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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  the  field  of 
electrography  and,  more  particularly,  to  improve- 
ments  in  magnetic  brush  apparatus  and  systems 
for  developing  electrostatic  images. 

Description  of  the  Prior  Art 

In  commonly  assigned  U.S.  Patent  No. 
4,473,029,  there  is  disclosed  an  electrographic  de- 
velopment  system  comprising  a  magnetic  brush 
applicator  and  a  two-component  developer.  The 
magnetic  brush  applicator  comprises  a  cylindrical 
sleeve  having  concentrically  positioned  therein  a 
cylindrically-shaped  multi-pole  magnetic  core 
piece.  Means  are  provided  for  rotating  the  mag- 
netic  core  piece  at  a  relatively  high  speed  (e.g. 
1000-3000  rpm)  and,  optionally,  for  rotating  the 
sleeve  at  a  slower  speed  (e.g.  50-100  rpm).  The 
developer  comprises  a  mixture  of  thermoplastic 
toner  particles  and  "hard"  magnetic  carrier  par- 
ticles  of  high  coercivity  (>  0.05  Tesla)  and  induced 
magnetic  moment  (>5  EMU/gm  in  a  field  of  0.1 
Tesla).  The  toner  particles  adhere  to  the  carrier 
particles  by  triboelectric  forces.  During  rotation  of 
the  magnetic  core  piece,  the  developer  is  trans- 
ported  along  the  sleeve's  outer  surface  from  a 
reservoir  to  a  development  zone.  There,  the  devel- 
oper  comes  into  contact  with  a  latent  electrostatic 
image,  and  toner  is  stripped  from  the  carrier  par- 
ticles  to  effect  image  development.  Following  im- 
age  development,  the  partially  denuded  carrier  par- 
ticles  are  stripped  from  the  sleeve  and  returned  to 
the  development  reservoir  for  toner  replenishment. 

In  electrographic  developement  systems  of  the 
type  described  in  the  above-noted  patent,  each  of 
the  developer's  carrier  particles  is  itself  a  tiny  per- 
manent  magnet  and  behaves  as  such  on  the  brush 
sleeve  surface.  Thus,  as  the  magnetic  core  piece 
rotates  at  high  speed  within  the  sleeve,  each  carrier 
particle  on  the  outer  surface  of  the  sleeve  continu- 
ously  flip-flops,  end-for-end,  in  attempting  to  align 
itself  with  the  rapidly  changing  magnetic  field. 
While  this  fast-changing  magnetic  field  and  the 
resulting  flipping  action  of  the  carrier  results  in 
excellent  transport  and  mixing  of  the  developer  on 
the  brush  sleeve  surface,  it  has  the  drawback  of 
undesirably  increasing  the  temperature  of  the  de- 
veloper  mass.  When  the  developer  contains  toner 
having  a  relatively  low  glass  transition  temperature, 
as  is  necessary  in  high  speed  copiers  to  effect 
rapid  fusion  of  the  toner  to  the  copy  sheet,  toner 
agglomerations  can  form  which  have  an  adverse 

effect  on  toner  replenishment  and  ultimately  on 
image  quality. 

The  developer  heating  problem  noted  above 
worsens  as  the  time  during  which  the  developer  is 

5  subjected  to  the  high  field  gradient  produced  by 
the  rotating  core  piece  increases.  Were  it  possible 
to  feed  the  developer  to  the  brush  sleeve  at  a  point 
just  upstream  of  the  development  zone  and  to 
remove  the  developer  from  the  brush  immediately 

io  after  development,  the  developer  heating  problems 
would  be  alleviated  to  a  great  extent.  Unfortunately, 
due  to  many  considerations,  it  is  often  impractical 
to  supply  developer  to  the  brush  sleeve  at  a  loca- 
tion  less  than  about  60  °  upstream  of  the  develop- 

75  ment  zone  and  to  remove  the  developer  any  soon- 
er  than  about  60°  downstream  of  the  developer 
zone.  Unfortunately,  during  this  120°  (or  more) 
angular  range  that  the  developer  is  subjected  to  the 
high  field  gradient  required  to  effect  good  develop- 

20  ment  at  the  development  zone,  the  developer  heat- 
ing  problem  arises. 

Other  technical  problems  associated  with  de- 
velopment  systems  of  the  rotating  core/hard  mag- 
netic  carrier  type  are  those  of  high  torque  require- 

25  ments  and  developer  skiving  difficulties.  The  torque 
requirements  are  high  due  to  the  need  to  rotate  the 
core  piece  at  high  speed  within  the  magnetic  de- 
veloper  mass  which,  as  indicat  ve,  is  in  relatively 
close  proximity  of  the  core  piece  over  an  angular 

30  range  of  at  least  120°  of  the  core  rotation.  The 
magnetic  field  between  the  core  piece  and  devel- 
oper  acts  as  a  drag  on  the  core  piece,  increasing 
the  work  required  to  rotate  the  core  and,  hence  the 
power  requirements  of  the  overall  copying  appara- 

35  tus.  Skiving  of  the  developer  (eg.  to  effect  toner 
replenishment)  can  be  difficult  because  the  devel- 
oper  must  be  physically  stripped  from  the  brush 
sleeve  while  in  the  presence  of  the  same  high 
magnetic  field  gradient  required  to  effect  good  im- 

40  age  development. 
Since  the  severity  of  all  the  above-noted  prob- 

lems  is  closely  related  to  the  magnetic  field 
strength  produced  by  the  rotating  core  piece,  an 
obvious  solution  might  be  to  reduce  the  field 

45  strength  of  the  core  magnets.  However,  as  copy 
throughput  increases,  one  finds  that  this  approach 
give  rise  to  another  technical  problem,  namely, 
"carrier  pickup,"  i.e.,  an  undesired  deposition  of 
carrier  particles  in  the  developed  image.  Carrier 

50  pickup  can  produce  devastating  effects  in  the  form 
of  scoring  of  the  recording  element  and  other  copi- 
er  components  (e.g.  fusing  and/or  transfer  rollers). 
To  minimize  carrier  pickup,  it  is  desirable  to  main- 
tain  a  magnetic  field,  at  the  development  zone  of  at 

55  least  0.1  Tesla  and,  at  this  field  strength,  of  afore- 
mentioned  disadvantages  return. 

EP-A-132  932  discloses  a  magnetic  brush-type 
development  system  in  which  a  tubular  member 
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contains  two  separate  pole  pieces,  a  stationary 
pole  piece  and  a  rotatably  driven  pole  piece.  The 
tubular  member  is  rotatably  driven  and  the  station- 
ary  pole  piece  functions  to  attract  developer  from  a 
developer  sump  to  the  surface  of  member  so  that  it 
may  be  transported  to  the  development  zone.  At 
the  development  zone,  the  rotating  core  piece 
serves  to  agitate  the  developer  and  to  transport  it 
over  a  relatively  short  distance  beyond  the  devel- 
opment  zone.  After  the  developer  material  exits 
said  development  zone,  it  is  capable  of  falling 
freely  from  the  tubular  member  inasmuch  as  there 
is  little  or  no  magnetic  forces  attracting  the  devel- 
oper  material  thereto. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  foregoing  discussion,  an  object 
of  this  invention  is  to  improve  known  magnetic 
brush  apparatus  of  the  type  described.  This  object 
is  achieved  by  the  provision  of  a  magnetic  brush 
apparatus  according  to  claim  1  .  Since  the  core  axis 
is  closer  to  the  development  zone  than  the  central 
axis  of  the  sleeve  a  strong  magnetic  field  outside 
the  sleeve  is  provided  only  in  the  region  where  it  is 
most  critical,  namely,  in  the  vicinity  of  the  develop- 
ment  zone  in  a  region  slightly  downstream  of  such 
zone,  i.e.,  in  the  direction  of  travel  of  the  recording 
element.  Everywhere  else  outside  the  sleeve,  the 
field  produced  by  the  core  is  substantially  reduced, 
allowing  for  easier  skiving  of  developer,  and  lower 
torque  requirements  for  rotating  the  core.  Also, 
because  the  developer  is  subjected  to  a  reduced 
magnetic  field  both  upstream  and  downstream  of 
the  development  zone,  less  thermal  energy  is  intro- 
duced  into  the  developer  mass. 

The  invention  and  its  various  advantages  will 
become  more  apparent  to  those  skilled  in  the  art 
from  the  ensuing  detailed  description  of  a  preferred 
embodiment,  reference  being  made  to  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  cross-sectional  illustration  showing 
an  electrographic  development  system  embody- 
ing  the  invention; 
FIG.  2  is  a  magnetic  field  map  of  a  magnetic 
brush  applicator  with  a  non-concentrically  ar- 
ranged  magnetic  core  piece; 
FIG.  3  illustrates  a  preferred  core/sleeve  geome- 
try;  and 
FIG.  4  is  a  cross-sectional  illustration  of  appara- 
tus  for  rotating  the  brush's  outer  sleeve  and 
interior  magnetic  core  about  spacial  parallel 
axis. 

DETAILED  DESCRIPTION  OF  PREFERRED  EM- 

BODIMENTS 

FIG.  1  illustrates  an  electrographic  develop- 
ment  system  10  comprising  a  two-component  de- 

5  veloper  D  and  a  magnetic  brush  applicator  12  for 
applying  such  developer  t  o  the  electrostatic  im- 
agebearing  surface  of  an  electrographic  recording 
element  E.  The  recording  element  may  comprise, 
for  example,  a  conductive  substrate  14  having  a 

io  photoconductive  or  dielectric  layer  16  disposed 
thereon.  The  charge  image  borne  by  the  recording 
element  may  be  formed  by  any  one  of  a  variety  of 
conventional  electrographic  or  electrophotographic 
techniques.  As  the  recording  element  is  advanced 

is  in  the  direction  of  the  arrow  past  the  magnetic 
brush  applicator  12,  the  charge  image,  indicated  as 
a  negative  charge  on  layer  16,  is  presented  to  a 
development  zone  Z  at  which  the  upper  surface  of 
the  magnetic  brush  applicator  contacts  the  charge 

20  image  and  applies  developer  thereto. 
The  two-component  developer  D  is  contained 

by  a  sump  housing  H,  and  is  supplied  to  the 
magnetic  brush  applicator  by  a  bucket-brigade 
feeding  mechanism  B  which  rotates  in  the  direction 

25  indicated  by  the  arrow.  As  the  bucket-brigade 
rotates,  paddles  18  lift  the  developer  from  the 
sump  and  transports  it  to  a  loading  zone  L  at  which 
it  is  transferred  to  the  brush  applicator  by  magnetic 
forces,  as  explained  below.  A  metering  skive  19 

30  controls  the  thickness  of  the  layer  of  developer 
transported  by  the  applicator  to  the  development 
zone.  After  passing  the  development  zone,  the 
developer  returns  to  the  sump  where  it  is  mixed 
with  fresh  developer,  such  as  by  the  ribbon  blender 

35  R  disclosed  in  the  commonly-assigned  U.S.  pub- 
lication  No.  4  887  132  filed  April  6,  1984. 

Developer  D  is  of  the  type  best  disclosed  in 
the  commonly-assigned  No.  US-A-4  546  060,  filed 
November  8,  1982  in  the  names  of  Miskinis  and 

40  Jadwin,  entitled  "Two-Component,  Dry  Electrog- 
raphic  Developer  Compositions  Containing  Hard 
Magnetic  Carrier  And  Method  For  Using  The 
Same".  The  developer  comprises  a  mixture  of  pig- 
mented,  thermoplastic  particles  (commonly  known 

45  as  toner)  and  carrier  particles  to  which  the  toner 
particles  cling  by  triboelectric  forces.  Each  of  the 
carrier  particles  is  itself  a  tiny  magnet  which  exhib- 
its  a  relatively  square  hysteresis  loop.  Preferably, 
such  carrier  particles  exhibit  a  coercivity  of  at  least 

50  0.05  Tesla  when  magnetically  saturated,  and  an 
induced  magnetic  moment  of  at  least  5  EMU/gm  in 
the  presence  of  an  applied  field  of  0.1  Tesla.  Such 
particles  may  be  pre-magnetized  prior  to  use  or, 
alternatively,  may  become  magnetized  during  use 

55  when  subjected  to  the  magnetic  field  produced  by 
the  magnetic  brush  applicator.  It  is  important,  how- 
ever,  in  the  practice  of  the  invention  that  the  devel- 
oper  be  strongly  attracted  to  the  magnetic  brush 
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applicator  so  that  the  developer  will  be  attracted  to 
the  applicator  even  in  the  presence  of  a  magnetic 
field  which  is  substantially  weaker  than  that  desired 
at  the  development  zone  for  achieving  good  devel- 
oper  mixing  and  for  preventing  carrier  pickup  by 
the  recording  element. 

The  magnetic  brush  applicator  12  basically 
comprises  a  cylindrical  sleeve  20  having  a  rotatab- 
ly  driven  magnetic  core  piece  22  positioned  there- 
in.  As  shown,  sleeve  20  has  a  circular  cross-section 
and  a  central  longitudinal  axis  A.  The  sleeve  is 
made  of  a  non-magnetic  material,  preferably  stain- 
less  steel,  aluminum  or  plastic.  Magnetic  core 
piece  22  is  of  conventional  design  comprising  a 
plurality  of  elongated  magnetic  strips  23  positioned 
about  the  periphery  of  a  cylindrical  core  24  so  that 
the  respective  exposed  poles  of  such  strips  al- 
ternate  around  the  core  periphery  (i.e.,  north-south- 
north-etc).  The  core  piece  is  rotatably  driven  in  a 
clockwise  direction,  as  viewed  in  FIG.  1,  about  its 
longitudinal  axis  A.  Movement  of  the  core  piece  in 
a  clockwise  direction  will  cause  movement  of  the 
developer  in  a  counterclockwise  direction,  i.e.,  in  a 
direction  co-current  with  the  direction  of  movement 
of  the  recording  element  (as  shown  by  the  arrow). 
Optionally,  the  cylindrical  sleeve  20  may  also  be 
rotatably  driven  about  its  axis  A.  Preferably,  the 
direction  of  rotation  of  sleeve  20  is  counter-current 
to  that  of  the  core  piece,  i.e.,  counterclockwise  as 
viewed  in  FIG.  1  . 

As  indicated  above,  the  geometry  of  the  mag- 
netic  brush  applicator  12  is  a  key  aspect  of  the 
present  invention.  Unlike  conventional  magnetic 
brush  applicators  of  the  rotating  core  variety,  the 
applicator  of  the  invention  comprises  means  for 
rotating  the  magnetic  core  piece  about  an  axis 
which  is  spaced  from,  but  parallel  to,  the  longitudi- 
nal  axis  A  of  the  surrounding  cylindrical  sleeve. 
Owing  to  this  non-concentricity  between  core  and 
sleeve,  and  the  fact  that  the  core  axis  A  is  dis- 
placed  from  axis  A  in  a  direction  toward  develop- 
ment  zone  Z,  the  magnetic  field  produced  by  the 
core  piece  is  strongest  in  the  development  zone 
and  gradually  weakens  in  both  the  upstream  and 
downstream  directions  from  such  zone  along  the 
circumference  of  the  sleeve.  The  permissible  dis- 
placement  between  axes  A  and  A  depends  on  the 
magnetic  characteristics  of  the  core  magnets  and 
the  carrier  particles,  the  relative  diameters  of  the 
core  22  and  sleeve  20,  the  number  of  magnetic 
strips  comprising  the  core  piece,  and  the  rate  of 
rotation  of  the  core  piece.  Functionally,  the  core 
piece/sleeve  geometry  should  be  such  that  the 
magnetic  field  strength  at  the  development  zone  is 
sufficient  to  transport  carrier  particles  through  the 
development  zone,  as  well  as  to  minimize  carrier 
pickup  by  the  recording  element  during  develop- 
ment.  As  indicated  earlier,  a  field  strength  of  ap- 

proximately  0.1  Tesla  is  usually  sufficient  to  meet 
these  criteria  for  the  magnetic  particles  disclosed  in 
the  aforementioned  Miskinis  et  al  application.  More- 
over,  the  field  strength  at  the  loading  zone  L  at 

5  which  developer  is  loaded  onto  the  applicator 
sleeve  by  the  bucket-brigade  B  must  be  sufficient 
to  attract  developer  across  the  gap  separating  the 
sleeve  and  the  bucket-brigade.  Further,  the  mag- 
netic  attraction  between  the  core  piece  and  the 

io  developer  should  be  sufficiently  weak  as  to  allow 
the  partially  denuded  carrier  particles  to  fall,  under 
their  own  weight,  from  the  sleeve  surface  following 
use,  or,  alternatively,  be  readily  strippable  from  the 
sleeve  by  a  skiving  bar  40. 

is  Referring  to  FIG.  2,  the  field  map  indicates  the 
relative  strength  of  the  magnetic  field  around  the 
periphery  of  sleeve  20.  Owing  to  the  nonconcentric 
arrangement  between  core  and  sleeve,  the  mag- 
netic  field  is  significantly  stronger  in  the  develop- 

20  ment  zone  Z,  as  indicated  by  the  number  of  flux 
lines  penetrating  the  sleeve  and  entering  the  devel- 
opment  zone.  At  the  developer  loading  zone  L,  the 
magnetic  field  is  relatively  weak,  but  still  sufficient 
to  cause  the  developer  to  move  from  the  bucket- 

25  brigade  feeding  mechanism  to  the  outer  surface  of 
the  applicator  sleeve  and  adhere  thereto.  In  the 
developer  stripping  zone  S,  the  magnetic  field  is 
also  significantly  less  than  that  at  the  development 
zone  and,  owing  to  the  reduced  field  strength,  the 

30  developer  may  be  readily  removed  from  the 
sleeve.  In  addition  to  reducing  the  amount  of  work 
required  to  remove  the  developer  from  the  applica- 
tor  sleeve  after  use,  the  non-concentric  core/sleeve 
arrangement  also  affords  the  advantage  of  allowing 

35  the  use  of  stronger  magnets  in  the  core  piece.  In 
concentric  arrangements,  the  field  strength  of  the 
core  piece  is  often  a  tradeoff  between  a  magnet 
which  is  sufficiently  strong  as  to  minimize  carrier 
pick-up  and  to  produce  good  transport  and  agita- 

40  tion  of  the  developer,  and  a  magnet  which  is  suffi- 
ciently  weak  as  to  allow  the  developer  to  be 
stripped  from  the  applicator  sleeve  for  toner  replen- 
ishment.  In  the  applicator  of  the  invention,  the 
offset  of  the  core  axis  A  in  a  direction  toward  the 

45  development  zone  obviates  the  need  for  this  trade- 
off. 

Referring  now  to  FIG.  3,  another  preferred 
sleeve/core  configuration  is  shown  in  which  the 
core  axis  A  is  displaced  in  a  direction  toward  the 

50  development  zone  but  rotated  by  a  small  angle  a  in 
a  direction  upstream  from  top-dead-center  (TDC), 
i.e.  the  line  of  closest  contact  between  sleeve  20 
and  the  recording  element,  the  "upstream"  direc- 
tion  being  determined  by  the  direction  of  magnetic 

55  core  ro  ion.  A  preferred  range  of  angle  a  is  be- 
tween  0  and  20°.  By  this  geometry,  the  field 
produced  by  the  rotating  core  reduces  the  ten- 
dency  for  carrier  to  be  picked  up  by  the  recording 
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element  during  the  development  process. 
In  FIG.  4,  apparatus  is  shown  for  rotatably 

supporting  sleeve  20  and  magnetic  core  piece  22 
for  movement  about  the  spaced,  parallel  axes  A 
and  A,  respectively.  As  shown,  sleeve  20  is  sup- 
ported  by  a  flanged  end  cap  32  which,  in  turn,  is 
rotatably  supported  on  a  cylindrical  member  34  by 
a  pair  of  spaced  bearings  36.  The  central  longitudi- 
nal  axis  of  member  34  coincides  with  the  longitudi- 
nal  axis  A  of  sleeve  20.  A  bore  38  is  formed  in 
member  34  to  receive  the  drive  shaft  40  of  core 
piece  22.  The  axis  of  bore  38  is  displaced  from 
axis  A  by  a  distance  d,  such  distance  correspond- 
ing  to  the  desired  displacement  of  axes  A  and  A. 
The  nonconcentrically  positioned  bore  38  is  pro- 
vided  with  a  pair  of  bearings  42  for  rotatably  sup- 
porting  the  drive  shaft  40  of  core  piece  22.  Drive 
means  (not  shown)  are  provided  for  rotatably  driv- 
ing  shaft  40  within  bearing  members  42,  and,  op- 
tionally,  drive  means  may  also  be  provided  for 
driving  sleeve  20  in  the  same  or  opposite  direction 
about  bearing  members  36  via  a  pulley  44  or  the 
like. 

A  test  was  conducted  to  compare  the  tempera- 
ture  rise  of  the  non-concentric  magnetic  brush  ap- 
plicator  described  above  with  that  of  the  conven- 
tional  concentric  design.  Both  applicators  com- 
prised  fixed  (i.e.,  non-rotating)  stainless  steel 
sleeves  having  identical  rotatably  driven  core 
pieces  therein.  After  1  hour  of  operation  with  devel- 
oper  on  the  sleeve,  the  sleeve  of  the  non-concen- 
tric  applicator  rose  by  only  2.8  °C  (5°F),  while  the 
sleeve  of  the  conventional  concentric  applicator 
rose  by  19.4°C  (35  °F).  This  test  demonstrated 
that  the  non-concentric  applicator  runs  substantially 
cooler  than  the  conventional  concentric  design. 

A  second  test  was  run  to  compare  the  torque 
required  to  drive  the  magnetic  core  of  the  applica- 
tor  brush  of  the  invention  with  that  required  to  drive 
the  core  of  the  conventional  concentric  applicator. 
Each  applicator  had  a  fixed  shell  and  identical 
magnetic  core  pieces  driven  at  the  same  velocity. 
With  no  developer  on  the  sleeves,  the  torques 
required  to  drive  the  cores  were  the  same,  about 
18-36  gm/cm.  When  20  grams  of  bare  carrier  were 
placed  on  the  conventional  concentric  brush,  the 
torque  rose  by  a  factor  of  about  7.  When  20  grams 
of  bare  carrier  were  placed  on  the  non-concentric 
applicator  of  the  invention,  the  carrier  fell  from  the 
brush  at  the  apogee  (i.e.,  that  point  on  the  sleeve 
furthest  displaced  from  the  development  zone,  so 
that  no  torque  measurement  could  be  taken.  To 
produce  a  meaningful  reading,  the  non-concentric 
applicator  was  mounted  in  a  developing  station  so 
that  developer  could  be  fed  onto  the  brush  continu- 
ously.  The  torque  required  to  drive  the  magnetic 
core  was  approximately  identical  to  that  previously 
measured  without  developer.  The  result  of  these 

torque  measurements  illustrate  that  the  nonconcen- 
tric  brush  applicator  of  the  invention  reduces  the 
torque  required  to  drive  the  magnetic  core  by  an 
order  of  magnitude. 

5  While  the  invention  has  been  described  in  de- 
tail  with  particular  reference  to  preferred  embodi- 
ments  thereof,  it  will  be  understood  that  variations 
and  modifications  can  be  effected  within  the  scope 
of  the  invention. 

10 
Claims 

1.  Magnetic  brush  apparatus  (12)  for  applying  a 
magnetically  attractive  developer  (D)  to  a  mov- 

15  ing  electrostatic  image-bearing  member  (E)  at 
a  development  zone  (Z)  to  effect  development 
of  such  image,  said  apparatus  comprising  a 
cylindrical  sleeve  (20)  of  non-magnetic  material 
having  a  single  magnetic  core  piece  (22)  pro- 

20  vided  within  said  sleeve  (20)  said  core  piece 
being  cylindrical  and  rotatably  driven  and  hav- 
ing  a  rotational  axis  (A'),  said  rotational  axis 
(A')  being  parallel  to  and  displaced  from  the 
central  axis  (A)  of  said  sleeve  (20),  the  two 

25  axes  (A,  A')  defining  a  first  plane,  said  first 
plane  being  angularly  displaced  with  respect  to 
a  second  plane,  which  is  defined  by  said  cen- 
tral  axis  (A)  and  the  line  of  closest  contact 
between  said  sleeve  (20)  and  said  image-bear- 

30  ing  member  (E),  said  angular  displacement 
being  up  to  20°  in  a  direction  downstream  of 
said  line  of  closest  contact  as  determined  by 
the  direction  of  movement  of  the  image-bear- 
ing  member  (E). 

35 
2.  An  electrographic  development  system  (10)  for 

developing  an  electrostatic  image  on  a  moving 
image-bearing  member  (E)  at  a  development 
zone  (Z),  said  system  comprising: 

40  (a)  a  magnetic  developer  (D)  comprising 
particles  having  a  coercivity  of  at  least  0.05 
Tesla  and  an  induced  magnetic  moment  of 
at  least  5  EMU/gram  when  subjected  to  an 
applied  magnetic  field  of  0.1  Tesla;  and 

45  (b)  a  magnetic  brush  apparatus  (12)  as  de- 
fined  in  claim  1,  wherein  said  cylindrical 
sleeve  (20)  is  located  such  that  a  portion  of 
its  outer  surface  is  closely  spaced  from  the 
image-bearing  member  (E)  at  said  develop- 

so  ment  zone  (Z),  the  rotational  axis  (A')  of 
said  core  piece  (22)  being  closer  to  said 
development  zone  (Z)  than  said  central  axis 
(A)  of  said  sleeve. 

55  3.  An  electrographic  apparatus  comprising  means 
for  advancing  an  electrostatic  image-bearing 
member  (E)  along  a  path  through  a  develop- 
ment  zone  (Z),  a  magnetic  brush  apparatus 

5 
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(12)  as  defined  in  claim  1  for  applying  mag- 
netically  attractive  developer  (D)  to  said  image- 
bearing  member  (E)  while  it  passes  through 
said  development  zone  to  effect  development 
of  an  electrostatic  image  thereat,  wherein  said 
cylindrical  sleeve  (20)  is  located  such  that  a 
portion  thereof  is  closely  spaced  from  the 
image-bearing  member  (E)  at  said  develop- 
ment  zone  (Z),  wherein  said  core  piece  (22)  is 
rotatably  driven  at  a  speed  of  at  least  1000 
RPM  about  its  axis  (A')  which  is  parallel  to  said 
central  axis  (A)  of  said  sleeve,  the  rotational 
axis  (A')  of  said  core  piece  (22)  being  closer  to 
said  development  zone  (Z)  than  said  central 
axis  (A)  and  wherein  the  angular  displacement 
is  defined  in  a  direction  downstream  of  said 
line  of  closest  contact,  as  determined  by  the 
direction  of  advancement  of  said  image-bear- 
ing  member  (E). 

4.  Magnetic  brush  apparatus  as  defined  in  claim 
1,  wherein  said  sleeve  (20)  is  rotated  in  a 
direction  opposite  that  of  said  core  piece. 

Revendicatlons 

1.  Brosse  magnetique  (12)  pour  appliquer  un  de- 
veloppateur  (D),  susceptible  d'etre  attire  ma- 
gnetiquement,  sur  un  organe  electrostatique 
(E)  mobile  portant  une  image  dans  une  zone 
de  developpement  (Z)  afin  de  realiser  le  deve- 
loppement  de  cette  image,  ladite  brosse  com- 
prenant  une  coquille  cylindrique  (20)  presen- 
tant  un  axe  principal  (A)  et  realisee  en  un 
materiau  amagnetique  et,  situe  a  I'interieur  de 
la  coquille  (20),  un  noyau  magnetique  (22) 
unique,  cylindrique  et  entraine  en  rotation  au- 
tour  d'un  axe  (A')  parallele  audit  axe  principale 
(A)  et  decale  par  rapport  a  cet  axe,  les  deux 
axes  (A,  A')  definissant  un  premier  plan  qui  est 
decale  angulairement  par  rapport  a  un  second 
plan  defini  par  I'axe  principal  (A)  et  la  ligne  de 
voisinage  la  plus  proche  entre  ladite  coquille 
(20)  et  I'organe  electrostatique  (E)  portant 
I'image,  le  decalage  angulaire  pouvant  aller 
jusqu'a  20°  dans  une  direction  avale  par  rap- 
port  a  ladite  ligne  de  voisinage,  direction  de 
deplacement  determinee  par  le  sens  de  depla- 
cement  de  I'organe  (E)  portant  I'image. 

2.  Dispositif  de  developpement  electrographique 
(10)  pour  developper,  dans  une  zone  de  deve- 
loppement,  une  image  electrostatique  localisee 
sur  un  organe  (E)  mobile  portant  I'image,  dis- 
positif  caracterise  en  ce  qu'il  comprend  : 

a)  un  developpateur  (D)  comprenant  des 
particules  dont  la  coercivite  est  d'au  moins 
0,05  Tesla  et  le  moment  magnetique  induit 

est  d'au  moins  5  EMU/gram  sous  Taction 
d'un  champ  magnetique  applique  de  0,1 
Tesla  ;  et 
b)  une  brosse  magnetique  (12)  selon  la 

5  revendication  1  ,  dans  laquelle  ladite  coquille 
cylindrique  (20)  est  agencee  de  maniere 
qu'une  partie  de  sa  peripherie  est  situee  au 
voisinage  dudit  organe  (E)  au  niveau  de  la 
zone  de  developpement  (Z),  I'axe  de  rota- 

io  tion  (A')  dudit  noyau  (22)  etant  plus  proche 
de  la  zone  de  developpement  (Z)  que  I'axe 
principal  (A)  de  ladite  coquille. 

3.  Appareil  electrophotographique  comprenant 
is  des  moyens  pour  deplacer  un  organe  (E)  elec- 

trostatique  portant  une  image  suivant  une  tra- 
jectoire  passant  dans  une  zone  de  developpe- 
ment  (Z),  une  brosse  magnetique  (12)  selon  la 
revendication  1  pour  appliquer  un  developpa- 

20  teur  (D),  susceptible  d'etre  attire  magnetique- 
ment,  sur  ledit  organe  (E)  portant  une  image 
pendant  son  deplacement  dans  la  zone  de 
developpement  (Z)  afin  d'y  developper  une 
image  electrostatique,  appareil  dans  lequel  la- 

25  dite  coquille  (20)  cylindrique  est  agencee  de 
maniere  qu'une  partie  soit  situee  au  voisinage 
de  I'organe  (E)  portant  une  image  au  niveau  de 
la  zone  de  developpement  (Z),  dans  lequel 
ledit  noyau  (22)  est  entraine  en  rotation  a  une 

30  vitesse  d'au  moins  1000  tours  par  minute  au- 
tour  de  son  axe  (A')  qui  est  parallele  a  I'axe  (A) 
principal  de  ladite  coquille,  ledit  axe  de  rotation 
(A')  dudit  noyau  (22)  etant  plus  proche  de 
ladite  zone  de  developpement  (Z)  que  ledit 

35  axe  principal  (A)  et  dans  lequel  ledit  decalage 
angulaire  est  defini  dans  une  direction  avale 
par  rapport  a  la  ligne  de  voisinage,  direction 
de  deplacement  determinee  par  le  sens  de 
deplacement  dudit  organe  (E)  portant  I'image. 

40 
4.  Brosse  magnetique  selon  la  revendication  1, 

dans  laquelle  la  coquille  (20)  tourne  dans  le 
sens  oppose  au  sens  de  rotation  dudit  noyau. 

45  Patentanspruche 

1.  Magnetbursten-Entwicklungsvorrichtung  (12) 
zum  Aufbringen  eines  magnetischen  Entwick- 
lers  (D)  auf  einen  sich  bewegenden  elektrosta- 

50  tischen  Bildtrager  (E)  in  einer  Entwicklungszo- 
ne  (Z)  zum  Entwickeln  des  auf  dem  Trager 
befindlichen  Bildes,  mit  einer  zylindrischen 
Hulse  (20)  aus  nichtmagnetischem  Material,  in 
der  sich  ein  einziger  zylindrisch  geformter, 

55  drehbar  angetriebener  Magnetkern  (22)  befin- 
det,  der  eine  Drehachse  (A')  besitzt,  die  paral- 
lel  zu  der  Mittelachse  (A)  der  Hulse  (20)  und 
gegenuber  dieser  verschoben  angeordnet  ist, 
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wobei  die  beiden  Achsen  (A,  A')  eine  erste 
Ebene  definieren,  die  gegenuber  einer  zweiten 
Ebene,  die  durch  die  Mittelachse  (A)  und  die 
Linie  des  geringsten  Abstands  zwischen  der 
Hulse  (20)  und  dem  Bildtrager  (E)  bestimmt 
wird,  urn  einen  Winkel  verschoben  ist,  und 
wobei  die  Winkelverschiebung  bis  zu  20°  be- 
tragt  und  unterhalb  der  Linie  des  geringsten 
Abstands  in  einer  Richtung  erfolgt,  die  durch 
die  Bewegungsrichtung  des  Bildtragers  (E)  be- 
stimmt  wird. 

4.  Magnetbursten-Entwicklungsvorrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  da/S  die 
Hulse  (20)  in  einer  Richtung  gedreht  wird,  die 
der  des  Magnetkerns  entgegengesetzt  ist. 

2.  Elektrographisches  Entwicklungssystem  (10) 
zum  Entwickeln  eines  elektrostatischen  Bildes 
auf  einem  sich  bewegenden  Bildtrager  (E)  in  is 
einer  Entwicklungszone  (Z),  gekennzeichnet 
durch 

(a)  einen  magnetischen  Entwickler  (D),  der 
Teilchen  enthalt,  die  eine  Koerzitivkraft  von 
mindestens  0,05  Tesla  und  ein  induziertes  20 
magnetisches  Moment  von  mindestens  5 
E.M.E./g  besitzen,  wenn  sie  einem  Magnet- 
feld  mit  einer  Flu/Sdichte  von  0,1  Tesla  aus- 
gesetzt  werden,  und 
(b)  eine  Magnetbursten-Entwicklungsvor-  25 
richtung  (12)  nach  Anspruch  1,  deren  zylin- 
drische  Hulse  (20)  so  angeordnet  ist,  da/S 
ein  Teil  ihrer  Au/Senflache  in  geringem  Ab- 
stand  von  dem  Bildtrager  (E)  in  der  Ent- 
wicklungszone  (Z)  liegt,  wobei  sich  die  30 
Drehachse  (A')  des  Magnetkerns  (22)  naher 
an  der  Entwicklungszone  (Z)  befindet  als 
die  Mittelachse  (A)  der  Hulse. 

3.  Elektrographisches  Gerat  mit  einer  Einrichtung,  35 
die  einen  elektrostatischen  Bildtrager  (E)  langs 
einer  Bahn  durch  eine  Entwicklungszone  (Z) 
bewegt,  und  einer  Magnetbursten-Entwick- 
lungsvorrichtung  (12)  nach  Anspruch  1,  die 
magnetischen  Entwickler  (D)  auf  den  Bildtrager  40 
(E)  wahrend  dessen  Bewegung  durch  die  Ent- 
wicklungszone  aufbringt,  urn  in  dieser  Zone  ein 
elektrostatisches  Bild  zu  entwickeln,  dadurch 
gekennzeichnet,  da/S  die  zylindrische  Hulse 
(20)  so  angeordnet  ist,  da/S  sich  ein  Teil  von  ihr  45 
in  der  Entwicklungszone  (Z)  in  geringem  Ab- 
stand  von  dem  Bildtrager  (E)  befindet,  da/S  der 
Magnetkern  (22)  mit  einer  Geschwindigkeit  von 
mindestens  1,000  Umdrehungen  pro  Minute 
urn  seine  Achse  (A')  drehbar  ist,  die  parallel  zu  so 
der  Mittelachse  (A)  der  Hulse  verlauft,  wobei 
die  Drehachse  (A')  des  Magnetkerns  (22)  na- 
her  an  der  Entwicklungszone  (Z)  liegt  als  die 
Mittelachse  (A),  und  da/S  die  Winkelverschie- 
bung  unterhalb  der  Linie  des  geringsten  Ab-  55 
stands  in  einer  Richtung  erfolgt,  die  durch  die 
Richtung  der  Vorwartsbewegung  des  Bildtra- 
gers  (E)  festgelegt  ist. 
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