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©  A  developing  device  (2)  according  to  the  present 
invention  is  provided  along  a  photosensitive  body 
(1).  The  developing  device  comprises:  a  hopper  for 
accommodating  and  supplying  a  developer;  a  re- 
covering  roller  (23)  which  serves  as  a  developer 
carrier  member  for  transporting  the  developer  car- 
ried  on  a  surface  therof  to  a  developing  place;  and  a 
developer  circulating  path  (22)  for  circulating  the 
developer  between  the  hopper  and  the  recovering 
roller.  The  developer  circulating  path  includes  a  part 
of  the  hopper  and  a  forward  path  (22a)  and  a  back- 
ward  path  (22b)  both  of  which  extend  from  the 
hopper  along  the  photosensitive  body,  the  forward 
path  and  the  backward  path  repectively  have  spaces 
independent  of  each  other,  and  in  each  of  the 
spaces  a  screw  is  provided  for  holding  the  developer 
therein  and  transporting  the  developer. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention: 

The  present  invention  relates  to  an  elec- 
trophotographic  image  forming  apparatus  for  use  in 
a  copying  machine,  a  laser  printer,  or  the  like. 

2.  Description  of  the  Related  Art: 

A  developing  device  or  an  image  forming  ap- 
paratus  of  this  type  is  disclosed  in  Japanese  Laid- 
Open  Patent  Publication  No.  3-101784  and  Japa- 
nese  Laid-Open  Patent  Publication  No.  3-282488. 

Figure  12  shows  an  image  forming  apparatus 
disclosed  in  Japanese  Laid-Open  Patent  Publica- 
tion  No.  3-101784.  As  shown  in  Figure  12,  this 
image  forming  apparatus  has  a  hopper  309  for 
accommodating  a  toner.  The  hopper  309  is  posi- 
tioned  behind  a  developing  sleeve  308  in  the  vi- 
cinity  of  a  photosensitive  body  301.  The  toner  in 
the  hopper  309  is  stirred  by  a  toner  stirrer  311 
provided  in  the  hopper  309,  scraped  up  to  a  toner 
supply  hole  309a  disposed  on  the  side  of  the 
developing  sleeve  308,  and  supplied  to  the  devel- 
oping  sleeve  308  via  the  toner  supply  hole  309a. 
The  developing  sleeve  308  carries  a  supplied  toner 
on  its  surface.  After  the  thickness  of  the  toner  is 
regulated  by  pressure  of  an  elastic  blade,  the  toner 
is  opposed  to  the  surface  of  the  photosensitive 
body  301  which  has  been  exposed  to  light,  and  an 
electrostatic  latent  image  formed  on  the  surface  of 
the  photosensitive  body  301  is  developed  with  the 
toner. 

The  hopper  309  for  accommodating  the  devel- 
oper  occupies  a  large  portion  of  the  developing 
device  303.  Therefore,  the  diameter  of  the  develop- 
ing  device  303  can  be  shortened  only  to  a  limited 
extent.  As  a  result,  an  image  forming  section  be- 
comes  a  large  one,  together  with  the  above  devel- 
oping  device  303  and  other  numerous  image  devel- 
oping  elements  disposed  around  the  hopper  309. 
This  is  disadvantageous  in  arranging  a  compact 
apparatus  required  especially  for  personal  uses. 

Further,  an  image  developing  unit  pulled  out  of 
the  main  body  is  handled  in  various  positions,  such 
as  the  axial  line  of  the  developing  sleeve  308  is 
turned  vertically,  or  the  upper  portion  of  the  devel- 
oping  device  303  is  inclined  transversally  or  down- 
wards. 

On  the  other  hand,  as  an  image  forming  ap- 
paratus  with  a  more  compact  body  is  popularly 
produced,  the  apparatus  is  not  necessarily  used  in 
one  specified  position.  In  such  a  case,  the  develop- 
ing  device  303  is  turned  in  various  directions  as 
above. 

If  the  direction  of  developing  device  303  is 
different  in  individual  uses  or  handling,  the  density 

of  developer  particles  becomes  uneven. 
That  is,  the  particles  of  the  developer  con- 

centrate  in  the  lower  side  by  the  gravity  effect,  if 
the  axial  line  of  the  developing  sleeve  308  inclines 

5  or  turns  vertically,  because  the  developer  can 
move  freely  in  the  hopper  309  and  about  the  devel- 
oping  sleeve  308. 

If  this  is  caused  by  a  temporary  handling,  it  is 
required  to  set  the  developing  device  303  in  a 

io  proper  position  so  as  to  perform  a  smoothing  drive 
so  that  developer  particles  extend  evenly.  Accord- 
ingly,  an  operator  has  to  wait  for  the  elapse  of  a 
stand-by  time  period. 

Additionally,  in  the  case  of  selecting  the  direc- 
75  tion  of  setting  a  main  body  for  continuous  use,  the 

problem  of  uneven  developer  is  not  solved.  The 
developing  efficiency  is  unstable  depending  on  the 
direction  of  setting,  which  results  in  a  poorly  devel- 
oped  image  or  failure  of  development  in  some 

20  cases. 
Figure  13  shows  an  image  forming  apparatus 

disclosed  in  the  Japanese  Laid-Open  Patent  Pub- 
lication  No.  3-282488.  The  image  forming  appara- 
tus  has  a  circulating  transporting  path  for  transport- 

25  ing  circularly  the  developer,  behind  a  developing 
sleeve  402.  The  circulating  transporting  path  com- 
prises  a  developer  transporting  path  408  and  a 
developer  transporting  path  409.  The  developer 
transporting  path  408  is  disposed  along  the  devel- 

30  oping  sleeve  402.  A  toner  supply  path  420  extend- 
ing  from  a  hopper  417  located  in  a  rear  portion  is 
connected  with  a  part  of  the  developer  transporting 
path  409.  Additionally,  a  screw  which  can  hold  the 
developer  well  is  adopted  as  a  developer  transport- 

35  ing  body  in  the  circulating  transporting  path  for 
distributing  the  developer  circularly. 

However,  a  large  space  is  opened  about  the 
developing  sleeve  402  in  a  portion  facing  the  de- 
veloping  sleeve  402  of  the  circulating  transporting 

40  path.  Accordingly,  a  large  idle  space  is  formed 
between  the  screw  and  the  developing  sleeve  402 
of  the  developer  transporting  path  408,  where  the 
developer  can  move  freely  without  being  held  by 
the  screw  or  the  developing  sleeve  402.  In  such  a 

45  space,  the  particles  of  developer  concentrate  in  the 
lower  side  depending  on  the  changes  of  position  of 
developing  device,  resulting  in  a  poorly  developed 
image  or  a  failure  of  development. 

Further,  the  developer  once  supplied  in  the 
50  developer  circulating  path  from  the  hopper  417  is 

continued  to  be  transported  in  the  developer  trans- 
porting  path  until  it  is  used  for  development.  This 
makes  a  part  of  developer  deteriorate  suddenly, 
which  makes  a  stable  development  impossible. 

55  Also,  in  the  case  where  the  amount  of  developer 
consummation  in  a  developing  place  differs  ex- 
tremely  in  one  developing  operation  from  another, 
the  developer  clogs  in  the  course  of  developer 
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circulating  path. 
In  addition,  the  developer  is  poured  into  the 

hopper  417  from  a  developer  refill  container  when 
the  developer  in  the  hopper  417  is  used  up.  In 
order  to  refill  the  hopper  with  developer  to  continue 
the  operation,  the  developer  refill  container  is  at- 
tached  to  the  hopper,  or  a  mouth  of  the  developer 
refill  container  is  put  over  a  developer  supply  open- 
ing  of  the  hopper  417.  In  this  case,  a  stable  devel- 
opment  is  possible  only  when  the  supplied  devel- 
oper  reaches  uniformly  in  the  whole  range  of  a 
portion  along  the  developing  sleeve  402,  while  be- 
ing  transported  gradually  in  the  developer  trans- 
porting  path.  Accordingly,  it  is  arranged  to  perform 
an  initializing  operation  for  driving  the  developing 
device  for  a  predetermined  time  period  after  the 
developer  is  supplied. 

However,  in  the  above  conventional  method, 
the  time  period  is  needed  for  the  initializing  opera- 
tion  in  addition  to  supply  of  developer.  It  is  incon- 
venient  for  the  operator  to  wait  for  the  start  of  the 
image  forming  operation  for  the  predetermined 
time  period  after  the  supply  of  the  developer. 

SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  invention,  a 
developing  device  provided  along  a  photosensitive 
body,  includes:  a  hopper  for  accommodating  and 
supplying  a  developer;  a  developer  carrier  member 
for  transporting  the  developer  carried  on  a  surface 
thereof  to  a  developing  place;  and  a  developer 
circulating  path  for  circulating  the  developer  be- 
tween  the  hopper  and  the  developer  carrier  mem- 
ber.  The  developer  circulating  path  includes  a  part 
of  the  hopper  and  a  forward  path  and  a  backward 
path  both  of  which  extend  from  the  hopper  along 
the  photosensitive  body,  the  forward  path  and  the 
backward  path  respectively  have  spaces  indepen- 
dent  of  each  other,  and  in  each  of  the  spaces  a 
developer  transporting  unit  is  provided  for  holding 
the  developer  therein  and  transporting  the  devel- 
oper. 

In  one  embodiment  of  the  invention,  a  devel- 
oper  transporting  ability  for  feeding  the  developer 
from  the  hopper  to  the  forward  path  is  larger  than  a 
developer  transporting  ability  of  the  developer  car- 
rier  member. 

In  another  embodiment  of  the  invention,  each 
of  the  developer  transporting  unit  includes  a  screw, 
and  the  screw  located  in  the  forward  path  extends 
in  the  hopper. 

In  still  another  embodiment  of  the  invention, 
the  developer  transporting  unit  of  the  forward  path 
does  not  reach  a  connecting  portion  for  connecting 
one  end  of  the  forward  path  to  one  end  of  the 
backward  path,  and  the  developer  transporting  unit 
of  the  backward  path  reaches  the  connecting  por- 

tion. 
In  still  another  embodiment  of  the  invention, 

the  developer  includes  a  magnetic  toner,  the  devel- 
oping  device  further  includes  a  magnetic  field  for- 

5  ming  unit  for  forming  a  magnetic  field  between  the 
developer  circulating  path  and  the  developing 
place,  and  the  magnetic  field  is  strong  enough  to 
cause  a  magnetic  force  at  least  capable  of  holding 
the  developer  against  the  gravity. 

io  In  still  another  embodiment  of  the  invention  the 
magnetic  field  formed  by  the  magnetic  field  for- 
ming  unit  reaches  at  least  a  space  including  the 
developer  transporting  unit  on  the  side  of  the  de- 
veloper  carrier  member. 

is  In  still  another  embodiment  of  the  invention, 
the  magnetic  field  forming  unit  is  a  magnet  for 
development  located  in  the  developer  carrier  mem- 
ber. 

In  still  another  embodiment  of  the  invention, 
20  the  hopper  includes  a  refill  port  to  which  a  devel- 

oper  refill  container  for  refilling  the  developer  into 
the  hopper  is  attached,  and  a  stirrer,  located  in  the 
hopper,  for  stirring  the  developer  in  conjunction 
with  the  developer  transporting  unit;  and  the  devel- 

25  oping  device  includes  a  control  circuit  for  control- 
ling  the  stirrer  to  stir  the  developer  in  the  hopper 
when  the  developer  is  refilled  from  the  developer 
refill  container,  and  for  controlling  the  developer 
transporting  unit  to  transport  the  developer  in  the 

30  developer  circulating  path  to  a  developer  supply 
opening  through  which  the  developer  is  supplied 
from  the  developer  circulating  path  to  the  devel- 
oper  carrier  member. 

In  still  another  embodiment  of  the  invention  the 
35  developer  refill  container  includes:  a  stirring  mem- 

ber  therein;  and  a  coupling  portion  for  connecting  a 
rotation  axis  of  the  stirring  member  and  a  rotation 
axis  of  the  stirrer  of  the  hopper  to  each  other  by 
attaching  the  developer  refill  container  to  the  refill 

40  port  and  for  disconnecting  the  rotation  axis  of  the 
stirring  member  and  the  rotation  axis  of  the  stirrer 
of  the  hopper  from  each  other  by  detaching  the 
developer  refill  container  from  the  refill  port. 

According  to  another  aspect  of  the  invention, 
45  an  image  forming  apparatus  includes:  a  photosen- 

sitive  body  on  a  surface  of  which  an  electrostatic 
latent  image  is  formed;  a  developing  device  for 
developing  the  electrostatic  latent  image,  including: 
a  hopper  for  accommodating  a  developer  and  sup- 

50  plying  the  developer,  located  at  one  end  of  the 
photosensitive  body  in  the  longitudinal  direction;  a 
developer  carrier  member  for  transporting  the  de- 
veloper  carried  on  a  surface  thereof  to  a  develop- 
ing  place;  and  a  developer  circulating  path,  includ- 

55  ing  a  part  of  the  hopper,  for  circulating  the  devel- 
oper  between  the  hopper  and  the  developing  place; 
a  cleaner  for  removing  a  residual  developer  from 
the  surface  of  the  photosensitive  body,  the  cleaner 
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being  in  contact  with  the  surface  of  the  photosen- 
sitive  body;  and  a  residual  developer  restoring  unit 
for  restoring  the  residual  developer  removed  by  the 
cleaner  to  the  hopper. 

According  to  still  another  aspect  of  the  inven- 
tion,  an  image  forming  apparatus  includes:  a  pho- 
tosensitive  body  on  a  surface  of  which  an  electro- 
static  latent  image  is  formed;  a  developing  device 
for  developing  the  electrostatic  latent  image,  in- 
cluding:  a  hopper  for  accommodating  a  developer 
and  supplying  the  developer,  located  at  one  end  of 
the  photosensitive  body  in  the  longitudinal  direc- 
tion;  and  a  developer  circulating  path,  including  a 
part  of  the  hopper,  for  circulating  the  developer 
between  the  hopper  and  a  part  of  the  surface  of  the 
photosensitive  body,  the  part  of  the  surface  func- 
tioning  as  a  developer  carrier  member  for  trans- 
porting  the  developer  carried  on  a  surface  thereof 
to  a  developing  place;  a  cleaner  for  removing  a 
residual  developer  from  the  surface  of  the  pho- 
tosensitive  body,  the  cleaner  being  in  contact  with 
the  surface  of  the  photosensitive  body;  and  a  resid- 
ual  developer  restoring  unit  for  restoring  the  resid- 
ual  developer  removed  by  the  cleaner  to  the  hop- 
per. 

In  the  developing  device  according  to  the 
present  invention,  the  forward  path  and  the  back- 
ward  path  of  the  developer  circulating  path  have 
respective  spaces  independent  of  each  other.  In 
each  of  the  spaces  a  developer  transporting  unit  is 
provided  for  holding  the  developer  therein  and 
transporting  it.  In  this  way,  the  particles  of  the 
developer  in  the  developer  transporting  unit  do  not 
flow  freely  or  gather  unevenly,  even  if  the  device  is 
inclined  in  various  directions.  So,  the  proper  trans- 
portation  of  the  developer  to  the  developing  place 
is  maintained  in  this  way.  Also,  the  developer  is 
returned  to  the  hopper  and  released  therein  by  the 
developer  transporting  unit  at  each  time  having 
completed  one  circulation.  Accordingly,  the  devel- 
oper  does  not  clog  in  the  course  of  circulation, 
without  being  affected  by  the  variance  of  the 
amount  of  developer  consumed  in  the  developing 
place. 

Further,  in  the  idle  space  between  the  devel- 
oper  circulating  path  and  the  developer  carrier 
member,  where  the  developer  can  not  be  held,  the 
magnetic  field  is  formed  by  the  magnetic  field 
forming  unit  so  that  the  developer  is  held  by  mag- 
netic  force.  Accordingly,  even  if  the  apparatus  body 
is  rocked  or  if  the  position  of  the  body  is  changed, 
the  developer  does  not  gather  in  one  side. 

Also,  the  developer  transporting  unit  is  continu- 
ously  operated  in  conjunction  with  the  developer 
supply  operation  by  the  hopper  till  the  developer 
supplied  in  the  hopper  reaches  at  least  the  devel- 
oper  supply  opening.  Accordingly,  the  developing 
operation  can  be  started  immediately  after  the  de- 

veloper  is  refilled. 
Further,  in  the  image  forming  apparatus  of  the 

present  invention,  the  hopper  is  located  at  one  end 
of  the  photosensitive  body  in  the  longitudinal  direc- 

5  tion,  and  the  forward  path  and  the  backward  path 
are  located  in  parallel  with  and  in  contact  with  the 
photosensitive  body.  This  arrangement  makes  it 
possible  to  make  the  apparatus  body  compact,  and 
it  is  advantageous  in  that  such  a  compact  appara- 

io  tus  can  be  placed  in  various  attitudes. 
Moreover,  in  the  image  forming  apparatus  ac- 

cording  to  the  present  invention,  the  residual  devel- 
oper  restoring  unit  is  provided  in  the  hopper.  This 
residual  developer  restoring  unit  restores  the  resid- 

15  ual  developer  collected  by  cleaning  so  as  to  reuse 
the  developer.  Accordingly,  space  for  storing  the 
recovered  developer  is  not  required. 

Thus,  the  invention  described  herein  makes 
possible  the  advantages  of  (1)  providing  a  develop- 

20  ing  device  and  an  image  forming  apparatus  which 
are  simply  constructed  and  can  be  downsized  easi- 
ly,  (2)  providing  a  developing  device  and  an  image 
forming  apparatus  capable  of  performing  stable 
image  formation  even  immediately  after  the  device 

25  body  is  inclined  in  various  directions,  (3)  providing 
a  developing  device,  in  the  case  of  making  image 
forming  elements  like  a  photosensitive  body  and 
the  developing  device  into  a  unit  and  making  the 
unit  detachable  from  the  main  body  of  the  image 

30  forming  apparatus,  capable  of  performing  proper 
image  formation  immediately  after  the  unit  is  at- 
tached  to  the  main  body,  irrespective  of  the  at- 
titude  of  the  developing  device  outside  the  main 
body,  (4)  providing  a  developing  device  capable  of 

35  performing  development  immediately  after  the  de- 
veloping  device  is  refilled  with  a  developer,  and  (5) 
providing  a  small-sized  image  forming  apparatus 
having  a  simple  structure  and  capable  of  recover- 
ing  the  developer  remaining  on  a  photosensitive 

40  body  after  transference  and  of  reusing  it. 
These  and  other  advantages  of  the  present 

invention  will  become  apparent  to  those  skilled  in 
the  art  upon  reading  and  understanding  the  follow- 
ing  detailed  description  with  reference  to  the  ac- 

45  companying  figures. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  cross-sectional  view  showing  an 
50  image  forming  apparatus  or  Example  1  according 

to  the  present  invention. 
Figure  2  is  a  perspective  view  of  the  image 

forming  apparatus  of  Example  1  . 
Figure  3  is  a  partially  cutaway  perspective  view 

55  of  a  developing  device  according  to  the  present 
invention. 

Figure  4A  is  a  cross  sectional  view  of  a  devel- 
oping  device  shown  in  Figure  3  seen  from  above. 

4 
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Figure  4B  is  a  cross  sectional  view  of  another 
developing  device  according  to  the  present  inven- 
tion  seen  from  above. 

Figure  5  is  a  top  plan  view  showing  a  part  of 
an  image  forming  apparatus  of  Figure  3  on  the 
hopper  side. 

Figure  6  is  a  longitudinal  sectional  view  of  a 
hopper  of  the  image  forming  apparatus  of  Figure  3. 

Figure  7  is  a  longitudinal  sectional  view  of  a 
part  of  the  image  forming  apparatus  of  Figure  3 
seen  from  the  front. 

Figure  8A  is  a  cross-sectional  view  showing  a 
developer  refill  container. 

Figure  8B  is  a  top  plan  view  showing  the 
developer  refill  container. 

Figure  9  is  a  cross-sectional  view  of  an  image 
forming  unit  of  the  image  forming  apparatus  of 
Figure  1. 

Figure  10  is  a  block  view  of  a  control  circuit  of 
the  image  forming  apparatus  of  Figure  1. 

Figure  11  is  a  cross-sectional  view  of  an  image 
forming  unit  of  an  image  forming  apparatus  of 
Example  2  according  to  the  present  invention. 

Figure  12  is  a  cross-sectional  view  of  a  con- 
ventional  image  forming  apparatus. 

Figure  13  is  a  cross-sectional  view  showing 
another  conventional  image  forming  apparatus. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Hereinafter,  the  present  invention  will  be  de- 
scribed  by  way  of  illustrative  examples  with  refer- 
ence  to  the  drawings. 

Example  1 

The  construction  of  an  image  forming  appara- 
tus  of  the  present  example  will  be  described  with 
reference  to  Figures  1  and  2.  Figure  1  is  a  cross- 
sectional  view  showing  an  image  forming  apparatus 
seen  from  the  side,  and  Figure  2  is  a  perspective 
view  showing  the  same.  A  developing  device  ac- 
cording  to  the  present  invention  is  provided  in  a 
simple  and  compact  image  forming  apparatus  suit- 
able  for  personal  uses,  which  is  especially  con- 
nected  to  a  personal  computer. 

As  shown  in  Figures  1  and  2  this  image  for- 
ming  apparatus  has  a  case  100,  an  image  forming 
unit  200,  a  charger  300,  a  printer  head  400,  a 
transfer  roller  500,  and  a  fixing  device  600.  The 
image  forming  unit  200  includes  a  photosensitive 
body  1,  a  developing  device  2,  a  cleaner  3  and  a 
drive  mechanism  4.  The  photosensitive  body  1 
rotates  in  the  direction  of  an  arrow  A.  The  charger 
300,  the  printer  head  400,  the  developing  device  2, 
the  transfer  roller  500  and  the  cleaner  3  are  dis- 
posed  in  this  order  around  the  circumference  of  the 

photosensitive  body  1  in  the  direction  of  the  arrow 
A. 

Hereinafter,  an  operation  of  the  image  forming 
apparatus  constructed  as  above  will  be  described. 

5  When  an  output  command  is  given  to  the  im- 
age  forming  apparatus,  the  drive  mechanism  4 
including  a  motor  (not  shown)  starts  a  driving  op- 
eration,  and  each  of  the  components  connected  to 
the  drive  mechanism  4  operates.  First,  the  pho- 

io  tosensitive  body  1  starts  rotating  in  the  direction 
shown  by  the  arrow  A.  As  soon  as  the  photosen- 
sitive  body  1  starts  rotating,  the  charger  300  is 
turned  ON  to  supply  a  predetermined  amount  of 
charge  to  the  photosensitive  body  1,  and  uniformly 

is  charges  the  photosensitive  body  1  so  that  the 
surface  potential  thereof  is  approximately  -550  V, 
for  example. 

When  the  charged  surface  of  the  photosen- 
sitive  body  1  reaches  the  printer  head  400,  an 

20  image  signal  is  supplied  to  the  printer  head  400. 
The  charged  surface  is  successively  irradiated  with 
light  by  the  printer  head  400  in  accordance  with  the 
image  signal.  Thus,  an  electrostatic  latent  image  is 
formed  on  the  photosensitive  body  1. 

25  The  electrostatic  latent  image  formed  on  the 
photosensitive  body  1  is  developed  by  the  devel- 
oping  device  2,  whereby  a  developer  image  is 
formed  on  the  photosensitive  body  1.  This  develop- 
ing  operation  will  be  described  later  in  detail. 

30  In  this  developing  operation,  a  recording  paper 
700,  sandwiched  between  the  transfer  roller  500 
and  the  photosensitive  body  1,  is  fed  one  after 
another.  A  bias  voltage  (e.g.,  approximately  +  1  kv) 
is  applied  to  the  transfer  roller  500,  and  a  nega- 

35  tively  charged  developer  on  the  photosensitive 
body  1  is  transferred  onto  the  recording  paper  700. 

Then,  the  recording  paper  700  on  which  the 
developer  image  is  transferred  passes  through  the 
fixing  device  600,  and  the  developer  image  is  ther- 

40  mally  fixed  therein.  Thereafter,  the  recording  paper 
700  is  discharged  from  the  image  forming  appara- 
tus. 

On  the  other  hand,  a  part  of  a  developer  re- 
maining  on  the  photosensitive  body  1  after  the 

45  transfer  operation  is  removed  by  the  cleaner  3.  The 
photosensitive  body  1  thus  cleaned  returns  to  the 
charge  position  again,  and  is  ready  to  repeat  the 
above-mentioned  operation  again.  After  completing 
an  image  forming  operation  for  one  sheet  of  re- 

50  cording  paper  700,  the  photosensitive  body  1 
stops.  Further,  according  to  the  present  example, 
the  removed  developer  is  collected  and  reused,  as 
described  later. 

A  construction  and  operation  of  each  of  the 
55  above-mentioned  elements  will  be  described  in  de- 

tail. 

5 
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(Case  100) 

At  a  position  corresponding  to  a  transfer  sec- 
tion  between  the  photosensitive  body  1  and  the 
transfer  roller  500  on  the  external  surface  of  the 
case  100,  a  paper  supply  slit  101  for  manual  feed- 
ing  is  disposed.  The  paper  supply  slit  101  has  a 
paper  guide  110  and  a  paper  feeding  rollers  112. 
The  paper  feeding  rollers  112  rotates  so  as  to  send 
the  recording  paper  700  to  the  transfer  section  with 
a  predetermined  timing  in  a  series  of  operations  of 
the  image  forming  apparatus  as  described  above. 
Between  the  image  forming  unit  200  and  the  exter- 
nal  surface  of  the  case  100  having  the  paper  sup- 
ply  slit  101,  a  paper  feeding  path  102  extending 
from  the  paper  supply  slit  101  is  disposed.  The 
recording  paper  700,  supplied  from  the  paper  sup- 
ply  slit  101,  is  transported  to  the  transfer  section 
via  the  paper  feeding  path  102,  as  shown  by  an 
arrow  B.  On  the  downstream  side  of  the  transporta- 
tion  of  the  recording  paper  700  of  the  transfer 
section,  a  transporting  path  103  for  transporting  the 
recording  paper  700  from  the  transfer  section  to 
the  fixing  device  600  is  disposed.  On  the  external 
surface  of  the  case  100,  at  a  position  correspond- 
ing  to  the  fixing  device  600,  a  paper  discharge  slit 
104  is  disposed.  On  the  downstream  side  of  the 
transportation  of  the  recording  paper  700  of  the 
fixing  device  600,  a  paper  discharge  path  105  for 
transporting  the  recording  paper  700  from  the  fix- 
ing  device  600  to  the  paper  discharge  slit  104  is 
disposed. 

As  shown  in  Figure  2,  the  shape  of  the  case 
100  is  substantially  a  rectangular  parallelopiped 
and  has  six  planes.  According  to  the  present  inven- 
tion,  two  planes  can  be  selectively  used  for  plac- 
ing.  That  is,  a  plane  120  opposed  to  the  plane  on 
which  the  paper  supply  slit  101  is  disposed  and  a 
plane  130,  which  is  adjacent  to  the  plane  120, 
among  four  planes  surrounding  an  axis  of  the  pho- 
tosensitive  body  1.  According  to  the  present  inven- 
tion,  the  paper  supply  slit  101  is  disposed  on  the 
side  of  the  plane  opposed  to  the  plane  120  so  as 
to  be  close  to  the  plane  130,  and  the  paper  dis- 
charge  slit  104  is  disposed  on  the  plane  opposite 
to  the  plane  120  so  as  to  be  away  from  the  plane 
130.  In  this  way,  the  recording  paper  700  can  be 
easily  discharged  irrespective  of  whether  the  plane 
120  or  130  is  made  a  placing  plane. 

The  paper  guide  110  has  a  slit  111  extending 
in  parallel  with  an  axial  direction  of  the  photosen- 
sitive  body  1.  This  makes  it  possible  to  supply  and 
discharge  the  recording  paper  700,  irrespective  of 
whether  the  plane  120  or  130  is  selected  as  a 
placing  plane.  In  the  case  where  the  plane  120  is 
selected,  the  recording  paper  700  is  guided  and 
fed  in  the  direction  shown  by  the  solid  line  C.  In 
the  case  where  the  plane  130  is  selected,  the 

recording  paper  700  is  guided  and  fed  through  the 
slit  111  in  the  direction  shown  by  the  broken  line  D. 

The  planes  120  and  130  respectively  have 
projections  at  corners  thereof.  Because  of  this,  the 

5  image  forming  apparatus  is  stably  placed.  These 
projections  140  and  150  are  preferably  made  of 
rubber  or  the  like,  for  preventing  slip. 

An  open-and-close  section  160  (upper  right 
portion  in  Figure  1  has  a  paper  feeding  section 

io  including  the  paper  feeding  path  102,  the  paper 
transporting  path  103,  and  the  paper  discharge 
path  105  and  the  like,  in  addition  to  the  transfer 
roller  500,  and  the  fixing  device  600.  This  open- 
and-close  section  can  be  opened  for  removing 

is  jammed  paper,  repairing  the  apparatus  in  the  event 
of  a  failure  and  the  like.  The  open-and-close  sec- 
tion  160  is  rotatable  in  the  direction  of  an  arrow  E 
around  a  shaft  162  extending  in  parallel  with  the 
axial  direction  of  the  photosensitive  body  1.  Thus, 

20  the  right  hand  side  of  the  image  forming  unit  200 
shown  in  Figure  1  (i.e.,  the  open-and-close  section 
160)  is  completely  released  therefrom,  and  the 
image  forming  unit  200  can  be  detached  in  the 
direction  of  an  arrow  F  through  the  opening  formed 

25  by  this  release.  The  detaching  direction  is  freely 
set,  depending  on  the  arrangement  of  other  ele- 
ments  and  the  open-and-close  structure  of  each 
section  of  the  case  100. 

30  (Image  forming  unit  200) 

(1)  Photosensitive  body  1 

A  conventional  photosensitive  body  is  used  in 
35  the  present  invention.  However,  there  is  no  particu- 

lar  restriction  in  the  type  of  the  photosensitive  body 
1. 

(2)  Developing  device  2 
40 

The  construction  of  the  developing  device  2 
will  be  described  with  reference  to  Figures  3  to  9. 

Figure  3  is  a  partially  cutaway  perspective  view 
of  the  developing  device  2,  and  Figure  4A  is  a 

45  cross-sectional  view  of  the  same  seen  from  above. 
As  shown  in  these  figures,  the  developing  device  2 
has  a  hopper  21,  a  developer  transporting  pipe  22, 
and  a  recovering  roller  25.  The  hopper  21  accom- 
modates  and  supplies  the  developer.  The  devel- 

50  oper  transporting  pipe  22  for  transporting  the  de- 
veloper  supplied  from  the  hopper  21.  The  recover- 
ing  roller  25  forms  a  developer  image  by  recover- 
ing  the  extra  particles  of  developer. 

The  outline  of  a  developing  operation  in  the 
55  developing  device  2  having  the  above-mentioned 

structure  will  be  described. 
The  developer  used  for  development  is  trans- 

ported  from  the  hopper  21  to  the  surface  of  the 

6 



11 EP  0  656  571  A1 12 

photosensitive  body  1  through  the  developer  trans- 
porting  pipe  22  and  arbitrarily  supplied  both  to  an 
image  area  and  a  non-image  area  on  the  photosen- 
sitive  body  1.  The  developer  supplied  to  the  pho- 
tosensitive  body  1  is  kept  in  a  developing  place  23, 
a  portion  between  the  photosensitive  body  1  and 
the  recovering  roller  25.  At  the  developing  place, 
an  AC  electric  field  is  formed  in  addition  to  a  DC 
electric  field.  Because  of  this,  the  developer  sup- 
plied  to  the  non-image  area  and  the  extra  part  of 
developer  supplied  to  the  image  area  are  recov- 
ered  by  the  recovering  roller  25.  Thus,  the  proper 
amount  of  developer  is  adhered  only  to  the  image 
area,  whereby  development  is  performed. 

Hereinafter,  a  structure  and  operation  of  each 
member  of  the  developing  device  2  will  be  de- 
scribed. 

(A)  Hopper  21 

Figure  5  shows  an  enlarged  view  of  the  hopper 
21  and  its  vicinity.  Figure  6  is  a  longitudinal  sec- 
tional  view  of  the  hopper  21  seen  from  the  side. 
Figure  7  is  a  longitudinal  sectional  view  of  the 
hopper  21  portion,  including  the  cleaner  3,  seen 
from  the  front. 

As  shown  in  these  figures,  the  hopper  21  is 
arranged  outside  of  the  edge  in  the  longitudinal 
direction  of  the  photosensitive  body  1.  The  hopper 
21  has  a  developer  refill  port  213  in  its  upper 
portion,  through  which  the  developer  is  supplied 
into  the  hopper  21.  On  the  internal  side  plane  of 
the  developer  refill  port  213,  a  fit  groove  215  in  the 
shape  of  key  is  provided.  In  the  hopper  21,  a 
stirring  blade  211  which  rotates  around  a  rotation 
shaft  210  vertically  extending  is  disposed.  The  ro- 
tation  shaft  210  extends  towards  the  lower  outside 
of  the  hopper  21.  A  gear  45  is  disposed  on  the 
bottom  edge  of  the  rotation  shaft  210,  and  a  cou- 
pling  216  is  disposed  on  the  top  edge  thereof. 
Over  the  developer  refill  port  213,  a  cover  214  is 
disposed.  As  shown  in  Figure  5,  the  hopper  21  has 
a  developer  outlet  212a  for  supplying  the  devel- 
oper  to  the  developer  transporting  pipe  22,  and  a 
developer  inlet  212b  for  receiving  the  developer 
returning  to  the  hopper  21  from  the  developer 
transporting  pipe  22  without  being  used  for  devel- 
opment. 

(Developer  refill  container  800) 

A  developer  refill  container  800  shown  in  Fig- 
ure  8A  is  used  for  refilling  the  developer  in  the 
hopper  21.  The  developer  refill  container  800  has  a 
cylindrical  shape.  On  the  bottom  thereof,  two  de- 
veloper  discharge  outlets  820  are  disposed  in  the 
circumferential  direction  as  shown  in  Figure  8B. 
Further,  the  developer  refill  container  800  has  a 

cap  810  on  its  bottom,  whereby  these  developer 
discharge  outlets  820  are  covered.  The  cap  810 
has  a  stirring  blade  812  rotatable  around  a  rotation 
shaft  811  in  the  developer  refill  container  800,  and 

5  the  cap  810  itself  is  rotatable  around  the  rotation 
shaft  811.  The  cap  810  has  openings  813  cor- 
responding  to  the  developer  discharge  outlets  820. 
When  these  openings  813  fit  in  the  developer  dis- 
charge  outlets  820,  the  developer  in  the  developer 

io  refill  container  800  can  be  discharged.  On  the 
outside  of  the  cap  810,  a  coupling  815  connected 
to  the  rotation  shaft  811  is  provided,  and  projec- 
tions  814  are  formed  on  the  periphery  of  the  cap 
810. 

is  The  hopper  21  has  a  developer  refill  container 
detecting  sensor  (not  shown  in  Figure  8A)  for  de- 
tecting  that  the  developer  refill  container  800  is 
attached  to  the  hopper  21.  Various  kinds  of  sensors 
such  as  a  photosensor  and  a  limit  switch  are  us- 

20  able  for  this  developer  refill  container  detecting 
sensor,  which  makes  it  possible  to  detect  the  at- 
tachment  of  the  developer  refill  container  800  to 
the  hopper  21,  optically,  electrically  or  mechani- 
cally. 

25  Next,  an  operation  of  the  developer  refill  con- 
tainer  800  will  be  described. 

As  shown  in  Figure  3,  at  the  time  of  refilling 
developer,  the  cover  214  is  removed  from  the 
developer  refill  port  213,  and  the  developer  refill 

30  container  800  is  attached  to  the  developer  refill  port 
213,  whereby  the  developer  is  refilled  in  the  hopper 
21.  In  the  attachment  of  the  developer  refill  con- 
tainer  800,  after  the  projections  814  of  the  devel- 
oper  refill  container  800  is  fit  into  the  fit  groove  215 

35  of  the  hopper  21,  the  developer  refill  container  800 
is  fully  pushed  and  revolved.  Since  the  cap  810  is 
fixed,  the  cap  810  rotates  with  respect  to  the  devel- 
oper  refill  container  800,  whereby  the  openings  813 
of  the  cap  810  are  aligned  with  the  developer 

40  discharge  outlets  820.  In  this  way,  the  developer  in 
the  developer  refill  container  800  falls  into  the 
hopper  21  through  the  developer  discharge  outlets 
820  and  openings  813. 

The  coupling  815  on  the  rotation  shaft  811  of 
45  the  developer  refill  container  800  is  automatically 

connected  to  the  coupling  216  on  the  rotation  shaft 
210  of  the  hopper  21.  Thus,  the  stirring  blade  812 
in  the  developer  refill  container  800  is  driven  for 
rotation  in  association  with  the  rotation  of  the  stir- 

so  ring  blade  211  in  the  hopper  21.  By  the  rotation  of 
the  stirring  blade  812,  the  developer  is  smoothly 
moved  from  the  developer  refill  container  800  to 
the  hopper  21.  This  makes  the  time  required  for 
refilling  the  developer  shorter.  As  a  result,  the 

55  standby  time  for  image  forming  is  shortened. 
Further,  since  the  stirring  blade  812  and  the 

stirring  blade  211  in  the  hopper  21  are  simulta- 
neously  driven,  the  developer  can  be  successively 

7 
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supplied  to  the  hopper  21  and  then  transported  to 
the  developing  place  23.  That  is,  the  developer 
supplied  to  the  hopper  21  is  stirred  and  spread 
evenly  by  the  stirring  blade  211.  This  stirred  devel- 
oper  is  smoothly  fed  out  into  the  developer  trans- 
porting  pipe  22  by  means  of  a  screw  24a  disposed 
in  a  forward  path  22a  extending  into  the  hopper  21. 
In  this  way,  the  developer  is  stably  transported. 
Since  the  supply  and  transportation  of  the  devel- 
oper  are  completed  in  a  short  period  of  time,  it  is 
possible  to  stably  supply  the  developer  to  the 
developing  place  23  for  development  without  an 
initializing  operation  after  the  supply  of  the  devel- 
oper  or  standby  time  required  for  this  operation. 
Accordingly,  there  is  an  advantage  that  the  image 
forming  operation  can  be  started  immediately  after 
the  developer  is  supplied. 

(B)  Developer  transporting  pipe  22 

As  shown  in  Figure  3,  the  developer  transport- 
ing  pipe  22  has  the  forward  path  22a  for  forwarding 
the  developer  from  the  hopper  21,  a  backward  path 
22b  for  backwarding  the  developer  once  fed  into 
this  forward  path  22a,  and  a  connecting  path  22c 
for  connecting  a  first  end  of  the  forward  path  22a 
and  a  first  end  of  the  backward  path  22b.  The 
forward  path  22a  and  the  backward  path  22b  ex- 
tend  in  parallel  with  the  axial  direction  of  the  pho- 
tosensitive  body  1.  The  forward  path  22a  and  the 
backward  path  22b  respectively  have  spaces  in- 
dependent  of  each  other,  and  respectively  extend 
from  the  hopper  21  in  parallel  with  the  axial  direc- 
tion  of  the  photosensitive  body  1.  A  second  end  of 
the  forward  path  22a  is  connected  to  the  developer 
outlet  212a  of  the  hopper  21,  and  a  second  end  of 
the  backward  path  22b  is  connected  to  the  devel- 
oper  inlet  212b  of  the  hopper  21.  In  this  way,  the 
forward  path  22a,  the  backward  path  22b,  and  the 
connecting  path  22c  form  a  continuous  path  for 
circulating  the  developer,  including  the  hopper  21 
as  a  part  thereof.  Since  the  developer  transporting 
pipe  22  forms  a  closed  space  together  with  the 
photosensitive  body  1  and  the  recovering  roller  25, 
any  particles  of  the  developer  does  not  scatter  out 
of  the  closed  space.  The  photosensitive  body  1 
functions  as  a  developer  carrier  body  for  transport- 
ing  the  developer  to  the  developing  place  23. 

The  forward  path  22a  has  a  developer  supply 
opening  221  in  a  position  opposed  to  the  photosen- 
sitive  body  1,  for  supplying  the  developer  directly 
to  the  surface  of  the  photosensitive  body  1.  The 
developer  supply  opening  221  is  large  enough  for 
the  developer  in  a  sufficient  amount  to  be  adhered 
both  to  an  image  area  and  a  non-image  area  on  the 
photosensitive  body  1. 

As  shown  in  Figures  1  and  9,  the  forward  path 
22a  and  the  developer  supply  opening  221  are 

both  provided  beneath  the  photosensitive  body  1  at 
an  angle  of  about  45  degrees  from  the  horizontal 
plane  of  the  photosensitive  body  1.  Due  to  this 
arrangement,  the  developer  supplying  condition  re- 

5  mains  almost  the  same,  irrespective  of  whether  the 
apparatus  is  placed  on  the  plane  120  or  on  the 
plane  130  of  the  case  100.  Further,  since  the 
developer  is  always  supplied  to  the  photosensitive 
body  1  from  below,  whichever  plane  (i.e.,  the  plane 

io  120  or  130)  is  selected  for  placing,  the  excess 
supply  of  the  developer  caused  by  gravity  can  be 
prevented.  Also,  it  avoids  clogging  the  space  with 
the  particles  of  developer  and  thus  applying  ex- 
treme  pressure  to  the  developer. 

is  Further,  it  is  possible  to  effectively  supply  the 
developer  by  utilizing  the  force  of  a  magnetic  field. 
Figure  9  is  an  enlarged  longitudinal  cross-sectional 
view  of  the  developing  device  2  and  the  vicinity 
thereof.  As  shown  in  Figure  9,  a  sector-shaped 

20  magnet  26  is  provided  in  the  photosensitive  body 
1.  A  magnetic  field  as  shown  by  broken  lines  in 
Figure  9  is  formed  by  means  of  the  magnet  26  and 
a  cylindrical  magnet  27  (described  later)  located  in 
the  recovering  roller  25.  The  developer  transported 

25  in  the  forward  path  22a  is  attracted  and  adhered  to 
the  surface  of  the  photosensitive  body  1,  by  a 
magnetic  force  of  the  magnetic  field  of  the  magnet 
26.  In  the  present  example,  a  magnetic  monocom- 
ponent  developer  is  used. 

30  A  screw  24a  and  a  screw  24b  are  provided  in 
the  forward  path  22a  and  the  backward  path  22b, 
respectively.  The  screws  24a  and  24b  have  a  lead 
in  the  same  direction  with  each  other.  The  inner 
wall  of  the  screws  22a  and  22b  are  adjacent  to  the 

35  periphery  of  the  screws  24a  and  24b,  respectively. 
Thus,  it  is  possible  to  hold  the  particles  of  the 
developer  in  the  spaces  around  the  blades  of  the 
screws  24a  and  24b  against  the  influence  of  grav- 
ity,  even  when  the  developing  device  2  is  pulled 

40  out  from  the  case  100,  or  when  the  direction  of 
operation  or  placement  is  changed.  Accordingly, 
the  developer  is  prevented  from  gathering  in  either 
end  of  the  developer  transporting  pipe  22,  or  in 
either  side  of  the  forward  path  22a  or  the  backward 

45  path  22b. 
In  the  above-mentioned  closed  space,  there  is 

a  developer  idle  space  29  free  from  the  transport- 
ing  force  of  the  screw  24a.  The  developer  idle 
space  29  is  formed  among  the  screw  24a  in  the 

50  forward  path  22a,  the  photosensitive  body  1  and 
the  recovering  roller  25.  In  the  developer  idle  space 
29,  the  developer  is  likely  to  flow  without  being 
caught  therein,  because  it  is  free  from  the  trans- 
porting  force  of  the  screw  24a  or  the  carrying  force 

55  of  the  photosensitive  body  1  and  the  recovering 
roller  25.  In  the  present  example,  however,  a  mag- 
netic  field  formed  between  the  magnet  26  in  the 
photosensitive  body  1  and  the  magnet  27  in  the 

8 
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recovering  roller  25  is  formed  in  this  developer  idle 
space  29,  and  the  strength  of  the  magnetic  field  is 
set  to  a  magnetic  force  strong  enough  to  hold  the 
developer  against  gravity.  Therefore,  the  above- 
mentioned  gathering  of  the  developer  is  reliably 
prevented,  even  if  the  direction  of  the  apparatus  is 
variously  changed.  It  is  also  possible  to  dispose  a 
magnet  in  the  vicinity  of  the  developer  transporting 
pipe  22  in  addition  to  the  magnets  26  and  27  to 
form  the  magnetic  field,  which  has  the  developer 
caught  in  the  developer  idle  space  29. 

Also,  by  forming  the  magnetic  field,  which  is 
caused  by  the  magnets  26  and  27,  in  the  screws 
24a  and  24b,  the  developer  is  caught  more  reliably 
by  the  screws  24a  and  24b.  In  order  to  form  such 
a  magnetic  field,  the  magnets  26  and  27  may  be 
strengthen,  or  another  magnet  may  be  provided. 

As  shown  in  Figure  4A,  a  guide  plane  220  (a 
sidewall  having  a  slope)  is  provided  at  the  first  end 
of  the  forward  path  22a.  This  improves  the  trans- 
portation  of  the  developer  from  the  forward  path 
22a  to  the  backward  path  22b. 

Also,  as  shown  in  Figure  4A,  the  width  of  the 
connecting  path  22c  connecting  the  forward  path 
22a  and  the  backward  path  22b  is  made  larger 
than  that  of  the  forward  path  22a,  and  the  screw 
24a  is  not  provided  in  this  portion.  Accordingly,  the 
developer  transported  to  the  first  end  of  the  forward 
path  22a  by  the  screw  24a  is  pushed  to  the  side  of 
the  backward  path  22b,  and  the  pushed  developer 
is  caught  by  the  screw  24b  and  forwarded  into  the 
backward  path  22b.  In  the  present  example,  since 
a  part  of  the  screw  24a  is  removed  at  the  first  end 
of  the  forward  path  22a  where  a  part  of  the  wall 
separating  the  forward  path  22a  from  the  backward 
path  22b  is  removed,  and  the  connecting  path  22c 
is  widened  therein,  the  developer  forwarded  to  this 
place  is  smoothly  delivered  to  the  adjacent  back- 
ward  path  22b.  Thus,  the  transporting  direction  of 
the  developer  is  reliably  changed  within  a  narrow 
space.  If  the  screw  24a  extends  further  closer  to 
the  guide  plane  220,  the  developer  is  compressed 
to  the  side  wall  before  being  delivered  to  the  back- 
ward  path  22b,  causing  the  developer  to  clog. 

In  the  present  example,  the  leads  of  the  screws 
24a  and  24b  are  gradually  enlarged  so  as  to  be 
larger  at  downstream  than  at  upstream.  As  a  result, 
even  in  the  case  where  the  screws  24a  and  24b 
are  rotated  at  a  constant  speed,  the  developer 
transporting  ability  is  appropriately  made  larger 
while  being  transported  from  the  developer  outlet 
212a  of  the  hopper  21,  via  the  forward  path  22a 
and  the  backward  path  22b,  to  the  developer  inlet 
212b  of  the  hopper  21.  That  is,  the  developer 
receives  more  transporting  force  as  it  is  traveling  to 
the  downstream,  and  finally  released  from  the  force 
when  it  is  fed  into  the  hopper  21  having  a  large 
capacity.  Accordingly,  it  is  possible  to  prevent  the 

developer  from  clogging  in  the  course  of  trans- 
portation  or  from  being  degraded  under  extreme 
stress  due  to  high  density  similar  to  the  clogging 
state.  However,  the  lead  of  the  screw  24a  is  con- 

5  stant  in  a  position  corresponding  to  the  developer 
supply  opening  221.  If  the  lead  is  not  constant,  the 
amount  of  the  developer  supplied  to  the  photosen- 
sitive  body  1  varies  in  the  axial  direction  of  the 
photosensitive  body  1,  due  to  the  difference  in  the 

io  transporting  speed  of  the  developer. 
If  the  leads  of  the  screws  24a  and  24b  are 

large,  the  force  of  holding  the  developer  is  weak. 
Accordingly,  the  developer  is  not  held  sufficiently 
between  the  blades  of  the  screw  24a  and  the 

is  screw  24b,  and  the  above-mentioned  effect  of  pre- 
venting  the  developer  from  gathering  is  reduced. 
Such  a  problem  is  solved  by  providing  a  number  of 
blades. 

The  screw  24a  in  the  forward  path  22a  is 
20  provided  so  that  a  part  thereof  extends  in  the 

hopper  21  at  the  developer  outlet  212a.  This 
makes  it  possible  to  conveniently  catch  the  devel- 
oper  in  the  hopper  21  and  forward  it  reliably.  At  the 
developer  outlet  212a  of  the  hopper  21,  the  devel- 

25  oper  transporting  ability  of  the  screw  24a  is  set  so 
as  to  be  larger  than  that  of  the  photosensitive  body 
1  for  transporting  the  developer  to  the  developing 
place  23.  The  reason  for  this  setting  is  as  follows: 

In  general,  the  developer  transporting  ability  of 
30  the  photosensitive  body  1  is  set  so  as  to  be  suffi- 

cient  for  forming  a  whole  surface  solid  black  image. 
However,  there  is  a  possibility  that  the  shortage  of 
the  developer  supply  amount  is  caused  in  the  case 
where  the  developer  transported  through  the  devel- 

35  oper  transporting  pipe  22  is  decreased  in  amount 
while  such  a  solid  black  image  is  repeatedly 
formed.  The  above-mentioned  setting  can  avoid 
this  shortage.  Thus,  an  image  density  is  stably 
maintained  to  be  constant. 

40  The  setting  of  the  developer  transporting  ability 
of  the  screws  24a  and  24b  can  also  be  appro- 
priately  adjusted  by  modifying  the  diameter  or  driv- 
ing  speed  of  the  screws  24a  and  24b,  in  addition  to 
the  above-mentioned  configuration  of  the  leads. 

45  As  for  the  arrangement  of  the  forward  path  22a 
and  the  backward  path  22b,  the  forward  path  22a 
is  always  located  above  the  backward  path  22b, 
irrespective  of  whether  the  plane  120  or  the  plane 
130  is  selected  for  placing.  Accordingly,  it  is  possi- 

50  ble  to  use  gravity  for  changing  the  direction  of 
transporting  the  developer  in  the  connecting  path 
22c,  and  there  is  an  advantage  in  that  the  devel- 
oper  does  not  clog. 

Alternatively,  the  forward  path  22a  and  the 
55  backward  path  22b  can  be  transposed  with  each 

other  as  shown  in  Figure  4B.  In  such  an  arrange- 
ment,  the  forward  path  22a  is  always  located  below 
the  backward  path  22b,  irrespective  of  whether  the 

9 
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plane  120  or  the  plane  130  is  selected  for  placing. 
Accordingly,  it  is  possible  to  take  the  developer 
positioned  at  the  bottom  of  the  hopper  21  for 
development.  Either  the  plane  120  or  the  plane  130 
can  be  always  used  for  placing. 

The  rotation  direction  of  the  screw  24a  and  the 
screw  24b  is  opposite  to  the  rotation  direction 
thereof  shown  in  Figure  4A.  Accordingly,  in  the 
case  shown  in  Figure  4B,  an  idle  gear  43  shown  in 
Figure  4A  is  unnecessary,  and  it  is  sufficient  that 
the  drive  mechanism  4  directly  drives  a  gear  44  by 
engaging  a  gear  42  connected  to  the  screw  24b  of 
the  forward  path  22b  with  a  gear  44  connected  to  a 
rotation  shaft  of  the  recovering  roller  25.  As  shown 
in  Figure  4B,  the  lead  of  the  screws  24a  and  24b  is 
smaller  on  the  side  of  forward  path  22a  and  larger 
on  the  side  of  backward  path  22b,  and  thereby  the 
developer  transporting  ability  is  optimized.  Also, 
the  guide  plane  220  is  provided  on  the  side  of  the 
forward  path  22a  in  the  connecting  path  22c. 

As  described  above,  in  the  developing  device  2 
of  the  present  example,  the  hopper  21  is  located  at 
the  first  end  of  the  longitudinal  direction  of  the 
photosensitive  body  1,  and  the  forward  path  22a 
and  the  backward  path  22b  extend  from  the  hopper 
21  in  parallel  with  the  photosensitive  body  1.  Ac- 
cordingly,  only  the  forward  path  22a  and  the  back- 
ward  path  22b  are  located  around  the  periphery  of 
the  photosensitive  body  1,  and  the  hopper  21  is  not 
located  around  the  photosensitive  body  1.  Further, 
the  forward  path  22a  and  the  backward  path  22b 
are  formed  at  a  distance  as  short  as  possible  for 
transporting  the  developer.  Therefore,  the  space 
occupied  by  the  developing  device  2  around  the 
periphery  of  the  photosensitive  body  1  is  greatly 
reduced,  thus  miniaturizing  the  image  forming  ap- 
paratus. 

(C)  Recovering  roller  25 

A  voltage  is  applied  to  the  recovering  roller  25 
for  forming  the  above-mentioned  AC  electric  field 
with  the  DC  electric  field  superimposed.  In  the 
present  example,  an  AC  voltage  having  a  peak-to- 
peak  voltage  of  1  .8  KV  and  a  frequency  of  1  .5  kHz 
with  a  DC  voltage  of  -300  V  superimposed  is 
supplied  to  the  recovering  roller  25,  the  surface 
potential  of  the  photosensitive  body  1  being  ap- 
proximately  -550  V.  Thus,  the  developer  on  a  non- 
image  area  is  effectively  attracted  to  be  removed 
by  using  an  electric  force  obtained  by  functioning 
as  an  AC  electric  field  in  addition  to  a  DC  electric 
field  between  the  photosensitive  body  1  and  the 
recovering  roller  25.  In  the  developer  contacting  the 
surface  of  the  non-image  area,  the  particles  of  the 
bottom  part  (i.e.,  the  part  which  is  directly  in  con- 
tact  with  the  surface)  are  in  a  relatively  stable 
condition.  However,  the  particles  of  the  upper  part 

of  the  developer  are  in  a  relatively  free  condition  or 
in  a  completely  free  condition.  Therefore,  the  de- 
veloper  can  be  removed  from  the  non-image  area 
by  vibrating  the  particles  of  the  upper  part  of  the 

5  developer  by  the  electric  field,  and  then  colliding 
the  particles  against  the  stabilized  particles  of  the 
bottom  part.  In  this  way,  the  developer  adhering  to 
the  non-image  area  can  be  effectively  attracted  to 
the  side  of  the  recovering  roller  25  and  removed. 

io  For  improving  the  efficiency  of  recovering  un- 
necessary  developer,  it  is  possible  to  use  a  force 
by  the  magnetic  field  in  addition  to  the  above 
electric  force.  As  described  in  the  foregoing,  the 
magnetic  field  as  shown  in  Figure  9  is  formed  by 

is  means  of  the  magnet  26  in  the  photosensitive  body 
1  and  the  cylindrical  magnet  27  in  the  recovering 
roller  25.  The  developer  adhering  to  the  non-image 
area  can  be  effectively  attracted  to  the  side  of  the 
recovering  roller  25  and  removed  by  means  of  this 

20  magnetic  field. 
The  developer  on  the  recovering  roller  25  thus 

removed  from  the  non-image  area  is  recovered  in 
the  forward  path  22a  by  the  rotation  of  the  re- 
covering  roller  25.  The  recovering  roller  25  rotates 

25  in  the  direction  shown  by  an  arrow  G.  A  recovering 
blade  251  is  located  between  the  recovering  roller 
25  and  the  forward  path  22a.  The  developer  at- 
tracted  by  the  recovering  roller  25  is  removed  from 
the  recovering  roller  25  by  the  recovering  blade 

30  251.  The  recovering  blade  251  also  seals  the 
space  between  the  developer  supply  opening  221 
and  the  recovering  roller  25  so  as  to  prevent  the 
developer  from  flowing  out  from  this  space. 

Hereinafter,  an  operation  of  the  developing  de- 
35  vice  2  will  be  described. 

Referring  to  Figures  3  and  4A,  when  the  drive 
mechanism  4  starts  driving,  an  idle  gear  43  pro- 
vided  on  the  drive  mechanism  4  rotates.  As  shown 
in  these  figures,  the  idle  gear  43  is  engaged  with  a 

40  gear  44  provided  at  one  end  of  the  shaft  of  the 
recovering  roller  25.  The  shaft  of  the  recovering 
roller  25  rotates  in  the  direction  shown  by  the  arrow 
G  at  a  predetermined  rotational  ratio  with  respect  to 
the  idle  gear  43. 

45  The  idle  gear  43  is  engaged  with  the  gear  42 
provided  at  one  end  of  the  shaft  of  the  screw  24a, 
and  the  gear  42  is  directly  engaged  with  a  gear  41 
provided  at  one  end  of  the  shaft  of  the  screw  24b. 
Accordingly,  by  the  rotation  of  the  idle  gear  43,  the 

50  shaft  of  the  screw  24a  rotates  in  the  direction 
shown  by  an  arrow  H,  and  the  shaft  of  the  screw 
24b  rotates  in  the  direction  shown  by  an  arrow  I. 
Namely,  these  two  shafts  rotate  in  directions  op- 
posite  to  each  other  at  a  predetermined  rotational 

55  ratio.  The  developer  is  transported  in  the  opposite 
direction  to  each  other  by  this  rotation,  since  the 
direction  of  the  lead  of  the  screw  24a  is  the  same 
as  that  of  the  screw  24b. 

10 
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A  gear  46  is  provided  at  the  other  end  of  the 
shaft  of  the  screw  24a,  as  shown  in  Figures  3  and 
4.  The  gear  46  engages  the  gear  45  provided  on 
the  rotation  shaft  210  of  the  hopper  21,  serving  as 
a  worm  gear.  Thus,  the  stirring  blade  211  of  the 
hopper  21  rotates  simultaneously  with  the  rotation 
of  the  shaft  of  the  screw  24a.  Also,  at  the  time  of 
supplying  the  developer,  as  described  above,  the 
stirring  blade  812  of  the  developer  refill  container 
800  rotates  simultaneously  with  the  rotation  of  the 
stirring  blade  211  of  the  hopper  21. 

When  driven  as  described  above,  the  devel- 
oper  in  the  hopper  21  is  fed  into  the  forward  path 
22a  by  the  screw  24a,  while  being  stirred  by  the 
stirring  blade  211.  The  developer  thus  fed  into  the 
forward  path  22a  is  always  supplied  to  the  re- 
covering  roller  25  and  the  photosensitive  body  1 
opposed  to  the  forward  path  22a  through  the  devel- 
oper  supply  opening  221.  After  the  developing 
place  23,  facing  the  recovering  roller  25  and  the 
photosensitive  body  1,  is  filled  with  the  developer, 
an  extra  portion  of  the  developer  is  continuously 
forwarded  by  the  screw  24a,  and  fed  into  the 
backward  path  22b  through  the  connecting  path 
22c  located  opposite  to  the  hopper  21.  Thereafter, 
the  developer  is  transported  in  the  backward  path 
22b  in  the  direction  opposite  to  that  of  the  devel- 
oper  supply  path  22a,  and  returns  to  the  hopper  21 
again. 

In  this  way,  the  developer  circulating  in  the 
developer  transporting  pipe  22  returns  to  the  hop- 
per  21  at  each  circulation  and  is  mixed  with  the 
developer  contained  in  the  hopper  21.  Consequent- 
ly,  the  developer  can  be  supplied  in  a  homo- 
geneous  state  at  all  times.  That  is,  the  developer 
which  is  returned  to  the  hopper  21  is  mixed  with 
the  developer  contained  in  the  hopper  21  so  as  to 
have  a  homogeneous  quality  and  the  mixed  devel- 
oper  is  used  for  subsequent  development.  Because 
of  this  advantage,  there  is  no  possibility  that  a  part 
of  the  developer  rapidly  deteriorates  due  to  re- 
peated  use.  In  addition,  repeatedly  used  developer 
is  uniformly  dispersed  in  the  developer  contained 
in  the  hopper  21.  Thus,  stable  development  is 
ensured. 

(3)  Cleaner  3 

As  shown  in  Figures  1  and  9,  the  cleaner  3  has 
a  cleaning  blade  31  contacting  the  surface  of  the 
photosensitive  body  1.  The  cleaning  blade  31  re- 
moves  the  residual  developer  after  transfer  opera- 
tion  from  the  surface  of  the  photosensitive  body  1. 
The  cleaner  3  also  has  a  seal  32  for  sealing  the 
developer  which  is  subject  to  cleaning  and  gath- 
ered.  The  cleaner  3  has  a  developer  restoring  path 
33  extending  in  parallel  with  the  axial  direction  of 
the  photosensitive  body  1.  In  the  developer  restor- 

ing  path  33,  a  screw  34  for  transporting  the  devel- 
oper  is  provided  adjacent  to  a  side  wall.  Since  the 
amount  of  developer  transported  by  the  screw  34 
is  extremely  small,  a  simple  structure  using  a  coil 

5  spring  or  the  like  is  adaptable  for  the  screw  34. 
The  screw  34  is  connected  to  the  drive  mechanism 
4.  As  shown  in  Figure  7,  one  end  of  the  developer 
restoring  path  33  is  connected  to  the  hopper  21, 
and  the  developer  transported  by  the  screw  34  is 

io  restored  in  the  hopper  21. 
In  the  cleaner  3  having  the  above-mentioned 

structure,  the  developer  recovered  by  the  cleaning 
blade  31  is  gathered  to  the  developer  restoring 
path  33,  sequentially  transported  by  the  screw  34 

is  driven  for  rotation  in  conjunction  with  the  photosen- 
sitive  body  1  and  the  like,  and  then  restored  in  the 
hopper  21. 

In  this  way,  according  to  the  present  invention, 
a  space  for  accommodating  the  residual  developer 

20  gathered  by  the  cleaner  3  is  unnecessary,  and  this 
is  effective  for  realizing  a  small-sized  apparatus. 
Further,  it  is  possible  to  effectively  consume  the 
developer  in  a  simplified  apparatus,  since  the  trou- 
blesome  process  such  as  discarding  the  gathered 

25  residual  developer  is  not  required. 

(4)  Drive  mechanism  4 

The  drive  mechanism  4  includes  a  motor  (not 
30  shown).  This  motor  drives  and  rotates  the  stirring 

blade  211  in  the  hopper  21,  the  screws  24a  and 
the  screw  24b  in  the  developer  transporting  pipe 
22,  and  the  recovering  roller  25,  in  addition  to  the 
photosensitive  body  1,  the  transfer  roller  500  and  a 

35  heat  roller  610  in  the  fixing  device  600. 

(Charger  300) 

The  type  of  the  charger  300  is  not  particularly 
40  limited.  The  present  invention  employs  a  corona 

charger. 

(Printer  head  400) 

45  As  for  the  printer  head  400,  a  solid  image 
scanning  method,  in  which  an  image  exposure  is 
performed  by  arranging  light  emitting  elements 
(LED)  or  liquid  crystal  shutters,  can  be  used.  For 
example,  a  laser  scanner  which  does  not  use  me- 

50  chanical  scanning  is  used.  However,  in  the  case  of 
a  large-sized  apparatus,  a  printer  head  which  per- 
forms  scanning  by  deflecting  a  laser  beam  can  be 
used. 

55  (Transfer  roller  500) 

The  transfer  roller  500  is  located  on  the  side 
where  the  paper  supply  slit  101  and  the  like  is 

11 
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located,  with  respect  to  the  photosensitive  body  1. 
The  transfer  roller  500  is  always  pressed  so  as  to 
be  in  contact  with  the  photosensitive  body  1  so  that 
a  bias  voltage  for  transfer  is  applied,  if  required. 
The  transfer  roller  500  rotates  in  the  direction 
shown  by  an  arrow  J  as  shown  in  Figure  1. 

(Fixing  device  600) 

The  fixing  device  600  has  a  heat  roller  610 
having  a  shaft  which  is  in  parallel  with  that  of  the 
photosensitive  body  1.  A  rotation  roller  620  is  pro- 
vided  opposed  to  the  heat  roller  610.  The  recording 
paper  700  after  the  transfer  operation  is  fed  be- 
tween  the  heat  roller  610  and  the  rotation  roller  620 
via  the  transporting  path  103.  The  heat  roller  620  is 
rotated  in  the  direction  shown  by  an  arrow  K  by  the 
drive  mechanism  4,  as  shown  in  Figure  1. 

The  fixing  device  600  is  provided  in  a  position 
which  is  away  from  the  photosensitive  body  1, 
close  to  the  paper  discharge  slit  104,  and  between 
the  paper  discharge  slit  104  and  the  transfer  sec- 
tion.  That  is,  the  fixing  device  600  is  always  located 
above  the  photosensitive  body  1,  irrespective  of 
whether  the  plane  120  or  the  plane  130  is  selected 
for  placing.  In  this  way,  the  heat  of  the  fixing  device 
600  does  not  influence  the  image  forming  section 
around  the  photosensitive  body  1. 

(Control  circuit  900) 

Figure  10  is  a  block  diagram  of  the  control 
circuit  900  of  the  present  example. 

The  control  circuit  900  which  is  provided  on 
the  case  100  or  the  developing  device  2  has  a 
CPU  910  and  a  drive  circuit  920  for  driving  the 
drive  mechanism  4.  An  output  signal  from  the 
developer  refill  container  detecting  sensor  170  is 
input  to  the  CPU  910. 

The  control  operation  at  the  time  of  refilling  the 
developer  will  be  described  hereinafter. 

When  the  developer  refill  container  detecting 
sensor  170  detects  that  the  developer  refill  con- 
tainer  800  is  attached  to  the  hopper  21,  an  output 
signal  indicating  the  attachment  is  input  to  the  CPU 
910.  Upon  receiving  the  signal  indicating  the  at- 
tachment,  the  CPU  910  supplies  a  command  to  the 
drive  circuit  920  so  that  the  drive  mechanism  4 
stops  its  operation  after  having  worked  for  a  pre- 
determined  period  of  time. 

When  the  developer  refill  container  800  is  at- 
tached  to  the  hopper  21  for  supplying  the  devel- 
oper,  the  drive  mechanism  4  is  actuated  simulta- 
neously  with  the  attachment  of  the  developer  refill 
container  800,  and  then  the  screws  24a  and  24b 
are  driven.  As  a  result,  the  stirring  blade  211  of  the 
hopper  21  and  the  stirring  blade  812  in  the  devel- 
oper  refill  container  800  rotate  simultaneously. 

The  predetermined  period  of  time  for  driving 
the  drive  mechanism  4  is  set  so  as  to  be  long 
enough  for  the  developer  in  the  hopper  21  to  reach 
the  far  end  of  the  developer  supply  opening  221  in 

5  the  forward  path  22a  facing  the  photosensitive 
body  1.  Also,  if  this  predetermined  period  of  time  is 
set  to  be  equal  to  or  longer  than  the  time  required 
for  the  developer  from  the  hopper  21  to  be  trans- 
ported  via  the  forward  path  22a  and  the  backward 

io  path  22b  and  returned  to  the  hopper  21  again  (i.e., 
the  time  required  for  the  developer  to  complete  at 
least  one  cycle  of  circulating  through  the  developer 
transporting  pipe  22),  the  whole  range  of  the  devel- 
oper  transporting  pipe  22  is  filled  with  the  devel- 

15  oper,  and  the  developer  supply  to  the  photosen- 
sitive  body  1  is  stably  performed  when  an  image 
forming  operation  is  started  or  resumed. 

In  the  developer  transporting  pipe  22,  the  for- 
ward  path  22a  and  the  backward  path  22b  are 

20  located  adjacent  to  each  other  along  the  photosen- 
sitive  body  1,  and  the  developer  is  supplied  from 
the  developer  supply  opening  221  to  the  develop- 
ing  place  23  in  the  state  of  the  developer  keeping 
in  contact  with  the  photosensitive  body  1.  In  such 

25  an  arrangement,  the  developer  is  supplied  via  the 
shortest  route  to  the  developing  place  23.  The 
standby  time  for  starting  or  resuming  the  image 
formation  is  also  shortened. 

The  drive  of  the  screws  24a  and  24b,  accom- 
30  panied  by  the  above-mentioned  developer  supply, 

is  also  started  by  an  operator's  switch  operation. 

Example  2 

35  An  image  forming  apparatus  of  the  second 
example  according  to  the  present  invention  will  be 
described.  Figure  11  is  a  partially  cross-sectional 
view  showing  the  image  forming  apparatus  of  the 
present  example.  The  second  example  differs  from 

40  the  first  example  only  in  developing  method.  The 
image  forming  apparatus  of  the  second  example 
has  the  same  construction  as  that  of  first  example, 
except  for  a  developing  device  2.  Therefore,  the 
description  of  elements  identical  to  those  in  the 

45  first  example  will  be  omitted. 
A  developing  device  2  of  the  present  example 

will  be  described. 
As  shown  in  Figure  11,  the  developing  device  2 

has  a  hopper  21  for  accommodating  and  supplying 
50  a  developer,  a  developer  transporting  pipe  22  for 

transporting  the  developer  from  the  hopper  21,  a 
developing  sleeve  51,  a  magnet  52  disposed  in  the 
developing  sleeve  51,  an  elastic  blade  53,  and  a 
seal  54  for  preventing  the  leakage  of  the  developer. 

55  The  developing  sleeve  51,  serving  as  a  developer 
carrier,  rotates  in  the  direction  of  the  arrow  K.  A 
thin  layer  of  developer  is  formed  on  the  surface  of 
the  developing  sleeve  51  by  the  elastic  blade  53. 

12 
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The  development  of  the  thus  constructed  de- 
veloping  device  2  will  be  described. 

The  developer  transported  in  a  forward  path 
22a  through  a  developer  supply  opening  221  is 
attracted  by  the  magnet  52  and  adhered  to  the 
surface  of  the  developing  sleeve  51.  The  developer 
thus  supplied  on  the  developing  sleeve  51  is  regu- 
lated  by  the  elastic  blade  53,  and  then  a  thin  layer 
of  developer  is  formed  on  the  developer  sleeve  51. 
In  the  developing  place  23,  the  thin  layer  of  devel- 
oper  is  attracted  only  to  an  image  area  of  an 
electrostatic  latent  image  on  a  photosensitive  body 
1,  whereby  the  latent  image  is  developed. 

A  developer  idle  space  in  the  forward  path  22a, 
wherein  the  developer  is  not  held  by  a  screw  24a, 
is  formed  into  two  portions:  a  portion  55a  where 
the  developing  sleeve  51  is  opposed  to  the  screw 
24a,  and  a  portion  55b  where  the  screw  24a  is 
opposed  to  the  elastic  blade  53.  In  this  idle  space 
including  the  portions  55a  and  55b,  a  magnetic 
field  is  formed  by  the  magnet  52.  The  magnetic 
developer  in  the  portions  55a  and  55b  is  held 
against  the  gravity,  being  restrained  by  the  mag- 
netic  force  that  is  at  least  stronger  than  the  gravity. 
Therefore,  even  if  an  operator  variously  changes 
the  direction  of  the  apparatus,  the  developer  in 
these  portions  55a  and  55b  does  not  freely  flow  or 
thickly  gather  in  one  direction. 

Various  other  modifications  will  be  apparent  to 
and  can  be  readily  made  by  those  skilled  in  the  art 
without  departing  from  the  scope  and  spirit  of  this 
invention.  Accordingly,  it  is  not  intended  that  the 
scope  of  the  claims  appended  hereto  be  limited  to 
the  description  as  set  forth  herein,  but  rather  that 
the  claims  be  broadly  construed. 

Claims 

1.  A  developing  device  provided  along  a  pho- 
tosensitive  body,  comprising: 

hopper  means  for  accommodating  and 
supplying  a  developer; 

developer  carrier  means  for  transporting 
the  developer  carried  on  a  surface  thereof  to  a 
developing  place;  and 

developer  circulating  means  for  circulating 
the  developer  between  the  hopper  means  and 
the  developer  carrier  means; 

wherein  the  developer  circulating  means 
includes  a  part  of  the  hopper  means  and  for- 
ward  means  and  backward  means  both  of 
which  extend  from  the  hopper  means  along  the 
photosensitive  body,  the  forward  means  and 
backward  means  respectively  have  spaces  in- 
dependent  of  each  other,  and  in  each  of  the 
spaces  developer  transporting  means  is  pro- 
vided  for  holding  the  developer  therein  and 
transporting  the  developer. 

2.  A  developing  device  according  to  claim  1, 
wherein  a  developer  transporting  ability  for 
feeding  the  developer  from  the  hopper  means 
to  the  forward  means  is  larger  than  a  devel- 

5  oper  transporting  ability  of  the  developer  car- 
rier  means. 

3.  A  developing  device  according  to  claim  1, 
wherein  each  of  the  developer  transporting 

io  means  includes  a  screw,  and  the  screw  lo- 
cated  in  the  forward  means  extends  in  the 
hopper  means. 

4.  A  developing  device  according  to  claim  1, 
is  wherein  the  developer  transporting  means  of 

the  forward  means  does  not  reach  a  connect- 
ing  portion  for  connecting  one  end  of  the  for- 
ward  means  to  one  end  of  the  backward 
means,  and  the  developer  transporting  means 

20  of  the  backward  means  reaches  the  connecting 
portion. 

5.  A  developing  device  according  to  claim  1, 
wherein  the  developer  includes  a  magnetic 

25  toner,  the  developing  device  further  comprises 
magnetic  field  forming  means  for  forming  a 
magnetic  field  between  the  developer  circulat- 
ing  means  and  the  developing  place,  and  the 
magnetic  field  is  strong  enough  to  cause  a 

30  magnetic  force  at  least  capable  of  holding  the 
developer  against  the  gravity. 

6.  A  developing  device  according  to  claim  5, 
wherein  the  magnetic  field  formed  by  the  mag- 

35  netic  field  forming  means  reaches  at  least  a 
space  including  the  developer  transporting 
means  on  the  side  of  the  developer  carrier 
means. 

40  7.  A  developing  device  according  to  claim  5, 
wherein  the  magnetic  field  forming  means  is  a 
magnet  for  development  located  in  the  devel- 
oper  carrier  means. 

45  8.  A  developing  device  according  to  claim  1, 
wherein: 

the  hopper  means  comprises  a  refill  port 
to  which  a  developer  refill  container  for  refilling 
the  developer  into  the  hopper  means  is  at- 

50  tached,  and  stirring  means,  located  in  the  hop- 
per  means,  for  stirring  the  developer  in  con- 
junction  with  the  developer  transporting  means; 
and 

the  developing  device  comprises  control 
55  means  for  controlling  the  stirring  means  to  stir 

the  developer  in  the  hopper  means  when  the 
developer  is  refilled  from  the  developer  refill 
container,  and  for  controlling  the  developer 
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transporting  means  to  transport  the  developer 
in  the  developer  circulating  means  to  a  devel- 
oper  supply  opening  through  which  the  devel- 
oper  is  supplied  from  the  developer  circulating 
means  to  the  developer  carrier  means. 

9.  A  developing  device  according  to  claim  8, 
wherein  the  developer  refill  container  com- 
prises: 

a  stirring  member  therein;  and 
a  coupling  portion  for  connecting  a  rotation 

axis  of  the  stirring  member  and  a  rotation  axis 
of  the  stirring  means  of  the  hopper  means  to 
each  other  by  attaching  the  developer  refill 
container  to  the  refill  port  and  for  disconnect- 
ing  the  rotation  axis  of  the  stirring  member  and 
the  rotation  axis  of  the  stirring  means  of  the 
hopper  means  from  each  other  by  detaching 
the  developer  refill  container  from  the  refill 
port. 

10.  An  image  forming  apparatus  comprising: 
a  photosensitive  body  on  a  surface  of 

which  an  electrostatic  latent  image  is  formed; 
developing  means  for  developing  the  elec- 

trostatic  latent  image,  comprising: 
hopper  means  for  accommodating  a  devel- 

oper  and  supplying  the  developer,  located  at 
one  end  of  the  photosensitive  body  in  the 
longitudinal  direction; 

developer  carrier  means  for  transporting 
the  developer  carried  on  a  surface  thereof  to  a 
developing  place;  and 

developer  circulating  means,  including  a 
part  of  the  hopper  means,  for  circulating  the 
developer  between  the  hopper  means  and  the 
developing  place; 

cleaning  means  for  removing  a  residual 
developer  from  the  surface  of  the  photosen- 
sitive  body,  the  cleaning  means  being  in  con- 
tact  with  the  surface  of  the  photosensitive 
body;  and 

residual  developer  restoring  means  for  re- 
storing  the  residual  developer  removed  by  the 
cleaning  means  to  the  hopper  means. 

11.  An  image  forming  apparatus  comprising: 
a  photosensitive  body  on  a  surface  of 

which  an  electrostatic  latent  image  is  formed; 
developing  means  for  developing  the  elec- 

trostatic  latent  image,  comprising: 
hopper  means  for  accommodating  a  devel- 

oper  and  supplying  the  developer,  located  at 
one  end  of  the  photosensitive  body  in  the 
longitudinal  direction;  and 

developer  circulating  means,  including  a 
part  of  the  hopper  means,  for  circulating  the 
developer  between  the  hopper  means  and  a 

part  of  the  surface  of  the  photosensitive  body, 
the  part  of  the  surface  functioning  as  developer 
carrier  means  for  transporting  the  developer 
carried  on  a  surface  thereof  to  a  developing 

5  place; 
cleaning  means  for  removing  a  residual 

developer  from  the  surface  of  the  photosen- 
sitive  body,  the  cleaning  means  being  in  con- 
tact  with  the  surface  of  the  photosensitive 

io  body;  and 
residual  developer  restoring  means  for  re- 

storing  the  residual  developer  removed  by  the 
cleaning  means  to  the  hopper  means. 
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