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Description 

The  present  invention  relates  to  continuous  ink  jet 
printing  systems  and,  more  particularly,  to  an  improved 
means  for  constructing  a  resonant  body  to  provide  a  s 
synchronous  break  up  of  jets  in  an  array  in  such  printing 
systems. 

In  continuous  ink  jet  printing,  ink  is  supplied  under 
pressure  to  a  manifold  region  that  distributes  the  ink  to 
a  plurality  of  orifices,  typically  arranged  in  a  linear  w 
array(s).  The  ink  discharges  from  the  orifices  in  fila- 
ments  which  break  into  droplet  streams.  The  approach 
for  printing  with  these  droplet  streams  is  to  selectively 
charge  and  deflect  certain  drops  from  their  normal  tra- 
jectories.  15 

In  such  continuous  ink  jet  printing  systems,  graphic 
reproduction  is  accomplished  by  selectively  charging 
and  deflecting  drops  from  the  drop  streams  and  depos- 
iting  at  least  some  of  the  drops  on  a  print  receiving 
medium  while  other  of  the  drops  strike  a  drop  catcher  20 
device.  In  order  to  provide  precise  charging  and  deflect- 
ing  of  the  drops,  it  is  important  that  the  drop  break-up 
process  produce  uniformly  sized  and  timed  drops.  Drop 
generators  for  such  printers  produce  the  required  drop 
formation  by  vibrating  the  orifices  from  which  the  ink  25 
emerges. 

In  the  field  of  ink  jet  printers,  it  is  desirable  from  the 
standpoint  of  throughput  to  utilize  long  arrays  of  ink  jets. 
For  example,  U.S.  Patent  No.  4,999,647  discloses  a 
system  for  achieving  synchronous  stimulation  across  a  30 
long  array  at  a  low  frequency,  approximately  50  KHz. 
The  system  of  that  patent  uses  a  rectangular  solid  print- 
head  body  of  high  acoustic  Q  material,  stainless  steel, 
with  vertical  slots  perpendicular  to  the  array  to  provide  a 
plurality  of  approximately  identical  resonant  bodies.  The  35 
slots  are  spaced  equidistant  from  each  other  to  provide 
for  uniform  vibrational  amplitude  across  the  major  sur- 
face.  The  slots  divide  the  drop  generator  into  segments 
so  that  segment  height,  in  the  predominant  vibration 
direction,  is  greater  than  the  other  dimensions  of  each  40 
segment. 

As  described  in  the  '647  patent,  an  ink  manifold  and 
orifice  plate  are  located  at  one  of  the  longitudinal  ends 
parallel  to  the  overall  greatest  length  of  the  resonant 
body.  The  orifice  plate  provides  for  a  continuous  stream  45 
of  jets  to  form  drops  at  a  frequency  equivalent  to  the 
resonance  of  the  body.  The  resonant  body  is  excited  by 
piezoelectric  strip  pairs  mechanically  attached  to  the 
sides  so  as  to  expand  and  contract  in  the  desired  direc- 
tion.  The  resonator  is  mounted  at  the  nodal  plane  by  so 
means  of  solid  pins  that  are  pressed  into  holes  in  the 
resonator  body. 

It  has  been  found  that  this  mounting  system  works 
well  for  a  drop  generator  having  a  1  14.3  mm  (4V£  inch) 
array  with  a  resonant  frequency  near  50  KHz.  However,  ss 
for  higher  frequencies,  on  the  order  of  100  KHz,  it  is 
seen  that  the  solid  pins  induce  undesirable  resonant 
modes.  These  resonant  modes  can  produce  unaccept- 
ably  large  variations  in  break-off  phase  across  the  array. 

Additionally,  the  holes  in  which  the  pins  are  mounted 
can  further  adversely  affect  the  resonance. 

It  is  seen  then  that  there  is  a  need  for  an  improved 
mounting  arrangement  for  the  resonator,  which  over- 
comes  the  problems  associated  with  the  prior  art. 

This  need  is  met  by  the  resonator  mounting 
arrangement  of  the  present  invention,  wherein  hollow 
tubes  are  mounted  in  slots,  eliminating  the  adverse  res- 
onant  effects  of  solid  pins  and  pin  retaining  holes. 

The  invention  provides  a  mounting  arrangement  for 
a  drop  generator  of  an  ink  jet  printing  device,  the  gener- 
ator  having  a  resonator  body  and  an  orifice  array  having 
a  common  longitudinal  axis  with  said  body,  the  genera- 
tor  capable  of  producing  continuous  streams  of  ink 
drops  from  at  least  one  said  orifice,  the  mounting 
arrangement  comprising,  slots  located  in  the  resonant 
body  perpendicular  to  the  longitudinal  axis  of  the  array 
and  body;  and  characterised  by,  a  retaining  portion, 
associated  with  a  nodal  plane  of  the  resonator  body, 
located  in  at  least  one  of  the  slots;  and 

at  least  one  mounting  member  insertable  into  the 
retaining  portion  and  said  mounting  member  is  at  least 
partially  hollow. 

Other  objects  and  advantages  of  the  invention  will 
be  apparent  from  the  following  description,  the  accom- 
panying  drawing  and  the  appended  claims. 

The  invention  will  now  be  described  by  way  of 
example  only  with  reference  to  the  accompanying  draw- 
ing,  in  which: 

Fig.  1  is  a  perspective  view  of  a  droplet  generator 
assembly  illustrating  the  mounting  arrangement  of 
the  present  invention. 

Referring  to  the  drawing,  Fig.  1  illustrates  a  droplet 
generator  10  which  is  used  to  create  streams  of  ink, 
thus  producing  droplets  used  for  printing  in  a  continuous 
ink  jet  printer.  Devices  used  for  controlling  these  drops 
in  a  printer  (not  shown)  are  aligned  with  the  droplet  gen- 
erator  10  in  a  print  head  device  to  cooperate  for  printing 
purposes. 

The  droplet  generator  10  is  typically  constructed  of 
a  high  acoustic  Q  material,  such  as  stainless  steel,  in 
predetermined  dimensions  for  length,  height,  and  width. 
A  through  bore  means  1  2  provides  an  inlet  and  an  outlet 
for  fluid  flow  into  the  drop  generator  10.  Piezoelectric 
strips  1  4  are  affixed  to  the  drop  generator  1  0  with  the 
longest  length  of  the  strips  being  perpendicular  to  the 
longitudinal  axis  of  the  drop  generator,  to  encourage 
vibration,  i.e.,  expansion  and  contraction,  in  the  vertical 
direction. 

The  droplet  generator  1  0  is  designed  to  provide  a 
synchronous  array  of  droplets  for  printers.  The  droplet 
generator  includes  a  resonator/manifold  body  16,  the 
plurality  of  piezoelectric  strips  14,  an  orifice  plate  (not 
shown),  and  a  mounting  arrangement  means  including 
mounting  tubes  18.  The  mounting  tubes  18  are  used  to 
mount  the  resonator  16  on  a  frame  (not  shown),  to  pro- 
vide  a  means  for  mechanically  aligning  the  resonator  or 
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drop  generator  to  charge  electrodes,  and  also  to  rigidly 
maintain  that  alignment. 
Consequently,  the  mounting  arrangement  of  the  present 
invention  not  only  provides  for  isolating  the  drop  gener- 
ator  from  the  frame  to  allow  the  drop  generator  to  reso-  5 
nate  properly,  but  also  allows  for  a  rigid  mount  to 
provide  secure  alignment. 

In  accordance  with  the  present  invention,  the 
mounting  tubes  18,  typically  constructed  of  a  steel 
material,  have  a  diameter  of  1  .65  to  1  .98  mm  (0.065  to  10 
0.078  inches),  and  are  hollow.  The  hollow  tubes  18  typ- 
ically  have  a  wall  thickness  of  0.25  to  0.38  mm  (0.010 
inches  to  0.015  inches).  If  the  diameter  of  the  mounting 
tubes  is  too  small,  there  is  less  contact  area  between 
the  tubes  and  the  resonator,  so  the  tubes  are  more  likely  15 
to  slide.  Larger  mounting  tubes  with  a  diameter  of  2.29 
mm  (0.090  inches)  or  greater,  were  found  to  adversely 
affect  stimulation  uniformity.  Consequently,  the  tubes 
preferably  have  a  diameter  of  1  .98  mm  (0.078  inches)  to 
give  sufficient  contact  area  for  reasonable  resistance  to  20 
sliding. 

The  tubes  are  mounted  in  a  tube  receiving  means, 
such  as  slots  already  existing  in  the  resonator  body,  or 
additional  apertures  located  along  the  resonator  body 
added  for  the  tube  receiving  purpose.  In  a  preferred  25 
embodiment,  the  tubes  18  are  insertable  into  vertical 
slots  20,  located  perpendicular  to  the  longitudinal  axis 
of  the  array  and  body.  The  width  of  each  slot  20  is  typi- 
cally  1.57  mm  (0.062  inches).  One  or  more  of  the  slots 
20  may  include  a  widened  retaining  portion  22,  as  illus-  30 
trated  at  end  slots  20a  and  20b.  The  widened  retaining 
portion  22  is  located  along  or  near  the  nodal  plane  of 
the  resonator,  for  receiving  the  tubes  18.  The  diameter 
of  the  retaining  portion  22  is  typically  1  .98  mm  (0.078 
inches)  to  provide  for  a  tight  press  fit  between  the  tubes  35 
18  and  the  retaining  portion  22  of  the  slots  20.  The  ver- 
tical  slots  20,  with  retaining  portions  22,  provide  a 
radius,  then,  for  the  mounting  tubes  18. 

In  the  present  invention,  interior  segments  24a, 
24b,  and  24c,  located  between  each  adjacent  pair  of  40 
slots  20,  actually  have  a  larger  width  dimension  than  a 
height  dimension.  End  segments  26a  and  26b,  located 
between  end  slot  20a  and  one  end  of  the  resonator 
body  1  6  and  end  slot  20b  and  the  other  end  of  the  reso- 
nator  body  16,  are  narrower  than  the  centrally  situated  45 
interior  segments  24a,  24b,  and  24c,  in  order  to  improve 
vibrational  uniformity  across  the  array.  The  width  of 
each  slot  20  is  typically  1  .57  mm  (0.062  inches).  With 
the  narrower  slots  of  the  present  invention,  as  com- 
pared  to  slots  of  the  prior  art,  vibrational  uniformity  and  so 
separation  from  undesirable  resonant  modes  is 
improved  by  increasing  the  width  of  the  interior  seg- 
ments  beyond  that  of  their  height.  This  clearly  counters 
the  teachings  of  the  prior  art,  which  required  that  the 
width  of  each  segment  be  less  than  the  height  of  each  55 
segment. 

The  tubes  18  should  be  tightly  press  fit  into  the 
retaining  portion  22  of  the  slot  20.  The  tight  fit  of  the  tub- 
ing  provides  electrical  contact  between  the  droplet  gen- 

erator  10  and  the  tubes  18.  The  droplet  generator  10 
may  therefore  be  grounded  by  means  of  a  grounding 
point  on  the  frame.  Additional  rigidity  may  be  achieved 
by  also  using  a  bonding  agent  such  as  cyanoacrylate. 

Providing  hollow  mounting  tubes  eliminates  the 
undesirable  high  frequency  resonances  introduced  by 
solid  tubes.  Additionally,  mounting  the  tubes  in  the  slots 
20  results  in  only  negligible  changes  in  the  resonant 
characteristics  of  the  droplet  generator  10,  as  opposed 
to  the  more  noticeable  and  less  desirable  effects  result- 
ing  from  the  use  of  separate  holes  for  receiving  mount- 
ing  tubes  18.  Of  course,  it  will  be  obvious  to  those 
skilled  in  the  art  that  the  concept  of  the  hollow  tubes  can 
reduce  adverse  effects,  even  when  the  hollow  tubes  are 
mounted  in  additional  holes,  rather  than  in  the  slots. 

Although  the  tubes  18  have  been  described  as 
being  hollow,  it  is  occasionally  desirable  to  secure  the 
tubes  into  the  frame  by  means  of  a  clamp.  With  the  hol- 
low  tubes  of  the  present  invention,  the  clamping  force 
may  distort  the  tube,  which,  unfortunately,  relieves  the 
clamping  force.  To  prevent  this,  the  end  portion  of  the 
tube  at  the  clamp  point  may  be  filled  with  a  solid  mate- 
rial,  such  as  a  dowel  pin,  to  avoid  the  tube  distortion 
while  allowing  for  sufficient  clamping  force,  without 
adverse  effects. 

The  present  invention  is  useful  in  the  field  of  ink  jet 
printing,  and  has  the  advantage  of  improving  the  mount- 
ing  of  a  resonator  by  eliminating  adverse  resonant  char- 
acteristics. 

The  invention  has  been  described  in  detail  with  par- 
ticular  reference  to  certain  preferred  embodiments 
thereof,  but  it  will  be  understood  that  modifications  and 
variations  can  be  effected  within  the  scope  of  the 
appended  claims. 

Claims 

1.  A  mounting  arrangement  for  a  drop  generator  (10) 
of  an  ink  jet  printing  device,  the  generator  having  a 
resonator  body  (16)  and  an  orifice  array  having  a 
common  longitudinal  axis  with  said  body,  the  gener- 
ator  capable  of  producing  continuous  streams  of  ink 
drops  from  at  least  one  said  orifice,  the  mounting 
arrangement  comprising: 

slots  (20)  located  in  the  resonant  body  perpen- 
dicular  to  the  longitudinal  axis  of  the  array  and 
body;  and  characterised  by, 
a  retaining  portion  (22),  associated  with  a 
nodal  plane  of  the  resonator  body,  located  in  at 
least  one  of  the  slots  (20);  and 
at  least  one  mounting  member  (1  8)  insertable 
into  the  retaining  portion  and  said  mounting 
member  is  at  least  partially  hollow. 

2.  A  mounting  arrangement  as  claimed  in  claim  1, 
wherein  the  at  least  one  mounting  member  (18) 
comprises  a  mounting  tube,  and  a  solid  material  is 
provided  in  an  end  portion  of  the  at  least  one 
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mounting  tube  at  a  clamp  point  to  prevent  distortion 
of  the  tube  during  clamping. 

3.  A  mounting  arrangement  as  claimed  in  any  one 
preceding  claim,  wherein  the  resonator  body  (16)  s 
has  at  least  one  interior  segment  (24a,  b,  c)  defined 
by  adjacent  pairs  of  slots  (20),  and  end  segments 
(26a,  b)  between  each  end  slot  (20a,  b)  and  each 
end  of  the  resonator  body,  each  interior  segment 
having  a  greater  width,  measured  parallel  to  the  10 
longitudinal  axis  of  the  resonator  body,  dimension 
than  a  height  dimension,  and  each  end  segment 
being  narrower  in  width  than  each  interior  segment. 

Patentanspruche  is 

1  .  Montageanordnung  fur  einen  Tropfengenerator  (1  0) 
einer  Tintenstrahl-Druckvorrichtung,  wobei  der 
Generator  einen  Resonanzkorper  (16)  und  eine 
Offnungs-Matrix  mit  einer  gemeinsamen  Langs-  20 
achse  mit  dem  Korper  aufweist,  wobei  der  Genera- 
tor  in  der  Lage  ist,  kontinuierliche  Tintentropfen- 
Strome  aus  wenigstens  einer  der  Offnungen  zu 
erzeugen,  wobei  die  Montageanordnung  umfaBt: 

25 
Schlitze  (20),  welche  in  dem  Resonanzkorper 
senkrecht  zu  der  Langsachse  der  Matrix  und 
des  Korpers  angeordnet  sind;  und 
gekennzeichnet  durch  einen  Halteabschnitt 
(22),  welcher  einer  Knotenebene  des  Reso-  30 
nanzkorpers  zugeordnet  ist,  angeordnet  in 
wenigstens  einem  der  Schlitze  (20);  und 
wenigstens  einem  Montageelement  (18),  wel- 
ches  in  den  Halteabschnitt  einsetzbar  ist,  und 
wobei  das  Montageelement  wenigstens  teil-  35 
weise  hohl  ist. 

2.  Montageanordnung  nach  Anspruch  1  , 
bei  welcher  wenigstens  ein  Montageelement  (18) 
eine  Montagerohre  umfaBt,  und  wobei  ein  massi-  40 
ves  Material  in  einem  Endabschnitt  der  wenigstens 
einen  Montagerohre  an  einem  Klemmpunkt  vorge- 
sehen  ist,  urn  die  Verformung  der  Rohre  wahrend 
des  Klemmens  zu  verhindern. 

45 
3.  Montageanordnung  nach  einem  der  vorstehenden 

Anspriiche, 
bei  welcher  der  Resonatorkorper  (16)  wenigstens 
ein  inneres  Segment  (24a,  b,  c)  aufweist,  welches 
durch  zwei  benachbarte  Schlitze  (20)  definiert  ist,  so 
und  Endsegmente  (26a,  b)  zwischen  jedem  End- 
Schlitz  (20a,  b)  und  jedem  Ende  des  Resonatorkor- 
pers,  wobei  jedes  innere  Segment,  gemessen  par- 
allel  zu  der  Langsachse  des  Resonatorkorpes,  eine 
groBere  Breite  als  eine  Hohe  aufweist  und  jedes  55 
Endsegment  in  der  Breite  schmaler  als  jedes  innere 
Segment  ist. 

Revendications 

1.  Dispositif  de  montage  pour  un  generateur  (10)  de 
gouttelettes  d'un  dispositif  d'impression  a  jet 
d'encre,  ledit  generateur  possedant  un  corps  for- 
mant  resonateur  (16)  et  un  ensemble  d'orifices  pre- 
sentant  un  axe  longitudinal  commun  avec  ledit 
corps,  le  generateur  etant  capable  de  produire  des 
jets  continus  de  gouttelettes  d'encre  a  partir  d'au 
moins  un  orifice,  le  dispositif  de  montage  compre- 
nant: 

des  fentes  (20)  situees  dans  le  corps  resonant 
perpendiculairement  a  I'axe  longitudinal  de 
I'ensemble  et  du  corps;  et  caracterise  par 
une  partie  de  retenue  (22),  associee  a  un  plan 
nodal  du  corps  formant  resonateur,  situe  dans 
au  moins  une  des  fentes  (20);  et 
au  moins  un  element  de  montage  (18)  suscep- 
tible  d'etre  insere  dans  la  partie  de  retenue  et 
ledit  element  de  montage  etant  au  moins  en 
partie  creux. 

2.  Dispositif  de  montage  selon  la  revendication  1, 
dans  lequel  au  moins  un  element  de  montage  (18) 
comprend  un  tube  de  montage,  un  materiau  plein 
etant  prevu  dans  une  partie  d'extremite  d'au  moins 
un  tube  de  montage  a  un  point  de  serrage  pour  evi- 
ter  toute  distorsion  du  tube  pendant  le  serrage. 

3.  Dispositif  de  montage  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  le  corps 
formant  resonateur  (16)  possede  au  moins  un  seg- 
ment  interne  (24a,  b,  c)  defini  par  des  paires  adja- 
centes  de  fentes  (20),  et  des  segments  d'extremite 
(26a,  b)  entre  chaque  fente  d'extremite  (20a,b)  et 
chaque  extremite  du  corps  formant  resonateur, 
chaque  segment  interne  presentant  une  largeur 
superieure,  mesuree  dans  le  sens  parallele  a  I'axe 
longitudinal  du  corps  formant  resonateur,  a  la  hau- 
teur,  et  chaque  segment  d'extremite  etant  plus 
etroit  en  largeur  que  chaque  segment  interne. 
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