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Apparatus  for  developing  a  latent  electrostatic  image. 

An  apparatus  (20)  which  develops  a  latent  electro- 
static  image  with  magnetic  particles  (54).  The  apparatus 
(20)  includes  a  member  (62)  having  a  multiplicity  of  mag- 
netic  fibres  (66)  extending  outwardly  therefrom.  At  least  a 
portion  of  the  fibres  (66)  have  the  free  end  regions  thereof 
contacting  the  latent  image.  A  magnet  field  attracts  the 
particles  (54)  to  the  member  (62).  Relative  movement 
between  the  member  (62)  and  magnet  field  moves  the  par- 
ticles  (54)  into  contact  with  the  latent  image  and  moves 
the  free  ends  of  the  fibres  (68).  As  the  particles  (54)  are 
deposited  on  the  latent  image,  the  end  regions  of  the  fibres 
(66)  move  forming  a  substantially  uniform  particle  image. 



This  invention  relates  generally  to  an  apparatus   for  deve lop ing  

a  la tent   e l e c t r o s t a t i c   image  with  magnet ic   par t ic les .   An  apparatus   of  

this  type  is  f r equen t ly   employed  in  an  e l ec t ropho tograph ic   printing  m a c h i n e .  

Genera l ly ,   an  e l ec t ropho tograph ic   printing  machine  inc ludes  

a  pho toconduc t ive   member   which  is  charged  to  a  substant ia l ly   un i fo rm 

potent ia l   to  sens i t i ze   its  surface.   The  charged  portion  of  the  p h o t o c o n -  

ductive  surface   is  exposed  to  a  light  image  of  an  original  document   be ing  

reproduced.   This  records  an  e l ec t ros t a t i c   la tent   image  on  the  p h o t o c o n -  

ductive  member   corresponding  to  the  informat ional   areas  contained  wi th in  

the  original  documen t .   After  the  e l ec t ros t a t i c   la tent   image  is  r e c o r d e d  

on  the  p h o t o c o n d u c t i v e   member ,   the  la tent   image  is  developed  by  br inging 

a  developer  mix  into  contac t   therewith .   This  forms  a  powder  image  on 

the  pho toconduc t i ve   member   which  is  subsequently  t r ans fe r r ed   to  a  copy 
sheet.   Finally,   the  copy  sheet  is  heated  to  affix  the  powder  image  t h e r e t o .  

F r e q u e n t l y ,   the  developer  mix  comprises  toner  par t ic les   adher ing  

t r i b o e l e c t r i c a l l y   to  carr ier   granules.  This  two-componen t   mixture  is  b rough t  

into  con tac t   with  the  la tent   image.  The  toner  par t ic les   are  a t t r a c t e d  

from  the  ca r r i e r   granules  to  the  la tent   image  to  form  the  powder  i m a g e  

t h e r e o f .  

With  the  advent  of  single  component   developer  m a t e r i a l s ,  

car r ie r   granules  are  no  longer  required.  In  general,   the  developer  m a t e r i a l  

par t ic les   have  low  res is t iv i t ies ,   e.g.  the  resis t ivi ty   ranges  from  a b o u t  
104  to  about  109  o h m - c e n t i m e t e r s .   During  development ,   these  p a r t i c l e s  

are  deposited  on  the  la tent   image.  Though  deve lopment   is  o p t i m i z e d  

by  employing  pa r t i c l e s   having  low  resis t ivi ty   or  good  conduct iv i ty ,   t r a n s f e r  

is  opt imized  by  employing  part icles  having  high  res is t iv i t ies .   Thus,  t h e  

printing  mach ine   is  faced  with  two  con t rad ic to ry   r equ i rement s ,   i.e.  t h e  

ut i l iza t ion  of  pa r t i c l e s   having  low  resis t ivi ty   for  optimum  d e v e l o p m e n t ,  

and  having  high  res i s t iv i ty   for  optimum  t ransfer .   It  has  been  found  t h a t  

when  m o r e - r e s i s t i v e   par t ic les   are  employed,  they  f requent ly   p r o d u c e  

images  having  por t ions   of  the  solid  areas  unreproduced.   Various  a p p r o a c h e s  

have  been  devised  to  improve  d e v e l o p m e n t .  
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The  p e r t i n e n t   portions  of  the  foregoing  disclosures  may  be  

briefly  s u m m a r i z e d   as  f o l l o w s :  

Cross  discloses  a  ro t a t ab le   non-magnet ic   cylinder  having  i ron  

helices  thereon.   The  cyl inder  ro ta tes   in  a  container   having  magnets   m o u n t e d  

external ly   t h e r e o f .  

Solarck  descr ibes   a  woven  pile  brush  having  a  mixture  of  non-  

conductive  and  conduc t ive   pile  fibres.  The  conductive  pile  fibres  a r e  

shorter   than  the  non-conduc t ive   f ibres ,  and  can  function  as  a  d e v e l o p m e n t  

e lectrode  while  avoiding  c o n t a c t   with  the  la tent   i m a g e .  

M i l l e r   discloses  a  pair  of  metal l i sed  fur  brushes  having  individual  

flexible  f i l amen t s   coa ted   with  a  thin  layer  of  an  e lec t r ica l ly   c o n d u c t i v e  

metal.   One  brush  is of  low  e lec t r ica l   conduct ivi ty ,   while  the  other  is  



of  high  e l ec t r i ca l   c o n d u c t i v i t y .  

The  J apanese   patent   application  discloses  a  permanent   m a g n e t  

disposed  inside  a  r o t a t a b l e   cylindrical  non-magnet ic   sleeve.  A  fibre  brush ,  

whose  volume  e l ec t r i ca l   res i s tance   ranges  form  about  1 0   to  about  1014 

o h m - c e n t i m e t e r s ,   and  whose  height  ranges  from  about  0.5  to  about  1 0 m m ,  

is  secured  to  the  outer   periphery  of  the  non-magnet ic   s l e eve .  

In  a cco rdance   with  the  present  invention,  there  is  p r o v i d e d  

an  apparatus   for  developing  a  la tent   image.  The  apparatus   includes  a  

member  having  a  mul t ip l ic i ty   of  magnet ic   fibres  extending  o u t w a r d l y  

there f rom.   At  least   a  portion  of  the  fibres  has  the  free  end  region  t h e r e o f  

contact ing  the  l a t en t   image.  Means  are  provided  for  generat ing  a  m a g n e t i c  

field  to  a t t r a c t   the  par t ic les   to  the  member .   Rela t ive   movement   b e t w e e n  

the  member   and  magne t i c   field  is  produced  to  move  the  par t ic les   i n t o  

contac t   with  the  l a t en t   image.  As  the  part icles  are  being  deposi ted  on  

the  la tent   image,   the  ends  of  the  fibres  move,  forming  a  s u b s t a n t i a l l y  

uniform  pa r t i c l e   i m a g e .  

The  p resen t   invention  will  now  be  described  by  way  of  e x a m p l e  

with  r e f e r ence   to  the  accompanying   drawings,  in  which:  

Figure   1  is  a  s chema t i c   e levat ional   view  of  an  e l e c t r o p h o t o -  

graphic  printing  mach ine   incorpora t ing   the  present   invention  t h e r e i n ;  

Figure   2  is  a  s chema t i c   e levat ional   view  of  one  e m b o d i m e n t  

of  the  deve lopmen t   system  employed  in  the  Figure  1  printing  m a c h i n e ;  

F igure   3  is  a  s chema t i c   e levat ional   view  of  a  developer   r o l l e r  

utilized  in  the  Figure   2  deve lopment   s y s t e m ;  

Figure   4  is  a  s chema t i c   e levat ional   view  of  another   e m b o d i m e n t  

of  the  d e v e l o p m e n t   system  employed  in  the  Figure  1  printing  m a c h i n e ;  

Figure   5  is  a  s chema t i c   elevational   view  of  a  developer  r o l l e r  

used  in  the  F igure   4  deve lopment   s y s t e m ;  



Figure  6  is  a  f r agmen ta ry ,   exploded  view  depicting  one  e m b o d i m e n t  

of  the  fibre  weave  on  the  developer  roller,  a n d  

Figure  7  is  a  f r agmen ta ry ,   exploded  view  depicting  a n o t h e r  

embodiment   of  the  fibre  weave  on  the  developer  ro l l e r .  

For  a  general   unders tanding  of  the  fea tures   of  the  p r e s e n t  

invention,  r e f e r e n c e   is  made  to  the  drawings.  In  the  drawings,  like  r e f e r e n c e  

numerals   have  been  used  throughout   to  designate  like  e lements .   F i g u r e  

1  schemat ica l ly   depic ts   the  various  components   of  an  i l lus t ra t ive  e l e c t r o -  

p h o t o g r a p h i c   print ing  machine   incorporat ing  the  development   a p p a r a t u s  

of  the  present   invent ion  there in .   It  will  become  evident  from  the  fo l lowing  

discussion  that   the  deve lopmen t   appara tus   is  equally  well  suited  for  use  

in  a  wide  var ie ty   of  e l e c t r o s t a t o g r a p h i c   printing  machines,   and  is  n o t  

necessari ly  l imi ted   in  its  appl icai ton  to  the  par t icular   embodiments   shown 

he re in .  

Inasmuch  as  the  art  of  e l ec t ropho tograph ic   printing  is  wel l  

known,  the  various  processing  s ta t ions   employed  in  the  Figure  1  p r i n t i n g  

machine  will  be  shown  he r e ina f t e r   s chemat ica l ly   and  their  o p e r a t i o n  

described  briefly  with  r e f e r e n c e   t h e r e t o .  

As  shown  in  Figure  1,  the  i l lus t ra t ive   e l e c t r o p h o t o g r a p h i c  

printing  machine   employs  a  drum  10  having  a  photoconduct ive   s u r f a c e  

12.  Prefe rab ly ,   p h o t o c o n d u c t i v e   surface  12  comprises  a  t ranspor t   l a y e r  

containing  small  molecu les   dispersed  in  an  organic  resinous  m a t e r i a l ,  

and  a  genera t ion   layer   having  selenium  dispersed  in  a resinous  m a t e r i a l . "  

Drum  10  moves  in  the  d i rec t ion   of  arrow  14  to  advance  successive  po r t i ons  

of  pho toconduc t ive   sur face   12  sequent ia l ly   through  the  various  p roces s ing  

stations  disposed  about  the  path  of  movement   t h e r e o f .  

Init ial ly,   a  port ion  of  pho toconduc t ive   surface  12  passes  t h rough  

charging  s ta t ion   A  where  a  corona  genera t ing   device,  indicated  g e n e r a l l y  

by  the  r e f e rence   numera l   16,  charges   photoconduc t ive   surface  12  to  a  



relatively  high  subs tan t i a l ly   uniform  p o t e n t i a l .  

Next,   the  charged  portion  of  photoconduct ive   surface  12  is  

advanced  through  exposure   s ta t ion  B  including  exposure  system  18,  w h e r e i n  

an  original  documen t   is  posi t ioned  face-down  upon  a  t r ansparen t   p l a t e n .  

The  light  rays  r e f l e c t e d   from  the  original  document  are  t r a n s m i t t e d   t h r o u g h  

a  lens  to  form  a  light  image  thereof .   The  light  image  is  pro jec ted   o n t o  

the  charged  port ion  of  pho toconduc t ive   surface  12  to  dissipate  the  c h a r g e  

thereon  se lec t ive ly .   This  records  an  e l ec t ro s t a t i c   la tent   image  on  p h o t o -  

conductive  sur face   12  cor responding   with  the  indicia  on  the  original  d o c u m e n t .  

Thereaf te r ,   drum  10  advances   the  e l ec t ro s t a t i c   la tent   image  on  p h o t o -  

conductive  sur face   12  to  deve lopment   s tat ion  C .  

At  d e v e l o p m e n t   s ta t ion   C,  a  magnet ic   fibre  brush  d e v e l o p m e n t  

sytem,  indica ted   genera l ly   by  the  r e fe rence   numeral  20,  advances  m a g n e t i c  

particles  into  c o n t a c t   with  the  e l e c t r o s t a t i c   la tent   image.  The  l a t e n t  

image  a t t r a c t s   the  pa r t i c les ,   forming  a  part icle  image  on  p h o t o c o n d u c t i v e  

surface  12  of  drum  10.  The  deta i led  s t ruc tu re   of  the  deve lopment   s y s t e m  

will  be  descr ibed  h e r e i n a f t e r   with  r e fe rence   to  Figures  2  through  7,  inc lus ive .  

Drum  10  then  advances   the  part icle   image  to  t ransfer   s t a t i o n  

D  at  which  a  sheet   of  support   ma te r i a l   is  moved  into  contac t   with  t h e  

particle  image.   The  sheet   of  support   mater ia l   is  advanced  to  t r a n s f e r  

s tat ion  D  by  a  shee t   feeding  appara tus   indicated  generally  by  the  r e f e r e n c e  

numeral  22.  P r e f e r a b l y ,   sheet   feeding  apparatus   22  includes  a  feed  ro l l  

24  contac t ing   the  uppe rmos t   sheet   of  a  stack  of  sheets  26.  Feed  roll  24  

rota tes   in  the  d i rec t ion   of  arrow  28  so  as  to  advance  the  uppermost   s h e e t  

into  the  nip  def ined  by  fo rward ing   rollers  30.  Forwarding  rollers  30  r o t a t e  

in  the  d i rect ion  of  arrow  32  to  advance  the  sheet  into  chute  34.  C h u t e  

34  directs  the  advancing   sheet   of  support  mater ia l   into  con tac t   with  t h e  

photoconduc t ive   su r face   of  drum  10  so  that  the  par t ic le   image  d e v e l o p e d  

thereon  con tac t s   the  advancing  sheet   at  t ransfer   s tat ion  D.  

Trans fe r   s t a t ion   D  includes  a  corona  genera t ing   device  36 

which  sprays  ions  onto  the  back  of  the  sheet.   This  a t t r ac t s   the  p a r t i c l e  



image  from  p h o t o c o n d u c t i v e   surface  12  to  the  sheet.   After  t r a n s f e r ,  

the  sheet  con t inues   to  move  in  the  direction  of  arrow  38  onto  a  c o n v e y o r  
40  which  advances   the  sheet   to  fusing  s tat ion  E .  

Fusing  s ta t ion   E  includes  a  fuser  assembly,  indicated  g e n e r a l l y  

by  the  r e f e r e n c e   numeral   42,  which  permanent ly   affixes  the  t r a n s f e r r e d  

paticle  image  to  the  sheet .   Pre fe rab ly ,   fuser  assembly  42  includes  a  h e a t e d  

fuser  roller  44  and  a  back-up  roller  46.  The  sheet  passes  between  f u s e r  

roller  44  and  back-up  roller  46  with  the  part icle   image  contac t ing   f u s e r  

roller  44.  In  this  manner ,   the  par t ic le   image  is  pe rmanent ly   aff ixed  t o  

the  sheet.   Af t e r   fusing,  the  forwarding  rollers  48  advance  the  sheet   t o  

catch  tray  50  for  subsequent   removal   from  the  printing  machine  by  t h e  

o p e r a t o r .  

Invar iably,   a f ter   the  sheet  of  support  mate r ia l   is  s e p a r a t e d  

from  p h o t o c o n d u c t i v e   surface   12  of  drum  10,  some  residual  par t ic les   r e m a i n  

adhering  t h e r e t o .   These  residual   par t ic les   are  removed  from  p h o t o c o n -  

ductive  su r face   12  at  cleaning  s ta t ion  F.  Cleaning  s tat ion  F  inc ludes  

a  ro ta tab ly   moun ted   fibrous  brush  in  con tac t   with  photoconduct ive   s u r f a c e  

12.  The  pa r t i c l e s   are  c leaned  from  photoconduc t ive   surface  12  by  t h e  

rota t ion  of  the  brush  in  con tac t   therewi th .   Subsequent   to  cleaning,  a  

discharge  lamp  (not  shown)  floods  pho toconduc t ive   surface  12  with  l i g h t  

to  dissipate  any  res idual   e l e c t r o s t a t i c   charge  remaining  thereon  p r i o r  

to  the  charging  t he reo f   for  the  next  successive  image  c y c l e .  

It  is  bel ieved  that   the  foregoing  descr ipt ion  is  suff ic ient   f o r  

purposes  of  the  p resen t   appl ica t ion  to  i l lus t ra te   the  general  o p e r a t i o n  

of  an  e l e c t r o p h o t o g r a p h i c   printing  machine  incorpora t ing   the  f e a t u r e s  

of  the  present   invent ion  t h e r e i n .  

R e f e r r i n g   now  to  the  specific  subject  ma t t e r   of  the  p r e s e n t  

invention,  one  e m b o d i m e n t   of  deve lopment   system  20  is  depicted  in  F i g u r e  

2.  As  shown  in  F igure   2,  deve lopment   system  20  includes  a  hopper  52 

storing  a  supply  of  magne t i c   par t ic les   54  therein.   Par t ic les   54  d e s c e n d  

through  a p e r t u r e   56  in  hopper  52  onto  the  surface  of  developer  r o l l e r  



58.  Developer   rol ler   58  includes  an  e longated  cylindrical  magnet  60  m o u n t e d  

interiorly  of  a  r e l a t i v e l y - m o v a b l e   tubular  member  62.  A  tubular  s l e e v e  

64  fits  over  tubular   member   62.  Preferably ,   tubular  sleeve  64  is  m a d e  

from  a  fabric  and  has  a  mul t ip l ic i ty   of  stainless  steel  tufts  66  e x t e n d i n g  

outwardly  t h e r e f r o m .   Sleeve  64  is  preferably  cemented   to  tubular  m e m b e r  

62.  A  voltage  source  (not  shown)  e lec t r ica l ly   biases  sleeve  64  to  a  s u i t a b l e  

magnitude  and  polar i ty   to  e f fec t   development   of  the  la tent   image  w i t h  

the  magnet ic   pa r t i c l e s .   Each  tuft   66  on  sleeve  64  includes  a  m u l t i p l i c i t y  

of  stainless  s teel   f ibres.   Tufts  66  contac t   photoconduct ive   surface  12 

of  drum  10  in  d e v e l o p m e n t   zone  68.  Thus,  as  the  par t ic les   54  are  be ing  

deposited  on  the  l a t en t   image  recorded  on  photoconduct ive   surface  12, 

tufts  66  are  in  c o n t a c t   the rewi th .   Tufts  66  extend  about  the  entire  c i r c u m -  

ferential   su r face   of  tubular   member   62.  Tubular  member  62  is  made  f r o m  

a  non-magne t i c   m a t e r i a l ,   such  as  aluminum.  Preferably ,   magnet   60  is 

made  from  bar ium  f e r r i t e   having  a  pe rmanent   magnet ic   f i e ld .  

Tubu la r   m e m b e r   62  ro ta tes   in  the  direction  of  arrow  7 0 .  T h e  

angular  ve loci ty   of  tubular   member   70  is  such  that  the  tangent ia l   v e l o c i t y  

thereof   is  equal  to  the  t angen t ia l   velocity  of  drum  10.  Magnetic   m e m b e r  

60  ro ta tes ,   in  the  d i rec t ion   of  arrow  72,  at  an  angular  velocity  g r e a t e r  

than  the  angular   ve loc i ty   of  tubular  member   62.  Al te rna t ive ly ,   m a g n e t i c  

member  60  may  r o t a t e   in  a  direct ion  opposed  to  arrow  72.  As  m a g n e t  

60  moves  r e l a t i ve ly   to  s leeve  64  par t ic les   54  are  t r anspor ted   over  and  

around  tufts   66.  This  is  because   magnet ic   dipoles  are  set  up  in  each  f i b r e  

of  tufts  66,  which  causes  m o v e m e n t   of  the  free  end  of  each  fibre.  It  is 

desirable  to  move  the  free  end  of  each  fibre  of  tufts  66  both  c i r c u m f e r e n t i a l l y  

and  la tera l ly .   This  may  be  achieved  by  employing  fibres  having  d i f f e r i n g  

magnet ic   p r o p e r t i e s ,   in  which  case  magnet ic   fields  of  varying  s t r e n g t h  

are  es tab l i shed   b e t w e e n   the  fibre  ends.  Fibre  motion  is  dependent   upon  
the  magnet ic   f ield  g rad ien t   at  any  point  on  the  fibre.  This  results  in  t h e  

fibres  moving  in  all  d i rec t ions .   Al te rna t ive ly ,   both  c i r cumfe ren t i a l   a n d  

lateral  m o v e m e n t   of  each  tuft   fibre  may  be  achieved  by  forming  m a g n e t  
60  with  a  hel ical   m a g n e t i c   pa t t e rn .   The  foregoing  is  shown  more  c l e a r l y  

in  Figure  3.  



Figure  3  shows  developer  roller  58  in  grea ter   detail.  M a g n e t  

60  is  mounted  r o t a t a b l y   within  tube  62  and  has  a  helical  magnet ic   po le  

pat tern  74  fo rmed   thereon .   Preferably ,   the  helix  angle  is  about  74°,  e .g . ,  

one  turn  per  2.5  cm  axial  length  for  a  2.8  cm  d iameter   magnet .   T u b e  

62  and  magnet   60  are  r o t a t ed   by  a  constant   speed  drive  motor  61.  T h e  

gears  coupling  mo to r   61  with  magnet   60  and  tube  62  are  se lec ted   s u c h  

that  magnet   60  r o t a t e s   at  a  grea ter   angular  velocity  than  tube  62 .  P r e f e r -  

ably,  tube  62  is  r o t a t e d   at  an  angular  velocity  such  that   the  t a n g e n t i a l  

velocity  the reof   is  subs tan t ia l ly   equal  to  the  tangent ia l   velocity  of  d r u m  

10. 

When  m a g n e t   60  has  a  helical  pole  pa t te rn   74  formed  t h e r e o n ,  

the  magnet ic   pa r t i c l e s   will  advance  in  a  lateral   direct ion  s u b s t a n t i a l l y  

parallel  to  the  longi tudinal   axis  of  tubular  member   62  as  well  as  c i r c u m -  

ferent ial ly.   Thus,  the  unused  magnet ic   par t ic les   will  progress  t o w a r d  

one  end  of  tubular   m e m b e r   62.  In  order  to  prevent   these  par t ic les   f r o m  

cascading  over  p h o t o c o n d u c t i v e   surface  12,  they  must  be  col lec ted   a n d  

returned  to  hopper  52  for  subsequent   re-use.  To  achieve  the  f o r e g o i n g ,  

a  housing  (not  shown)  is  loca ted   at  one  end  of  tubular  member   62  f o r  

receiving  the  unused  par t ic les .   A  par t ic le   t ranspor t   (not  shown),  e .g .  

a  helical  auger  or  bead  chain,  re turns  the  part icles   to  hopper  52.  

R e f e r r i n g   now  to  Figure  4,  another   embodiment   of  d e v e l o p m e n t  

system  20  is  dep ic t ed .   Once  again,  hopper  52  houses  a  supply  of  m a g n e t i c  

part icles  54  which  descend   through  aper ture   56  onto  tubular  member   54.  

An  elongated  cy l indr ica l   magnet   76  is  disposed  inter ior ly  of  tubular  m e m b e r  

74.  Tubular  m e m b e r   74  remains   substant ia l ly   s ta t ionary   while  m a g n e t i c  

member   76  r o t a t e s   in  the  direct ion  of  arrow  78.  An  a rcua te   fabric  m e m b e r  

80  is  secured  to  tubular   member   74.  Preferably ,   fabric  member   80  is  

cemented   to  tubular   member   74  in  development   zone  82.  The  pos i t i on  

of  fabric  member   80  is  op t imized   with  r e fe rence   to  deve lopment   z o n e  

82.  A  mul t ip l ic i ty   of  tu f t s   84  extend  in  an  outwardly  direct ion  from  f a b r i c  

80.  Each  tuft   is  woven  through  fabric  80  and  comprises  a  m u l t i p l i c i t y  

of  fibres.  Each  tu f t   84  is  in  con tac t   with  photoconduc t ive   surface  12 



of  drum  10  in  deve lopmen t   zone  82.  A  voltage  source  e lect r ical ly   b iases  

fabric  80  to  a  sui table   magni tude   and  polarity  to  f ac i l i t a te   d e v e l o p m e n t .  

Magnet  76  ro t a t e s   in  the  direct ion  of  arrow  78  while  tubular  m e m b e r  

74  remains  s t a t i ona ry .   As  magnet ic   member   76  ro ta tes ,   part icles   54  a d v a n c e  

around  tubular  member   74  into  development   zone  82.  Once  p a r t i c l e s  

54  enter  the  deve lopmen t   zone,  they  move  around  and  over  tufts  84  a n d  

are  deposited  on  the  l a ten t   image  recorded  on  photoconduct ive   s u r f a c e  

12  of  drum  10.  The  free  end  of  each  tuft  fibre  moves  as  magnet   76  r o t a t e s  

in  the  direction  of  arrow  78.  As  magnet   76  ro ta tes ,   magnet ic   d ipoles  

are  set  up  in  each  tuft   fibre  producing  movement   thereof .   Once  aga in ,  

it  is  desirable  to  have  both  c i r cumfe ren t i a l   and  lateral   motion  of  the  f r e e  

end  portions  of  the  tuf t   f ibres.   The  foregoing  may  be  achieved  by  employ ing  

fibres  having  d i f f e r en t   magne t i c   propert ies   or,  a l te rna t ive ly ,   by  impos ing  

a  helical  pole  p a t t e r n   on  magne t   76.  If  magnet   76  has  a  helical  m a g n e t i c  

pole  pat tern,   ro ta t ion   the reof   will  produce  both  c i r cumferen t i a l   and  l a t e r a l  

movement   of  the  end  of  each  tuft   fibre.  This  will  occur  even  if  the  m a g n e t i c  

propert ies  of-the  fibres  are  subs tant ia l ly   similar.  Preferably ,   t u b u l a r  

member  74  is  made  from  a  non-magne t i c   mater ia l   such  as  a l uminum.  

Magnet  76  is  p r e f e r ab ly   made  from  barium  f e r r i t e .  

As  previously  indica ted ,   the  ut i l izat ion  of  a  magnet   having 

a  helical  pole  p a t t e r n   fo rmed   thereon  moves  the  par t ic les   both  c i r c u m -  

ferent ial ly  and  l a te ra l ly .   This  results  in  the  unused  magnet ic   p a r t i c l e s  

moving  toward  one  end  of  tubular   member   62  where  they  are  c o l l e c t e d  

in  a  housing  (not  shown).  A  par t ic le   t ranspor t  (no t   shown)  returns  t h e  

unused  par t ic les   to  hopper  52  for  subsequent   r e - u s e .  

Re fe r r ing   now  to  Figure  5,  there  is  shown  tubular  m e m b e r  

74  having  fabric  80  secured   the re to   in  development   zone  82.  Hence,  f a b r i c  

80  extends  over  a  small  a r cua t e   region,  the  length  thereof   being  d e f i n e d  

by  development   zone  82.  Tufts  84  are  of  suff ic ient   length  to  have  t h e  

free  end  portions  the reof   con tac t ing   photoconduc t ive   surface  12.  As  

drive  motor  75  r o t a t e s   magne t   76,  par t ic les   54  move  around  tubular  m e m b e r  



74  and  into  deve lopmen t   zone  82.  In  development   zone  82,  par t ic les   54 

contact   the  moving  tuft   fibres.  Motor  75  is  preferably   a  constant   s p e e d  

motor.  This  ensures  that  the  par t ic le   image  deposited  on  p h o t o c o n d u c t i v e  

surface  12  of  drum  10  is  subs tant ia l ly   un i fo rm.  

Re fe r r ing   now  to  Figure  6,  there  is  shown  one  manner  in  wh ich  

tufts  66  may  be  secured  to  fabric  64.  One  skilled  in  the  art  will  a p p r e c i a t e  

that  the  foregoing  t echnique   may  be  employed  for  the  embodiment   shown  

in  Figures  2  and  3  as  well  as  for  the  embodiment   depicted  in  Figures  4  

and  5.  Each  tuft   66  includes  a  mult ipl ic i ty   of  stainless  steel  fibres  86.  

Each  group of  f ibres  86  in  tuft   66  pass  through  fabric  64  in  a  W - s h a p e d  

configurat ion.   The  tuf ts   66  are  spaced  uniformly  apart   by  distance  d. 

An  a l t e r n a t e   method  of  weaving  tuft  66  in  fabric  64  is  shown  

in  Figure  7.  As  dep ic ted   t he rea t ,   each  fibre  86  of  each  tuft  66  p a s s e s  

through  fabric  64  in  a  U-shaped  configurat ion.   Once  again,  the  i n t e r - t u f t  

distance  d  is  m a i n t a i n e d .  

By  way  of  example ,   the  fabric  is  preferably   made  from  c o t t o n  

having  a  conduct ive   coat ing  of  black  latex  heavily  loaded  with  c a r b o n  

thereon.  P r e f e r ab ly ,   each  tuf t   has  from  about  500  to  about  1500  f i b r e s  

therein.  Each  fibre  ranges  from  about  0.005  to  about  0.015  mm  in  t h i c k n e s s .  

It  has  been  found  that   the  density  of  tufts  is  impor tan t ,   and  that  too  g r e a t  

a  density  p revents   i ndependen t   movement   of  each  fibre  and  results  in 

particle  blockages,   causing  image  s treaking.   Thus,  it  is  p re fe r red   t h a t  

there  be  from  about  8  to  about  16  tufts  per  square  cm  of  fabric.  T h e  

distance  d  be tween   each  ad jacen t   tuft   preferably  ranges  from  2.0  to  2 .5  

mm.  It  is  desi rable   that   the  tufts   be  of  sufficient   length  to  form  a  f a i r l y  

soft  brush.  However ,   it  has  been  found  that  the  length  is  but  one  p a r a m e t e r  
in  defining  the  sof tness   of  the  brush,  another  pa r ame te r   being  the  m a n n e r  
of  weave.  Hence,   a  W-shaped  weave,  as  shown  in  Figure  6,  has  been  f ound  

to  be  s t i ffer   than  a  U-shaped  weave,   as  depicted  in  Figure  7. 



1.  Apparatus   (20)  for  developing  a  latent  e l ec t ros ta t i c   i m a g e  

with  magnet ic   part icles   (54),  cha rac te r i zed   by  a  member  (62)  having  a  

multiplicity  of  magnet ic   fibres  (86)  extending  outwardly  therefrom  w i t h  

the  free  ends  of  at  least  a  portion  of  said  fibres  (86)  being  intended  t o  

contact   the  surface  bearing  the  latent  image;  means  (60)  for  g e n e r a t i n g  

a  magnetic  field  to  a t t r a c t   the  particles  (54)  to  said  member  (62),  and  

means  (68,  75)  for  producing  relat ive  movement   between  said  m e m b e r  

(62)  and  the  magnet ic   field  to  move  the  particles  (54)  a t t r a c t e d   to  sa id  

member  (62)  into  contac t   with  the  latent   image,  and  to  move  the  f r e e  

end  region  of  each  of  said  fibres  (86)  so  that  the  part icles  (54)  being  de-  

posited  on  the  la tent   image  form  a  substantially  uniform  part icle  i m a g e .  

2.  An  apparatus   (20)  as  reci ted  in  Claim  1,  wherein  said  m e m b e r  

(62)  includes  an  e longated  tubular  m e m b e r .  

3.  An  apparatus   (20)  as  reci ted  in  Claim  2,  wherein  said  g e n e r a t i n g  

means  includes  an  e longated  magnet ic   member  (60)  disposed  i n t e r io r ly  

of  said  tubular  member   (62). 

4.  An  apparatus   (20)  as  recited  in  Claims  2  or  3,  wherein  s a id  

fibres  (86)  are  grouped  toge ther   to  form  a  multiplicity  of  spaced  t u f t s  

(66)  with  each  of  said  tufts  (66)  having  a  multiplicity  of  fibres  (86). 

5.  An  apparatus   (20)  as  reci ted  in  Claim  4,  wherein  the  spac ing  

between  adjacent   tufts  (66)  is  substantial ly  equal .  

6.  An  apparatus   (20)  as  reci ted  in  Claim  5,  further  including  a  

fabric  (64)  secured  to  said  tubular  member  (62)  and  having  said  tufts  (66) 

woven  t h e r e t h r o u g h .  

7.  An  apparatus   (20)  as  reci ted  in  Claim  6,  wherein  said  f a b r i c  



(64)  includes  a  conductive  coa t ing .  

8.  An  apparatus  (20)  as  reci ted  in  Claim  4,  wherein  said  t u f t s  

(66)  are  disposed  on  the  c i rcumferen t ia l   portion  of  said  tubular  m e m b e r  

(62)  positioned  adjacent   the  latent   image .  

9.  An  apparatus  (20)  as  reci ted  in  Claim  4,  wherein  said  t u f t s  

(66)  are  disposed  on  the  c i rcumferen t ia l   surface  of  said  tubular  m e m b e r  

(62). 

10.  An  apparatus  (20)  as  reci ted  in  Claim  4,  wherein  said  f ib res  

(86)  are  made  preferably  from  a  magnet ic   stainless  s t ee l .  
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