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(54)  Electrostatic  coupling  force  arrangement  for  applying  vibratory  motion  to  a  flexible 
imaging  member  

(57)  A  device  for  coupling  and  damping  a  flexible  pla- 
nar  imaging  member  (10)  having  an  interior  surface  with 
an  insulative  support  layer  moving  along  an  endless  path 
in  a  movement  direction,  includes  a  first  electrode  mem- 
ber  (160),  disposed  adjacent  to  the  interior  surface  of  the 
flexible  planar  imaging  member,  for  providing  sufficient 
electrostatic  force  to  electrostatically  attract  the  flexible 
planar  imaging  member  into  engagement  with  the  first 
electrode  member.  This  device  may  be  used  to  ensure 
the  engagement  of  the  imaging  member  (1  0)  with  a  res- 
onator  (1  52)  which  is  arranged  to  provide  high  frequency 
vibratory  energy  (150)  to  the  imaging  member  through  a 
contact  tip  (159). 
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Description 

This  invention  relates  to  reproduction  apparatus, 
and  more  particularly,  to  an  apparatus  for  uniformly  ap- 
plying  high  frequency  vibratory  energy  to  an  imaging  sur- 
face  for  electrophotographic  applications  with  optimal 
energy  transfer. 

In  electrophotographic  applications  such  as  xerog- 
raphy,  a  charge  retentive  surface  is  electrostatically 
charged  and  exposed  to  a  light  pattern  of  an  original  im- 
age  to  be  reproduced  to  selectively  discharge  the  sur- 
face  in  accordance  therewith.  The  resulting  pattern  of 
charged  and  discharged  areas  on  that  surface  form  an 
electrostatic  charge  pattern  (an  electrostatic  latent  im- 
age)  conforming  to  the  original  image.  The  latent  image 
is  developed  by  contacting  it  with  a  finely  divided  elec- 
trostatically  attractable  powder  or  powder  suspension  re- 
ferred  to  as  "toner".  Toner  is  held  on  the  image  areas  by 
the  electrostatic  charge  on  the  surface.  Thus,  a  toner  im- 
age  is  produced  in  conformity  with  a  light  image  of  the 
original  being  reproduced.  The  toner  image  may  then  be 
transferred  to  a  substrate  (e.g.,  paper),  and  the  image 
affixed  thereto  to  form  a  permanent  record  of  the  image 
to  be  reproduced.  Subsequent  to  development,  excess 
toner  left  on  the  charge  retentive  surface  is  cleaned  from 
the  surface.  The  process  is  well  known  and  useful  for 
light  lens  copying  from  an  original  and  printing  applica- 
tions  from  electronically  generated  or  stored  originals, 
where  a  charged  surface  may  be  imagewise  discharged 
in  a  variety  of  ways.  Ion  projection  devices  where  a 
charge  is  imagewise  deposited  on  a  charge  retentive 
substrate  operate  similarly.  In  a  slightly  different  arrange- 
ment,  toner  may  be  transferred  to  an  intermediate  sur- 
face,  prior  to  retransfer  to  a  final  substrate. 

Transfer  of  toner  from  the  charge  retentive  surface 
to  the  final  substrate  is  commonly  accomplished  electro- 
statically.  A  developed  toner  image  is  held  on  the  charge 
retentive  surface  with  electrostatic  and  mechanical  forc- 
es.  A  substrate  (such  as  a  copy  sheet)  is  brought  into 
intimate  contact  with  the  surface,  sandwiching  the  toner 
thereinbetween.  An  electrostatic  transfer  charging  de- 
vice,  such  as  a  corotron,  applies  a  charge  to  the  back 
side  of  the  sheet,  to  attract  the  toner  image  to  the  sheet. 

Unfortunately,  the  interface  between  the  sheet  and 
the  charge  retentive  surface  is  not  always  optimal.  Par- 
ticularly  with  non-flat  sheets,  such  as  sheets  that  have 
already  passed  through  a  fixing  operation  such  as  heat 
and/or  pressure  fusing,  or  perforated  sheets,  or  sheets 
that  are  brought  into  imperfect  contact  with  the  charge 
retentive  surface,  the  contact  between  the  sheet  and  the 
charge  retentive  surface  may  be  non-uniform,  character- 
ized  by  gaps  where  contact  has  failed.  There  is  a  ten- 
dency  for  toner  not  to  transfer  across  these  gaps.  A  copy 
quality  defect  results. 

Resonators  coupled  to  the  charge  retentive  surface 
of  an  electrophotographic  device  at  various  stations 
therein,  for  the  purpose  of  enhancing  the  electrostatic 
function,  are  known,  as  in:  US-A-5,  21  0,577  to  Nowak; 

US-A  5,030,999  to  Lindblad  et  al.;  US-A  5,005,054,  to 
Stokes  et  al.;  US-A  5,010,369  to  Nowak  et  al.;  US-A 
5,025,291  to  Nowak  etal.;  US-A  5,01  6,055  to  Pietrowski 
et  al.;  US-A  5,081,500  to  Snelling;  US-A-5,282,005  to 

5  Nowak  et  al.  Among  the  problems  addressed  in  these 
references  are  uniformity  of  vibration,  coupling  of  energy, 
optimal  positioning  within  the  transfer  field,  and  the  use 
in  association  with  cleaning  devices. 

The  utilization  of  a  vacuum  coupling  arrangement  is 
10  described  in  US-A-4,987,456.  A  vacuum  is  applied  by 

forming  a  vacuum  chamber  which  surrounds  the  trans- 
ducer  with  a  photoconductive  member  p/r  as  an  enclos- 
ing  side  of  the  chamber.  This  serves  two  main  functions. 
Firstly  the  photoconductive  member  is  maintained  in  in- 

15  timate  contact  with  the  ultrasonic  transducer  with  suffi- 
cient  normal  force  such  that  coupling  of  the  ultrasonic 
energy  from  the  transducer  into  the  photoconductive 
member  can  occur.  Secondly,  it  is  necessary  to  isolate 
the  vibratory  energy  such  that  it  vibrates  the  toner  only 

20  in  the  xerographic  transfer  zone  to  prevent  toner  image 
disturbance.  This  is  accomplished  due  to  the  normal 
force  applied  to  the  photoconductive  member  onto  the 
surface  of  the  vacuum  chamber  wall  positioned  up- 
stream  from  the  transducer  in  the  process  direction. 

25  While  the  vacuum  coupling  approach  functions  satisfac- 
torily,  the  expense  associated  with  the  necessary  hard- 
ware  and  vacuum  pump  are  relatively  high  compared  to 
the  total  cost  associated  with  the  acoustic  transfer  assist 
hardware.  In  addition,  the  vacuum  coupling  creates  ad- 

30  ditional  machine  noise,  requires  additional  space,  and 
involves  potential  reliability  limitations.  For  these  rea- 
sons,  an  alternative  approach  for  coupling/damping  is 
desirable. 

It  is  an  object  of  the  present  invention  to  provide  such 
35  an  alternative  approach. 

In  accordance  with  the  invention  there  is  provided  a 
device  for  damping  a  flexible  imaging  member  moving 
in  a  movement  direction,  comprising  an  electrode  mem- 
ber,  disposed  adjacent  to  a  surface  of  the  imaging  mem- 

40  ber,  for  providing  sufficient  electrostatic  force  to  electro- 
statically  attract  the  imaging  member  into  engagement 
with  the  electrode  member. 

In  accordance  with  another  aspect  of  the  invention 
there  is  provided  an  imaging  device  having  a  non-rigid 

45  member  with  a  charge  retentive  surface,  moving  along 
an  endless  path.  Means  are  provided  for  creating  a  latent 
image  on  the  charge  retentive  surface.  Means  are  pro- 
vided  for  imagewise  developing  the  latent  image  with 
toner.  Means  are  provided  for  electrostatically  transfer- 

so  ring  the  developed  toner  image  to  a  copy  sheet  in  contact 
with  said  charge  retentive  surface,  and  means  for  en- 
hancing  transfer  of  said  developed  image  to  said  copy 
sheet.  The  transfer  enhancing  means  includes  a  reso- 
nator,  producing  relatively  high  frequency  vibratory  en- 

55  ergy,  and  having  a  portion  thereof  adapted  for  contact 
across  the  non-rigid  member,  generally  transverse  to  the 
direction  of  movement  thereof.  An  electrode,  adjacent  to 
said  resonator  portion,  provides  sufficient  electrostatic 
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force  to  electrostatically  attract  the  non-rigid  member  into 
engagement  with  the  electrode  and  the  resonator  por- 
tion.  Means  are  provided  for  driving  the  resonator  to  pro- 
duce  relatively  high  frequency  vibratory  energy.  The  in- 
vention  has  equal  application  to  the  cleaning  station, 
where  mechanical  release  of  toner  prior  to  mechanical, 
electrostatic  or  electromechanical  cleaning  will  improve 
the  release  of  residual  toner  remaining  after  transfer. 

These  and  other  aspects  of  the  invention  will  be- 
come  apparent  from  the  following  description  used  to  il- 
lustrate  a  preferred  embodiment  of  the  invention  read  in 
conjunction  with  the  accompanying  drawings  in  which: 

Figure  1  is  a  schematic  elevational  view  of  a  transfer 
station  and  an  associated  ultrasonic  transfer 
enhancement  device  of  the  invention; 

Figure  2  is  a  sectional  elevational  view  of  an  elec- 
trostatic  coupling  assembly  in  accordance  with  the 
invention; 

Figures  3A-3C  are  schematic  elevational  view  of 
various  embodiments  of  the  present  invention;  and 

Figures  4A  and  4B  are  elevational  views  of  two  types 
of  horns  suitable  for  use  with  the  invention. 

Reproduction  machines  of  the  type  contemplated  for 
use  with  the  present  invention  are  well  known  and  need 
not  be  described  herein:  US-A-5,  21  0,577  to  Nowak; 
US-A  5,030,999  to  Lindblad  et  al.;  US-A  5,005,054,  to 
Stokes  et  al.;  US-A  4,987,456  to  Snelling  et  al;  US-A 
5,010,369  to  Nowak  etal.;  US-A  5,025,291  to  Nowak  et 
al.;  US-A5,016,055  to  Pietrowski  etal.;  US-A  5,  081,  500 
to  Snelling;  US-A-5,  282,  005  to  Nowak  et  al.  adequately 
describe  such  devices,  and  the  application  of  transfer  im- 
proving  vibration  inducing  devices. 

With  reference  to  Figure  1,  wherein  a  portion  of  a 
reproduction  machine  is  shown  including  at  least  por- 
tions  of  the  transfer,  detack  and  precleaning  functions 
thereof,  the  basic  principle  of  enhanced  toner  release  is 
illustrated,  where  a  relatively  high  frequency  acoustic  or 
ultrasonic  resonator  100  driven  by  an  A.C.  source  102 
operated  at  a  frequency  f  between  20  kHz  and  200  kHz, 
is  arranged  in  vibrating  relationship  with  the  interior  or 
back  side  of  an  image  receiving  belt  10,  at  a  position 
closely  adjacent  to  where  the  belt  passes  through  a 
transfer  station.  Vibration  of  belt  1  0  agitates  toner  devel- 
oped  in  imagewise  configuration  onto  belt  10  for  me- 
chanical  release  thereof  from  belt  1  0,  allowing  the  toner 
to  be  electrostatically  attracted  to  a  sheet  during  the 
transfer  step,  despite  gaps  caused  by  imperfect  paper 
contact  with  belt  10.  Additionally,  increased  transfer  effi- 
ciency  with  lower  transfer  fields  than  normally  used  ap- 
pears  possible  with  the  arrangement.  Lower  transfer 
fields  are  desirable  because  the  occurrence  of  air  break- 
down  (another  cause  of  image  quality  defects)  is  re- 
duced.  Increased  toner  transfer  efficiency  is  also  expect- 

ed  in  areas  where  contact  between  the  sheet  and  belt 
10  is  optimal,  resulting  in  improved  toner  use  efficiency, 
and  a  lower  load  on  the  cleaning  system.  In  a  preferred 
arrangement,  the  resonator  100  is  arranged  with  a  vi- 

5  brating  surface  parallel  to  belt  10  and  transverse  to  the 
direction  of  belt  movement  12,  generally  with  a  length 
approximately  co-extensive  with  the  belt  width.  The  belt 
described  herein  has  the  characteristic  of  being  non-rig- 
id,  or  somewhat  flexible,  to  the  extent  that  it  can  be  made 

10  to  follow  the  resonator  vibrating  motion.  One  type  of  pho- 
toconductive  imaging  member  is  typically  multilayered 
and  has  a  substrate,  a  conductive  layer,  an  optional  ad- 
hesive  layer,  an  optional  hole  blocking  layer,  a  charge 
generating  layer,  a  charge  transport  layer,  and,  in  some 

is  embodiments,  an  anti-curl  backing  layer. 
With  reference  to  Figures  1  and  2,  and  better  shown 

in  Figure  2,  the  vibratory  energy  of  the  resonator  1  00  may 
be  coupled  to  belt  1  0  in  a  number  of  ways.  In  the  arrange- 
ments  shown,  resonator  1  00  may  comprise  a  piezoelec- 

20  trie  transducer  element  1  50  and  horn  1  52,  together  sup- 
ported  on  a  backplate  154.  Horn  152  includes  a  platform 
portion  156  and  a  horn  tip  158  with  a  contacting  tip  159 
in  contact  with  belt  10  to  impart  the  ultrasonic  energy  of 
the  resonator  thereto.  To  hold  horn  152  and  the  piezoe- 

25  lectric  transducer  element  150,  an  adhesive  such  as  an 
epoxy  and  conductive  mesh  layer  may  be  used  to  bond 
the  horn  and  piezoelectric  transducer  element  together. 
In  a  working  example,  the  mesh  was  a  nickel  coated 
monofilament  polyester  fiber  (from  Tetko,  Inc.)  with  a 

30  mesh  thickness  on  the  order  of  75u.m  (0.003")  thick  en- 
capsulated  in  a  thermosetting  epoxy  having  a  thickness 
of  125u.m  (0.005")  (before  compression  and  heating). 
Other  meshes,  including  metallic  meshes  of  phosphor 
bronze  and  Monel  may  be  satisfactory.  Two  part  cold  set- 

35  ting  epoxies  may  also  be  used,  as  may  other  adhesives. 
Alternatively,  a  bolt  and  nut  arrangement  may  be  used 
to  clamp  the  assembly  together. 

In  the  fabrication  of  the  arrangement,  the  epoxy  and 
conductive  mesh  layer  are  sandwiched  between  the 

40  horn  and  piezoelectric  material,  and  clamped  to  ensure 
good  flow  of  the  epoxy  through  the  mesh  and  to  all  sur- 
faces.  It  appears  to  be  important  that  the  maximum  tem- 
perature  exposure  of  the  PZT  be  about  50%  of  its  curie 
point.  Epoxies  are  available  with  curing  temperatures  of 

45  around  60°  C  (140°F),  and  piezoelectric  materials  are 
available  from  about  90°  to  177°C  (195°  to  350°F).  Ac- 
cordingly,  an  epoxy  -  PZT  pair  is  preferably  selected  to 
fit  within  this  limitation. 

The  contacting  tip  159  of  horn  152  may  be  brought 
so  into  a  tension  or  penetration  contact  with  belt  1  0,  so  that 

movement  of  the  tip  carries  belt  10  in  vibrating  motion. 
Penetration  can  be  measured  by  the  distance  that  the 
horn  tip  protrudes  beyond  the  normal  position  of  the  belt, 
and  may  be  in  the  range  of  1  .5  to  3.0  mm.  It  should  be 

55  noted  that  increased  penetration  produces  a  ramp  angle 
at  the  point  of  penetration.  For  particularly  stiff  sheets, 
such  an  angle  may  tend  to  cause  lift  at  the  trail  edges 
thereof. 
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The  coupling  arrangement  provides  for  transmitting 
vibratory  energy  from  a  resonator  100  to  photoreceptor 
10,  the  resonator  being  arranged  with  electrodes  160  of 
the  present  invention  to  provide  engagement  of  resona- 
tor  100  to  photoreceptor  10  without  penetrating  the  nor- 
mal  plane  of  the  photoreceptor. 

Horn  tip  1  58  extends  through  electrodes  1  60,  which 
are  connected  to  a  high  voltage  source.  Electrodes  160 
are  approximately  parallel  to  horn  tip  158,  extending  to 
approximately  a  common  plane  with  the  contacting  tip 
159,  and  forming  together  an  opening  adjacent  to  the 
photoreceptor  belt  10,  at  which  the  contacting  tip  con- 
tacts  the  photoreceptor.  The  electrodes  1  60  may  be  sup- 
ported  on  the  horn  tip  158  by  one  or  more  insulating 
members  161.  When  voltage  is  applied  by  a  high  voltage 
supply  (not  shown)  to  electrodes  160,  belt  10  is  drawn 
into  contact  with  electrodes  160  and  contacting  tip  159, 
so  that  contacting  tip  159  imparts  the  ultrasonic  energy 
of  the  resonator  to  belt  10.  Interestingly,  electrodes  160 
also  tend  to  damp  vibration  of  the  belt  outside  the  area 
in  which  vibration  is  desired,  so  that  the  vibration  does 
not  disturb  the  dynamics  of  the  sheet  tacking  or  detack- 
ing  process,  or  the  integrity  of  the  developed  image  prior 
to  the  transfer  field. 

The  electrostatic  tacking  force  can  be  applied  using 
either  D.C.  or  A.C.  biases  to  promote  electrostatic  fields 
into  the  bulk  of  the  photoreceptor  backside.  This  can  oc- 
cur  without  affecting  the  photoreceptor  imaging  function. 
It  is  preferred  that  the  photoreceptor  structure  consists 
of  the  electrically  insulative  anti-curl  backing  coating  in 
direct  contact  with  the  resonator  followed  by  the  Mylar 
support  layer.  These  insulative  layers  occur  prior  to  the 
photoreceptor  ground  plane  in  the  photoreceptor  struc- 
ture  which  serves  to  electrically  isolate  the  electrostatic 
tacking  function  from  the  photoreceptor  imaging  func- 
tion.  The  biases  can  be  applied  to  the  electrodes  and/or 
directly  to  the  contacting  tip  to  enhance  the  coupling  ef- 
fect.  The  electrodes  also  may  be  implemented,  for  ex- 
ample,  as  a  conductive  roller,  which  can  be  employed  to 
rotate  in  the  same  direction  and  have  the  same  tangen- 
tial  velocity  as  belt  1  0.  Also,  shoes  similar  to  the  plenum 
walls  may  be  used.  If  desirable,  the  electrode  can  be 
overcoated  to  prevent  wear  and/or  to  reduce  drag  forces. 
For  example  a  teflon  overcoating,  or  even  carbon  loaded 
teflon  to  provide  conductivity,  metal  or  conducting  poly- 
mers  or  polymer  composites  may  also  be  employed. 

Various  embodiments  may  be  applied  to  achieve  the 
necessary  coupling  and  damping  functions,  as  shown  in 
FIGs.  3A-3C.  One  approach  is  to  apply  alternating  po- 
larity  D.C.  biases  to  adjacently  positioned  electrodes  or 
to  one  electrode  and  the  contacting  tip.  This  promotes 
lateral  and  normal  electrostatic  field  components  within 
the  photoconductive  member  backing  layers  (Fig.3A).  In 
another  embodiment,  one  electrode  positioned  up- 
stream  in  the  process  direction  provides  for  vibration 
damping  prior  to  toner  transfer  to  paper  (Fig.3B).  This 
embodiment  facilitates  the  reduction  of  frictional  drag 
forces  on  the  photoconductive  member.  Also,  D.C.  bias 

applied  to  an  electrode  and/or  the  contacting  tip  or  to  the 
photoconductive  member  ground  plane  to  induce  fields 
across  the  bulk  of  photoconductive  member  backing  lay- 
er  thereby  promotes  a  normal  field  component  onto  the 

5  photoconductive  member  toward  the  resonator  (Fig.  3C). 
It  should  be  evident  that  A.C.  bias  applied  to  an  elec- 

trode  and/or  the  resonator  tip  can  also  be  applied  to  pro- 
vide  the  required  normal  force  for  coupling  and  damping. 
The  frequency  of  the  A.C.  bias  is  selected  based  upon 

10  the  relaxation  time  of  the  insulative  support  layer.  This 
may  be  applied  in  conjunction  with  a  D.C.  bias  or  not. 
The  A.C.  bias  can  also  serve  to  neutralize  any  residual 
charge  occurring  on  the  backside  of  the  photoconductive 
member  so  as  to  not  incur  drag  forces  elsewhere  within 

is  the  photoconductive  member  module.  If  desirable,  one 
may  include  a  neutralizing  brush,  for  instance,  to  dissi- 
pate  charge  built  up  on  the  photoconductive  member 
backside.  Removal  of  the  residual  charge  insures  con- 
sistent  normal  force  application.  It  should  be  noted  that 

20  since  the  electrostatic  forces  are  dependent  upon  the 
square  of  the  separation,  it  is  preferred  to  bring  the  pho- 
toreceptor  into  close  contact  with  the  electrodes. 

Application  of  high  frequency  acoustic  or  ultrasonic 
energy  to  belt  1  0  occurs  within  the  area  of  application  of 

25  transfer  field,  and  preferably  within  the  area  under  trans- 
fer  corotron  40.  While  transfer  efficiency  improvement 
appears  to  be  obtained  with  the  application  of  high  fre- 
quency  acoustic  or  ultrasonic  energy  throughout  the 
transfer  field,  in  determining  an  optimum  location  for  the 

30  positioning  of  resonator  100,  it  has  been  noted  that  trans- 
fer  efficiency  improvement  is  strongly  a  function  of  the 
velocity  of  the  contacting  tip  159.  The  desirable  position 
of  the  resonator  is  approximately  opposite  the  centerline 
of  the  transfer  corotron.  For  this  location,  optimum  trans- 

35  fer  efficiency  was  achieved  for  tip  velocities  in  the  range 
of  300-500  mm/sec.  depending  on  toner  mass.  At  very 
low  tip  velocity,  from  0  mm/second  to  45  mm/sec,  the 
positioning  of  the  transducer  has  relatively  little  effect  on 
transfer  characteristics.  Restriction  of  application  of  vi- 

40  brational  energy,  so  that  the  vibration  does  not  occur  out- 
side  the  transfer  field  is  preferred.  Application  of  vibra- 
tional  energy  outside  the  transfer  field  tends  to  cause 
greater  electromechanical  adherence  of  toner  to  the  sur- 
face  creating  a  problem  for  subsequent  transfer  or  clean- 

45  ing. 
At  least  two  shapes  for  the  horn  have  been  consid- 

ered.  With  reference  to  Figure  4A,  in  cross  section,  the 
horn  may  have  a  trapezoidal  shape,  with  a  generally  rec- 
tangular  base  156  and  a  generally  triangular  tip  portion 

so  1  58,  with  the  base  of  the  triangular  tip  portion  having  ap- 
proximately  the  same  size  as  the  base.  Alternatively,  as 
shown  in  Figure  4B,  in  cross  section,  the  horn  may  have 
what  is  referred  to  as  a  stepped  shape,  with  a  generally 
rectangular  base  portion  156',  and  a  stepped  horn  tip 

55  1  58'.  The  trapezoidal  horn  appears  to  deliver  a  higher 
natural  frequency  of  excitation,  while  the  stepped  horn 
produces  a  higher  amplitude  of  vibration.  The  height  H 
of  the  horn  appears  to  have  an  effect  on  the  frequency 

4 
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and  amplitude  response.  Desirably  the  height  H  of  the 
horn  will  fall  in  the  range  of  approximately  2.54  to  3.81  cm 
(1  to  1.5  inches),  with  greater  or  lesser  lengths  not  ex- 
cluded.  The  ratio  of  the  base  width  WB  to  tip  width  WT  2. 
also  effects  the  amplitude  and  frequency  of  the  response  s 
with  a  higher  ratio  producing  a  marginally  higher  frequen- 
cy  and  a  greater  amplitude  of  vibration.  The  ratio  of  WB 
to  WT  is  desirably  in  the  range  of  about  3:1  to  about  10:1  . 
The  length  L  of  the  horn  across  belt  10  also  effects  the  3. 
uniformity  of  vibration,  with  the  longer  horn  producing  a  10 
less  uniform  response.  A  desirable  material  for  the  horn 
is  aluminum.  Satisfactory  piezoelectric  materials,  includ- 
ing  lead  zirconate-lead  titanate  composites  sold  under  4. 
the  trademark  PZT  by  Vernitron,  Inc.  (Bedford,  Ohio), 
have  high  D33  values.  Suitable  materials  may  also  be  15 
available  from  Motorola  Corporation,  Albuquerque,  NM. 
Displacement  constants  are  typically  in  the  range  of 
400-500  m/v  x10-12.  There  may  be  other  sources  of  vi-  5. 
brational  energy,  which  clearly  support  the  present  in- 
vention,  including  but  not  limited  to  magnetostriction  and  20 
electrodynamic  systems. 

It  should  be  evident  that  the  electrostatic  coupling 
arrangement  may  be  implemented  in  conjunction  with 
other  coupling  methods,  to  include,  for  example,  vacuum  6. 
coupling  to  further  improve  coupling  between  the  reso-  25 
nator  and  the  flexible  image  member. 

It  will  no  doubt  be  appreciated  that  the  inventive  res- 
onator  and  electrostatic  coupling  arrangement  has  equal 
application  in  the  cleaning  station  of  an  electrophoto- 
graphic  device  with  little  variation  in  structure.  30  7. 

As  a  means  for  improving  uniformity  of  application 
of  vibratory  energy  to  a  flexible  member  for  the  release 
of  toner  therefrom,  the  described  resonator  may  find  nu- 
merous  uses  in  electrophotographic  applications.  One 
example  of  a  use  may  be  in  causing  release  of  toner  from  35  8. 
a  toner  bearing  donor  belt,  arranged  in  development  po- 
sition  with  respect  to  a  latent  image.  Enhanced  develop- 
ment  may  be  had,  with  mechanical  release  of  toner  from 
the  donor  belt  surface  and  electrostatic  attraction  of  the 
toner  to  the  image.  40 

The  invention  has  been  described  with  reference  to 
a  preferred  embodiment.  It  should  be  appreciated  that 
the  present  invention  can  be  employed  in  various  appli- 
cations  which  requires  control  of  spacings  of  a  moving 
web  or  photoreceptor  belt,  for  example  in  the  exposure  45 
zone,  development  zone,  transfer  zone  or  cleaning  zone. 
Obviously  modifications  will  occur  to  others  upon  reading 
and  understanding  the  specification  taken  together  with 
the  drawings. 

50 
9. 

Claims 

1.  A  device  for  damping  a  flexible  imaging  member 
moving  in  a  movement  direction,  comprising  an  55 
electrode  member,  disposed  adjacent  to  a  surface 
of  the  imaging  member,  for  providing  sufficient  elec- 
trostatic  force  to  electrostatically  attract  the  imaging  10, 

member  into  engagement  with  said  electrode  mem- 
ber. 

The  device  of  claim  1  ,  wherein  said  electrode  mem- 
ber  comprises  a  rotating  conductive  roller  having  a 
tangential  velocity  in  the  movement  direction  of  the 
imaging  member. 

The  device  of  claim  1  or  claim  2,  further  comprising 
a  second  electrode  member  spaced  from  said  first 
mentioned  electrode  member. 

The  device  of  claim  3,  wherein  said  power  source 
supplies  an  AC  bias  to  at  least  one  of  said  first  men- 
tioned  electrode  member  or  said  second  electrode 
member. 

The  device  of  any  one  of  claims  1  to  4,  wherein  the 
imaging  member  includes  an  insulative  support 
layer  with  the  frequency  of  the  A.C.  bias  being 
selected  as  a  function  of  the  insulative  support  layer 
relaxation  time. 

The  device  of  any  one  of  claims  1  to  5,  wherein  the 
imaging  member  includes  an  insulative  support 
layer,  further  comprising  a  neutralizing  brush  for  dis- 
sipating  charge  built  up  on  the  insulative  support 
layer  surface. 

The  device  of  claim  3,  wherein  said  power  source 
supplies  an  alternating  polarity  D.C.  bias  to  said  first 
mentioned  electrode  member  and  said  second  elec- 
trode  member. 

A  printing  machine  for  forming  a  visible  image  on  a 
flexible  imaging  member  adapted  to  move  in  a  direc- 
tion  of  movement  with  the  visible  image  being  trans- 
ferred  to  a  receiving  member,  including: 

a  resonator  for  producing  relatively  high  fre- 
quency  vibratory  energy,  and  including  a  portion 
thereof  adapted  to  contact  the  imaging  member, 
generally  transverse  to  the  direction  of  movement 
thereof;  and 

a  device  according  to  any  one  of  claims  1  to  7, 
wherein  the  electrode  member  is  disposed  adjacent 
to  said  resonator  portion,  for  providing  sufficient 
electrostatic  force  to  electrostatically  attract  the 
imaging  member  into  engagement  with  said  resona- 
tor  portion. 

The  printing  machine  as  defined  in  claim  8,  wherein 
the  imaging  member  includes  an  exterior  surface, 
having  the  visible  image  formed  thereon,  and  an 
interior  surface  opposed  from  the  exterior  surface, 
including  an  insulative  support  layer,  said  resonator 
being  adapted  to  contact  said  interior  surface. 

The  printing  machine  of  claim  8,  as  dependent  on 

5 
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claim  3  or  claim  4,  wherein  said  second  electrode 
member  includes  said  resonator  portion. 
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