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1  EPO 

Description 

The  present  invention  relates  to  a  needle  printing 
head  of  the  permanent  magnet  type,  where  the  armat- 
ures  of  a  plurality  of  printing  actuators  are  attracted, 
in  rest  position,  against  the  poles  of  a  permanent 
magnet  and  released  in  a  printing  position  by  the  "can- 
cellation"  of  the  magnetic  flux  caused  by  control  wind- 
ings. 

A  basic  problem  encountered  in  such  printing 
heads,  which  enable  to  obtain  high  operating  speed, 
resides  in  the  impact  occuring  between  armatures 
and  magnetic  poles  when  the  armatures  return  in  the 
rest  position. 

This  inpact  occurs  when  the  kinetic  energy  of  the 
armatures  is  maximum  and  causes  bouncing  and 
consequent  armature  oscillations,  wearing  of  the  con- 
tacting  surfaces  and  very  high  internal  tensions  in  the 
armature. 

These  internal  tensions  ,  which  due  to  the 
repeatitive  operation  of  the  armature  are  of  periodical 
nature,  cause  fatigue  failure  of  the  armatures  and  limit 
their  useful  life. 

Several  systems  for  impact  damping  nave  been 
proposed. 

The  most  common  one  is  the  use  of  a  thin  resilient 
sheet  in  polyester  or  equivalent  material,  interposed 
between  armatures  and  magnetic  poles. 

This  element,  which  in  a  certain  sense  acts  as  a 
residual  sheet,  must  be  very  thin  in  order  not  to  cause 
relevant  magnetizing  force  drop  in  the  air  gap  so  for- 
med. 

At  the  same  time  it  must  be  capable  of  absorbing 
the  mechanical  stresses  imparted  by  the  movable 
armatures. 

The  experience  shows  that  this  arrangement, 
however  effective,  has  a  very  limited  life,  as  to  the 
desired  operation  life  of  the  printing  head. 

The  resilient  sheet,  subjected  to  repeated  com- 
pression  where  pressure  is  not  distributed  in  a  unifor 
way  or  in  a  controllable  way,  is  weared  and  torn,  ceas- 
ing  to  perform  the  requested  damping. 

In  order  to  overcome  this  problem,  US-A- 
4674896  proposes  to  have  a  film,  one  for  each  armat- 
ure  and  related  pole,  of  non  magnetic  material,  such 
as  stainless  steel  or  polymide  resin,  fixed  to  a  thin 
plate  of  magnetic  material  wich  is  cantilever  mounted, 
the  same  way  as  the  armature,  and  attracted  against 
the  related  pole. 

A  leaf  spring  supports  each  armature  and  is  pro- 
vided  with  a  reinforcement  magnetic  plate  which  is 
attracted,  together  with  the  related  armature,  by  the 
related  pole,  so  that  the  non  magnetic  film  results 
interposed  between  the  reinforcement  plate  and  the 
thin  plate  supporting  the  non  magnetic  film. 

This  arrangement  is  suggested  as  preventing 
movement  of  the  film  relative  to  the  pole,  thus  reduc- 
ing  its  wear. 
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However  a  direct  impact  of  the  reinforcement 
magnetic  plate  on  the  film  still  occurs  and  wear  and 
tearing  of  the  film  cannot  be  completely  avoided. 

Moreover,  each  magnetic  pole  must  have  its  own 
5  shock  adsorbing  film  mounted  as  an  independent  ele- 

ment,  so  that  assembling  of  the  print  head  is  compli- 
cate  and  expensive. 

These  disadvantages  are  overcome  by  the  per- 
manent  magnet  needle  printing  head  of  the  invention. 

10  In  the  printing  head  of  the  invention  damping  of 
the  impact  between  the  movable  armatures  and  the 
cores  of  the  permanent  magnet  is  obtained  by  adopt- 
ing  a  sandwich  composite  laminar  structure  compris- 
ing  two  thin  metal  sheets,  preferably  of  magnetic 

15  steel,  among  which  a  thin  poliester  sheet  is  inter- 
posed. 

This  structure  extends  beyonds  the  limited  con- 
tacting  surfaces  between  armatures  and  magnetic 
poles  and  forms  a  unitary  assembly  which  can  be 

20  easily  mounted  and  which  encompasses  the  whole 
assembly  of  armatures  and  magnetic  poles. 

It  has  been  found  that  by  adopting  such  structure 
the  wearing  and  tearing  phoenomena  of  the  damping 
element  are  substantially  eliminated  and  it  becomes 

25  possible  to  achieve  a  useful  print  head  life  in  the  order 
of  hundreds  of  millions  of  printed  characters. 

In  addition,  the  metal  sheets  which  protect  the 
resilient  sheet  perform  a  magnetic  shunting  action 
which  increases  the  release  speed  of  the  armature, 

30  without  affecting  the  return  phase  in  negative  way. 
The  features  and  the  advantages  of  the  invention 

will  appear  more  clearly  from  the  following  description 
of  a  preferred  form  of  embodiment  and  from  the 
enclosed  drawings  where: 

35  -  Figure  1  shows  partially  in  section  view,  a  pre- 
ferred  embodiment  of  print  head  according  to  the 
invention 
-  Figures  2  and  3  show  in  top  view,  as  related  to 
figure  1  ,  the  elements  forming  a  sandwich  damp- 

40  ing  structure  for  the  print  head  of  figure  1  . 
-  Figure  4  shows  in  top  view  a  variant  of  the  ele- 
ment  of  figure  3.  Figure  1  shows  partially  in  sec- 
tion  view,  a  preferred  embodiment  of  print  head 
according  to  the  invention. 

45  The  print  head  comprises  a  base  circular  plate 
made  of  magnetic  material,  a  magnetic  toroidal  ring  2 
which  is  axially  magnetized,  a  toroidal  ring  3  made  of 
magnetic  material,  a  plurality  of  cylindrical  magnetic 
cores  radially  arranged  around  the  central  axis  of  the 

so  print  head. 
A  coil  is  inserted  on  each  of  the  magnetic  cores. 

One  of  the  cores  and  the  corresponding  coil  are 
shown  in  figure  1  where  they  are  referenced  by  num- 
erals  4  and  5  respectively. 

55  The  printing  head  further  comprises  a  thin  circular 
ring  6  of  magnetic  material  and  a  further  circular  ring 
7  in  material  which  is  both  magnetic  and  elastic,  such 
as  steel. 

2 
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Ring  7  is  provided  with  a  plurality  of  elastic  leaves 
which  extend  inwardly  towards  the  central  axis  of  the 
print  head. 

The  number  of  leaves  is  equal  to  that  of  the  cylin- 
drical  cores  and  each  leaf  is  radially  aligned  with  a 
corresponding  cylindrical  core. 

Figure  1  shows  one  of  such  leaves,  referenced  by 
numeral  8. 

The  print  head  further  comprises  a  circular  ring  9 
for  retaining  ring  7  and  a  closing  lid  10  having  a  nose 
on  the  end  of  which  a  needly  guiding  ruby  12  is  moun- 
ted. 

The  various  elements  1,2,3,6,7,8,9  are  rigidly 
packed  one  over  the  other  so  as  to  form  a  unitary 
assembly  held  together  by  screws  inserted  in  suitable 
seats. 

Two  screws  1  3,14  are  shown  with  dashed  lines  in 
figure  1  . 

Each  of  the  elastic  leaves  8  is  provided  with  a 
cylindrical  post  15,  made  of  magnetic  material  and 
axially  aligned  with  a  corresponding  cylindrical  core  4. 

Each  leaf  further  has  an  actuation  arm  16  with  a 
free  end  to  which  a  printing  needle  is  mounted. 

The  various  cores  4,  plate  1  and  rings  2,3,6,7 
form  a  plurality  of  magnetic  circuits,  each  closed  by  a 
movable  armature  formed  by  an  elastic  leaf  8  and  by 
a  post  1  5. 

In  the  absence  of  magnetic  forces,  the  elastic 
leaves  8  extends  perpendicularly  to  the  print  head 
axis  and  an  air  gap,  in  the  order  of  0,3  mm,  is  present 
between  the  lower  face  of  the  posts  15  and  the  upper 
face  of  the  magnetic  cores  4. 

However,  due  to  the  magnetic  field  developed  by 
permanent  magnet  3,  the  elastic  leaves  8  are  nor- 
mally  bent  and  attracted  towards  the  cores  4  and  the 
posts  15  are  in  contact  with  the  cores  4. 

The  selective  energization  of  the  several  coils  5, 
acts  to  selectively  demagnetize  the  various  magnetic 
circuits  and  to  selectively  release  the  various  leaves 
8,  so  that  the  corresponding  printing  needles  are 
actuated  to  perform  the  printing  operation. 

When  the  various  coils  as  5  are  deenergized  and 
the  magnetic  field  is  reestablished,  the  various  armat- 
ures  consisting  in  leaves  as  8  and  posts  as  15  ire 
attracted  towards  the  magnetic  cores  the  posts 
impacting  agains  cores  4. 

This  inpact  causes  remarkable  mechanical  stres- 
ses  in  the  actuation  arms  as  16,  which  tend  to  bend 
owing  to  their  inertia  and  ultimately  fail  by  fatigue. 

Further  a  rotation  occurs  of  posts  15  around  a 
contact  point  on  cores  4,  with  consequent  wear. 

These  phoenomena  are  further  complicated  by 
the  occurrence  of  bouncings. 

According  to  the  invention  the  above  described 
structure  is  improved  by  adding  a  sandwich  multiple 
layer  damping  element  interposed  between  the  top  of 
the  magnetic  poles  as  4  and  the  upper  side  of  toroidal 
ring  2  on  one  side  and  the  lower  face  of  ring  3  and  the 

lower  face  of  posts  1  5  on  the  other  side. 
As  clearly  shown  by  Fig.  2,  the  multiple  layer  ele- 

ment  comprises  two  flat  thin  steel  sheets  18,19  be- 
tween  which  a  thin  resilient  sheet,  preferably  in 

5  polyester  resin,  is  interposed.  Both  steel  sheets  are  in 
permanent  contact  with  the  resilient  sheet. 

In  a  preferred  embodiment  the  three  sheets  have 
a  thickness  in  the  order  of  0,03  mm  and  the  two  outer 
sheets  are  in  magnetic  steel  having  a  good  hardness, 

10  such  as  the  one  provided  by  AISI  R51  steel.  A  mul- 
tilayer  element  of  the  type  described  has  prooved  to 
be  particularly  effective  for  damping  the  impact  of  the 
armatures  (and  more  properly  of  the  posts  as  1  5) 
against  the  head  of  the  magnetic  cores. 

15  As  a  consequence  stresses  in  the  actuation  arms 
and  bouncing  are  greatly  reduced  whilst  the  wear  and 
tearing  of  the  polyester  film  is  avoided  thanks  to  the 
protection  assured  by  outer  steel  sheets. 

In  addition  the  release  speed  of  the  armature 
20  from  the  magnetic  core  is  increased,  whilst  the  return 

is  not  substantially  affected. 
This  phoenomena  is  due  not  only  to  the  magnetic 

force  drop  caused  in  the  air  gap  formed  by  the  polyes- 
ter  film  but  to  factors  which  results  from  the  following. 

25  The  thin  steel  sheets  18,19,  which  protect  the 
polyester  film  and  which  extends  from  each  magnetic 
core  4  to  the  cores  4  contiguous  thereto  on  one  side, 
so  as  to  be  interposed  between  the  permanent  mag- 
net  2  and  the  toroidal  ring  3  on  the  other,  form  a  mag- 

30  netic  shunt  for  the  flux  generated  by  the  permanent 
magnet. 

This  magnetic  shunt  has  a  very  small  useful  sec- 
tion  as  a  path  for  the  magnetic  flux  and  therefore  is 
saturated  and  diverts  a  minimum  amount  of  the  mag- 

35  netic  flux  generated  by  the  permanent  magnet. 
It  therefore  has  a  negligible  effect  on  the  attrac- 

tive  force  exerted  on  the  armature  by  the  magnetic 
flux. 

However,  when  the  winding  associated  with  a 
40  magnetic  core  is  energized  to  cancel  the  magnetic 

flux,  the  energization  causes  a  relevant  reduction 
only  in  the  magnetic  flux,  not  a  full  neutralization. 

The  residual  flux  which,  however  small,  opposes 
the  elastical  return  force  of  the  armature,  hence  its 

45  release,  is  contained  to  a  certain  extent  in  the  shunt 
path  holding  the  path  in  saturation  and  only  in  part 
exerts  a  braking  action  on  the  movable  armature. 

While  figure  1  shows  the  multilayer  element  in 
section  view,  figures  2  and  3  show  in  top  view  (with 

so  reference  to  figure  1)  the  intermediate  polyester  film 
20  and  the  two  protecting  metal  sheets  18,19  respect- 
ively. 

The  polyester  film  has  the  shape  of  a  disc  or  cir- 
cular  corona  having  an  outer  diameter  equal  to  the 

55  print  head  diameter  and  an  inner  radius  lesser  than 
the  radial  distance  of  the  cores  as  4  from  the  print 
head  axis. 

The  dotted  lines  indicate  the  zones  of  the  film 

3 
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which  are  juxtaposed  to  the  magnetic  cores  as  4. 
Three  openings  22,23,24  are  provided  for  inser- 

tion  of  adjusting  pins  which  aid  the  mounting  of  the 
film  in  the  print  head. 

Other  openings  25,26,27  are  provided  for  inser- 
tion  of  clamping  screws,  as  the  screws  1  3,14  of  figure 
1. 

It  can  be  seen  from  figure  3  that  the  protecting 
metal  sheets  18  and  19  have  the  same  shape  of  the 
polyester  film  and  corresponding  openings  for  the 
adjustment  pins  and  the  clamping  screws. 

In  addition  the  metal  sheets  18  and  19  may  have 
openings  28,29,30  which  are  circumferentially  elon- 
gated  as  shown  in  figure  3  or  distributed  on  differing 
diameter  or  radiuses  (as  shown  in  figure  4)  to 
increase  the  reluctance  of  the  magnetic  shunt  and  to 
adapt  it  to  specific  requirements,  for  instance  in  order 
to  obtain  a  better  magnetical  decoupling  among  adja- 
cent  magnetic  circuits,  still  assuring  the  unity  of  each 
of  the  two  elements  1  8,  1  9. 

Claims 

1.  Needle  printing  head  of  the  permanent  magnet 
type  where  the  armatures  (8,15)  of  a  plurality  of  print- 
ing  actuators  are  each  attracted  towards  a  corre- 
sponding  pole  (4)  of  a  plurality  of  attraction  poles 
magnetized  by  a  permanent  magnet  (2),  charac- 
terized  by  that  it  comprises  a  unitary  multilayer  damp- 
ing  element  (18,19,20)  interposed  between  all  said 
armatures  (15)  and  all  said  attraction  poles  (4)  and 
consisting  in  two  metal  sheets  (18,19)  having  high 
hardness  and  in  a  resilient  film  (20)  interposed  be- 
tween  said  two  metal  sheets  (18,19),  said  element 
(18,19,20)  being  in  permanent  contact  with  said 
poles. 

2.  Printing  head  as  in  Claim  1  wherein  the  metal 
of  said  two  sheets  is  a  magnetic  material 

3.  Printing  head  as  in  Claim  2  wherein  said  two 
sheets  (18,19)  have  slots  for  magnetically  decoupling 
each  of  said  poles  from  the  contiguous  ones. 

4.  Printing  head  as  in  Claim  2  wherein  said  two 
sheets  (1  8,  1  9)  extend  up  to  a  reclosing  element  (2)  for 
the  magnetic  flux  of  said  poles. 

5.  Printing  head  as  in  claim  4  wherein  said  two 
sheets  (18,19)  have  slots  (28,29,30)  for  magnetically 
decoupling  said  poles  (4)  from  said  reclosing  element 
(2). 

Patentanspruche 

1.  Nadeldruckkopf  vom  Permanentmagnettyp, 
bei  dem  die  Anker  (8,  1  5)  mehrerer  Druckbetatiger  je- 
weils  gegen  ein  entsprechendes  Polstuck  (4)  einer 
Mehrzahl  durch  einen  Permanentmagneten  (2)  ma- 
gnetisierter  anziehender  Polstucke  gezogen  werden, 

dadurch  gekennzeichnet,  dali  er  zwischen  all  den  An- 
kern  (15)  und  all  den  Anziehungspolstucken  (4)  ein 
einheitliches  mehrschichtiges  Dampfungselement 
(18,  19,  20)  aufweist,  welches  aus  zwei  Metallschich- 

5  ten  (18,  19)  hoher  Harte  und  einem  zwischen  diesen 
angeordneten  elastischen  Film  (20)  besteht  und  in 
standigem  Kontakt  mit  den  Polstucken  steht. 

2.  Druckkopf  nach  Anspruch  1,  bei  dem  die  bei- 
den  Metallschichten  aus  magnetischem  Material  be- 

10  stehen. 
3.  Druckkopf  nach  Anspruch  2,  bei  dem  die  Me- 

tallschichten  (18,  19)  Schlitze  zur  magnetischen  Ent- 
kopplung  jedes  der  Polstucke  von  den  benachbarten 
Polstucken  aufweisen. 

15  4.  Druckkopf  nach  Anspruch  2,  bei  dem  sich  die 
beiden  Schichten  (18,  19)  bis  zu  einem  den  magneti- 
schen  Fluli  der  Polstucke  schlielienden  Element  (2) 
erstrecken. 

5.  Druckkopf  nach  Anspruch  4,  bei  dem  die  bei- 
20  den  Schichten  (18,  19)  Schlitze  (28,  29,  30)  zur  ma- 

gnetischen  Entkopplung  der  Polstucke  (4)  vom 
Magnetflulischlielielement  (2)  aufweisen. 

25  Revendications 

1.  Tete  imprimante  a  aiguilles  du  type  a  aimant 
permanent  dans  laquelle  les  armatures  (8,15)  d'une 
pluralite  de  propulseurs  d'impression  sont  chacune 

30  attirees  en  direction  d'un  pole  correspondant  (4) 
d'une  pluralite  de  poles  d'attraction  magnetises  par 
un  aimant  permanent  (2),  tete  caracterisee  par  le  fait 
qu'elle  comporte  un  element  amortisseur  (18,19,20) 
multicouche  monobloc  interpose  entre  toutes  lesdites 

35  armatures  (1  5)  et  tous  lesdits  poles  d'attraction  (4)  et 
consistanten  deuxfeuilles  de  metal  (18,19)  de  dure- 
tee  elevee  et  en  un  film  souple  (20)  interpose  entre  les 
deux  dites  feuilles  de  metal  (18,19),  ledit  element 
(18,19,20)  etant  en  contact  permanent  avec  lesdits 

40  poles. 
2.  Tete  imprimante  comme  dans  la  revendication 

1  dans  laquelle  le  metal  des  deux  dites  feuilles  est  un 
materiau  magnetique. 

3.  Tete  imprimante  comme  dans  la  revendication 
45  2  dans  laquelle  les  deux  dites  feuilles  (18,19)  presen- 

ted  des  fentes  pour  decoupler  magnetiquement  cha- 
cun  desdits  poles  d'avec  les  poles  contigus. 

4.  Tete  imprimante  comme  dans  la  revendication 
2,  dans  laquelle  les  deux  dites  feuilles  (18,19)  s'eten- 

50  dent  jusqu'a  un  element  (2)  de  refermeture  pour  le 
flux  magnetique  desdits  poles. 

5.  Tete  imprimante  comme  dans  la  revendication 
4,  dans  laquelle  les  deux  dites  feuilles  (18,19)  presen- 
ted  des  fentes  (18,29,30)  pour  decoupler  magneti- 

55  quement  lesdits  poles  (4)  d'avec  ledit  element  (2)  de 
refermeture. 
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