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©  Transfer  sheet  separator  in  an  image  forming  apparatus. 
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©  A  conductive  separating  roller  (3)  is  arranged  to 
be  in  contact  with  the  surface  of  a  transfer  sheet  (P) 
electrostatically  adhering  to  the  surface  of  a 
photoreceptor  drum  (1).  The  charge  on  the  transfer 
sheet  (P)  is  removed  by  applying  an  alternating 
current  voltage  or  a  pulse  voltage  to  the  separating 
roller  (3).  The  transfer  sheet  (P)  is  separated  from 
the  surface  of  the  photoreceptor  drum  (1)  by  its 
dead  load  and/or  its  resiliency  against  being  bent. 

Fig.  1 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  separator  for 
separating  a  transfer  sheet  from  a  photoreceptor, 
and  more  specifically,  to  a  separator  for  separating 
an  electrostatically  adhering  transfer  sheet  for  use 
in  an  image  forming  apparatus  such  as  an  elec- 
trophotographic  copying  machine,  a  printer  and  a 
facsimile  machine. 

Description  of  the  Prior  Art 

In  a  conventional  electrophotographic  copying 
machine,  electrostatic  transfer  is  performed  to 
transfer  a  toner  image  formed  on  the  surface  of  a 
photoreceptor  to  a  transfer  sheet.  However,  the 
transfer  sheet  made  to  electrostatically  adhere  to 
the  surface  of  the  photoreceptor  in  the  electrostatic 
transfer  remains  adhering  to  the  surface  of  the 
photoreceptor  after  the  toner  image  is  transferred 
to  the  transfer  sheet. 

To  explain  the  mechanism  of  the  electrostatic 
adherence  of  the  transfer  sheet  to  the  surface  of 
the  photoreceptor,  electrostatic  transfer  of  nega- 
tively  charged  toner  will  be  described  as  an  exam- 
ple  with  reference  to  Fig.  2.  As  shown  in  the  figure, 
when  positive  corona  discharge  is  applied  from  the 
back  surface  of  the  transfer  sheet  P  (from  the 
upper  part  of  the  figure),  the  surface  of  the  transfer 
sheet  P  is  charged  with  positive  ions  13  generated 
by  the  corona  discharge.  Then,  a  negative  charge 
is  induced  between  a  photosensitive  layer  12 
formed  on  the  surface  of  a  photoreceptor  drum  1 
and  a  substrate  11  arranged  below  the  layer  12.  At 
this  time,  the  potential  of  the  transfer  sheet  P  is 
several  hundreds  to  several  thousands  of  volts  to 
the  substrate  11.  A  positive  charge  applied  at  the 
time  of  main  charging  remains  on  the  portions  of 
the  surface  of  the  photosensitive  layer  12  where 
toner  14  is  present.  The  positive  charge  decreases 
the  electrostatic  force  between  the  transfer  sheet  P 
and  the  photoreceptor  drum  1.  However,  on  the 
portions  of  the  photosensitive  layer  12  where  no 
toner  is  present,  since  the  positive  charge  is  re- 
moved  at  the  time  of  exposure  and  a  negative 
charge  is  induced  by  the  corona  discharge  at  the 
time  of  transfer,  a  great  electrostatic  force  works 
between  the  photoreceptor  drum  1  and  the  transfer 
sheet  P.  Because  of  this  electrostatic  force,  the 
transfer  sheet  P  and  the  surface  of  the  photorecep- 
tor  drum  1  are  in  close  contact.  The  strength  of  the 
electric  field  therebetween  is  said  to  be  as  high  as 
100kV/cm  at  the  portions  where  no  toner  is 
present.  Although  this  exceeds  30kV/cm  which  is 
the  withstand  voltage  of  normal  air  gaps,  no  dis- 
charge  occurs  since  the  gap  is  very  small. 

Various  electrostatic  separators  (hereinafter 
sometimes  referred  to  as  separators)  have  been 
proposed  for  forcibly  separating  the  transfer  sheet 
electrostatically  adhering  to  the  surface  of  the 

5  photoreceptor.  Typical  ones  are  a  separator  em- 
ploying  the  AC  charge  removal  separation  method 
and  a  separator  employing  the  conductor  separa- 
tion  method. 

According  to  the  charge  removal  separation 
io  method  which  is  generally  known,  corona  dis- 

charge  is  applied  from  the  reverse  surface  of  the 
transfer  sheet  by  an  AC  corona  charge  remover  to 
remove  the  surface  potential  of  the  transfer  sheet. 
After  the  charge  is  removed,  the  transfer  sheet  is 

75  separated  from  the  surface  of  the  photoreceptor  by 
its  own  dead  load  and  its  resiliency  against  bend- 
ing  generated  by  its  rigidity. 

According  to  the  conductor  separation  method, 
the  transfer  sheet  is  separated  from  the  surface  of 

20  the  photoreceptor  by  use  of  a  conductive  roller.  For 
example,  Japanese  Laid-open  Utility  Model  Ap- 
plication  No.  S61-188163  discloses  an  electrostatic 
separator  employing  this  method  where  a  conduc- 
tor  to  which  an  earth  voltage  or  a  bias  voltage  is 

25  applied  is  arranged  to  be  close  to  or  in  contact  with 
the  back  surface  of  the  transfer  sheet  adhering  to 
the  surface  of  the  photoreceptor  from  which  the 
image  has  been  transferred,  and  by  the  attractive 
force  between  the  conductor  and  the  charge  of  the 

30  transfer  sheet,  the  transfer  sheet  is  separated  from 
the  surface  of  the  photoreceptor. 

However,  in  the  separator  employing  the  AC 
charge  removal  separation  method,  discharge  pro- 
ducts  such  as  ozone  which  is  harmful  to  the  human 

35  body  and  nitrogen  oxides  (NOx)  which  produces  a 
bad  effect  on  the  photoreceptor  are  generated.  In 
the  separator  of  Japanese  Laid-open  Utility  Model 
Application  S61-188163  employing  the  conductor 
separation  method,  when  a  bias  voltage  of  a  polar- 

40  ity  reverse  to  the  transfer  voltage  is  applied  to  the 
conductor,  toner  may  be  reversely  transferred  onto 
the  surface  of  the  photoreceptor.  By  simply 
grounding  the  conductor,  the  transfer  sheet  may 
not  be  sufficiently  separated  from  the  photorecep- 

45  tor,  since  only  a  weak  attractive  force  is  generated. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
50  a  separator  for  separating  an  electrostatically  ad- 

hering  transfer  sheet  where  the  generation  of  dis- 
charge  products  is  reduced  and  the  transfer  sheet 
is  surely  separated  without  the  toner  thereon  being 
reversely  transferred  to  the  surface  of  the 

55  photoreceptor. 
To  achieve  the  above-mentioned  object,  ac- 

cording  to  the  present  invention,  in  a  separator  for 
separating  a  transfer  sheet  electrostatically  adher- 
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ing  to  the  surface  of  a  moving  photoreceptor  from 
the  surface  of  the  photoreceptor,  a  conductor  the 
surface  of  which  moves  in  a  direction  correspond- 
ing  to  the  movement  direction  of  the  surface  of  the 
photoreceptor  is  provided  to  be  close  to  or  in 
contact  with  the  transfer  sheet,  and  the  charge  on 
the  transfer  sheet  is  removed  by  applying  an  al- 
ternating  current  voltage  or  a  pulse  voltage  to  the 
conductor.  The  transfer  sheet  is  separated  from  the 
surface  of  the  photoreceptor  by  its  dead  load 
and/or  its  resiliency  against  bending  generated  by 
its  rigidity. 

The  conductor  may  be  roller-shaped  or  belt- 
shaped.  When  a  roller-shaped  conductor  is  used, 
preferably,  the  roller  is  made  of  conductive  rubber, 
and  is  rotated  at  a  speed  substantially  equal  to  the 
movement  speed  of  the  surface  of  the  photorecep- 
tor.  When  a  belt-shaped  roller  is  used,  it  is  also 
preferable  to  rotate  it  at  a  speed  substantially  equal 
to  the  movement  speed  of  the  surface  of  the 
photoreceptor. 

According  to  the  above-described  features, 
since  the  charge  on  the  transfer  sheet  is  removed 
when  an  alternating  current  voltage  or  a  pulse 
voltage  is  applied  to  the  conductor  provided  to  be 
close  to  or  in  contact  with  the  surface  of  the 
transfer  sheet,  the  attractive  force  working  between 
the  photoreceptor  and  the  transfer  sheet  de- 
creases,  so  that  the  resiliency  of  the  transfer  sheet 
against  bending  due  to  its  rigidity  and/or  the  dead 
load  of  the  transfer  sheet  becomes  greater  than  the 
attractive  force  to  overcome  it.  As  a  result,  the 
transfer  sheet  is  separated  from  the  surface  of  the 
photoreceptor. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

This  and  other  objects  and  features  of  this 
invention  will  become  clear  from  the  following  de- 
scription,  taken  in  conjunction  with  the  preferred 
embodiments  with  reference  to  the  accompanied 
drawings  in  which: 

Fig.  1  is  a  front  view  schematically  showing  an 
electrophotographic  copying  machine  provided 
with  a  separator  according  to  an  embodiment  of 
the  present  invention;  and 
Fig.  2  schematically  shows  the  mechanism  of 
electrostatic  transfer. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Hereinafter,  an  embodiment  of  the  present  in- 
vention  will  be  described  with  reference  to  the 
drawing.  Fig.  1  schematically  shows  a  separator 
embodying  the  present  invention  which  is  used  in 
an  electrophotographic  copying  machine. 

In  the  figure,  a  photoreceptor  drum  1  com- 
prises  a  tube  made  of  a  metal  such  as  aluminum 
on  which  a  photosensitive  layer  made  of  amor- 
phous  silicon  (a-Si)  or  other  photosensitive  material 

5  is  formed.  The  photoreceptor  drum  1  is  arranged 
substantially  horizontally  in  the  copying  machine, 
and  is  rotated  clockwise  (i.e.  in  the  direction  of 
arrow  A)  by  a  driving  system  (not  shown)  provided 
in  the  copying  machine.  The  direction  of  rotation  of 

io  the  photoreceptor  drum  1  is  set  to  correspond  to 
the  conveying  direction  of  a  transfer  sheet  P  like 
the  counter-clockwise  (arrow  B)  rotation  of  a  subse- 
quently-described  separating  roller  3. 

Around  the  surface  of  the  photoreceptor  drum 
is  1,  a  charging  means  5,  a  developing  means  6,  a 

transfer  charger  2  and  a  charge-removing  and 
cleaning  means  7  are  arranged  in  this  order  in  the 
direction  of  rotation  of  the  photoreceptor  drum  1. 
Between  the  charging  means  5  and  the  developing 

20  means  6,  the  photoreceptor  drum  1  is  exposed  to  a 
laser  beam  irradiated  from  the  exposure  means 
(not  shown). 

In  an  electrophotographic  copying  machine 
provided  with  the  above-described  arrangement, 

25  first,  the  photosensitive  layer  on  the  surface  of  the 
photoreceptor  drum  1  is  charged  through  corona 
discharge  by  the  charging  means  5.  The  exposure 
means  irradiates  the  laser  beam  in  accordance  with 
an  image  read  out  from  an  original  (not  shown)  to 

30  the  charged  surface  of  the  photoreceptor  drum  1, 
thereby  forming  an  electrostatic  latent  image.  The 
electrostatic  latent  image  is  transformed  into  a 
toner  image  by  being  toner-developed  by  the  de- 
veloping  means  6.  The  transfer  sheet  P  is  con- 

35  veyed  between  the  photoreceptor  drum  1  and  the 
transfer  charger  2  by  a  pair  of  resist  rollers  8  in 
accordance  with  the  rotation  (arrow  A)  of  the 
photoreceptor  drum  1  at  a  speed  equal  to  the 
peripheral  speed  of  the  surface  of  the  photorecep- 

40  tor  drum  1  . 
While  the  transfer  sheet  P  thus  conveyed  is  in 

contact  with  the  surface  of  the  photoreceptor  drum 
1,  charged  toner  adhering  to  the  surface  of  the 
photoreceptor  drum  1  is  electrostatically  transferred 

45  onto  the  surface  of  the  transfer  sheet  P  by  the 
transfer  charger  2.  The  transfer  sheet  P  to  which 
the  toner  image  has  been  transferred  is  separated 
from  the  surface  of  the  photoreceptor  drum  1  by 
the  separating  roller  3  rotating  in  the  direction  of 

50  arrow  B  at  a  peripheral  speed  equal  to  that  of  the 
surface  of  the  photoreceptor  drum  1.  Then,  the 
transfer  sheet  P  is  heated  and  pressurized  while 
passing  between  the  rollers  at  a  fixing  means  4  to 
fix  the  toner  image  to  the  surface  of  the  transfer 

55  sheet  P.  On  the  other  hand,  after  the  transfer,  the 
residual  toner  and  charge  on  the  surface  of  the 
photoreceptor  drum  1  are  removed  by  the  charge- 
removing  and  cleaning  means  7.  The  photorecep- 
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tor  drum  1  is  ready  for  the  next  charging  when  it 
makes  one  revolution  after  the  last  charging. 

The  separating  roller  3  is  arranged  in  the 
downstream  side  of  the  transfer  charger  2  so  as  to 
be  close  to  or  in  contact  with  the  back  surface  of 
the  transfer  sheet  P,  and  rotates  in  a  direction 
corresponding  to  the  movement  direction  of  the 
surface  of  the  photoreceptor  drum  1  . 

The  separating  roller  3  includes  a  body  3a 
(volume  electrical  resistivity  pv  =  10G  to  107n«cm) 
made  principally  of  conductive  rubber  and  a  rota- 
tional  axis  3b  made  of  a  metal.  The  surface  of  the 
separating  roller  3  is  formed  by  the  conductive 
body  3a.  The  body  3a  is  fixed  around  the  rotational 
axis  3b  so  as  to  form  a  long-axis  roller  shape.  The 
body  3a  may  be  made  of  a  conductive  resin  ma- 
terial  such  as  polystyrene  and  urethane  resin  in 
which  carbon  or  an  alkali  metal  is  mixed  or  of  a 
conductive  rubber  material.  To  the  rotational  axis 
3b,  an  alternating  current  (AC)  voltage  or  a  pulse 
voltage  is  applied  through  a  contact  terminal  (not 
shown)  at  the  time  of  separation. 

According  to  the  arrangement  of  the  present 
invention,  when  an  AC  voltage  or  a  pulse  voltage  is 
applied  to  the  conductive  separating  roller  3  which 
is  arranged  to  be  close  to  or  in  contact  with  the 
back  surface  of  the  transfer  sheet  P,  the  charge  on 
the  transfer  sheet  P  is  removed,  and  the  attractive 
force  between  the  photoreceptor  drum  1  and  the 
transfer  sheet  P  is  decreased.  Therefore,  the  resil- 
iency  of  the  transfer  sheet  P  generated  by  being 
bent  against  its  rigidity  and/or  the  dead  load  of  the 
sheet  P  overcome  the  attractive  force.  As  a  result, 
the  transfer  sheet  P  is  separated  from  the  surface 
of  the  photoreceptor  drum  1  . 

Though  the  separation  of  the  transfer  sheet  P 
from  the  surface  of  the  photoreceptor  drum  1  ac- 
cording  to  the  present  invention  is  like  an  electro- 
static  separation,  it  is  not  made  by  the  attractive 
force  of  the  separating  roller  3  to  the  transfer  sheet 
P.  It  is  mainly  caused  by  the  fact  that  the  elastic 
energy  (resiliency),  which  was  generated  and 
stored  when  the  transfer  sheet  P  was  attracted  and 
bent  against  its  rigidity  by  the  surface  of  the 
photoreceptor  drum  1,  exceeds  the  electrostatic 
energy  between  the  photoreceptor  drum  1  and  the 
transfer  sheet  P.  This  is  based  on  a  principle 
similar  to  that  of  the  conventionally-known  method 
using  the  AC  corona  charge  remover. 

In  this  embodiment,  since  the  conductor  sepa- 
ration  method  is  employed  without  using  the  AC 
corona  charge  remover,  the  necessary  current  and 
voltage  are  reduced.  As  a  result,  the  generation  of 
the  discharge  products  such  as  ozone  which  is 
harmful  to  the  human  body  and  NOx  which  pro- 
duces  a  bad  effect  on  the  photoreceptor  is  re- 
duced.  Moreover,  by  applying  an  AC  voltage  or  a 
pulse  voltage  to  the  separating  roller  3,  the  transfer 

sheet  P  is  surely  separated  without  the  toner  on 
the  transfer  sheet  P  being  reversely  transferred  to 
the  surface  of  the  photoreceptor  drum  1  . 

Further,  since  the  separating  roller  3  is  rotated 
5  at  a  peripheral  speed  equal  to  that  of  the  surface  of 

the  photoreceptor  drum  1  in  a  direction  corre- 
sponding  to  the  direction  of  rotation  of  the  drum  1  , 
it  is  possible  to  arrange  the  separating  roller  3 
close  to  the  surface  of  the  photoreceptor  drum  1. 

io  Since  the  transfer  efficiency  increases  consequent- 
ly,  the  necessary  current  and  voltage  are  reduced. 
As  a  result,  the  generation  of  the  discharge  pro- 
ducts  such  as  ozone  and  NOx  can  be  further 
reduced. 

is  Instead  of  the  roller-shaped  conductor,  a  belt- 
shaped  conductor  may  be  used.  By  moving  the 
surface  of  the  belt-shaped  conductor  at  a  speed 
equal  to  the  movement  speed  of  the  surface  of  the 
photoreceptor  drum  1,  the  same  advantages  are 

20  obtained. 
As  described  above,  according  to  the  present 

invention,  the  transfer  sheet  is  surely  separated 
without  the  toner  thereon  is  reversely  transferred  to 
the  surface  of  the  photoreceptor,  and  further,  the 

25  generation  of  the  discharge  products  (ozone,  NOx) 
is  largely  reduced. 

Obviously,  many  modifications  and  variations 
of  the  present  invention  are  possible  in  light  of  the 
above  teachings.  It  is  therefore  to  be  understood 

30  that  within  the  scope  of  the  appended  claims,  the 
invention  may  be  practiced  other  than  as  specifi- 
cally  described. 

Claims 
35 

1.  A  transfer  sheet  separator  for  separating  a 
transfer  sheet  (P)  electrostatically  adhering  to  a 
moving  surface  of  a  photoreceptor  (1)  from  the 
surface  of  the  photoreceptor  (1),  said  transfer 

40  sheet  separator  comprising: 
alternating  current  voltage  supplying 

means  (9);  and 
a  conductor  (3)  to  which  an  alternating 

current  voltage  is  applied  by  the  alternating 
45  current  voltage  supplying  means  (9)  to  remove 

a  charge  on  the  transfer  sheet  (P)  adhering  to 
the  surface  of  the  photoreceptor  (1),  said  con- 
ductor  (3)  being  arranged  to  be  close  to  a  back 
surface  of  the  transfer  sheet  (P)  adhering  to 

50  the  surface  of  the  photoreceptor  (1),  a  surface 
of  said  conductor  (3)  moving  in  a  direction 
corresponding  to  a  movement  direction  of  the 
surface  of  the  photoreceptor  (1). 

55  2.  A  transfer  sheet  separator  according  to  claim 
1  ,  wherein  said  alternating  current  voltage  ap- 
plied  to  the  conductor  (3)  is  a  pulse  voltage. 

4 
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3.  A  transfer  sheet  separator  according  to  claim 
1  ,  wherein  said  conductor  (3)  is  arranged  to  be 
in  contact  with  the  transfer  sheet  (P)  at  a  back 
surface  of  a  portion  adhering  to  the  surface  of 
the  photoreceptor  (1).  5 

4.  A  transfer  sheet  separator  according  to  claim 
1  ,  wherein  the  transfer  sheet  (P)  the  charge  of 
which  has  been  removed  by  the  conductor  (3) 
is  separated  from  the  surface  of  the  10 
photoreceptor  (1)  by  a  dead  load  of  the  trans- 
fer  sheet  (P)  and  a  resiliency  of  the  transfer 
sheet  (P)  against  a  bending  generated  by  a 
rigidity  of  the  transfer  sheet  (P). 

A  transfer  sheet  separator  according  to  claim 
1,  wherein  said  photoreceptor  (1)  is  formed  on 
a  surface  of  a  rotary  drum  and  wherein  said 
conductor  (3)  is  formed  to  be  roller-shaped. 

75 

20 
A  transfer  sheet  separator  for  separating  from 
a  moving  surface  of  a  photoreceptor  (1)  a 
transfer  sheet  (P)  electrostatically  adhering  to 
the  surface  of  the  photoreceptor  (1)  and  to 
which  an  image  has  been  transferred  by  a  25 
transfer  means  (2),  wherein  a  conductor  (3)  a 
surface  of  which  moves  in  a  direction  cor- 
responding  to  a  movement  direction  of  the 
surface  of  the  photoreceptor  (1)  is  provided  in 
a  downstream  side  of  the  transfer  means  (2)  so  30 
as  to  be  close  to  the  transfer  sheet  (P),  and  a 
charge  on  the  transfer  sheet  (P)  is  removed  by 
applying  an  alternating  current  voltage  to  the 
conductor  (3),  and  the  transfer  sheet  (P)  is 
separated  from  the  surface  of  the  photorecep-  35 
tor  (1)  by  a  dead  load  of  the  transfer  sheet  (P) 
and  a  resiliency  of  the  transfer  sheet  (P) 
against  a  bending  generated  by  a  rigidity  of 
the  transfer  sheet  (P). 

40 
A  transfer  sheet  separator  according  to  claim 
6,  wherein  said  conductor  (3)  is  arranged  to  be 
in  contact  with  a  back  surface  of  the  transfer 
sheet  (P)  adhering  to  the  surface  of  the 
photoreceptor  (1).  45 
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