.  A  d o t   m a t r i x   p r i n t   h e a d   c h a r a c t e r i z e d   by  a  
s o l e n o i d   a s s e m b l y   i n c l u d i n g   a  p l u r a l i t y   of  s o l e n o i d s  

e a c h   h a v i n g   a  f i r s t   p o s i t i o n i n g   means  a d j a c e n t   i t s  

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



to   be  d r i v e n   by  i n d i v i d u a l   s p r i n g   a s s e m b l i e s ,   a  

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

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

r e s i l i e n t l y   e x p a n d a b l e   to   p e r m i t   s l i d i n g   e n g a g e m e n t  

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

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

o n t o   t h e   s o l e n o i d   a s s e m b l y .  
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