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@  Print  hammer  and  drive  for  daisy  wheel  printer. 
Q>y  A  printing  mechanism  is  disclosed  which  has  an  oscillat- 
able  hammer  (34)  which  carries  on  the  first  end  an  impacting 
surface  (32)  for  striking  a  printing  element  (50)  and  on  the 
opposite  end  thereof,  a  magnetically  attractable  armature 
structure  (24)  generally  formed  in  a  U-shape  such  that  the 
legs  of  the  U  extend  in  a  plane  perpendicular  to  the  axis  (36) 
of  oscillation.  An  electromagnet  assembly  (10)  is  fabricated 
to  matt  with  and  accept  the  legs  of  the  hammer  armature 
(24)  between  similar  U-shaped  legs  (16)  of  the  electromagnet 
armature  (14)  to  provide  a  substantially  constant  air  gap 
during  the  movement  of  the  hammer  armature  (24)  into  the 
magnetic  field  of  the  magnet  armature  (14).  The  electromag- 
net  (10)  may  be  enhanced  by  providing  a  flux  concentrating 
core  member  (18)  magnetically  coupled  with  and  sur- 
rounded  by  the  coil  (22)  of  a  magnet  thereby  concentrating 
the  flux  flow  through  small  air  gaps  into  which  the  legs  of  the 
U-shaped  hammer  armature  (24)  may  be  attracted. 
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F i e l d   of  t h e   I n v e n t i o n  

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

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

B a c k g r o u n d   of   t h e   I n v e n t i o n  

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

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

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

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

a c c o m p l i s h   t h i s   i m p a c t i n g .   A  m a g n e t   a s s e m b l y   w h i c h   has   a  c o r e  

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

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

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

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

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

h a m m e r .  

M a g n e t s   w i t h   a  m o v i n g   a r m a t u r e   w h i c h   e x t e n d s   f rom  t h e   c o i l  

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

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

t h e   p r i n t   e l e m e n t .  

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

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

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

An  e x a m p l e   of  t h e   c l a p p e r   t y p e   m a g n e t   w h i c h   t h e n   f o r c e s   a  

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

U S - A - 3 , 6 7 0 , 6 4 7 .  

Fo r   r a p i d   p r i n t i n g ,   i t   i s   d e s i r e d   t h a t   t h e   hammers   have   a  l o w  

mass   b u t   t h i s   u s u a l l y   d i c t a t e s   a  r e l a t i v e l y   low  i m p a c t   f o r c e .  



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

n e c e s s a r y   to   m a i n t a i n   a t   l e a s t   a  c e r t a i n   min imum  i m p a c t   f o r c e  

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

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

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

A t t r a c t i o n   of  t h e   d e p e n d i n g   a p p e n d a g e   on  a  hammer   c a u s e s   t h e  

i m p a c t i n g   of  t h e   hammer   o n t o   t h e   p r i n t i n g   e l e m e n t   to   e f f e c t  

p r i n t i n g .   T h i s   r e q u i r e s   v e r y   p r e c i s e   a d j u s t m e n t   of   t h e   m a g n e t  

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

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

k i n e t i c   e n e r g y   n e c e s s a r y   f o r   q u a l i t y   p r i n t i n g   i s   i n c o n s i s t e n t  

w i t h   t h e   n e e d   to  m a i n t a i n   t h e   a i r   gap  b e t w e e n   t h e   c o i l   and  t h e  

a r m a t u r e   a t   a  min imum  in   o r d e r   to   e f f e c t   t h e   maximum  p o s s i b l e  

f o r c e   o n t o   t h e   hammer .   G B - A - 9 9 3 , 8 3 3   i l l u s t r a t e s   a  p r i n t   h a m m e r  

a r r a n g e m e n t   w h e r e i n   t h e   a p p e n d a g e   i s   a t t r a c t e d   to   t h e   m a g n e t  

and  a l s o   shows  t h e   v e r y   s m a l l   d e g r e e   of  t r a v e l   w h i c h   t h e  

hammer   has   in  t h i s   t y p e   a s s e m b l y .  

The  l a c k   of  k i n e t i c   e n e r g y   in   t h e   hammer  i s   p a r t i a l l y   o v e r c o m e  

by  t h e   a t t r a c t i o n   f o r c e   o f   t h e   m a g n e t   a c t i n g   on  t h e   h a m m e r  

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

t h e   m a g n e t i c   f o r c e   to   e f f e c t   t h e   p r i n t i n g .   T h i s   a u g m e n t a t i o n ,  

as  w e l l   as  a  r a p i d   r e s t o r e   t i m e   f o r   t h e   h a m m e r ,   r e q u i r e s   t h a t  

t h e   a i r   gap  b e t w e e n   t h e   c o i l   and  t h e   a r m a t u r e   n e v e r   go  to   a  

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

Summary   of   t h e   I n v e n t i o n  

I t   i s   an  o b j e c t   of   t h e   i n v e n t i o n   to   a t t a i n   s i g n i f i c a n t  

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

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

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

i n c r e a s e   t h e   e x t e n t   of   o s c i l l a t i o n   of   t h e   hammer   u n d e r   t h e  

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

w i t h d r a w   f rom  t h e   p l a n e   of   t h e   d a i s y   w h e e l   p r i n t   e l e m e n t ,  

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



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

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

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

a r m a t u r e .  

The  a p p e n d a g e   i s   g e n e r a l l y   p l a n a r   in   s h a p e   and  l i e s   in  a  p l a n e  

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

p r i n t   h a m m e r .  

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

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

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

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

w h i c h   s a i d   a p p e n d a g e   may  be  a t t r a c t e d .  

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

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

p a t h   i n t o   w h i c h   t h e   hammer  a p p e n d a g e   may  be  a t t r a c t e d .  

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

m a g n e t   a r m a t u r e   a l l o w   a  l o n g e r   t h r o w   or   s t r o k e   of   t h e   h a m m e r  

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

a t   t h e   same  t i m e   m a i n t a i n i n g   a  more   u n i f o r m   f o r c e   e x e r t e d   o n  

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

D r a w i n g  

F i g .   1  i s   a  t o p   v i e w   of  t h e   m a g n e t   and   hammer  a r m a t u r e s .  

F i g .   2  i s   a  p e r s p e c t i v e   p a r t i a l l y   e x p l o d e d   v i e w   of  t h e  

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

F i g .   3  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  f o r c e   d i s p l a c e m e n t  

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

a r m a t u r e   s t r u c t u r e   of  t he   p r e s e n t   i n v e n t i o n .  

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



As  c an   b e s t   be  s e e n   in  F i g s .   1  a n d   2,  t h e   p r i n t i n g   a s s e m b l y   i s  

c o m p r i s e d   of  an  e l e c t r o m a g n e t   a s s e m b l y   10  and  a  h a m m e r  

a s s e m b l y   12  w h i c h   c o n s t i t u t e s   an  i m p a c t   e l e m e n t   f o r   i m p a c t i n g  

a  p r i n t   e l e m e n t   50.  M a g n e t   a s s e m b l y   10  i s   c o m p r i s e d   of  a n  

a r m a t u r e   14  f u r t h e r   c o m p r i s i n g   l e g s   16.  The  l e g s   16  a r e   f o r m e d  

or   b e n t   t o   be  s u b s t a n t i a l l y   p e r p e n d i c u l a r   t o   t h e   c e n t r a l  

member   of   t h e   a r m a t u r e   14.  M a g n e t i c a l l y   c o u p l e d   and   p o s i t i o n e d  

w i t h i n   t h e   c h a n n e l   f o r m e d   by  t h e   U - s h a p e d   a r m a t u r e   14  i s   c o r e  

member   1 8 .  

C o r e   m e m b e r   18  i s   f a s h i o n e d   f r o m   a  p e r m e a b l e   i r o n   mass   and  i s  

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

a r m a t u r e   14.  The  l e n g t h   of   c o r e   member   18  i s   f a s h i o n e d   t o  

l e a v e   a  s m a l l   gap  20  on  e a c h   end   t h e r e o f   b e t w e e n   l e g s   16  a n d  

c o r e   m e m b e r   18.  Core   member   18  i s   l i k e w i s e   f a s h i o n e d   s u c h   t h a t  

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

a p p r o x i m a t e l y   w i t h   t h e   l e n g t h   o f   l e g s   16.  The  i n s e r t i o n   o f  

c o r e   m e m b e r   18  i n t o   t h e   c h a n n e l   of   t h e   U - s h a p e d   a r m a t u r e   14  

t e n d s   t o   c o n c e n t r a t e   f l u x   f l o w   t h r o u g h   g a p s   20  f r o m   t h e   l e g s  

16  of   a r m a t u r e   14  w h i c h   a c t s   as  t h e   p o l e s   t h e r e o f .  

The  c o r e   member   18  and  t h e   a r m a t u r e   14  c o u l d ,   i f   d e s i r e d ,   b e  

f a b r i c a t e d   as  a  s i n g l e   u n i t a r y   p i e c e .  

W r a p p e d   a r o u n d   a r m a t u r e   14  and  c o r e   member   18  i s   a  c o i l   o f  

w i r e   22  w h i c h   may  be  e n e r g i z e d   t o   c r e a t e   t h e   m a g n e t i c   f i e l d   t o  

a t t r a c t   t h e   hammer  a r m a t u r e   2 4 .  

The  hammer   a r m a t u r e   24  i s   f o r m e d   as  a  m a g n e t i c a l l y   p e r m e a b l e  

a p p e n d a g e   d e p e n d i n g   f rom  and   f o r m e d   as  a  p a r t   of   t h e   h a m m e r  

a s s e m b l y   12.  The  hammer  a r m a t u r e   24  i s   a  r e l a t i v e l y   l i g h t  

w e i g h t   t h i n   p i e c e   of  m a t e r i a l   f o r m e d   in  a  U - s h a p e d   c h a n n e l .  

The  U - s h a p e d   c h a n n e l   i s   c o m p r i s e d   of  a  s p a n   26  and  l e g s   2 8  

e x t e n d i n g   f rom  s a i d   span   26.  The  l e g s   28  a r e   p e r p e n d i c u l a r   t o  

s p a n   26,   s p a c e d   a p a r t   s u b s t a n t i a l l y   t h e   w i d t h   of   s a i d   span   2 6 ,  

and  of   s u f f i c i e n t   l e n g t h   to   e x t e n d   i n t o   g a p s   20  b u t   to   p r e v e n t  

s p a n   26  f r o m   c o n t a c t i n g   c o i l   22  or   c o r e   member   18  when  f u l l y  

a t t r a c t e d   by  t h e   m a g n e t   a s s e m b l y   1 0 .  



As  can   b e s t   be  v i e w e d   in  F i g .   4,  a t   t h e   p o i n t   of  r e s t   w h e r e  

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

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

e l e m e n t s   or   p e t a l s   48  of  t h e   d a i s y   w h e e l   p r i n t   e l e m e n t   50,   t h e  

t i p s   of   l e g s   28  of   t h e   hammer  a r m a t u r e   24  a r e   a p p r o x i m a t e l y  

a l i g n e d   w i t h   t h e   t i p   of   t h e   m a g n e t   a r m a t u r e   16.  S i n c e   gap  20  

i s   f o r m e d   by  l e g s   16  and  c o r e   member   18  and  e a c h   e x t e n d  

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

a r m a t u r e   14,  t h e   f l u x   p a t h   i s   c a u s e d   t o   d e v i a t e   o n l y   s l i g h t l y  

b e t w e e n   l e g s   16  and  c o r e   member   18  in   o r d e r   to   p a s s   t h r o u g h  

l e g   28  of   t h e   hammer  a r m a t u r e   24.   E a c h   a i r   gap  b e t w e e n   l e g   16  

and  l e g   28  and  l e g   28  and  c o r e   member   18  i s   p r e f e r a b l y   in  t h e  

o r d e r   of   .010   i n c h   or   a p p r o x i m a t e l y   .25  mm.  T h e s e   a i r   g a p s  
w i l l   r e m a i n   s u b s t a n t i a l l y   c o n s t a n t   t h r o u g h o u t   t h e   m o v e m e n t   o f  

hammer   a r m a t u r e   24  t o w a r d   t h e   e l e c t r o m a g n e t   a s s e m b l y   10.  T h e  

l e g   28  w i l l   c o n t i n u e   to   be  a t t r a c t e d   i n t o   gap  20  u n t i l   s u c h  

t i m e   as  t h e   m a g n e t i c   c e n t e r   of   l e g   28  i s   m a g n e t i c a l l y  

c o a l i g n e d   w i t h   t h e   m a g n e t i c   c e n t e r   o f   l e g   16,  a t   w h i c h   p o i n t  

l e g   28  e x t e n d s   a p p r o x i m a t e l y   3 /4   of   t h e   way  to   t h e   end   of   g a p  
20  d e f i n e d   by  b r i d g e   14.  Any  e f f o r t   t o   move  hammer  a r m a t u r e   24  

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

t h e   hammer   a t   t h a t   p o i n t   and  t h e   h o l d i n g   of  t h e   hammer  in  t h a t  

p o s i t i o n   so  l o n g   as  t h e   c o i l   22  i s   e n e r g i z e d .  

T h u s ,   i t   c a n -  b e   e a s i l y   s e e n   t h a t   as  l o n g   as  l e g   28  has   n o t  

e n t e r e d   gap  20  to   t h e   p o i n t   w h e r e   i t   i s   b e i n g   b r a k e d  

m a g n e t i c a l l y ,   t h e   p u l l   f rom  e n e r g i z a t i o n   of  c o i l   22  w i l l  

c o n t i n u e   to   u r g e   t h e   hammer  a r m a t u r e   24  t o w a r d   t h e   m a g n e t  

a s s e m b l y   10  and  w i l l   e x e r t   a  m a g n e t i c   p u l l   o n t o   h a m m e r  

a r m a t u r e   24  and  t h u s   o n t o   t h e   hammer   a s s e m b l y   12.  The  i m p a c t  

s u r f a c e   32  of  t h e   hammer  34  e n g a g e s   t h e   p r i n t   e l e m e n t   and  i s  

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

p l a t e n   of   t h e   p r i n t e r   s u p p o r t i n g   t h e   p a p e r .   Hammer  34  i s  

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

m a g n e t i c   b r a k i n g   o c c u r s   as  d e s c r i b e d   a b o v e .  

E l e c t r o m a g n e t   a s s e m b l y   10  may  be  m o u n t e d   on  a  c a r r i e r   38  w h i c h  

s u p p o r t s   hammer  34  by  way  of  t h e   p i v o t   s h a f t   36  and  w i l l  



r e q u i r e   o n l y   p o s i t i o n i n g   s u c h   t h a t '   t h e   e n d s   of  t h e   l e g s   28  

a p p r o x i m a t e l y   a l i g n   c e n t e r e d   b e t w e e n   t h e   l e g s   16  of   t h e  

a r m a t u r e .   M o u n t i n g   of   t h e   e l e c t r o m a g n e t   a s s e m b l y   10  may  b e  

a c c o m p l i s h e d   by  a t t a c h i n g   i t   to   t h e   c a r r i e r   38  t h r o u g h  

m o u n t i n g   t a b s   40  or  o t h e r   c o n v e n t i o n a l   m e a n s .  

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

e x e r t e d   upon  t h e   p r i n t   hammer   a s s e m b l y   12  c an   b e s t   b e  

u n d e r s t o o d   by  r e f e r e n c e   to   F i g .   3.  F i g .   3  i s   a  f o r c e  

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

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

e x e r t e d   upon  t h e   hammer  a r m a t u r e   24  of   t h e   i n s t a n t   i n v e n t i o n .  

C u r v e   42  r e p r e s e n t s   a  c l a p p e r   t y p e   c o n s t r u c t i o n   and  t h e   f o r c e s  

r e p r e s e n t e d   a r e   t y p i c a l   of   t h a t   t y p e   m a g n e t   s t r u c t u r e .   W i t h  

t h e   c l a p p e r   in   i t s   r e s t   p o s i t i o n   away  f rom  t h e   c o i l   in   t h e  

o r d e r   of  .100   i n c h   ( a p p r o x i m a t e l y   2 . 5   m i l l i m e t e r s )   t h e   f o r c e '  

e x e r t e d   by  t h e   m a g n e t   on  t h e   a r m a t u r e   i s   a  v e r y   weak   f o r c e   a s  

i n d i c a t e d   by  r e g i o n   44  on  c u r v e   42.   As  d i s t a n c e   b e t w e e n   t h e  

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

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

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

a r m a t u r e   c o n t a c t i n g   or   s e a l i n g   to   t h e   m a g n e t   s t r u c t u r e .   Due  t o  

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

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

t h e   same  t i m e   p r e v e n t i n g   t h e   c l a p p e r   f rom  s e a l i n g   so  t h a t  a  

l a r g e   s e c o n d a r y   o p p o s i t e   a c t i n g   f o r c e   may  n o t   be  r e q u i r e d   t o  

c a u s e   t h e   c l a p p e r   to   r e l e a s e .  

C u r v e   46  i s   r e p r e s e n t a t i v e   of   t h e   f o r c e s   e x e r t e d   upon   t h e  

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

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

a s s e m b l y   10.  C l e a r l y   t h e   f o r c e   e x e r t e d   upon   t h e   h a m m e r  

a r m a t u r e   24  a t   a  r e s t   p o s i t i o n   c o r r e s p o n d i n g   to   s o m e t h i n g   i n  

t h e   o r d e r   of  .250   to   .300   i n c h   ( a p p r o x i m a t e l y   6 , 2 5   t o   7 ,6   mm) 

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

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



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

e n e r g y   in  t h e   hammer   f o r   d i s s i p a t i o n   a t   i m p a c t .  

So  l o n g   as  t h e   i m p a c t   o c c u r s   s u b s t a n t i a l l y   p r i o r   to   t h e   z e r o  

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

c e n t e r s   o f  t h e   l e g s   28  of   t h e   hammer   a r m a t u r e   24  a r e   a l i g n e d  

w i t h   t h e   m a g n e t i c   c e n t e r s   of  l e g s   16  of   t h e   m a g n e t   a r m a t u r e  

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

i m p a c t   f o r c e s   of   t h e   h a m m e r .  

The  e x i s t e n c e   of   a  s u b s t a n t i a l   f o r c e   w h i c h   may  be  e x e r t e d   o n  

t h e   hammer   a r m a t u r e   24  a t   i t s   r e s t   p o s i t i o n   and  t h e   l a r g e   a n d  

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

hammer   to   a c c e l e r a t e   f a s t e r ,   a l l   o t h e r   f a c t o r s   b e i n g   e q u a l ,  

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

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

By  r e f e r r i n g   t o   F i g .   3,  i t   can   be  s e e n   t h a t   t h e   n e e d   f o r  

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

o p t i m i z e   t h e   i n i t i a l   a m o u n t   of  f o r c e   e x e r t e d   on  t h e   h a m m e r  

a r m a t u r e   24  i s   e l i m i n a t e d   w i t h i n   a  s u b s t a n t i a l   r e g i o n   a s  

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

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

c l e a r   f rom  c u r v e   4 2 .  



1.  A  p r i n t i n g   a s s e m b l y   c o m p r i s i n g   a  p r i n t   hammer   (12)   and   a  

m a g n e t   ( 1 0 ) ,   c h a r a c t e r i z e d   in  t h a t  :  

s a i d   p r i n t   hammer   (12)  has   a  s t r i k i n g   end   (32)   f o r  

s t r i k i n g   a  p r i n t   e l e m e n t   (50)  and   an  a r m a t u r e   (24)  f o r  

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

m o u n t i n g   s a i d   hammer   (12)  f o r   o s c i l l a t o r y   m o v e m e n t   a b o u t  

an  a x i s   (36)  in   r e s p o n s e   to   s a i d   e n e r g y ,  

s a i d   a r m a t u r e   (24)  of   s a i d   hammer   (12)  c o m p r i s i n g   a  

m a g n e t i c   m a t e r i a l   f o r m e d   i n t o   a t   l e a s t   an  a p p e n d a g e   ( 2 8 )  

g e n e r a l l y   p l a n a r   in  s h a p e   and  l y i n g   in   a  p l a n e ,   a n d  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   t o   s a i d   o s c i l l a t o r y   a x i s  

( 3 6 ) ,   and  i n   t h a t   s a i d   m a g n e t   (10)  c o m p r i s e s   a  m a g n e t  

a r m a t u r e   (14)  and   a  c o i l   (22)  s u r r o u n d i n g   a t   l e a s t   a  

p o r t i o n   of   s a i d   m a g n e t   a r m a t u r e ,   s a i d   m a g n e t   a r m a t u r e  

(14)  f o r m e d   t o   h a v e   a  f i r s t   and  s e c o n d   end   p o r t i o n s   ( 1 6 )  

e x t e n d i n g   o u t w a r d l y   f rom  s a i d   c o i l   (22)  and   f o r m i n g   a  

m a g n e t i c   p a t h   i n t o   w h i c h   s a i d   a p p e n d a g e   (28)  m a y  b e  

a t t r a c t e d .  

2.  The  p r i n t i n g   a s s e m b l y   of  C l a i m   1  w h e r e i n   s a i d   m a g n e t  

a r m a t u r e   (14)  f o r m s   a  U  s h a p e   and   t h e   l e g s   (16)  t h e r e o f  

fo rm  a  s p a n   of   t h e   m a g n e t i c   p a t h   i n t o   w h i c h   s a i d  

a p p e n d a g e   (28)  may  be  a t t r a c t e d .  

3.  The  p r i n t i n g   a s s e m b l y -   of  C l a i m   2  w h e r e i n   s a i d   h a m m e r  

a r m a t u r e   end   i s   of   a  U  s h a p e   and   t h e   l e g s   (28)  o f   s a i d  

hammer  a r m a t u r e   end   f o rm  p l a n e s   s u b s t a n t i a l l y   p a r a l l e l   t o  

t h e   p l a n e   of   s a i d   m a g n e t   a r m a t u r e   l e g s   ( 1 6 ) .  

4.  The  p r i n t i n g   a s s e m b l y   of  C l a i m   1  w h e r e i n   s a i d   m a g n e t   ( 1 0 )  

i s   r i g i d l y   p o s i t i o n e d   r e l a t i v e   t o   s a i d   a x i s   ( 3 6 ) .  

5.  The  p r i n t i n g   a s s e m b l y   of  C l a i m   3  w h e r e i n   s a i d   m a g n e t   ( 1 0 )  

c o m p r i s e s   an  a r m a t u r e   (14)  and  a  c o r e   member   ( 1 8 ) ,   s a i d  



c o r e   member   (18)  p o s i t i o n e d   in  c o n t a c t   w i t h   s a i d   a r m a t u r e  

(14)  w i t h i n   t h e   r e g i o n   b e t w e e n   s a i d   l e g s   (16)  of  s a i d   U 

s h a p e .  

6.  The  p r i n t i n g   a s s e m b l y   of   C l a i m   5  w h e r e i n   s a i d   l e g s   ( 1 6 )  

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

d e f i n e d   b e t w e e n   s a i d   c o r e   member   (18)  and  s a i d   l e g s   ( 1 6 ) .  

7.  The  p r i n t i n g   a s s e m b l y   of   C l a i m   6  w h e r e i n   s a i d   c o i l   ( 2 2 )  

s u r r o u n d s   s a i d   c o r e   member   (18)  and  s a i d   a r m a t u r e   ( 1 4 ) .  
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