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This  invention  relates  to  an  apparatus  for  developing  a  latent  image  with  marking  particles,  and  is 
particularly,  although  not  exclusively,  useful  in  an  electrophotographic  printing  machine.  The  developing 
apparatus  is  of  the  kind  which  includes  means  for  storing  a  supply  of  marking  particles,  means  for 
dispensing  marking  particles  into  the  storing  means,  and  means  for  transporting  the  marking  particles 
from  the  storing  means  to  a  location  closely  adjacent  the  latent  image. 

In  general,  the  process  of  electrophotographic  printing  includes  charging  a  photoconductive  member 
to  a  substantially  uniform  potential  to  sensitize  the  surface  thereof.  The  charged  portion  of  the 
photoconductive  surface  is  exposed  to  light  image  of  an  original  document  being  reproduced. 
Alternatively,  a  modulated  light  beam,  i.e.  a  laser  beam,  may  be  utilized  to  discharge  selected  portions  of 
the  charged  photoconductive  surface  to  record  the  desired  information  thereon.  In  this  way,  an 
electrostatic  latent  image  is  recorded  on  the  photoconductive  surface  which  corresponds  to  the 
information  desired  to  be  reproduced.  After  recording  the  electrostatic  latent  image  on  the 
photoconductive  member,  the  latent  image  is  developed  by  bringing  developer  material  into  contact 
therewith.  Generally,  the  developer  material  comprises  toner  particles  adhering  triboelectrically  to  carrier 
granules.  The  toner  particles  are  attracted  from  the  carrier  granules  to  the  latent  image  forming  a  toner 
powder  image  on  the  photoconductive  member  which  is  subsequently  transferred  to  a  copy  sheet.  Finally, 
the  copy  sheet  is  heated  to  permanently  affix  the  powder  image  thereto  in  image  configuration. 

As  toner  particles  are  depleted  from  the  developer  material,  additional  toner  particles  must  be  added 
thereto.  Different  types  of  toner  dispensing  systems  are  known  in  the  art.  For  example,  US-A-2,956,487 
issued  to  Giaimo,  Jr.  in  1960  discloses  a  photocell  which  detects  light  rays  reflected  from  a  developed 
image.  The  signal  from  the  photocell  is  then  suitably  processed  to  form  a  control  signal.  This  control  signal 
regulates  the  dispensing  of  toner  particles  into  a  developer  mixture.  US-A-3,348,522  and  3,348,523 
issued  to  Donohue  and  Davidson  et  al.  in  1967  both  describe  a  device  which  exposes  a  stripe  along  the 
edge  of  the  charged  photoconductive  drum.  The  stripe  is  developed  with  toner  particles.  A  fiber  bundle 
directs  light  rays  onto  the  developed  stripe  and  the  bare  surface  of  the  photoconductive  drum.  One 
photocell  detects  the  light  rays  reflected  from  the  developed  stripe.  Another  photocell  detects  the  light  rays 
reflected  from  the  bare  photoconductive  surface.  The  photocells  form  two  legs  of  a  bridge  circuit  used  to 
control  toner  dispensing.  US-A-3,553,464  issued  to  Abe  in  1971  describes  a  charged  tape  which  is 
developed  with  toner  particles.  The  tape  passes  between  a  light  source  and  a  photoelectric  converter.  The 
intensity  of  the  light  rays  detected  by  the  photoelectric  converter,  as  indicated  by  a  meter,  corresponds  to 
the density  of  the  toner particles  developed  on  the  tape.  If  the  tape  is  impervious  to  light,  light  rays  may  be 
reflected  from  the  tape  rather  than  being  transmitted  therethrough.  US-A-3,754,821  issued  to  Whited  in 
1973  discloses  an  electrically  biased  transparent  plate  secured  to  a  photoconductive  drum  which  is 
developed  with  toner  particles.  A  light  source  directs  light  rays  through  the  plate  onto  a  photocell.  The 
electrical  output  signal  from  the  photocell  is  processed  and  an  error  signal  generated  for  energizing  a  toner 
dispenser  which  furnishes  additional  toner  particles  to  a  developer  mixture.  U.S.  Patent  No.  4,318,610 
issued  to  Grace  in  1982  describes  an  infrared  densitometer  positioned  closely  adjacent  to  a 
photoconductive  surface.  The  infrared  densitometer  detects  the  density  of  toner  particles  adhering  to  a  pair 
of  test  areas  recorded  on  the  photoconductive  surface.  The  output  signal  resulting  from  the  density  of  toner 
particles  deposited  on  one  of  the  test  areas  is  used  to  regulate  the  charging  of  the  photoconductive  surface 
with  the  signal  corresponding  to  the  density  of  the  toner  particles  adhering  to  the  other  test  areas  being 
employed  to  control  dispensing  of  toner  particles  into  the  developer  mixture.  Thus,  it  is  clear  that 
numerous  schemes  have  been  devised  for  controlling  the  dispensing  of  toner  particles  into  the  developer 
material  as  the  toner  particles  are  depleted  therefrom. 

US-A-3,719,165  discloses  a  magnetic  brush  development  station  in  which  the  toner  particle 
concentration  of  the  developer  material  is  monitored  by  sampling  the  self  biasing  potential  generated  by 
the  magnetic  brush  as  it  periodically  contacts  the  uncharged  areas  of  the  photoconductive  surface.  The 
toner  particles  are  dispensed  into  the  development  system  inversely  proportional  to  the  potential  detected 
by  the  magnetic  brush. 

US-A-3,821,938  discloses  a  developer  roller  biased  to  a  fixed  voltage  and  a  developer  housing 
connected  to  ground  through  a  circuit  measuring  the  change  in  charge  of  developer  in  the  sump  of  the 
housing. 

The  present  invention  is  intended  to  provide  an  improved  apparatus  for  developing  a  latent  image  with 
marking  particles,  and  provides  an  apparatus  of  the  kind  specified  which  is  characterised  by  the 
transporting  means  being  arranged  to  sense  the  charge  of  the  marking  particles  being  deposited  on  the 
latent  image  and  by  means  arranged  to  transmit  a  signal  indicative  of  the  sensed  charge  to  the  dispensing 
means  for  regulating  the  discharging  of  marking  particles  into  the  storing  means. 

Pursuant  to  another  aspect  of  the  present  invention,  there  is  provided  an  electrophotographic  printing 
machine  of  the  type  having  an  electrostatic  latent  image  recorded  on  a  photoconductive  surface,  and 
including  the  apparatus  specified  in  the  preceding  paragraph. 

In  accordance  with  still  another  aspect  of  the  present  invention,  there  is  provided  a  method  of 
developing  a  latent  image  with  marking  particles.  The  method  includes  the  steps  of  storing  a  supply  of 
marking  particles  in  a  housing.  The  marking  particles  in  the  housing  are  transported  on  a  developer  roller 



to  a  location  closely  adjacent  to  the  latent  image  so  that  the  marking  particles  are  attracted  thereto.  The 
charge  of  the  marking  particles  attracted  to  the  latent  image  is  sensed.  In  response  to  the  sensed  charge, 
marking  particles  are  dispensed  into  the  housing. 

An  apparatus  and  method  according  to  the  invention  will  now  be  described,  by  way  of  example,  with 
reference  to  the  accompanying  drawings,  in  which: 

Figure  1  is  a  schematic  elevational  view  showing  an  illustrative  electrophotographic  printing  machine 
incorporating  the  features  of  the  present  invention  therein; 

Figure  2  is  a  schematic  diagram  illustrating  the  control  scheme  employed  in  the  Figure  1  printing 
machine;  and 

Figure  3  is  a  schematic  diagram  depicting  the  regulation  of  the  dispensing  of  toner  particles  in  the 
Figure  1  printing  machine. 

For  a  general  understanding  of  the  features  of  the  present  invention,  reference  is  made  to  the 
drawings.  In  the  drawings,  like  reference  numerals  have  been  used  throughout  to  designate  identical 
elements.  Figure  1  schematically  depicts  the  various  components  of  an  illustrative  electrophotographic 
printing  machine  incorporating  the  apparatus  of  the  present  invention  therein.  It will  become  evident  from 
the  following  discussion  that  this  apparatus  is  equally  well  suited  for  use  in  a  wide  variety  of 
electrostatographic  printing  machines  and  is  not  necessarily  limited  in  its  application  to  the  particular 
embodiment  depicted  herein. 

Inasmuch  as  the  art  of  electrophotographic  printing  is  well  known,  the  various  processing  stations 
employed  in  the  Figure  1  printing  machine  will  be  shown  herein  schematically  and  their  operation 
described  briefly  with  reference  thereto. 

As  shown  in  Figure  1,  the  illustrative  electrophotographic  printing  machine  employs  a  drum  10  having 
a  photoconductive  surface  12  adhering  to  a  conductive  substrate.  Preferably,  the  photoconductive  surface 
12  comprises  a  charge  generator  layer  having  photoconductive  particles  dispersed  randomly  in  an 
electrically  insulating  organic  resin.  The  conductive  substrate  comprises  a  charge  transport  layer  having  a 
transparent,  electrically  inactive  polycarbonate  resin  with  one  or  more  diamines  dissolved  therein.  Drum  10 
moves  in  the  direction  of  arrow  14  to  advance  successive  portions  of  photoconductive  surface  12 
sequentially  through  the  various  processing  stations  disposed  about  the  path  of  movement  thereof. 

Initially,  a  portion  of  photoconductive  surface  12  passes  through  charging  station  A.  At  charging 
station  A,  a  corona  generating  device,  indicated  generally  by  the  reference  numeral  16,  charges 
photoconductive  surface  12  to  a  relatively  high,  substantially  uniform  potential. 

Next,  the  charged  portion  of  photoconductive  surface  12  is  advanced  through  imaging  station  B. 
Imaging  station  B  includes  an  exposure  system,  indicated  generally  by  the  reference  numeral  18.  In 
imaging  system  18,  an  original  document  is  positioned  facedown  upon  a  transparent  platen.  Lamps 
illuminate  the  original  document  with  the  light  rays  reflected  therefrom  being  transmitted  through  a  lens  to 
form  a  light  image  thereof.  The  light  image  is  focused  onto  the  charged  portion  of  photoconductive  surface 
12  to  selectively  dissipate  the  charge  thereon.  This  records  an  electrostatic  latent  image  on 
photoconductive  surface  12  which  corresponds  to  the  informational  areas  contained  within  the  original 
document.  After  the  electrostatic  latent  image  has  been  recorded  on  photoconductive  surface  12,  drum  10 
advances  the  latent  image  in  the  direction  of  arrow  14  to  development  station  C. 

At  development  station  C,  a  magnetic  brush  development  system,  indicated  generally  by  the  reference 
numeral  20,  transports  a  developer  mixture  of  carrier  granules  having  toner  particles  adhering 
triboelectrically  thereto  into  contact  with  the  electrostatic  latent  image.  The  latent  image  attracts  the  toner 
particles  from  the  carrier  granules  forming  a  toner  powder  image  on  photoconductive  surface  12.  As 
successive  electrostatic  latent  images  are  developed,  toner  particles  are  depleted  from  the  developer 
mixture.  A  toner  particle  dispenser  disposed  in  development  system  20  is  arranged  to  furnish  additional 
toner  particles  to  the  developer  mixture  for  subsequent  use  thereby.  The  detailed  structure  of  the 
development  system  and  the  manner  in  which  toner  particle  dispensing  is  controlled  will  be  described 
hereinafter  with  references  to  Figures  2  and  3. 

After  development,  drum  10  advances  the  powder  image  to  transfer  station  D.  At  transfer  station  D,  a 
sheet  of  support  material  is  moved  into  contact  with  the  powder  image.  The  sheet  of  support  material  is 
advanced  to  transfer  station  D  by  a  sheet  feeding  apparatus,  indicated  generally  by  the  reference  numeral 
26.  Preferably,  sheet  feeding  apparatus  26  includes  a  feed  roll  28  contacting  the  uppermost  sheet  of  a  stack 
of  sheets  30.  Feed  roll  28  rotates  in  the  direction  of  arrow  32  to  advance  the  uppermost  sheet  into  a  nip 
defined  by  forwarding  rollers  34.  Forwarding  rollers  34  rotate  in  the  direction  of  arrows  36  to  advance  the 
sheet  into  chute  38.  Chute  38  directs  the  advancing  sheet  of  support  material  into  contact  with  the 
photoconductive  surface  12  of  drum  10  in  a  timed  sequence  so  that  the  powder  image  developed  thereon 
contacts  the  advancing  sheet  at  transfer  station  D. 

Preferably,  transfer  station  D  includes  a  corona  generating  device  40  which  sprays  ions  onto  the 
backside  of  the  sheet.  This  attracts  the  powder  image  from  the  photoconductive  surface  to  the  sheet.  After 
transfer,  the  sheet  continues  to  move  in  the  direction  of  arrow  44  onto  a  conveyor  42  which  advances  the 
sheet  to  fusing  station  E. 

Fusing  station  E  includes  a  fuser  assembly,  indicated  generally  by  the  reference  numeral  46,  which 
permanently  affixes  the  transferred  powder  image  to  the  sheet.  Preferably,  the  fuser  assembly  46  includes 
a  heater  fuser  roller  48  and  a  back-up  roller  50.  The  sheet  passes  between  fuser  roller  48  and  back-up  roller 



50  with  the  powder  image  contacting  fuser  roller  48.  In  this  manner,  the  powder  image  is  permanently 
affixed  to  the  sheet.  After  fusing,  forwarding  rollers  52  advance  the  sheet  to  catch  tray  54  for  subsequent 
removal  from  the  printing  machine  by  the  operator. 

After  the  powder  image  is  transferred  from  photoconductive  surface  12  to  the  copy  sheet,  drum  10 
rotates  the  photoconductive  surface  to  cleaning  station  F.  At  cleaning  station  F,  a  cleaning  brush  removes 
the  residual  particles  adhering  to  photoconductive  surface  12. 

It  is  believed  that  the  foregoing  description  is  sufficient  for  purposes  of  the  present  invention  to 
illustrate  the  general  operation  of  an  electrophotographic  printing  machine  incorporating  the  features  of 
the  present  invention  therein. 

Referring  now  to  the  specific  subject  matter  of  the  present  invention,  Figure  2  depicts  the  development 
system  used  in  the  Figure  1  printing  machine  in  greater  detail.  As  illustrated  thereat,  development  system 
20  includes  a  developer  roller,  indicated  generally  by  the  reference  numeral  58,  comprising  a  non-magnetic 
tubular  member  22  mounted  rotatably  on  an  electrically  conductive  shaft  56.  Preferably,  tubular  member 
22  is  made  from  aluminum  having  the  exterior  circumferential  surface  thereof  roughened  with  shaft  56 
being  made  from  stainless  steel.  An  elongated  magnet  24  is  mounted  stationarily  on  shaft  56  and  disposed 
interiorly  of  and  spaced  from  tubular  member  22.  By  way  of  example,  magnet  24  is  made  from  barium 
ferrite  having  a  plurality  of  magnetic  poles  impressed  about  the  circumferential  surface  thereof.  A  current 
sensor,  indicated  generally  by  the  reference  numeral  60,  is  coupled  to  shaft  56.  Current  sensor  60  is  coupled 
to  a  voltage  source  62  which  electrically  biases  shaft  56  and,  in  turn,  to  tubular  member  22  through  its 
conductive  bearings.  Current  sensor  60  may  make  the  current  measurement  by  sensing  the  voltage  drop 
across  a  resistor  in series  with  voltage  source  62.  The  output  from  current  sensor  60  is  transmitted  to  an 
integrator  64.  Integrator  64  may  be  an  operational  amplifier  which  integrates  the  current  signal  transmitted 
from  current  sensor  60  over  a  desired  interval  of  time.  The  output  signal  from  integrator  64  is  transmitted  to 
an  analog  to  digital  converter  66.  In  turn,  the  output  from  analog  to  digital  converter  66  is  transmitted  to 
centralized  processing  unit  68  within  the  electrophotographic  printing  machine.  It  should  be  noted  that 
analog  to  digital  converter  66  may  be  an  integral  portion  of  centralized  processing  unit  68.  Centralized 
processing  unit  68  comprises  logic  circuitry  which,  in  turn,  develops  an  error  signal  for  controlling  the 
dispensing  of  toner  particles  into  the  housing  of  the  developer  system.  In  this  way,  toner  particles  are 
dispensed  into  the  development  system  as  a  function  of  the  developed  charge.  This  is  due  to  the  fact  that 
the  developed  charge  may  be  measured  by  the  bias  current.  One  skilled  in  the  art  will  appreciate  that  the 
same  process  may  be  accomplished  with  an  analog  voltage  to  time  converter  replacing  the  centralized 
processing  unit  and  the  analog  to  digital  converter. 

Turning  now  to  Figure  3,  there  is  shown  the  manner  in  which  centralized  processing  unit  68  regulates 
the  dispensing  of toner  particles  into  the  developer  housing.  As  shown  thereat,  centralized  processing  unit 
68  transmits  an  error  signal  to  voltage  source  70.  The  error  signal  from  centralized  processing  unit  68 
regulates  the  output  voltage  from  voltage  source  70  so  as  to  control  the  furnishing  of  additional  toner 
particles  to  the  development  system.  The  toner  dispenser,  indicated  generally  by  the  reference  numeral  72, 
is  disposed  in  development  station  20.  Toner  dispenser  72  includes  a  container  74  storing  a  supply  of  toner 
particles  therein.  A  suitable  roller 76  is  disposed  in  chamber  78  coupled  to  container  74  for  dispensing  toner 
particles  into  auger  80.  By way  of  example,  auger  80  comprises  a  helical  spring  mounted  in  a  tube  having  a 
plurality  of  apertures  therein.  Motor  82  rotates  the  helical  member  of  auger  80  so  as  to  advance  the  toner 
particles  through  the  tube.  The  toner  particles  are  then  dispensed  from  the  apertures  thereof  into  the 
chamber  84  of  the  development  system  housing  for  use  by  developer  roller  58.  Energization  of  motor  82  is 
controlled  by  voltage  source  70.  Voltage  source  70  is  connected  to  centralized  processing  unit  68.  The 
measured  charge  of  the  developed  mass  of  toner  particles  on  the  photoconductive  surface  is  proportional 
to  the  current  measurement.  The  current  measurement  is  integrated  and  compared  to  a  desired  value  and 
an  error  signal  developed  for  controlling  the  addition  of  toner  particles  to  the  development  system.  This 
error  signal  is  utilized  to  control  voltage  source  70  which,  in  turn,  energizes  motor  82.  In  this  way,  additional 
toner  particles  are  furnished  to  the  development  system  as  a  function  of  the  charge  of  the  toner  particles 
deposited  on  the  photoconductive  surface. 

One  skilled  in  the  art  will  appreciate  that  a  sample  electrostatic  latent  image  may  be  recorded  on 
photoconductive  surface  12  by  illuminating  a  patch  of  charged  area,  preferably  in  the  interimage  region. 
This  sample  electrostatic  latent  image  may  now  be  developed  by  developer  roller  58  with  the  charge  of  the 
toner  particles  deposited  thereon  being  monitored  as  heretofore  described  for  developing  the  latent  image. 
This  technique  may  be  utilized  in  lieu  of  measuring  the  charge  of  toner  particles  being  deposited  on  the 
latent  image  corresponding  to  the  image  of  a  document. 

The  toner  dispenser  system  discharges  toner  particles  proportionally  to  the  bias  current  during 
development.  This  scheme  maintains  the  developed  toner  particle  tribocharge  at  a  constant  adjustable  rate 
over  time  independent  of  developer  material  triboproduct  changes.  It  is  the  developed  toner  particle 
tribocharge  rather  than  the  developer  material  sump  tribocharge  which  is  controlled.  This  is  advantageous 
in  systems  where  the  ratio  of  developed  to  sump  tribo  changes  with  time.  The  system  also  has  the 
advantage  of  being  a  feedforward  toner  concentration  controller.  After  each  image  is  developed,  the 
appropriate  toner  particle  mass  is  dispensed  to  the  sump  of  the  developer  housing  to  maintain  the  toner 
concentration  constant. 

In  steady  state,  the  toner  particle  mass  going  into  the  sump  equals  the  mass  going  out.  If  the  ratio  of 



the  toner  particle  charge  current  to  mass  dispense  rate,  (charge  rate)/(mass  rate),  is  kept  constant,  the 
charge  to  mass  ratio  (tribo)  of  the  toner  particles  leaving  and  entering  the  sump  is  constant.  The  sump  will 
eventually  reach  a  point  where  the  developed  tribo  value  determined  by  the  charge  to  dispense  rate  is 
constant. 

A  mathematical  model  which  theoretically  describes  the  behavior  of  the  developer  material  with  the 
proposed  toner  particle  dispense  system  may  be  derived  readily.  The  following  terms  are  defined  as: 

mT  =  toner  mass  in  sump 
me  =  carrier  mass  in  sump 
mPR  =  development  rate  of  toner  on  P/R 
md  =  dispense  rate  of  toner  dispenser 
mErr  =  error  in  toner  dispense  rate 
IB  =  bias  current 
IpR  =  current  of  developed  toner  charge  on  P/R 
lerr  =  IB-IPR  =  error  current 
Tr  =  tribocharge  of  developed  toner  (charge/mass) 
TC  =  toner  concentration  (mT/mc) 
K  =  proportionality  factor  if  dispense  rate  to  bias  current 
For  the  ideal  case,  the  following  assumptions  are  made: 

The  measured  bias  current is  equal to  the  developed  toner  particle  current.  There  must  be  no  other  current 
leakage  paths. 

The  developer  toner  particle  mass  is  related  to  the  developed  toner  particle  charge  through  the  tribo  Tr, 
i.e.  the  tribo  is  a  well  defined  quantity.  Excessive  wrong  sign  toner  development  interferes  with  this 
assumption. 

This  is  the  standard  tribo  to  toner  concentration  relation  and  is  not  necessary  to  obtain  the  negative 
feedback  features.  It  is  only  necessary  that  the  tribo  be  a  monotonic  decreasing  function  of  TC. 

The  toner  particle  mass  equals  mass  developed,  i.e.  if  there  is  not  excessive  toner  leakage  from  the 
housing. 

An  ideal  toner  concentration  (TC)  controller  is  constructed  by  dispensing  toner  particles  with  the  bias 
current  and  according  to  the  proportionality  constant  K. 

This  is  equivalent  to  writing: 

This  requires  a  change  in  the  dispensing  rate  as  a  function  of the  instantaneous  measured  bias  current. 
However,  it  is  equivalent  (and  much  more  practical)  to  integrate  the  current  over  some  fixed  period  of  time 
(e.g.  a  copy)  and  dispense  an  amount  of  toner  particles  afterward  depending  upon  this  integration. 

The  toner  concentration  (TC)  can  be  determined  from  the  four  assumptions  of  Eqs.  1-4  and  the 
imposed  condition  of  Eq.  5.  Combining  Eqs.  1, 2,  4 and  5  gives: 

With  Eq.  3  this  becomes 

This  has  the  time  dependent  solution  with  the  initial  condition  mT  (t  =  0), 

or  with  an  initial  tribo  condition  Tr(t  =  0), 



Eq.  9  states  that  if  the  sump  starts  out  developing  toner  particles  with  an  initial  tribo  Tr(O),  the  tribo  will 
exponentially  approach  the  limiting  value  of  the  set  parameter  1/K  with  a  time  constant  of  Amc/lB  (lBt  is  the 
net  developed  charge  in  time  t). 

The  developed  tribo  of  the  toner  particles  will  approach  the  value  1/K  after  a  sufficient  time  (in  steady 
state).  This  value  K  is  the  current/dispense  rate  or  (charge/time)/(mass/time)  =  charge/mass  =  tribocharge. 
Eq.  9  verifies  the  assertion  that  the  dispense  control  condition  of  Eq.  5  is  a  stable  negative  feedback  (closed 
loop)  system  and  that  the  desired  tribo  value  will  be  held  even  if  the  system  is  disturbed. 

The  time  constant  Amc/lB  of  Eq.  9  can  be  compared  with  the  natural  time  constant  for  detoning  a 
developer  material  when  no  additional  toner  particles  are  added.  The  change  in  tribo  when  toner  particles 
are  depleted  from  the  sump  with  no  toner  particles  being  dispensed  yields 

Eq.  10  shows  that  the  same  time  constant  which  naturally  controls  the  tribo  also  controls  the  toner  particle 
dispense  feedback  system.  When  no  toner  particles  are  added  (as  described  by  Eq.  10),  the  system  is  most 
rapidly  toned  down.  Thus,  no  other  developability  toner  particle  control  system  can  have  a  time  constant 
significantly  better  than  that  of  the  proposed  system.  Hence,  the  time  response  of  Eq.  9  is  satisfactory. 

An  error  in  the  measurement  of  the  charge  current  or  in  the  dispense  rate  will  effect  the  controlled 
tribo,  e.g.  if  there  is  a  net  toner  flow  into  or  out  of  the  sump  not  considered  in  the  initial  assemption  Eq.  4. 
This  error  is  mErr  Eq.  4  can  be  rewritten  as: 

This  mErr  could  derive  from  a  faulty  toner  dispenser,  toner  lost  through  powder  clouding  and  dirt  or 
development  of  low/wrong  sign  toner.  Similarly,  if  the  measured  bias  current  IB  is  not  exactly  the 
developed  toner  charge  Ipp,  the  assumption  of  Eq.  1  must  be  modified  by  an  error  current  IErr  as: 

The  error  current,  IErr,  could  come  from  electrical  leakage  paths  from  the  developer  housing  or  from 
magnetic  brush  charge  exchange  with  the  photoconductive  surface. 

Solving  Eqs.  2,  3,  5,  11  and  12  gives  a  final  result  of: 

with 

From  Eq.  13  we  see  that  the  effect  of  introducing  the  error  terms  lerr  and  merr  is  to  shift  the  steady  state 
tribo  from  1/K  to  1/K',  with  the  time  response  functional  form  remaining  the  same  as  in  Eq.  9.  The  new  tribo 
1/K'  remains  close  to  1/K  if  the  error  terms  are  small  according  to  IErr/IpR<<1  and  mErr,/IPR<<1.  If  these 
conditions  are  not  satisfied,  the  controlled  tribo  will  not  be  stable  since  the  error  terms,  and  hence  K',  vary 
with  time.  IErr and  mErr will  not  vary  according  to  IPR,  i.e.  the  area  coverage,  and will  change  for  each  copy.  If 
the  terms  IErr  and  mErr  are  constant,  they  may  be  easily  compensated  for. 

It  is  clear that there  are  various  assumptions  and  constraints  necessary  for  the  dispense  system  to  work 
properly.  The  results  are  based  on  the  validity  of  Eqs.  1-5.  Turning  now  to  each  of  these  equations. 

Eq.  1,  the  bias  current  measurement,  assumes  that  the  toner  charge  current  and  bias  current  are 
related.  Current  leakage  paths  out  of  the  housing  will  give  problems.  Leakage  paths  (>10-'  Amps)  are 
mainly  a  problem  in  hot/humid  conditions.  Some  photoreceptors  have  significant  charge  exchange 
between  the  magnetic  brush  tips  and  the  photoconductive  surface.  This  is  a  serious  difficulty  which  must 
be  dealt  with.  One  remedy  for these  problems  is  to  make  in  situ  "zero"  measurements.  That  is,  make  a  bias 
current  measurement  in  a  background  (non-developed)  region  of  an  interdocument  area  and  use  the  value 
to  offset  subsequent  current  measurements.  For  example,  it  could  be  assumed  that  there  will  always  be  a 
white  area  on  each  copy  and  the  minimum  current  measured  with  each  copy  could  be  used  as  the  offset 
current. 

Eq.  2,  the  tribocharge  relation,  assumes  that  the  developed  charge  is  related  to  the  mass  in  a  constant 
manner.  In  practice,  developer  materials  do  not  have  sharply  peaked  charge  distributions  as  Eq.  2  assumes. 
This  is  not  a  problem  as  long  as  the  shape  of  the  distribution  of  developed  charge  does  not  significantly 
change  for  different  development  potentials.  For  example,  development  of  wrong/low  sign  toner 



preferentially  in  background  areas  will  create  a  problem  because  the  average  tribo  in  Eq.  2  will  then  depend 
on  input  image  characteristics  which  vary  from  copy  to  copy. 

Eq.  3,  the  TC-tribo  relation,  is  an  arbitrary  assumption.  This  standard  form  was  chosen  only  for 
convenience.  When  A  is  small  the  system  time  reponse  is  improved.  But  this  occurs  at  the  expense  of 
increasing  the  tribo  dependence  on  toner  concentration  (TC).  The  necessary  constraint  is  that  the  tribo 
must  be  a  monotonic  decreasing  function  of  toner  concentration  (TC).  An  "increasing"  function  would 
create  an  unstable  positive  feedback  loop  system.  Nearly  all  developer  materials  have  the  proper 
decreasing  monotonic  behavior. 

Eq.  4,  toner  mass  conservation  will  be  violated  only  if  toner  particles  are  lost  from  the  developer 
housing  other  than  through  development. 

Eq.  5,  the  dispense  control  equation,  requires  that  the  toner  particle  mass  be  dispensed  according  to 
the  bias  current,  typical  bias  currents  will  vary  between  0.1  and  10  uA.  Accurate  measurements  of  this 
current  do  not  present  difficulties,  particularly  since  the  currents  will  be  integrated  and  much  of  the  noise 
filtered  out.  It  is  important  to  also  consider  the  toner  particle  dispenser.  The  rate  of  dispense  must  remain 
constant  over  life.  Any  variation  in  mass  dispensed  for  a  given  electrical  input  will  manifest  itself 
proportionally  as  a  controlled  tribo  shift  (shift  in  K). 

In  recapitulation,  it  is  evident  that  the  system  of  the  present  invention  controls  the  dispensing  of  toner 
particles  into  the  developer  housing  of  the  development  system  as  a  function  of  the  charge  of  the  toner 
particles  developed  on  the  electrostatic  latent  image.  The  charge,  as  measured  by  the  bias  current,  is 
sensed  by  the  developer  roller.  An  electrical  output  signal  proportional  thereto  is  integrated  and  converted 
to  a  digital  signal  which,  in  turn,  is  processed  by  the  centralized  processing  unit  of  the  electrophotographic 
printing  machine.  The  error  signal  transmitted-from  the  centralized  processing  unit  controls  the  discharge 
of  toner  particles  into  the  housing  of  the  development  system. 

While  the  present  invention  has  been  described  as  being  used  with  an  optical  system  employed  to  scan 
an  original  document,  one  skilled  in  the  art  will  appreciate  that  such  a  system  may  also  be  utilized  with  a 
modulated  laser  beam  arranged  to  irradiate  selected  areas  of  the  charged  portion  of  the  photoconductive 
surface  to  record  the  electrostatic  latent  image  on  the  photoconductive  surface  in  this  latter  manner. 

It  is,  therefore,  apparent  that  there  has  been  provided  in  accordance  with  the  present  invention  as 
claimed,  an  apparatus  for  regulating  the  dispensing  of  toner  particles  into  a  development  system  as  a 
function  of  the  charge  of  toner  particles  developed  on  the  electrostatic  latent  image. 

1.  An  apparatus  for  developing  a  latent  image  with  marking  particles,  including: 
means  (84)  for  storing  a  supply  of  marking  particles; 
means  (78,  80,  82)  for  dispensing  marking  particles  into  said  storing  means;  and 
means  (58)  for  transporting  the  marking  particles  from  said  storing  means  to  a  location  closely 

adjacent  the  latent  image,  characterised  by 
said  transporting  means  (58)  being  arranged  to  sense  the  charge  of  the  marking  particles  being 

deposited  on  the  latent  image  and  by  means  (60,  64,  66, 68)  arranged  to  transmit  a  signal  indicative  of  the 
sensed  charge  to  said  dispensing  means  (82)  for  regulating  the  discharging  of  marking  particles  into  said 
storing  means. 

2.  An  apparatus  according  to  claim  1,  wherein  said  transporting  means  (58)  includes: 
a  developer  roll  (22);  and 
means  (62)  for  electrically  biasing  said  developer  roll. 
3.  An  apparatus  according  to  claim  2,  including  means  (60)  for  detecting  the  current  biasing  said 

developer  roll  (22)  and  transmitting  a  signal  indicative  thereof. 
4.  An  apparatus  according  to  claim  3,  including  means  (64),  in  communication  with  said  detecting 

means  (60),  for  integrating  the  signal  received  from  said  detecting  means. 
5.  An  apparatus  according  to  claim  4,  including  logic  circuitry,  (66,  68)  in  communication  with  said 

integrating  means  (64),  for  processing  the  signal  received  from  said  integrating  means  and  transmitting  a 
control  signal  to  said  dispensing  means  (82)  for  regulating  the  discharge  of  marking  particles  therefrom 
into  said  storing  means  (84). 

6.  An  apparatus  according  to  any one  of  claims  2  to  5,  wherein  said  developer  roll  (22)  includes: 
a  tubular  member  (22)  mounted  rotatably  for  transporting  the  marking  particles  closely  adjacent  to  the 

latent  image;  and 
an  elongated  magnetic  member  (24)  disposed  interiorly  of  and  spaced  from  said  tubular  member  to 

attract  the  marking  particles  thereto. 
7.  An  apparatus  according  to  claim  6,  wherein  said  electrical  biasing  means  (62)  includes  a  voltage 

source  coupled  to  said  tubular  member. 
8.  An  electrophotographic  printing  machine  of  the  type  having  an  electrostatic  latent  image  recorded 

on  a  photoconductive  surface  with  a  developer  material  comprising  at  least  carrier  granules  having  toner 
particles  adhering  triboelectrically  thereto  being  advanced  closely  adjacent  to  the  latent  image  so  that  the 
toner  particles  are  attracted  from  the  carrier  granules  to  the  latent  image  forming  a  toner  powder  image  on 
the  photoconductive  surface,  the  machine  including  the  apparatus  of  any one  of  claims  1  to  7. 



9.  A  method  of  developing  a  latent  image  with  marking  particles,  including  the  steps  of: 
storing  a  supply  of  marking  particles  in  a  housing;  and 
transporting  marking  particles  in  the  housing  on  a  developer  roll  to  a  location  closely  adjacent  to  the 

latent  image  so  that  marking  particles  are  attracted  to  the  latent  image;  characterised  by 
sensing  the  charge  of  the  marking  particles  attracted  to  the  latent  image;  and 
dispensing  marking  particles  into  the  housing  in  response  to  the  sensed  charge. 
10.  A  method  according  to  claim  9,  including  electrically  biasing  the  developer  roll,  detecting  the 

current  biasing  the  developer  roll,  integrating  the  signal  indicative  of  the  detected  current  biasing  the 
developer  roll,  processing  the  integrated  signal  and  transmitting  a  control  signal  for  regulating  the 
dispensing  of  marking  particles  into  the  housing. 

1.  Vorrichtung  zum  Entwickeln  eines  Latenzbildes  mit  Markierungspartikeln,  enthaltend: 
eine  Einrichtung  (84)  zur  Speicherung  eines  Vorrats  von  Markierungspartikeln; 
eine  Einrichtung  (78,  80,  82)  zur  Abgabe  von  Markierungspartikeln  in  die  Speichereinrichtung;  und 
eine  Einrichtung  (58)  zum  Transport  der  Markierungspartikel  aus  der  Speichereinrichtung  an  eine 

Stelle  dicht  benachbart  dem  Latenzbild,  dadurch  gekennzeichnet,  daß 
die  Transporteinrichtung  (58)  so  eingerichtet  ist,  daß  sie  die  Ladung  von  Markierungspartikeln,  die  auf 

dem  Latenzbild  niedergeschlagen  werden,  abfühlt,  und  daß  eine  Einrichtung  (60, 64, 66, 68)  angeordnet  ist, 
die  ein  Signal,  das  für  die  ermittelte  Ladung  kennzeichnend  ist,  an  die  Abgabeeinrichtung  (82)  abgibt,  um 
die  Abgabe  von  Markierungspartikeln  in  die  Speichereinrichtung  zu  regeln. 

2.  Vorrichtung  nach  Anspruch  1,  bei  der  die  Transporteinrichtung  (58)  enthält: 
eine  Entwicklerwalze  (22);  und 
eine  Einrichtung  (62)  zum  elektrischen  Vorspannen  der  Entwicklerwalze. 
3.  Vorrichtung  nach  Anspruch  2,  enthaltend  eine  Einrichtung  (60)  zum  Ermitteln  des  Stromes,  der  die 

Entwicklerwalze  (22)  vorspannt  und  zum  Abgeben  eines  Signals,  das  dafür  kennzeichnend  ist. 
4.  Vorrichtung  nach  Anspruch  3,  enthaltend  eine  Einrichtung  (64)  in  Verbindung  mit  der 

Ermittlungseinrichtung  (60)  zum  Integrieren  des  von  der  Ermittlungseinrichtung  empfangenen  Signals. 
5.  Vorrichtung  nach  Anspruch  4,  enthaltend  eine  Logikschaltung  (66,  68)  in  Verbindung  mit  der 

Integriereinrichtung  (64)  zum  Verarbeiten  des  von  der  Integriereinrichtung  empfangenen  Signals  und  zum 
Abgeben  eines  Steuersignals  an  die  Abgabeeinrichtung  (82)  zum  Regeln  der  Abgabe  von  Markierungs- 
partikeln  daraus  in  die  Speichereinrichtung  (84). 

6.  Vorrichtung  nach  einem  der  Ansprüche  2  bis  5,  bei  der  die  Entwicklerwalze  (22)  enthält: 
ein  tubusförmiges  Element  (22),  das  drehbar  gelagert  ist  zum  Transport  der  Markierungspartikel  dicht 

benachbart  zum  Latenzbild;  und 
ein  langgestrecktes  magnetisches  Element  (24),  das  im  Inneren  des  und  im  Abstand  zu  dem 

tubusförmigen  Element  angeordnet  ist,  um  die  Markierungspartikel  darauf  anzuziehen. 
7.  Vorrichtung  nach  Anspruch  6,  bei  der  die  elektrische  Vorspanneinrichtung  (62)  eine 

Spannungsquelle  enthält,  die  mit  dem  tubusförmigen  Element  verbunden  ist. 
8.  Elektrographisches  Kopiergerät  von  der  Art,  bei  der  ein  elektrostatisches  Latenzbild  auf  einer 

photoleitfähigen  Oberfläche  aufgezeichnet  wird,  wobei  Entwicklermaterial,  das  wenigstens 
Trägerkörnchen  enthält,  an  denen  Tonerpartikel  triboelektrisch  anhaften,  dicht  benachbart  dem  Latenzbild 
vorbeibewegt  wird,  so  daß  die  Tonerpartikel  von  den  Trägerkörnchen  auf  das  Latenzbild  angezogen 
werden,  um  ein  Tonerpulverbild  auf  der  photoleitfähigen  Oberfläche  zu  erzeugen,  das  Gerät  enthaltend  die 
Vorrichtung  nach  einem  der  Ansprüche  1  bis  7. 

9.  Verfahren  zum  Entwickeln  eines  Latenzbildes  mit  Markierungspartikeln,  enthaltend  die  folgenden 
Schritte: 

Speichern  eines  Vorrates  von  Markierungspartikeln  in  einem  Gehäuse;  und 
Transportieren  der  Markierungspartikel  in  dem  Gehäuse  auf  eine  Entwicklerwalze  an  einer  Stelle  dicht 

benachbart  zu  dem  Latenzbild,  so  daß  die  Markierungspartikel  auf  das  Latenzbild  angezogen  werden, 
gekennzeichnet  durch: 

Ermitteln  der  Ladung  der  Markierungspartikel,  die  auf  das  Latenzbild  angezogen  werden;  und 
Abgeben  der  Markierungspartikel  in  das  Gehäuse  in  Abhängigkeit  von  der  ermittelten  Ladung. 
10.  Verfahren  nach  Anspruch  9,  enthaltend  das  elektrische  Vorspannen  der  Entwicklerwalze,  das 

Ermitteln  des  Stromes,  der  die  Entwicklerwalze  vorspannt,  das  Integrieren  des  Signals,  das  für  den 
ermittelten  Strom,  der  die  Entwicklerwalze  vorspannt,  kennzeichnend  ist,  und  das  Verarbeiten  des 
integrierten  Signals  und  Übertragen  eines  Steuersignals  zur  Regelung  der  Abgabe  von 
Markierungspartikeln  in  das  Gehäuse. 

1.  Appareil  pour  développer  une  image  latente  avec  des  particules  de  marquage,  comprenant: 
un  moyen  (84)  pour  stocker  une  fourniture  de  particules  de  marquage; 
des  moyens  (78,  80,  82)  pour  distribuer  des  particules  de marquage  dans  le  moyen  de  stockage;  et 



un  moyen  (58)  pour  acheminer  les  particules  de  marquage  du  moyen  de  stockage  à  un  emplacement 
étroitement  contigu  à  l'image  latente,  caractérisé  en  ce  que: 

le  moyen  d'acheminement  (58)  est  disposé  de  façon  à  détecter  la  charge  des  particules  de  marquage 
qui  sont  déposées  sur  l'image  latente  et  par  des  moyens  (60,  64,  66,  68)  agencés  de  manière  à  transmettre 
au  moyen  de  distribution  (82)  un  signal  représentatif  de  la  charge  détectée  afin  de  réguler  le  déchargement 
des  particules  de  marquage  dans  le  moyen  de  stockage. 

2.  Appareil  selon  la  revendication  1,  dans  lequel  le  moyen  d'acheminement  (58)  comprend: 
un  rouleau  de  révélateur  (22);  et 
un  moyen  (62)  pour  polariser  électriquement  le  rouleau  de  révélateur. 
3.  Appareil  selon  la  revendication  2,  comprenant  un  moyen  (60)  pour  détecter  le  courant  polarisant  le 

rouleau  de  révélateur  (22)  et  transmettre  un  signal  représentatif  de  ce  courant. 
4.  Appareil  selon  la  revendication  3,  comprenant  un  moyen  (64),  communiquant  avec  le  moyen  de 

détection  (60),  pour  intégrer  le  signal  provenant  du  moyen  de  détection. 
5.  Appareil  selon  la  revendication  4,  comprenant  un  circuit  logique  (66,  68),  communiquant  avec  le 

moyen  d'intégration  (64),  pour  traiter  le  signal  provenant  du  moyen  d'intégration  et  transmettre  un  signal 
de  commande  au  moyen  de  distribution  (82)  afin  de  réguler  le  déchargement  des  particules  de  marquage 
dans  le  moyen  de  stockage  (84)  provenant  du  moyen  de  distribution. 

6.  Appareil  selon  l'une  quelconque  des  revendications  2  à  5,  dans  lequel  le  rouleau  de  révélateur  (22) 
comprend: 

un  élément  tubulaire  (22)  monté  en  rotation  afin  d'acheminer  les  particules  de  marquage  jusqu'à  un 
endroit  étroitement  contigu  à  l'image  latente;  et 

un  élément  magnétique  allongé  (24)  disposé  à  l'intérieur  de  l'élément  tubulaire,  en  étant  espacé  de 
celui-ci,  afin  d'attirer  les  particules  de  marquage  vers  lui. 

7.  Appareil  selon  la  revendication  6,  dans  lequel  le  moyen  de  polarisation  électrique  (62)  comprend  une 
source  de  tension  couplée  à  l'élément  tubulaire. 

8.  Machine  d'impression  électrophotographique  du  type  comportant  une  image  latente  électrostatique 
enregistrée  sur  une  surface  photoconductrice  avec  un  révélateur  constitué  d'au  moins  des  granules  d'un 
porteur  ayant  des  particules  de  toner  qui  adhèrent  tribo-électriquement  qui  est  avancé  jusqu'à  un  endroit 
étroitement  contigu  à  l'image  latente  de  sorte  que  les  particules  de  toner  attirées  des  granules  du  porteur  à 
l'image  latente,  formant  une  image  en  poudre  de  toner  sur  la  surface  photoconductrice,  la  machine 
comprenant  l'appareil  de  l'une  quelconque  des  revendications  1  à  7. 

9.  Procédé  de  développement  d'une  image  latente  avec  des  particules  de  marquage,  caractérisé  en  ce 
qu'il  comprend  les  étapes  consistant  à: 

stocker  une  fourniture  de  particules  de  marquage  dans  un  logement;  et 
acheminer  des  particules  de  marquage  du  logement  sur  un  rouleau  de  révélateur  jusqu'à  un  endroit 

étroitement  contigu  à  l'image  latente  de  sorte  que  des  particules  de  marquage  sont  attirées  vers  l'image 
latente,  caractérisé  par  les  étapes  consistant  à: 

détecter  la  charage  des  particules  de  marquage  attirées  vers  l'image  latente;  et 
distribuer  des  particules  de  marquage  dans  le  logement  en  réponse  à  la  charge  détectée. 
10.  Procédé  selon  la  revendication  9,  comprenant  les  étapes  consistant  à  polariser  électriquement  le 

rouleau  de  révélateur,  détecter  le  courant  polarisant  le  rouleau  de  révélateur,  intégrer  le  signal  représentatif 
du  courant  détecté  polarisant  le  rouleau  de  révélateur,  traiter  le  signal  intégré  et  transmettre  un  signal  de 
commande  pour  réguler  la  distribution  des  particules  de  marquage  dans  le  logement. 
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