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54)  Print  hammer  assembly. 

will  each  be  moved  in  a  predetermined  direction  and  at  a 
predetermined  speed  upon  energization  of  the  actuator.  The 
hammer  element  (32)  is  secured  to  the  support  structure  (38) 
by  way  of  a  leaf  spring  assembly  (60,  62). 

by  the  support  structure  and  thus  the  hammer  element  (32) 

A  print  hammer  assembly  is  disclosed  comprising  a 
support  structure  (38)  having  a  hammer  element  (32) 
supported  at  one  location  thereon  and  a  plunger  (46) 
supported  at  another  location  thereon,  and  an  electromagne- 
tic  actuator  (59)  including  a  pair  of  magnetizable  members 
(76, 78)  displaced  apart  a  predetermined  distance  to  define  a 
space  (84)  of  sufficient  dimensions  to  enable  the  movement 
of  the  plunger  (46)  therethrough.  The  actuator  (59)  is  capable 
of  being  selectively  energized  to  establish  a  magnetic  field  in 
the  space  (84)  to  control  the  movement  of  the  plunger  (46) 
through  the  space.  The  print  hammer  assembly  also  com- 
prises  a  mounting  assembly  for  movably  mounting  the 
support  structure  (38)  adjacent  the  electromagnetic  actuator 
(59)  such  that  the  plunger  (46)  is  in  a  position  to  be  forced 
through  the  space  upon  energization  of  the  actuator,  where- 
by  the  support  structure  and  thus  the  hammer  element  (32) 

will  each  be  moved  in  a  predetermined  direction  and  at  a 
predetermined  speed  upon  energization  of  the  actuator.  The 
hammer  element  (32) is  secured  to  the  support  structure  (38) 
by  way  of  a  leaf  spring  assembly  (60,  62). 





This  invention  relates  to  print  hammer  assemblies  and,  more  particularly,  to  a 

print  hammer  assembly  employing  an  e lect romagnet ic   actuator  to  drive  a 

hammer  element  against  an  adjacent  print  element,  to  thereby  cause  the  pr int  

element  to  strike  an  adjacent  p la ten .  

Such  print  hammer  assemblies  are  used  in  impact  serial  printers  of  the  type 

including  a  platen,  a  plurality  of  print  elements  and  a  marking  medium  interposed 

between  the  print  elements  and  the  platen.  An  example  of  an  impact  serial  

printer  of  this  type  is  disclosed  in  US  Patent  No  4  091  911,  whereas  an  example  

of  a  print  hammer  assembly  used  in  such  a  printer  is  disclosed  in  US  Patent  No 

4  037  532. 

The  print  hammer  assembly  disclosed  in  US  Patent  No  4  037  532  includes  a  guide 

housing  through  which  a  hammer  element  is  propelled  upon  being  forced  in  a 

forward  direction  by  urging  of  an  armature  of  an  e lect romagnet ic   a c t u a t o r  

following  energization  thereof.  The  e lectromagnet ic   actuator  is  of  a 

conventional  type,  wherein  a  portion  of  the  armature  is  normally  spaced  apar t  

from  each  of  a  pair  of  legs  of  a  C-shaped  yoke,  the  connecting  portion  of  which 

contains  an  electrically  conductive  coil  wound  thereon.  A  gap  is  thus  defined 

between  the  armature  and  each  leg.  Upon  energization  of  the  actuator  by 

passing  current  of  a  predetermined  magnitude  through  the  coil,  the  magne t ic  

field  created  through  each  gap  forces  the  armature  into  contact  with  the  two 

legs.  This  movement  in  turn  propels  the  hammer  element  through  its  guide 

housing  in  order  to  impact  an  adjacent  print  element,  and  any  interposed 

recording  medium  (e.g.  paper)  and  marking  material  (e.g.  inked  ribbon)  against  an 

adjacent  p la ten .  

The  type  of  print  hammer  assembly  as  just  described  has  worked  quite  well 

and  printers  in  which  they  have  been  employed,  such  as  the  Diablo  HyType  II 

serial  printer  manufac tu red   by  Diablo  Systems,  Inc.  of  Hayward,  Ca l i fo rn i a ,  

have  been  very  sucessful.  Certain  disadvantages  of  this  type  of  print  h a m m e r  

assembly  have  been  discerned,  however.  For  example,  audible  noise 

a t t r ibuted  to  impacts  is  relatively  high.  More  specifically,  not  only  does  the  

hammer  e lement   impact  the  print  e lement   against  an  adjacent   platen,  but  t he  

armature  impacts   the  two  legs  of  the  e l ec t romagne t i c   ac tuator .   Since  t h e  



a rmatu re   and  legs  of  the  a c t u a t o r   are  general ly  metal l ic ,   it  will  be 

apprec ia t ed   that  the  noise  level  is  s ignif icant ly   increased  over  t h a t  

a t t r i b u t a b l e   solely  to  impact   of  the  hammer   e l ement   against  the  p r i n t  
e l e m e n t  

Another   d i sadvantage   of  the  type  of  print  hammer   assembly  described  above  

has  to  do  with  the  fact   that  the  force  of  impact   (F)  of  the  a rmature   a g a i n s t  

the  a c t u a t o r   legs  is  inversly  propor t ional   to  the  square  of the  gap  distance  (x) 

be tween  the  a rma tu re   and  each  leg.  Thus,  the  re lat ionship  F=1/x2  is  t r u e .  

This  means  that  the  requis i te   impact   force  is  es tab l i shed   over  a  very  s h o r t  

travel   and  very  close  to  the  point  of  impact   of  the  a rmature   against  t h e  

ac tua to r   legs.  As  a  result  of  this,  it  has  been  found  necessary  to  "fire"  t h e  

hammer   e lement   in  a  ballistic  s e n s e  t h r o u g h   its  guide  housing  toward  t h e  

print  e lement .   By  firing  the  hammer   e lement ,   it  was  found  necessary  t o  

develop  a  separa te   guide  housing  to  control  the  flight  path.  The  guide  

housing,  however,   is  subject   to  wear  and  dust  accumula t ion ,   which  m i g h t  

e f fec t   long- term  usage.  Fur ther ,   it  will be  a p p r e c i a t e d  t h a t   the  initial  gap 

distance  with  the  a r m a t u r e   in  a  non-energ ized   position  must  be  p r ec i se ly  

adjusted  so  that  the  requisi te   force  is  achieved  upon  impact   of  the  a r m a t u r e  

against  the  ac tua tor   legs,  to  thereby  fire  the  hammer   element  with  t h e  

requisi te   level  of  force  against   the  print  e l e m e n t .  

Printers  are  known  where  the  dwell  t ime of  a  print  element  forcing  a  mark ing  

medium  against  an  adjacent  platen  due  to  the  force  of a  hammer  element  aga ins t  

the  print  element  can  be  increased  by  increasing  the  mass  of  the  h a m m e r  

element.  This  necessarily  inc reases   the  quantity  of  marking  material  r e leased .  

However,  this  a r rangement   has  the  disadvantage  of  increasing  the  flight  time  of  

the  hammer  element,  thereby  correspondingly  decreasing  the maximum  pr int ing 

speed.  A  further  disadvantage  is  that  of  increasing  the  kinetic  energy  of  impac t ,  

which  may  result  in  decreased  life  of  the  print  elements,   or  require  that  the  pr in t  

elements  be  fabricated  of  a  more  durable,  and  thus  more  costly,  ma te r i a l .  

Another  problem  with  exist ing serial   printers  of  the  type  disclosed  in  US  P a t e n t  

No  4 091 911,  which  employ  a  rotatable  print  wheel  mounted  to  a  l inearly 

movable  carriage  along  with a  print  hammer  assembly,  the  carriage being  moved 

along  a  path  parallel  to  the  longitudinal  axis  of  an  adjacent  cylindrical  p la ten ,  

has  to  do  with  misalignment  of  the  platen.  More  specifically,  the platen  must  be 

precisely  aligned  relative  to  the  carriage  such  that  the  carriage  path  is  para l le l  



to  the  longitudinal  axis  of  the  platen.  If  this  relationship  is  not  true,  the  pr int  

elements  of  the  wheel  may  impact  the  platen  at  other  4ocaLions  on  the  periphery, 

but  not  in  alignment  with  the  center  line  thereof  during  linear  advancement  of 

the  carriage.  For  example,  if  the  platen  is  inclined  in  a  vertical  plane  from  lef t  

to  right,  the  top  area  of  print  elements  impacting  the  left  portion  of  the  pla ten 

might  be  at  least  partially  deleted,  the  reverse  being  true  with  respect  to 

impacts  occurring  at  the  right  portion  of  the  platen.  This,  of  course,  will  lead  to 

an  uneven,  and  perhaps  unintelligible  print .  

The  present  invention  is  intended  to  provide  a  print  hammer  assembly  in  which 

those  disadvantages  of  known  assemblies  may  be  alleviated.  The  assembly  of  the 

invention  is  character ised  by  a  structure  having  one  of  the  five  fea tures  

enumerated  below. 

In  acco rdance   with  a  first  feature   of  the  p r e s e n t  

invention,   a  print  hammer   assembly  is  provided  comprising  a  suppor t  

s t ruc tu re   having  a  hammer  e lement   supported  at  a  first  location  thereon  and 

a  plunger  supported  at  a  second  location  thereon;  an  e l e c t r o m a g n e t i c  

ac tua to r   including  a  pair  of  magnet izable   members   displaced  apart  a 

p r e d e t e r m i n e d   distance  to  define  a  space  of  suff icient   dimensions  to  enable  

the  movemen t   of  said  plunger  therethrough,   said  ac tua tor   including  f i r s t  

means  capable  of  being  select ively  energized  for  creat ing  a  magnetic   field  in 

said  space  to  control  the  movement   of  said  plunger  through  said  space;  and 

second  means  f o r ' m o v a b l y   mounting  said  support  s t ruc ture   adjacent  said 

e l ec t romagne t i c   ac tua to r   such  that  said  plunger  is  in  a  position  to  be  fo rced  

through  said  space  without  touching  either  magnet izable   member  upon 

energizat ion  of  said  first  means,  whereby  said  support  s t ruc ture   and  thus  said 

hammer  e lement   will  each  be  moved  in  a  respective  p rede te rmined   d i rec t ion  

and  p rede te rmined   speed  upon  energizat ion  of  said  first  means .  

In  view  of  the  above  a r r angemen t ,   it  will  be  appreciated  that  the  only  noise 

generated  is  that  which  is  a t t r ibu tab le   to  the  impact  of  the  print  element  by 

the  hammer  e lement   against  an  adjacent   platen.  There  is  no  initial  impact  of 

armature   or  pole  piece  against  other  pole  pieces,  or  legs,  as  in  the  

a r rangement   disclosed  in  U.S.  Patent   No.  4,037,532.  This  s ign i f ican t ly  

reduces  the  overall  impact  noise .  



It  will  fu r ther   be  a p p r e c i a t e d   that  since  the  plunger  is  being  m a g n e t i c a l l y  

forced  through  a  space  be tween  the  pair  of  magne t izab le   members ,   t he  

relative  d is tance   be tween   the  plunger  and  each  of  the  magne t izab le   m e m b e r s  

is  not  cr i t ical ,   since  the  total   force  will  be  substant ia l ly   the  same  r e g a r d l e s s  

of  whether   or  not  these  two  d is tances   differ.  More  specif ical ly,   the  dr iv ing  

force  is  r e la ted   to  the  addition  of  the  two  gap  distances  on  ei ther  side  of  t h e  

plunger  and  the  geome t ry   of  the  plunger.  If  the  d i s tance   be tween  plunger  a n d  

each  of  the  m a g n e t i z a b l e   members   is  d ifferent ,   the  driving  force  will  

essential ly  be  the  same  as  when  the  plunger  is  centered ,   since  the  sum  of  t h e  

two  dis tances  will  always  be  the  s a m e .  

It  will  also  be  a p p r e c i a t e d   that,   since  the  driving  force  is  re la ted   to  t h e  

geometry  of  the  total   gap  area  swept,  as  opposed  to  being  i nve r se ly  

proport ional   to  the  square  of  an  ever  decreasing  gap  size,  as  in  t h e  

a r r angmen t   disclosed  in  U.S.  Pa t en t   No.  4,037,532,  much  less  energy  need  be  

expended  to  achieve  the  requisi te   p r in t  qua l i ty   w i t h  e i t h e r   system.  More  

specif ical ly,   the  s igni f icant   amount  of  e lectr ical   power  required  to  ac tua te   t h e  

a rma tu re   of  prior  art  devices  is  not  required.  A  substant ia l ly   lower  level  of  

power  can  be  used,  thereby  conserving  energy.  Additionally,  the  geomet ry   o f  

the  sweeping  gap  approach  of  this  invention  permits   the  hammer   e l ement   t o  

experience  maximum  acce l e r a t i on   early  in  the  hammer  stroke,   thus  c u t t i n g  

down  the  overall   flight  time.  This  then  el iminates  the  need  for  a  ba l l i s t i c  

free  flight  and  its  i ncumbant   disadvantages,   as  described  above .  

In  accordance   with  a  second  f ea tu re   of  the  present   invention,  a  p r i n t  

hammer   assembly  is  provided  comprising  a  first  mass;  a  second  mass  inc luding  

a  hammer   e lement ;   a  hammer   a c t u a t o r   capable  when  energized  of  d i r e c t i n g  

said  hammer   e l emen t   under  force  toward  an  adjacent   platen;  and  m e a n s  

coupled  be tween  said  first  mass  and  second  mass  and  coopera t ing   with  sa id  



first  mass  for  increasing  the  dwell  time  of  said  hammer  e lement   against  said 

platen  or  an  in terposed  print  e lement   against  said  platen  in  response  to  a 

single  energ iza t ion   of  said  a c t u a t o r .  

It  will  thus  be  app rec i a t ed   that  the  mass  of  the  hammer   e lement   is  no t  

increased  to  e f fec t   an  increased  dwell  time.  Rather ,   a  dual  mass  system  is 

employed,  wherein  the  means  for  coupling  toge ther   the  two  masses  inc ludes  

means  coopera t ing   with  the  first  mass  for  increasing  the  dwell  time.  There  is 

thus  no  decrease  in  the  flight  time  of  the  hammer  e lement   and  increase  in 

kinetic  energy  of  i m p a c t .  

In  accordance  with  this  second  feature  a  print  hammer   assembly  is 

provided  comprising  a  support  s t ruc ture   defining  a  first  mass  and  including  a 

plunger  at  a  first  location  thereon;  a  second  mass  including  a  h a m m e r  

element;  first  means  for  coupling  said  second  mass  to  said  support  s t r u c t u r e  

at  a  second  location  thereon;  and  second  means  for  movably  mounting  sa id  

support  s t ruc ture   with  its  plunger  adjacent  and  e l e c t r o m a g n e t i c   a c t u a t o r  

capable  of  being  se lec t ively   energized  such  that,  when  said  ac tua tor   is 

energized,  the  resu l tan t   magnet ic   field  acting  upon  said  plunger  will  cause  

said  plunger  and  thus  said  support  s t ructure   and  hammer   e lement   to  each  

travel  along  predef ined  paths  at  p rede te rmined   speeds,  said  first  means  

including  third  means  cooperat ing  with  said  first  mass  for  increasing  t he  

dwell  time  of  said  hammer   element  against  an  adjacent   platen  or  an 

interposed  print  e l ement   against  said  platen  in  response  to  a  single 

energizat ion  of  said  a c t u a t o r .  

Further   in  accordance   with  the  second  feature  a  spring  assembly  is 

used  to  couple  the  first  mass,  which  includes  the  support  s t ruc ture ,   to  the  

second  mass,  which  includes  the  hammer  element.   By  then  arranging  the  

plunger  and  hammer  e lement   such  that  the  hammer  e lement   will  strike  a  

print  e lement   against   a  platen  while  the  plunger  continues  to  travel  in  the  

same  direction,  the  resiliency  of  the  spring  assembly  will  retain  the  h a m m e r  

element  against  the  print  e lement   and  platen  for  a  longer  period  of  time  than  

had  the  hammer  e lement   been  allowed  to  immedia te ly   rebound,  as  in  the  case  

of  ballistic  hammer   assemblies.   The  increased  dwell  time  also  enables  t he  

peak  impact  force  to  be  reduced  without  loss  in  print  quality,  t h e r e b y  

enabling  lower  cost  print  element,   such  as  plastic  print  e lements ,   to  be 

employed .  



In  a cco rdance   with  a  third  fea ture   of  the  present   invention,  a  p r in t  

hammer   assembly  is  provided  comprising  a  hammer   element;   a  h a m m e r  

a c t u a t o r   capable  when  energized  of  direct ing  said  hammer   e lement   under  

force  toward  an  ad jacent   platen;  and  means  coupled  to  said  hammer  e l e m e n t  

for  causing  said  hammer   e l emen t   to  impact   an  ad jacent   platen  or  an  

in terposed  print  e l ement   against   said  platen  more  than  once  in  response  to  a  

single  energ iza t ion   of  s a i d  a c t u a t o r .  

In  view  of  the  above,  it  will  be  apprec ia t ed   that   the  overall  amount  of 

marking  mater ia l   re leased  will  be  increased,   since  the  hammer   e lement   will 

impact   the  print  e l ement   and  in terposed  marking  medium  against   the  p l a t e n  

more  than  once  for  each  "hammer   energ iza t ion" ,   i.e.,  energizat ion  of  t h e  

hammer   ac tua to r .   Such  impacts   can  be  achieved  at  lower  peak  force  levels ,  

thereby  enabling  the  use  of  lower  cost  (e.g.,  t he rmo-p la s t i c )   print  e l e m e n t s  

and  the  like,  while  mainta in ing  high  print  quality  and  normal  printing  speeds .  

While  serial  impact   pr inters   are  in  exis tance  that   cause  a  h a m m e r  e l e m e n t   t o  

strike  each  print  e lement   more  than  once,  a  s e p a r a t e   hammer  energ iza t ion   is 

required  for  each  impact .   Since  each  impact   a l r eady  r equ i r e s   the  r e l a t i v e l y  

high  peak  impact   force  levels  of  the  prior  art,  the  provision  of  mu l t ip l e  

impacts   at  that   high  level  of  energy  will  only  compound  and  s u b s t a n t i a l l y  

increase   the  overall  impact   energy  level  and  incumbent   d isadvantages ,   such 

as  early  fai lure  of  the  print  e lements   or  requiring  more  durable  and  c o s t l y  

print  e lements .   The  present   invention  avoids  this  by  providing  mu l t i p l e  

impacts   in  response  to  a  single  ac tua to r   energ iza t ion ,   where  the  peak  f o r c e  

levels  achieved  at  each  such  impact   can  be  made  subs tant ia l ly   less  than  t h e  

convent iona l   l eve l s .  

In  addition  to  the  above  advantages ,   the  provis ion of   mu l t i - impac t   per  s ing le  

energ iza t ion   also  con t r ibu tes   to  a  reduct ion  in  noise,  since  the  peak  i m p a c t  

forces  are  less.  Fur ther ,   the  two  impacts   occur  re la t ive ly   rapidly,  t h e r e b y  

reducing  or  avoiding  sett l ing  of  the  print  e lement   and  incumbent   in  a c c u r a c y  

problems.   Still  fur ther ,   there  is  no  t ransverse   movemen t   of  the  print  e l e m e n t  

be tween   multiple  strikes  per  single  energ iza t ion   which  could  cause  "ghos t ing"  

and  the  like,  due  to  the  control  achieved  by  impac t ing   more  than  once  p e r  

single  e n e r g i z a t i o n .  



As  yet  another   advantage,   the  mul t i - impact   approach  of  this  invention  is  less 

susceptable   to  voids  of  the  marking  medium  in  the  printed  charac te r ,   i.e.,  the  

second  impact   fills  in  at  least  some  of  the  voids  that  may  have  been  left  in 

the  printed  cha rac t e r   following  the  first  impact.  This  advantage  provides  

another  basis  for  using  lower  cost  print  e l emen t s .  

In  accordance   with  a  fourth  impact  feature  of  the  p r e s e n t  

invention,  a  print  hammer  assembly  is  provided  comprising  a  h a m m e r  

element;  a  hammer   ac tua to r   capable  when  energized  of  directing  said 

hammer  e lement   under  force  toward  an  adjacent  platen;  and  means  coupled  

to  said  hammer   e lement   for  altering  the  location  of  maximum  impact  f o r ce  

of  said  hammer   e lement   following  initial  impact  of  said  hammer  e l e m e n t  

against  said  platen  or  an  in terposed  print  element  against  said  p l a t en .  

By  altering  the  location  of  maximum  impact  force  following  initial  impact,   i t  

will  be  apprec ia ted   that  d i f ferent   portions  of  the  print  element  will  be  f o r ced  

against  the  platen  at  the  maximum  impact  force,  thereby  providing  a  se l f -  

correcting  fea ture   for  most  minor  misalignments.  Altering  the  location  of 

maximum  impact  force  also  serves  to  improve  release  of  marking  m a t e r i a l  

from  a  marking  medium  interposed  between  the  print  element  and  platen,  as 

well  as  to  fac i l i t a te   l i f t -off   of  the  print  element  from  the  marking  med ium 

and  platen  following  p r in t ing .  

In  accordance  with  a  fifth  fea ture   of  the  p r e s e n t  

invention,  a  print  hammer  assembly  is  provided  comprising  a  h a m m e r  

element;  a  hammer  ac tua tor   capable  when  energized  of  directing  said 

hammer  e lement   under  force  toward  an  adjacent  platen;  and  means  coupled  

to  said  hammer   e lement   for  altering  the  location  of  maximum  impact  f o r ce  

of  said  hammer  e lement   against  said  platen  or  an  interposed  print  e l e m e n t  

against  said  platen,  said  means  for  altering  including  a  plurality  of  a d j a c e n t ,  

non-parallel  spring  members  each  coupled  at  one  end  to  said  h a m m e r  

element.  Preferab le ,   a  pair  of  normally  planar  leaf  springs  are  employed .  

By  offsett ing  the  pair  of  leaf  springs  relative  to  one  another,   so  that  they  a r e  

non-parallel,  the  effect  of  altering  the  location  of  maximum  impact  f o r ce  

following  initial  impact  may  be  amplified  over  the  effect   achieved  by  using 



parallel  leaf  springs.  This  is  accompl i shed   due  to  the  t r a p e z o i d a l  

conf igura t ion   of  the  offset   leaf  springs  as  connec t ed   to the  hammer  e l e m e n t  

at  one  end  a n d  t o   support  s t r u c t u r e  a t   t h e  o t h e r   end.  The  t r a p e z o i d a l  

conf igura t ion   impar ts   a  more  pronounced  shift  in  maximum  impact  f o r c e  

location  following  initial  impact   than  would  a  s t r i c t   paral le logram  formed  by 

parallel  leaf  springs.  Consequent ly ,   more  pronounced  misal ignments   of  t h e  

platen  axis  may  be  compensa t ed   for  through  the  use  of  offset  leaf  springs  in 

the  a r r a n g e m e n t   a b o v e - d e s c r i b e d .  

A  print  hammer  assembly  in  accordance  with  the  invention  will  now  be  described,  

by  way  of  example,  with  reference  to  the  accompanying  drawings,  in  which: 

Figure  1  is  a  partial   side  e levat ion  view  of  an  exempla ry   carr iage  assembly  of  

a  serial  printer   having  mounted  thereon  a  "daisy-wheel"   print  wheel  and  a  

hammer   assembly,   and  being  adapted  to  carry  a  ribbon  car t r idge  (not  shown); 

Figure  2  is  a  front  pe r spec t ive   view  of  the  hammer   assembly  depicted  in 

Figure  1; 

Figure  3  is  a  front  plan  view  of  a  portion  of  the  hammer   assembly  as  d e p i c t e d  

in  Figure  2; 

Figure  4  is  a  partial   side  elevation  view  of  the  hammer   assembly,  print  whee l  

and  platen  as  depicted  in  Figure  1,  showing  the  hammer  assembly  upon 

r e t r ac t i on   from  a  first   i m p a c t ;  

Figure  5  is  the  same  view  as  Figure  4,  but  this  time  showing  the  h a m m e r  

assembly  upon  a d a n c e m e n t   toward  a  second  i m p a c t ;  

F igure   6  is  the  same  view  as  Figures  4  and  5,  but  this  time  showing  t h e  

h a m m e r   assembly  upon  r e t r ac t i on   from  the  second  i m p a c t ;  

Figure   7  is  a  part ial   side  elevation  view  of  a  modified  hammer   a s sembly ,  

toge the r   with  an  ad jacent   print  wheel  and  platen,   showing  the  h a m m e r  

assembly  during  a  f irst   i m p a c t ;  



Figure  8  is  the  same  view  as  Figure  7,  but  this  time  showing  the  h a m m e r  

assembly  during  a  second  impact;  and 

Figures  9  and  10  are  oscilloscope  traces  showing  the  relative  re la t ionsh ips  

among  travel  of  the  hammer  element,   ac tuator   coil  current,   impact  f o r c e  

of  the  hammer   e lement ,   and  t i m e .  

A  print  hammer   assembly  10  in  accordance  with  the  present  invention  is 

shown  in  Figure  1  mounted  to  a  carriage  assembly  12,  which  may be  of  t he  

general  type  disclosed  in  the  a forement ioned   U.S.  Pa tent   No.  4,037,532.  The  

carriage  assembly  12  is  thus  adapted  to  transport   not  only  the  h a m m e r  

assembly  10,  but  also  a  rotable  print  wheel  14  of  the  "daisy-wheel"  type  and  a 

ribbon  car t r idge  (not  shown)  to  selected  positions  along  a  predefined  l i nea r  

path  parallel   to  the  axis  of  rotation  of  a  cylindrical  support  platen  16 

mounted  adjacent   the  carriage  assembly  12. 

The  carriage  assembly  12  comprises  an  outer  carriage  frame  18  and  an  inner  

carriage  frame  20.  The  inner  carriage  frame  20  may  be  pivotably  mounted  to  

the  outer  carriage  frame  18  by  means  of  a  suitable  pivot  bolt  22  ex tending  

through  the  side  walls  of  the  frames  18  and  20.  The  outer  carriage  frame  18 

is  preferably  fixed  in  position  in  a  manner  to  be  described  below,  and  t he  

inner  carriage  frame  20  is  pivotable  about  bolt  22  relative  to  frame  18.  This 

pivoting  action  enables  r ep lacement   and  substitution  of  print  wheels  in  a 

manner  well  known  in  the  art.  Suitable  means  (not  shown)  are  provided  fo r  

locking  the  inner  carriage  frame  20  in  each  of  two  positions,  i.e.,  a  p r in t  

wheel  loaded  position  (shown  in  Figure  1)  and  a  print  wheel  loading  posi t ion 

(not  shown),  wherein  the  frame  20  would  be  pivoted  clockwise  relative  to  the  

position  shown  in  Figure  1. 

As  shown  in  Figure  1,  the  outer  carriage  frame  18  has  a  pair  of  a l igned 

openings  24  formed  in  the  respective  side  walls  of  frame  18  adjacent  the  

front  end  of  the  carriage  assembly  12,  and  a  pair  of  aligned  recesses  26 

formed  in  such  respective  side  walls  adjacent   the  rear  end  of  the  c a r r i a g e  

assembly  12.  The  openings  24  and  recesses  26  are  each  adapted  to  receive  in 



locked  re la t ion  a  l inear  bearing  assembly  (not  shown)  which  may  be  of  t he  

type  disclosed  in  U.S.  Pa t en t   No.  3,985,404.  The  pair  of  linear  bear ing  

assemblies  are  adapted  to  receive  a  corresponding  pair  of  guide  rails  (not  

shown)  mounted   parallel   to  the  axis  of  the  platen  16  and  along  which  t h e  

carr iage  assembly  12  r ides .  

A  print  wheel  motor   28  is  mounted  by  sui table   means  (not  shown)  to  the  inne r  

carr iage  f rame  20.  The  motor  28  controls  the  speed  and  direction  of  r o t a t i o n  

of  the  print  wheel 14  in  order  to  bring  a  desired  print  or  cha rac t e r   element  30 

thereon  to  a  s t a t ionary   printing  position  in  a l ignment   with  the  platen  16  and  a  

hammer   e l e m e n t   32  included  in  the  hammer   assembly  10.  The  motor  28  has  a  

shaft  34  p ro jec t ing   forwardly  of  the  inner  car r iage   f rame  20.  A  hub  por t ion  

36  forms  par t   of  the  shaft  34  and  is  adapted  to  be  received  in  the  c e n t r a l  

opening  (not  shown)  of  the  print  wheel  14.  An  exemplary  print  wheel  is 

general ly  disclosed  in  U.S.  Pa t en t   No.  3 , 9 5 4 , 1 6 3 .  

Also  mounted   to  the  inner  carr iage   frame  20  by  means  to  be  described  be low 

is  the  h a m m e r   assembly  10  of  the  present   invention.   As  best  shown  in  F igu re s  

2  and  3,  the  h a m m e r   assembly  10  includes  a  support   s t ruc ture   or  frame  38  which  

defines  a  f irst   mass  and  is  desirably  of  general ly   t rapeziodal   shape  with  a  pai r  

of  inwardly  pro jec t ing   finger  portions  40  and  42  coupled  at  their  upper  ends 

by  a  bridge  portion  44.  Affixed  to  the  outer   surface  of  the  bridge  44,  or  

formed  as  an  integral   part   thereof,   is  a  plunger  46,  which  is  desirably  of  a  

f e r r o m a g n e t i c   mate r ia l ,   such  as  soft  iron.  The  finger  portions  40  and  42  a r e  

coupled  at  their  lower  ends  by  generally  U-shaped  a t t a c h m e n t   portion  48 

having  opposing  side  wall  flange  portions  50  and  52.  The  flange  portions  50 

and  52  include  r espec t ive   aligned  openings  51  and  54  formed  therein.   The  

openings  51  and  54  are  adapted  to  a c c o m m o d a t e   a  pivot  rod  (not  shown)  t h a t  

projects  through  both  openings  51  and  54  and  a  corresponding  pair  of  openings  

56  (Figure  1)  in  the  side  walls  of  the  inner  ca r r iage   frame  20.  In  this  m a n n e r ,  

the  support  f rame  38  is  pivotably  mounted  to  the  inner  carr iage  frame  20. 

The  side  wall  flange  port ions  52  and  50  of  the  a t t a c h m e n t   portion  48  f u r t h e r  

include  r e spec t ive   aligned  openings  53  and  55  formed  therein.   Each  such  

opening  is  adapted   to  retain  an  end  of  one  of  a  pair  of  springs  57  (only  one 

shown  in  Figure  1).  The  other  ends  of  the  springs  57  are  mounted   to  the  inne r  

frame  20.  The  springs  57  coope ra t e   to  bias  the  support  f rame  38  in  a  



clockwise  direct ion  (as  shown  in  Figure  1)  such  that  the  support  frame  38  is 

normally  biased  against   a  stop  (not  shown)  also  mounted  to  the  inner  f r a m e  

20.  The  support  frame  38  may  be  pivoted  counterc lockwise   about  the  p ivot  

rod  through  openings  56  against  the  bias  of  springs  57  upon  energizat ion  of  an 

e l ec t romagne t i c   ac tua to r   59  forming  part  of  the  hammer  assembly  10 in  a  

manner  to  be  described  below. 

Still  referr ing  to  Figures  2  and  3,  the  hammer  assembly  10  fur ther   includes  

the  hammer  e lement   32,  which  forms  part  of  a  second  mass  58  that  is  coupled  

to  the  support  f rame  38  by  at  least  one,  and  preferably  two,  leaf  springs  60 

and  62.  The  hammer   e lement   32  preferably  has  a  grooved  impact ing  s u r f a c e  

33  that  is  matable   with  a  corresponding  wedge  (not  shown)  formed  on  the  r e a r  

surface  of  each  cha rac t e r   e lement   30.  In  this  manner,   minor  mi sa l ignmen t s  

between  the  hammer   e lement   and  the  selected  cha rac t e r   e lement   can  be 

c o r r e c t e d .  

The  second  mass  58  includes  three  mounting  blocks  64,  66  and  68,  which  a r e  

preferably  of  identical  material ,   and  a  coun te r -ba lanced   weight  69  affixed  to  

the  mounting  block  68.  The  hammer  e lement   32  projects   forwardly  from  the  

center  of  a  side  surface  of  the  block  64.  In  the  embodiment   shown  in  F igures  

1-6,  the  leaf  springs  60  and  62  are  substantially  identical  and  normally  p lanar ,  

and  are  spaced  apart  in  parallel  relationship.  Additionally,   the  mount ing 

blocks  64,66  and  68  are  substantial ly  identical  in  dimensions,  except  for  the  

hammer  e lement   32  projecting  from  the  mounting  block  64.  The  upper  end  of 

the  spring  60  is  disposed  between  the  mounting  blocks  66  and  68,  while  the  

upper  end  of  the  spring  62  is  disposed  between  the  mounting  blocks  64  and  66. 

The  lower  ends  of  the  springs  60  and  62  are  mounted  on  ei ther   side  of  the  

a t t a chmen t   portion  48  substantial ly  centered  between  the  side  wall  f l ange  

portions  52  and  54.  A  pair  of  mounting  blocks  70  and  72  are  a t tached   to  the  

lower  ends  of  the  springs  60  and  62  and  hold  them  by  suitable  fastening  means  

(not  shown)  against  the  a t t a c h m e n t   portion  48  of  the  support  frame  38. 

Referring  to  Figures  1-3,  the  hammer  assembly  10  fur ther   includes  the  

e l ec t romagne t i c   ac tua tor   or  solenoid  59.  The  solenoid  59  has  a  C - shaped  

yoke  74  with  a  pair  of  depending  legs  76  and  78  each  containing  an 

electr ical ly  conduct ive  coil  80  and  82,  respect ively,   mounted  thereon.  The 

space  84  between  the  portion  of  each  leg  76  and  78  projecting  downwardly  



from  the  respec t ive   coil  80  and  82  mounted  thereon  is  of  s u f f i c i e n t  

dimensions  to  a c c o m m o d a t e   the  plunger  46  t he re in ,   as  shown  in  Figure  3. 
With  the  plunger  46  positioned  within  the  space  84,  gaps 86  and  88  are  de f ined  

between  the  sides  of  the  plunger  46  and  the  ad j acen t   legs  76  and  78, 

respec t ive ly .   It  is  a  f ea tu re   of  the  p resen t   invention  that  the  gaps  86  and  88 

need  not  be  identical   in  dimensions,  thereby  reducing  the  necess i ty   of  c r i t i c a l  

ad jus tmen t s   with  respect   there to .   Addit ional ly,   the  spacing  85  between  t h e  

upper  sur face   of  the  plunger  46  and  the  lower  sur faces   of  the  coils  80  and  82 

is  not  c r i t ica l .   The  reasons  for  these  non-cr i t i ca l   relat ionships  will  be  
described  in  more  detail  be low.  

As  shown  in  f igures  1  and  3,  the  solenoid  59  is  mounted  to  the  inner  c a r r i a g e  

frame  20  by  affixing,  through  a  pair  of  sc rews  90 ,   the  legs  76  and  78  to  a  

solenoid  f rame  92,  which  is  itself  aff ixed  by  means  (not  shown)  to  the  s ide  

walls  of  the  inner  carr iage  frame  20.  The  support  frame  38  and  solenoid  59 

are  normally  posit ioned  re la t ive  to  one  ano the r  such   that   a  front  surface  94 

of  the  plunger  46  normally  lies  just  to  the  rear  of  the  legs  76  and  78  in 

al ignment   with  the  space  84.  In  this  manner,   when  the  solenoid  59  is 

energized  by  passing  current   through  the  coils  80  and  82  (clockwise  f low 

through  coil  80  and  coun te rc lockwise   flow  through  coil  82),  the  r e s u l t a n t  

magnetic  field  established  through  the  space  84  and  acting  upon  the  p lunger  

46  will  force  such  plunger  against   the  bias  of  the  spr ings   57  through  the  s p a c e  

84.  This  forward  movement   of  the  plunger  46  through  the  space 84  will  c a u s e  

a  resul tant   pivotal  movement   of  the  support   frame  38  about  the  pivot  r od  56  

and  thus  forward  arcuate   movement   of  the  hammer  e lement   32  toward  t h e  

adjacent   print   e lement   30  and  platen  16. 

The  operat ion  of  the  embodiment   of  the  invention as   depic ted   in Figures  1-6 

will  now  be  described  with  respect   to  Figures  1  and  4-6.  Prior  t o  

energizat ion  of  the  solenoid  59,  the  support   frame  38  is  in  the  position  shown 

in  Figure  1,  with  the  plunger  46  just  slightly  r e a r w a r d o f   the  legs  76  and  78 

of  the  solenoid  59,  and  with  the  h a m m e r  e l e m e n t   32  spaced  rearwardly  of  

the  aligned  print  e lement   30  of  the  p r in t  whee l   14.  It  is  impor tan t   that  t h e  

solenoid  59  be  energized  for a  time  period  suf f ic ient   to  cause  the  plunger  46 

to  over t ravel   relat ive  to  the  point  along  its  path  of  t ravel   at  which  the  p r i n t  

e lement   30  and  interposed  marking  medium  are  initially  impacted   by  t h e  

hammer  e l emen t   32  against  the  p la ten  16.  This  re lat ionship  increases  t h e  



quantity  of  marking  material   released,  as  will  be  explained  in  more  de ta i l  

below. 

Following  energizat ion  of  the  solenoid  59,  the  plunger  46  begins  to  move 

through  the  space  84,  thereby  causing  the  support  frame  38  to  pivot  about  

rod  56  and  thus  hammer   e lement   32  to  move  toward  the  platen  16.  During 

continued  movement   of  the  support  frame  38,  the  hammer  e lement   32  will 

engage  the  rear  surface  of  the  print  e l emen t   30  and  begin forcing  it  t o w a r d  

the  platen.  Eventual ly ,   the  hammer  e lement   32  will  force  the  print  e l e m e n t  

30  and  an  interposed  marking  medium  and  record  medium,  such  as  an  inked 

ribbon  and  paper  (both  not  shown),  against  the  platen  16.  When  this  occurs ,  

and  due  to  the  over t ravel   relationship  as  identified  above,  the  plunger  46 

will  have  moved  only  partially  through  the  space  84,  as  shown  in  Figure  4. 

Upon  impact  of  the  print  e lement   30  against   the  platen  16  due  to  the  f o r c e  

of  the  hammer  e lement   32,  the  hammer  e lement   32  and  print  e lement   30 

will  experience  a  first  rebound  from  the  platen.  The  start   of  this  f i r s t  

rebound  condition  is  also  shown  in  Figure  4.  It  is  to  be  noted,  however,  t h a t  

the  plunger  46  will  continue  to  travel  in  a  forward  direction  due  to  t he  

dynamics  of  the  dual  mass-spring  configjrat ion  notwithstanding  the  rebound 

action  of  the  hammer   e lement   32.  It  should  be  apparent   that  the  h a m m e r  

element  32  is  capable  of  rebounding  while  the  support  frame  and  thus  t h e  

plunger  46  continue  to  travel  forwardly,  due  to  the  action  of  the  springs  60 

and  62. 

Now  then,  the  hammer  e lement   32,  and  thus  print  element  30,  will  e a c h  

experience  a  first  rebound  a  p rede te rmined   distance  from  the  platen  16. 

The  rebound  distance  of  the  hammer  e lement   32  is  determined  by  t h e  

stiffness  and  length  of  the  springs  60  and  62,  as  well  as  by  the  ratio  of  t h e  

two  masses  separa ted   by  the  springs  60  and  62,  and  the  force  of  i m p a c t ,  

whereas  the  rebound  of  the  print  e lement   30  is  determined  by  the  r e s i l i ency  

of  the  print  wheel  spoke  bearing  the  print  e lement   30  and  force  of  t h e i m p a c t .  

After  the  hammer  e lement   32  has  comple ted   its  first  rebound,  the  now 

"cocked"  springs  60  and  62  will  cause  the  hammer  element  32  to  aga in  

advance  in  the  direction  of  the  platen  16,  as  shown  in  Figure  5.  At  t he  

instant  of  beginning  advancement   of  the  hammer  element  32  toward  t h e  



platen  16,  the  plunger  46  and  support  frame  38  are  essential ly  at  rest,  as 

also  shown  in  Figure  5.  Due  to  the  action  of  the  springs  60  and  62,  t h e  

hammer   e l emen t   32  will  again  force  the  print  e lement   30  and  i n t e r p o s e d  

marking  medium  against   the  platen  16.  This  condition  is  depic ted   in  F i g u r e  

6.  During  a d v a n c e m e n t   of  the  hammer   e lement   32  toward  the  s econd  

impact  the  plunger  46  will  begin  to  r e t r a c t   in  a  clockwise  d i r e c t i o n .  

Following  the  second  impact ,   the  hammer   e l emen t   32  will  rebound  a  s econd  

time,  mainly  due  to  the  energy  released  af ter   impact   by  the  v i s c o e l a s t i c  

mater ia l   of  platen  16.  Addit ionally,   the  plunger  46  and  thus  support   f r a m e  

38  will  con t i nue the i r   r e t r ac t   due  to  the  bias  of  the  springs  57  and  prior  de-  

energ iza t ion   of  the  solenoid  59.  It  must  be  made  clear   that  the  solenoid  59 

can  be  deene rg ized   at  any  point  in  time  following  initial  e n e r g i z a t i o n ,  

provided  the  fo rward   driving  force  impar ted   to  the  hammer   e lement   32  is 

suf f ic ient   to  achieve  the  desired  m u l t i - i m p a c t   and  consequent   des i r ed  

release  of  marking  m a t e r i a l .  

If  desired,  the  overall   dwell  t ime  of  the  print  e l emen t   30  against   the  p l a t e n  

16  may  be  inc reased   by  continuously  energizing  the  solenoid  59,  including  fo r  

a  finite  time  a f te r   the  second  impact ,   thereby  fur ther   increasing  the  t o t a l  

quant i ty   of  marking  mate r ia l   (e.g.,  ink)  re leased.   The  dwell  time  of  the  f i r s t  

impact   may  also  be  increased  by  s t i f fening  the  springs  60  and  62  o r  

increasing  the  mass  of  the  hammer   e l ement   32  and/or  the  plunger  46.  If 

desired,  the  springs  60  and  62  may  be  stiff  enough  so  that   there  is  no 

rebound  of  the  hammer   e lement   32  at  ail  following  initial  impact .   In 

acco rdance   with  the  p re fe r red   embodiment ,   however,   two  distinct  i m p a c t s  

are  p re fe r red .   It  will  still  be  apprec ia ted ,   however  that  the  overall  dwell  

time  is  increased   by  two  or  more  impacts   over  that   which  would  normally  be  

achieved  by  a  single  impact   of  the  prior  art  hammer   assembly  disclosed  in 

U.S.  Pa ten t   No.  4,037,532,  since  the  hammer   e lement   of  that  a s sembly  

would  i m m e d i a t e l y   rebound  following  impact .   The  overall  impact   t i m e  

during  which  marking  mater ia l   is  re leased  is  obviously  grea ter   during  a  

multiple  impact   condit ion  than  a  single  impact   with  immedia te   r ebound  

t h e r e o f .  

The  capabi l i ty   of  increasing  the  overall  dwell  t ime,  and  more  i m p o r t a n t l y  

increasing  the  overall  quant i ty   of  marking  mate r ia l   released,   has  resulted  in 

the  capabi l i ty   of  r e d u c i n g   the  required  level  of  impact   force  per  hit.  This  



has  the  direct  advantage   of  being  able  to  use  somewhat   less  durable,  but  

considerably  lower  cost  print  elements,  such  as  all  plastic  print  wheels,  as 

opposed  to  metal l ic   or  composite  me ta l /p las t i c   wheels,  while  main ta in ing  

high  print  quality  through  mul t i - impacts ,   and  resul tant   increased  overal l  

dwell  time  and  thus  increased  overall  release  of  marking  material .   The 

overall  print  noise  is  also  reduced  without  sacrificing  print  qua l i ty .  

Referring  again  to  Figures  2  and  3,  it  will  be  apprec ia ted   that  when  c u r r e n t  

is  made  to  flow  clockwise  through  the  coil  80  and  counterc lockwise   th rough  

coil  82,  a  resu l tan t   magnet ic   field  will  be  established  through  the  space  84 

to  force  plunger  46  in  the  direction  shown  by  the  arrow  in  Figure  2.  The  

level  of  force  is  re la ted  to  the  addition  of  the  sizes  of  gaps  86  and  88  and  

the  geometry  of  plunger  46.  Thus,  it  makes  no  d i f ference  if  one  of  t h e s e  

two  gaps  is  larger  in  size  than  the  other,  since  their  sum  will  always  be 

equal,  thereby  maintaining  a  desired  level  of  force  through  the  space  84. 

The  need  for  cri t ical   ad jus tments   of  the  support  frame  38  to  achieve  s ize  

identity  of  the  gaps  86  and  88  is  thus  reduced.  Additionally,   and  as  po in ted  

out  earlier,  the  need  for  crit ical  ad jus tments   of  the  spacing  85  (Figure  3)  is 

also  r educed .  

It  will  also  be  apprec ia ted   that  the  magnetic   force  driving  the  plunger  46 

through  the  gap  84  is  more  uniform  than  that  achieved  in  the  prior  a r t  

assembly  of  U.S.  Pa ten t   No.  4,037,532.  Specifically,   in  such  prior  a r t  

assembly,  the  force  was  inversly  proportional  to  the  square  of  the  d i s t ance  

between  a  solenoid  a rmature   and  the  rear  surface  of  a  hammer  a c t u a t o r  

element.  Fur ther ,   considerable  energy  had  to  be  expended  to  obtain  t h e  

requisite  hammer  force  level  upon  impact,   due  to  this  relat ionship.   In  the  

hammer  assembly  10,  no  a rmature   is  used  to  impact  the  hammer  element  32 

and  propel  it  toward  the  platen  16.  As  a  result  of  the  "sweeping  gap" 

approach,  the  hammer  e lement   32  is  able  to  experience  m a x i m u m  

accelerat ion  early  in  the  stroke,  thereby  more  rapidly  at taining  the  des i red  

impact  velocity  and  thus  cutting  down  the  flight  time.  The  peak  i m p a c t  

force  may  also  be  reduced  due  to  the  increased  overall  dwell  t i m e  

occasioned  by  multiple  impacts,   and  thus  consequently  increased  mark ing  

material  release,  as  mentioned  above .  



Oscilloscope  t races   showing  the  re la t ionships   among  t rave l  of   the  h a m m e r  

e lement   32,  level  of  current   flow  through  the  coils  80  and  82,  level  of  

impact  force  by  the  hammer   e l emen t   32,  and  time,  are  shown  in  Figures  9 

and  10,  for  two  different  profiles  of coil   cur ren t .  

Hammer  element  travel  was  measured  with  an  optoelect r ic   device 

in  which  h a m m e r   e l ement   movement   is  p ropor t iona l   to  output  voltage,  as 

shown  in  Figures   9  and  10.  Cur ren t   flow  was  measured  with  a  cu r ren t   p r o b e  

measuring  c u r r e n t   through  the  solenoid  coils  80  and  82.  Lastly,   impact   f o r c e  

was  measured   by  p i ezo -e l ec t r i c   force  t ransducer   posit ioned  benea th   the  p l a t e n  

cove r ing .  

Yet  another   f ea tu re   of  the  hammer   assembly  10 is  occasioned  by  t h e  

pa ra l l e logram  defined  by  the  pair  of  parallel   springs  60  and  62  connected   a t  

one  end  to  the  mass  58,  which  includes  tha  hammer   e l emen t   32,  and  at  i t s  

other  end  to  the  a t t a c h m e n t   portion  48  of  the  support  f rame  38,  which 

defines  an  addi t ional   mass.  By  reason  of  this  para l le logram  and  the  a c t i o n  

of  the  springs  60  and  62  in  relation  to  the  two  masses,  it  was  discovered  t h a t  

the  hammer   e l e m e n t   32  could  impact   the  print   e lement   30  agains t   the  p l a t en  

16  at  d i f fe ren t   impact   angles  for  each  of  the  multiple  (e.g.,  two)  impacts  as 

described  above.  Whether  or  not  this  "hee l - toe"   effect   ac tual ly   takes  p l ace  

depends  upon  the  s t i ffness  of  the  leaf  springs  60  and  62  and  the  overa l l  

real t ionship   of  the  springs  to  the  two  masses  to  which  they  are  c o n n e c t e d .  

When  the  springs  are  chosen  to  provide  the  so-called  "heel- toe"   ef fect ,   t h e r e  

is  a  coun t e r c lockwi se   movement   of  the  tip  of  the  hammer   e lement   32 

following  the  initial  impact   and  just  prior  to  the  second  impact .   This 

movemen t   may  be  amplified  by  of fse t t ing   the  springs  60  and  62  f u r t h e r  

apart   at  their  upper  ends  than  at  their  lower  ends.  A  somewha t   e x a g g e r a t e d  

example  of  the  l a t t e r   relat ionship  is  shown  by  springs  60'  and  62'  in  Figures  7 

and  8.  In  this  embodiment ,   the  springs  60 '  and 62 '   are  in te rposed   at  t he i r  

upper  ends  be tween   mounting  blocks  64 ' , 66 '  and   68'.  A  t r a p e z o i d a l  

conf igura t ion   is  thus  defined by  the  springs  60'and  62',  mounting  blocks  64', 

66'  and  68',  and  the  a t t a c h m e n t   portion  48  of  the  support  f rame  38  to  which 

the  lower  ends  of  the  springs  60'  and  62'  are  mounted  by  sui table  i n t e r p o s e d  

mounting  blocks  (not  shown).  This  t rapezoidal   shape  has  been  found  t o  

amplify  the  coun te r - c lockwise   movement ,   or  "heel- toe"  e f f e c t .  



By  reason  of  the  heel- toe   effect   achieved  by  either  of  the  two  e m b o d i m e n t s ,  

it  is  possible  to  mount  the  support  frame  38  in  such  a  manner   that  t h e  

hammer  e l ement   32  will  initially  impact  predominantly  the  lower  portion  of 

the  print  e l emen t   30,  while  striking  predominantly  the  upper  portion  of  t h e  

print  e lement   30  during  the  second  impact.  It  should  be  a p p r e c i a t e d ,  

however,  that  the  impor tance   in  this  relationship  is  not  necessar i ly   in 

altering  the  location  of  impact  by  the  hammer  element  32  against  the  p r in t  

e lement   30,  but  ra ther   altering  the  location  of  maximum  impact  force  of  t h e  

print  element  30  against   the  platen  16.  Thus,  altering  the  location  of  i m p a c t  

of  the  hammer  e l emen t   32  against  the  print  e lement   30  is  but  one  way  of 

achieving  the  desired  r e su l t .  

The  heel-toe  e f fec t   reduces  the  need  for  critical  ad jus tments   of  the  p l a t en  

16  to  insure  that  its  axis  of  rotaion  is  completely  parallel  to  the  rails  (not 

shown)  on  which  the  carr iage  assembly  12  rides.  For  example,  if  the  p l a t e n  

axis  is  skewed  re la t ive  to  the  rails  in  a  vertical   direction,  the  top  half  of 

charac te rs   might  not  be  printed  at  one  end  of  the  paper  while  the  b o t t o m  

half  might  be  deleted  from  the  other  end.  By  striking  each  print  e l e m e n t  

twice,  once  low  and  once  high,  minor  misal ignments  in  a  vert ical   d i r e c t i on  

will  be  compensa ted   for  in  the  embodiment   of  Figures  1-6,  and  more  ma jo r  

misal ignments  will  be  compensa ted   for  in  the  embodiment   of  Figures  7  and 

8. 

Although  an  embodiment  of  the  invention  has  been  described  using  a  pair  of  leaf  

springs  60,  62,  a  single  leaf  spring  or  more  than  two  leaf  springs  may  be 

employed. 



1.  A  print  hammer  assembly  compris ing:  

a  support  s t ructure   (38)  having  a  hammer  element  (32)  supported  at  a  f i r s t  

location  thereon  and  a  plunger  (46)  supported  at  a  second  location  thereon;  

an  e l ec t romagne t i c   actuator   (59)  including  a  pair  of  magne t i zab le  

members  (76,  78)  displaced  apart  a  predetermined  distance  to  define  a  s p a c e  
(84)  of  sufficient   dimensions  to  enable  the  movement  of  said  plunger  (46) 

therethrough,   said  actuator   (59)  including  first  means  (80,  82)  capable  of  being 

selectively  energized  for  establishing  a  magnetic  field  in  said  space  (84)  to  urge  
the  movement  of  said  plunger  (46)  through  said  space;  and 

second  means  for  movably  mounting  said  support  s tructure  (38)  a d j a c e n t  

said  e lec t romagne t ic   actuator   (59)  such  that  said  plunger  (46)  is  in  a  position  to  

be  forced  through  said  space  (84)  upon  energization  of  said  first  means  (80,  82), 

whereby  said  support  s t ructure  (38)  and  thus  said  hammer  element  (32)  will  e ach  

be  moved  in  a  respect ive  predetermined  direction  and  speed  upon  energ iza t ion  

of  said  first  m e a n s .  

2.  The  print  hammer  assembly  of  claim  1,  wherein  said  e l e c t r o m a g n e t i c  

actuator  (59)  compr i se s :  

a  yoke  (74)  of  fe r romagnet ic   material   having  a  pair  of  depending  legs  (76, 

78); 

and  a  pair  of  e lectr ical ly   conductive  coils  (80,  82)  respectively  wrapped  

around  said  legs,  said  legs  being  longer  than  the  corresponding  dimension  of  said 

coils  whereby  an  exposed  portion  of  each  leg  extends  beyond  the  coil  wrapped 

thereon,  said  space  (84)  being  defined  between  the  exposed  portions  of  said  legs.  

3.  The  print  hammer  assembly  of  claim  1  or  claim  2  wherein  said  suppor t  

structure  (38)  is  pivotably  mounted  about  a  third  location  (51,  54)  thereon  by 

said  second  means  such  that  said  plunger  (46)  and  said  hammer  element  (32)  will  

each  be  moved  along  a  respective  predetermined  arcuate  path  upon  ene rg iza t ion  

of  said  first  m e a n s .  

4.  The  print  hammer  assembly  of  any one  of  claims  1  to  3,  wherein  said 

support  s t ructure   (38)  compr i ses :  

a  support  frame  (40,  42,  44,  48,  50,  52)  to  which  said  plunger  (46)  is 

mounted  at  said  second  location  (44); 



and  a  spring  assembly  (60,  62)  connected  to  said  support  frame  (48)  at  one 
end  thereof  and  having  said  hammer  element  (32)  mounted  thereto  at  its  o ther  

end  which  defines  said  second  loca t ion .  

5.  The  print  hammer  assembly  of  claim  4,  wherein  said  spring  assembly  (60, 

62)  comprises  at  least  one  leaf  spring.  

6.  A  print  hammer  assembly  compris ing:  

a  first  mass  (38,  46); 

a  second  mass  (58)  including  a  hammer  element  (32); 

a  hammer  actuator  (59)  capable  when  energized  of  directing  said  hammer  

element  (32)  under  force  toward  an  adjacent  platen;  and 

coupling  means  (60,  62)  coupled  between  said  first  mass  and  second  mass 

and  co-operating  with  said  first  mass  (38,  46)  for  increasing  the  dwell  time  of 

said  hammer  element  (32)  against  said  platen  or  an  interposed  print  e lement  

against  said  platen  in  response  to  a  single  energization  of  said  ac tua to r .  

7.  A  print  hammer  assembly  compris ing:  

a  hammer  element  (32); 

a  hammer  actuator  (59)  capable  when  energized  of  directing  said  hammer  

element  (32)  under  force  toward  an  adjacent  platen;  and 

coupling  means  (60,  62)  coupled  to  said  hammer  element  (32)  for  causing 
said  hammer  element  to  impact  an  adjacent  platen  or  an  interposed  print 
element  against  said  platen  more  than  once  in  response  to  a  single  energizat ion 

of  said  ac tua to r .  

8.  A  print  hammer  assembly  compris ing:  

a  hammer  element  (32); 

a  hammer  actuator  (59)  capable  when  engerized  of  directing  said  hammer  

element  (32)  under  force  toward  an  adjacent  platen;  and 

coupling  means  (60,  62)  coupled  to  said  hammer  element  (32)  for  a l ter ing 

the  location  of  maximum  impact  force  of  said  hammer  element  following  initial 

impact  of  said  hammer  element  against  said  platen  or  an  interposed  print 
element  against  said  p la ten.  

9.  The  print  hammer  assembly  of  any one  of  claims  6  to  9  wherein  said 

coupling  means  (60,  62)  includes  a  spring  assembly.  



10.  The  print  hammer  assembly  of  claim  1,  wherein  said  spring  assembly 

includes  at  least  one  leaf  spring. 

11.  The  print  hammer  assembly  of  claim  10,  wherein  said  spring  assembly 

includes  a  pair  of  leaf  springs.  

12.  The  print  hammer  assembly  of  claim  11,  wherein  said  pair  of  leaf  springs 

are  substant ia l ly   identical,  normally  planar  and  para l le l .  

13.  A  print  hammer  assembly  of  claim  8,  wherein said coupling  means  (60,  62) 

includes  a  plurality  of  adjacent  non-parallel  spring  members  (60;  62)  each  

coupled  at  one  end  to  said  hammer  element  (32). 

14.  The  print  hammer  assembly  of  any one  of  c la ims  7  to  13,  wherein  said 

hammer  ac tua to r   (59)  includes  an  e lec t romagnet ic   ac tua to r  and   said  suppor t  

structure  (38)  has  a  plunger  (46)  at  a  first  location  thereon,  said  suppor t  

structure  being  movably  mounted  adjacent  said  actuator  such  that,  when  said 

actuator  is  energized  the  resultant   magnetic  f ield acting  upon  said  plunger  will 

cause  said  plunger  and  thus  said  support  s tructure  and  hammer  element  to  

travel  along  predefined  paths  at  predetermined  speeds.  

15.  A  print  hammer  assembly  compr is ing:  

a  support  structure  (38)  defining  a  first  mass  and  including  a  plunger  (46) 

at  a  first  location  thereon;  

a  second  mass  including  a  hammer  element  (32); 

first  means  (60, 62)  for  coupling  said  second mass  to said  support  s t ruc tu re  

at  a  second  location  thereon;  and 

second  means  for  movably  mount ing  said support   structure  (38)  with  i t s  

plunger  (46)  adjacent  an  e l e c t r o m a g n e t i c   ac tuator   (59)  capable  of  being 

select ively  energized  such  that,  when  said  actuatuor   is  energized,  the  r e s u l t a n t  

magnetic   field  acting  upon  said  plunger  will  cause  said  plunger  and  thus  sa id  

support  s t ruc ture   and  hammer  element  to  each  travel  along  predefined  paths  a t  

p rede termined   speeds,  said  first  means  (60, 62)  co-operat ing  with said  f i r s t  mass  

for  increasing  the  dwell  time  of  said  hammer element  against  said  platen  in 

response  to  a  single  energization  of said  a c t u a t o r .  
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