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©  An  apparatus  for  rotating  a  photoreceptor  of  a 
given  length  in  its  axial  direction,  comprises  a  driven 
system  inlcuding  the  photoreceptor  and  a  shaft  pro- 
vided  at  the  axis  of  the  photoreceptor  and  a  driving 
system  including  a  driving  source  and  a  transmis- 
sion  mechanism.  The  driven  system  and  the  driving 
system  are  arranged  so  that  the  proper  oscillation 
frequency  of  the  driven  system  is  made  lower  than 
both  the  frequency  of  fluctuation  component  caused 
per  one  rotation  of  the  driving  system  and  the  fre- 
quency  of  fluctuation  component  caused  per  one 
tooth  of  the  transmission  mechanism. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  image  for- 
ming  output  apparatus  such  as  a  digital  color  copy- 
ing  apparatus,  a  digital  color  printer,  and  the  like  to 
which  an  electrophotographic  process  is  applied. 

In  a  copying  apparatus  or  printer  to  which  an 
electrophotographic  process  is  applied,  an  image  is 
formed  in  the  following  manner:  a  rotating  cylin- 
drical  photoreceptor  or  a  belt-shaped  photoreceptor 
is  rotated  and  electrostatic  latent  images  are 
formed  thereon  successively;  black  toner  and  other 
color  toners,  in  the  case  of  color  image  formation, 
are  adhered  to  the  electrostatic  latent  images 
formed  as  described  above  for  development;  and 
they  are  transferred  onto  a  recording  sheet,  thus, 
the  image  is  obtained.  In  this  specification,  the 
photoreceptor  drum  in  the  image  output  apparatus 
and  a  driving  roller  for  the  belt-shaped  photorecep- 
tor  are  referred  to  as  a  rotational  body.  When  the 
rotational  speed  of  the  photoreceptor  drum  is  var- 
ied  for  some  reasons,  jittering  or  an  uneven  image 
is  caused  in  the  outputted  image.  These  phenom- 
ena  have  remarkably  appeared  especially  in  the 
digital  system  electrophotographic  technology  em- 
ploying  scanning  by  means  of  a  semiconductor 
laser  for  writing  images  on  a  photoreceptor.  Fluc- 
tuation  in  rotational  speed  of  the  photoreceptor  has 
caused  speed  fluctuation  of  a  writing  system  in  the 
subsidiary  scanning  direction  to  create  a  slight 
variation  in  the  distance  between  writing  lines,  con- 
tributing  to  the  remarkable  deteriorations  of  the 
image  quality. 

Conventionally,  when  designing  the  driving 
system  for  use  in  a  copying  apparatus  or  a  printer, 
the  main  consideration  is  that  the  objects  driven  by 
the  driving  device  are  appropriately  located  in  the 
allowable  space,  while  satisfying  the  values  of  the 
line  speed  or  number  of  revolutions  introduced 
from  the  product  specification.  That  is,  the  follow- 
ing  are  main  concerns:  the  method  by  which  the 
driving  power  is  transmitted  from  a  driving  power 
source  to  a  driven  object;  and  mechanical  elements 
for  power  transmission.  Accordingly,  when  jittering 
and  rotational  fluctuation  are  caused  in  the  product, 
the  cause  is  investigated,  and  one  or  more  of  the 
following  countermeasures  are  considered:  a  bear- 
ing  of  a  drive  shaft  of  the  photoreceptor  is  replaced 
with  one  made  of  sintered  metal;  a  flywheel  is 
connected  with  the  drive  shaft  of  the  photoreceptor; 
a  brake,  in  which  a  spring  is  combined  with  a 
friction  material,  is  provided  on  the  rotary  shaft  of 
the  photoreceptor  drum;  the  accuracy  of  a  gear  is 
enhanced;  or  a  helical  gear  with  various  kinds  of 
torsion  angles  is  provided. 

However,  in  the  development  of  a  digital  type 
image  output  apparatus,  strict  reproducibility  of  a 
one  dot  line  written  by  a  laser  beam  is  required 

with  an  improvement  of  the  apparatus  performance, 
and  accuracy  required  on  the  driving  system  has 
rapidly  become  strict.  The  accuracy  required  is  a 
level  at  which  the  uniformity  of  laser  writing  in  the 

5  subsidiary  scanning  direction  is  assured  in  relation 
to  the  visible  sensitivity  of  the  visual  system.  In 
order  to  accomplish  this  accuracy,  it  is  mostly 
necessary  to  make  the  photoreceptor  driving  sys- 
tem  highly  accurate.  The  main  factor  of  the  rota- 

io  tional  fluctuation  of  the  driving  system  is  the  follow- 
ing:  the  rotational  fluctuation  per  one  rotation  of  the 
rotating  shaft  of  a  motor  is  large,  and  absolute 
values  of  fluctuation  components  per  one  rotation 
of  a  gear  and  per  one  tooth  of  a  gear  are  large;  and 

75  fluctuation  components  and  their  higher  harmonic 
wave  components  cause  a  resonance  phenomenon 
in  relation  to  the  proper  oscillation  frequency  of  the 
driving  system. 

Fig.  10  shows  the  power  spectrum  of  speed 
20  fluctuation  of  conventional  apparatuses.  In  Fig.  10, 

fluctuation  components  of  a  gear  according  to  the 
line  speed  proper  to  the  apparatus  are  176  Hz  in 
the  case  of  a  gear  directly  coupled  to  the  motor,  64 
Hz  in  the  case  of  a  second  shaft,  and  25  Hz  in  the 

25  case  of  a  gear  directly  coupled  to  a  drum,  and  in 
this  case,  a  higher  harmonic  wave  component  of  50 
Hz  is  shown.  Further,  a  component  of  a  rotation  of 
the  gear  directly  coupled  to  the  motor  is  22  Hz, 
and  its  higher  harmonic  wave  component  of  44  Hz 

30  is  shown  in  the  drawing. 
In  Fig.  11,  an  example  is  shown  in  which  the 

transfer  function  has  been  measured  in  order  to 
numerically  obtain  the  proper  oscillation  frequency 
of  the  driving  system.  In  this  case,  the  measure- 

35  ment  has  been  conducted  in  the  following  way:  an 
output  of  an  impact  excitation  hummer,  and  an 
output  of  a  piezoelectric  type  pick-up  sensor,  pro- 
vided  to  one  end  of  a  photoreceptor  drum  in  order 
to  measure  the  fluctuation  of  the  acceleration  in  the 

40  rotation  direction,  are  connected  with  a  dual  chan- 
nel  type  FFT  analyzer;  and  a  Fourier  spectrum 
ratio  is  obtained.  From  Fig.  11,  the  following  can  be 
found:  a  peak  of  the  proper  oscillation  frequency  is 
near  45  Hz;  and  high  level  areas  of  the  transfer 

45  function  are  spread  near  the  range  of  30  to  60  Hz. 
Fig.  12  shows  superimposition  of  the  fluctu- 

ation  component  spectrum  and  the  transfer  func- 
tion.  In  the  driving  system,  it  can  be  found  from  the 
drawing  that  a  peak  of  the  transfer  function  and  the 

50  position  of  a  frequency  area,  to  which  the  fluc- 
tuation  component  and  its  second  harmonics  be- 
long,  are  superimposed.  That  is,  it  is  found  that  the 
driving  system  amplifies  the  fluctuation  compo- 
nents  (resonance  is  caused). 

55  Actually,  when  data  measured  from  three  ap- 
paratuses  having  the  different  driving  systems  were 
investigated,  the  fluctuation  of  rotation  of  the 
photoreceptor  was  5  to  8  %. 
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SUMMARY  OF  THE  INVENTION 

In  order  to  solve  the  forgoing  problems,  in  the 
present  invention,  decreasing  the  speed  fluctuation 
of  a  motor  and  a  gear  is  accepted  as  a  precondi- 
tion.  Further,  in  addition  to  that,  the  present  inven- 
tion  aims  at  the  transmission  of  the  fluctuation 
component  in  the  driving  power  transmission  sys- 
tem,  and  the  concept  of  the  transfer  function,  reso- 
nance  and  proper  oscillation  is  incorporated  in  the 
invention.  Further,  how  the  transmitted  fluctuation 
can  be  decreased  is  considered  in  the  present 
invention,  and  the  driving  device  for  the  rotational 
body  is  structured  in  the  following  manner. 

At  first,  in  order  to  prevent  the  resonance  of  the 
driving  system  of  the  rotational  body,  matching  of 
the  proper  oscillation  frequency  of  the  driving  sys- 
tem  with  the  frequency  of  the  fluctuation  compo- 
nent  transmitted  to  the  driving  system  is  prevented. 
Generally,  the  proper  oscillation  frequency  o>  is 
expressed  by  the  following  equation. 

[ E q u a t i o n   1] 

where  K  indicates  the  torsional  rigidity  of  the 
driving  system,  and  I  indicates  its  moment  of  iner- 
tia.  In  order  to  prevent  the  resonance,  the  value  of 
oi  can  be  changed  by  changing  the  value  of  K  or  I. 
In  order  to  prevent  the  resonance,  the  value  of  o> 
may  be  larger  or  smaller  with  respect  to  the  fluc- 
tuation  component  of  the  driving  system.  In  order 
to  make  the  value  of  o>  larger,  the  value  of  K  is 
increased  or  the  value  of  I  is  decreased.  On  the 
other  hand,  in  order  to  make  the  value  of  o>  smaller, 
the  value  of  I  is  increased  or  the  value  of  K  is 
decreased. 

With  respect  to  the  driving  system  having  data 
shown  in  Fig.  12,  Fig.  13  and  Fig.  14  show  the 
power  spectrum  of  the  rotational  fluctuation  and  the 
actually  measured  value  of  the  transfer  function  of 
the  driving  system  in  the  case  where  the  proper 
oscillation  frequency  is  changed  to  a  larger  value 
and  a  smaller  value  when  the  structure  of  the 
driving  system  is  changed,  wherein  data  is  super- 
imposed  in  the  same  manner  as  that  of  Fig.  12. 
Fig.  15  shows  the  comparison  of  peak  values  of  the 
transfer  function  of  the  foregoing  three  driving  sys- 
tems.  In  Fig.  12,  when  the  structure  of  the  driving 
system  is  changed  in  order  to  decrease  the  rigidity, 
the  value  of  K,  which  is  the  torsional  rigidity  of  the 
driving  system,  is  decreased.  When  the  data 
shown  in  Figs.  13,  14  and  15  are  compared  with 
each  other,  the  transfer  function  is  decreased  to- 

gether  with  a  change  of  the  number  of  the  proper 
oscillation  in  the  case  where  the  structure  is 
changed  in  order  to  reduce  the  torsional  rigidity  K 
of  the  driving  system  so  that  the  proper  oscillation 

5  frequency  is  changed  to  a  lower  frequency  side, 
wherein  the  proper  oscillation  frequency  is  changed 
in  order  to  prevent  the  resonance.  It  is  considered 
that  the  foregoing  effect  can  be  obtained  in  the 
following  manner:  when  the  structure  is  changed  in 

io  order  to  change  the  proper  oscillation  frequency  so 
that  the  structure  can  be  flexible,  the  dumping 
coefficient  is  increased;  and  the  rotational  fluc- 
tuation  is  absorbed  in  the  driving  system  itself. 
From  above  effects,  the  following  is  found:  when 

is  the  structure  is  changed  in  order  to  reduce  the 
torsional  rigidity  K  of  the  driving  system  in  the  case 
where  the  proper  oscillation  frequency  is  changed 
in  order  to  prevent  the  resonance,  the  value  of 
transfer  gain  of  the  fluctuation  of  the  rotational 

20  speed  is  changed;  and  this  is  advantageous  and 
effective  in  that  the  fluctuation  of  the  speed  of  the 
driving  system  is  decreased. 

According  to  the  aforementioned  concept,  in 
the  present  invention,  the  proper  oscillation  fre- 

25  quency  of  the  rotational  body  driving  system  is 
lowered.  As  a  means  to  lower  the  rigidity  of  the 
rotational  body  drive  shaft,  the  following  are  em- 
ployed:  (1)  to  reduce  the  thickness  of  the  cylin- 
drical  portion  of  the  rotational  body:  (2)  to  form  the 

30  cylindrical  portion  from  a  member  of  low  rigidity: 
(3)  to  lower  the  rigidity  of  the  rotational  body  by 
lowering  the  rigidity  with  respect  to  the  oscillation 
in  the  rotational  direction  of  the  flange;  (4)  to  re- 
duce  the  diameter  of  the  drive  shaft  for  driving  the 

35  rotational  body;  (5)  to  reduce  the  effective  length  of 
the  drive  shaft;  (6)  to  connect  the  rotational  body 
with  the  drive  shaft  by  a  member  of  low  rigidity; 
and  (7)  to  provide  a  member  of  low  rigidity  be- 
tween  the  rotational  body  and  the  drive  unit. 

40  In  the  present  invention,  in  order  to  increase 
the  moment  of  inertia,  (1)  the  motor,  drive  trans- 
mission  system,  drive  system  and  load  of  inertia 
are  connected  in  this  order,  and  a  connection 
member  is  provided  that  integrally  connects  the 

45  inertia  load  with  the  rotational  body,  and  (2)  the 
thickness  of  the  cylindrical  portion  of  the  rotational 
body  is  increased. 

When  rigidity  K  of  the  rotational  body  is  re- 
duced,  or  moment  of  inertia  I  is  increased,  the 

50  proper  oscillation  frequency  of  the  rotational  drive 
system  expressed  by  equation  1  is  lowered,  so  that 
the  proper  oscillation  frequency  can  be  separated 
from  the  frequency  of  the  fluctuation  component, 
and  the  resonance  of  the  driving  system  of  the 

55  rotational  body  can  be  prevented.  Further,  rigidity 
K  of  the  driving  system  of  the  rotational  body  is 
practically  lowered,  therefore  the  structure  can  be 
made  flexible,  the  transfer  gain  of  the  driving  sys- 
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tern  of  the  rotational  body  is  decreased,  and  there- 
by  a  speed  fluctuation  level  of  the  rotational  body 
can  be  decreased.  As  a  result  of  the  foregoing,  the 
speed  fluctuation  of  the  rotational  body  is  de- 
creased,  and  the  image  quality  can  be  greatly 
improved.  Further,  the  apparatus  can  be  made 
compact,  and  the  cost  can  be  reduced,  and  the 
reliability  of  the  entire  system  can  be  improved. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  perspective  view  showing  a  rotational 
body  drive  system  relating  to  the  present  inven- 
tion; 
Fig.  2  is  a  side  view  showing  another  example 
of  a  photoreceptor  drum; 
Fig.  3  is  a  sectional  view  showing  another  exam- 
ple  of  a  photoreceptor  drum; 
Fig.  4  is  a  sectional  view  showing  another  exam- 
ple  of  a  photoreceptor  drum; 
Fig.  5  is  a  sectional  view  showing  another  exam- 
ple  of  a  photoreceptor  drum; 
Fig.  6  is  a  sectional  view  showing  another  exam- 
ple  of  a  photoreceptor  drum; 
Fig.  7  is  a  sectional  view  showing  another  exam- 
ple  of  a  photoreceptor  drum; 
Fig.  8  is  a  sectional  view  showing  an  elec- 
trophotographic  image  outputting  device  relating 
to  the  present  invention; 
Fig.  9  is  a  sectional  view  showing  an  elec- 
trophotographic  image  outputting  device  relating 
to  the  present  invention; 
Fig.  10  is  a  graph  showing  a  power  spectrum  of 
speed  fluctuation  of  a  conventional  photorecep- 
tor; 
Fig.  11  is  a  graph  showing  a  transfer  function  of 
a  conventional  photoreceptor  drive  system; 
Fig.  12  is  a  graph  in  which  the  power  spectrum 
of  speed  fluctuation  of  a  conventional 
photoreceptor  and  the  transfer  function  of  a 
photoreceptor  drive  system  are  integrally  shown; 
Fig.  13  is  a  graph  in  which  the  transfer  function 
of  a  photoreceptor  drive  system  and  the  power 
spectrum  of  speed  fluctuation  of  a  photoreceptor 
are  integrally  shown  in  the  case  where  the  prop- 
er  oscillation  frequency  is  increased. 
Fig.  15  is  a  graph  showing  a  peak  value  of  the 
transfer  function  of  each  drive  system; 
Fig.  16  is  a  sectional  view  showing  an  example 
in  which  the  effective  length  of  the  drive  shaft  of 
the  photoreceptor  drum  of  the  present  invention 
is  extended  and  the  rigidity  is  reduced; 
Figs.  17  and  18  are  sectional  views  showing 
another  example  of  the  composition  shown  in 
Fig.  16; 
Figs.  19  and  20  are  sectional  views  showing  an 
example  of  the  photoreceptor  drive  system  ac- 
cording  to  the  present  invention; 

Figs.  21,  22  and  23  are  sectional  views  of  an 
example  in  which  an  inertia  member  is  attached 
to  the  photoreceptor; 
Fig.  24  is  a  sectional  view  showing  an  example 

5  of  a  photoreceptor  drum  to  which  a  movable 
inertia  member  is  provided; 
Fig.  25  is  a  front  view  showing  an  example  of 
the  inertia  member; 
Fig.  26  is  a  sectional  view  showing  an  example 

io  of  a  photoreceptor  drum  to  which  a  movable 
inertia  member  is  provided; 
Figs.  27  and  28  are  sectional  views  showing  an 
example  of  a  photoreceptor  drive  shaft  to  which 
a  damping  member  is  provided; 

is  Fig.  29  is  a  sectional  view  of  an  example  of  a 
photoreceptor  drum  of  the  present  invention  to 
which  a  dynamic  damper  is  provided; 
Fig.  30  is  a  sectional  view  showing  a  dynamic 
damper; 

20  Fig.  31  is  a  sectional  view  of  an  example  of  a 
photoreceptor  drum  of  the  present  invention  to 
which  a  dynamic  damper  is  provided; 
Fig.  32  is  a  sectional  view  showing  an  example 
of  a  photoreceptor  drum  of  the  present  invention 

25  to  which  a  sliding  member  is  provided; 
Fig.  33  is  a  perspective  view  showing  a  sliding 
member; 
Fig.  34  is  a  sectional  view  showing  an  example 
of  a  photoreceptor  drum  of  the  present  invention 

30  to  which  a  sliding  member  is  provided;  and 
Figs.  35  to  38  are  graphs  showing  circum- 
stances  in  which  oscillation  is  damped. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
35  EMBODIMENT 

Referring  to  the  drawings,  the  present  invention 
will  be  described  as  follows. 

Fig.  8  is  a  view  showing  the  entire  structure  of 
40  an  electrophotographic  image  output  apparatus  in 

which  a  rotational  body  of  the  present  invention  is 
used.  A  photoreceptor  drum  2  used  for  the  rota- 
tional  body,  a  developing  section  3,  and  a  driving 
mechanism,  by  which  the  photoreceptor  drum  2  is 

45  driven,  are  provided  in  an  electrophotographic  out- 
put  apparatus  31.  The  photoreceptor  drum  2  and 
its  driving  mechanism  4  are  shown  in  Fig.  1.  The 
driving  mechanism  4  is  composed  of  a  driving 
motor  5  and  a  gear  group  6  connected  therewith.  A 

50  final  gear  10  of  the  gear  group  6  is  connected  with 
a  driving  gear  1  1  of  the  photoreceptor  drum  2. 

The  photoreceptor  drum  2  is  a  cylindrical 
member  made  of  aluminum,  and  the  surface  is 
coated  with  organic  photosensitive  material.  Thick- 

55  ness  of  the  photoreceptor  drum  2  is  thin,  and  a 
drive  shaft  13  is  secured  to  flanges  12  provided  on 
both  sides  of  the  photoreceptor  drum  2.  The  drive 
shaft  13  is  rotatably  supported  by  bearings  (not 

4 
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shown),  and  a  drive  gear  1  1  is  mounted  on  the  end 
of  the  drive  shaft  13. 

As  described  above,  the  photoreceptor  drum  2 
is  made  of  a  thin  cylindrical  member,  the  rigidity  of 
the  rotational  direction  is  lowered,  so  that  the  prop- 
er  oscillation  frequency  can  be  reduced.  Therefore, 
due  to  a  relation  with  the  frequency  of  a  fluctuation 
component  generated  in  the  drive  mechanism  4, 
the  proper  oscillation  frequency  and  the  fluctuation 
component  can  be  separated  from  each  other,  so 
that  the  resonance  of  the  photoreceptor  drum  2  can 
be  prevented,  and  the  photoreceptor  drum  2  can 
be  smoothly  rotated  without  causing  fluctuations  of 
speed.  Accordingly,  image  quality  can  be  remark- 
ably  improved. 

The  photoreceptor  drum  2  is  structured  in  such 
a  manner  that  the  rigidity  is  lowered.  As  a  result, 
the  transfer  gain  of  the  photoreceptor  drum  2  can 
be  lowered,  so  that  the  speed  fluctuation  of  the 
final  gear  10  can  be  easily  damped,  and  the  speed 
fluctuation  of  the  photoreceptor  drum  2  can  be 
inhibited. 

Instead  of  reducing  the  thickness  of  the 
photoreceptor  drum  2,  a  metal  of  low  rigidity  such 
as  an  aluminum  alloy  may  be  used  for  the 
photoreceptor  drum  2  so  as  to  provide  the  same 
effect. 

Fig.  2  shows  another  example.  In  the 
photoreceptor  drum  shown  in  Fig.  2,  the  thickness 
of  the  flange  12  or  the  rib  14  is  reduced  so  that  the 
rigidity  of  the  rotational  direction  is  lowered.  Ac- 
cording  to  the  aforementioned  method,  the  rigidity 
of  the  photoreceptor  drum  2  can  be  lowered,  so 
that  the  proper  oscillation  frequency  is  reduced  and 
the  resonance  caused  by  the  fluctuation  compo- 
nent  can  be  prevented.  Accordingly,  the  rotational 
speed  of  the  photoreceptor  drum  2  can  be  main- 
tained  constant. 

Fig.  3  shows  a  photoreceptor  drum  2  in  which 
the  rigidity  of  the  drive  shaft  13  is  lowered.  In  this 
case,  the  diameter  of  the  drive  shaft  13  is  reduced, 
so  that  the  rigidity  of  the  drive  shaft  13  can  be 
lowered  and  the  proper  oscillation  frequency  of  the 
rotational  body  drive  system  can  be  lowered.  As  a 
result,  the  proper  oscillation  frequency  does  not 
coincide  with  the  fluctuation  component  of  the  drive 
mechanism  4.  In  this  way,  the  fluctuation  of  rota- 
tional  speed  of  the  photoreceptor  drum  2  can  be 
reduced.  In  this  case,  instead  of  reducing  the  diam- 
eter  of  the  entire  drive  shaft  13,  the  diameter  of  a 
portion  of  the  drive  shaft  13  may  be  reduced,  and 
alternatively  the  drive  shaft  13  may  be  made  of  a 
member  of  low  rigidity. 

Fig.  4  shows  another  example.  In  this  example, 
the  flange  12a  on  the  drive  gear  11  side  is  not 
secured  to  the  drive  shaft  13  so  that  the  flange  12a 
can  be  freely  rotated  around  the  drive  shaft  13,  and 
the  other  flange  12b  opposed  to  this  flange  12a  is 

connected  with  the  drive  shaft  13  by  a  pin  15.  As  a 
result  of  the  foregoing,  the  effective  length  (the 
length  from  the  drive  gear  1  1  to  the  photoreceptor 
drum  2)  of  the  drive  shaft  13  can  be  substantially 

5  extended,  so  that  the  rigidity  can  be  lowered  and 
the  proper  oscillation  frequency  is  lowered  to  pre- 
vent  the  resonance.  Consequently,  the  fluctuation 
of  rotational  speed  can  be  prevented,  and  further 
the  transfer  gain  can  be  lowered,  and  the  transmis- 

io  sion  of  oscillation  can  be  reduced.  Therefore,  the 
rotational  speed  of  the  photoreceptor  drum  2  can 
be  maintained  constant. 

Fig.  5  shows  an  example  in  which  the  drive 
shaft  13  and  the  photoreceptor  drum  2  are  con- 

15  nected  with  each  other  by  a  low  rigidity  member.  In 
this  case,  both  flanges  12a  and  12b  are  rotatably 
provided  to  the  drive  shaft  13,  and  a  spring  mem- 
ber  17  is  provided  between  a  fixed  member  16 
secured  to  the  drive  shaft  13  and  the  flange  12b. 

20  According  to  the  aforementioned  structure,  can  be 
obtained  the  same  effect  as  that  of  a  case  in  which 
the  rigidity  of  the  drive  system  composed  of  the 
photoreceptor  drum  2  and  the  drive  shaft  13  is 
reduced.  Therefore,  the  proper  oscillation  frequen- 

25  cy  is  lowered,  so  that  the  resonance  caused  by  the 
oscillation  of  the  drive  system  4  can  be  prevented. 
Further,  the  fluctuation  of  the  rotational  speed  in- 
putted  into  the  drive  shaft  13  can  be  absorbed  by 
the  low  rigidity  member.  As  a  result,  the 

30  photoreceptor  drum  2  can  be  smoothly  rotated 
while  the  fluctuation  of  the  rotational  speed  of  the 
photoreceptor  drum  2  is  avoided. 

In  this  example,  instead  of  the  spring  member 
17,  a  resilient  member  such  as  a  rubber  member 

35  may  be  provided  between  the  fixed  member  16 
and  the  flange  12b.  This  low  rigidity  member  may 
be  provided  outside  the  flange  12  instead  of  pro- 
viding  inside  the  flange  12,  so  that  the  low  rigidity 
member  is  connected  with  the  flange  12a  or  12b. 

40  Fig.  6  shows  an  example  of  the  photoreceptor 
drum  in  which  a  resilient  member  is  provided  in  the 
middle  of  the  drive  shaft  13.  In  this  example,  the 
drive  shaft  13  is  divided  into  drive  shafts  13a  and 
13b,  and  the  drive  shaft  13a  is  secured  to  the 

45  rotational  body  2,  and  the  drive  shaft  13b  is  se- 
cured  to  the  drive  gear  11.  A  spring  member  19  is 
provided  between  the  flange  20  secured  to  the 
drive  shaft  13a  and  the  flange  21  secured  to  the 
drive  shaft  13b,  so  that  the  flanges  20  and  21  are 

50  connected  with  each  other  through  the  spring 
member  19.  In  the  aforementioned  manner,  the 
proper  oscillation  frequency  of  the  rotational  body 
drive  system  can  be  lowered  so  that  the  occur- 
rence  of  resonance  can  be  prevented,  and  the 

55  fluctuation  of  the  rotational  speed  can  be  reduced 
and  the  photoreceptor  drum  2  can  be  rotated  at  a 
constant  speed. 

5 
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In  the  aforementioned  example,  instead  of  the 
spring  member  19,  a  visco  elastic  member  such  as 
a  rubber  member  may  be  provided  to  obtain  the 
same  effect. 

Fig.  7  shows  an  example  of  the  photoreceptor 
drum  in  which  the  moment  of  inertia  of  the  drive 
system  is  increased.  The  flanges  12a  and  12b  are 
provided  on  sides  of  the  photoreceptor  drum  2,  and 
the  flange  12a  is  rotatably  provided  to  the  drive 
shaft  13.  The  drive  gear  11  is  secured  to  the  drive 
shaft  13,  and  the  drive  shaft  13  is  connected  with 
the  flange  12b  provided  on  the  far  side  with  re- 
spect  to  the  drive  source.  An  inertia  load  22  such 
as  a  stack  of  steel  plates  is  secured  to  the  flange 
12b  through  a  connecting  member  23.  A  ratio  of 
moment  of  inertia  11  of  the  photoreceptor  drum  2  to 
moment  of  inertial  12  of  the  inertia  load  22  is 
preferably  in  a  range  from  0.05  to  0.4.  According  to 
the  aforementioned  structure,  the  proper  oscillation 
frequency  of  the  drive  system  can  be  reduced,  so 
that  the  resonance  of  the  drive  system  can  be 
prevented.  Accordingly,  the  quality  of  outputted 
images  can  be  remarkably  improved.  The  inertia 
load  22  may  be  provided  inside  the  photoreceptor 
drum  2  instead  of  providing  outside  the  flange  12. 

In  order  to  increase  the  moment  of  inertia  of 
the  drive  system,  the  thickness  of  the  photorecep- 
tor  drum  2  may  be  increased.  When  the  thickness 
of  the  photoreceptor  drum  2  is  increased,  the  mo- 
ment  of  inertial  of  the  photoreceptor  drum  2  is 
increased,  so  that  the  inertial  of  the  entire  drive 
system  can  be  increased,  so  that  the  proper  os- 
cillation  frequency  of  the  drive  system  can  be 
lowered  and  the  occurrence  of  resonance  can  be 
prevented.  As  a  result,  the  image  quality  can  be 
remarkably  improved. 

In  the  aforementioned  examples,  the  rotational 
body  is  composed  of  the  photoreceptor  drum  2, 
however,  the  rotational  body  may  not  be  the 
photoreceptor  drum,  and  as  shown  in  Fig.  9,  a  belt- 
shaped  photoreceptor  25  may  be  provided,  and  a 
drive  roller  26  to  drive  this  photoreceptor  25  may 
be  used  as  the  rotational  body  of  the  present 
invention.  Even  in  this  case,  the  aforementioned 
examples  can  be  applied  to  the  drive  roller  26,  and 
the  drive  roller  26  can  be  rotated  without  the  fluc- 
tuation  of  rotational  speed.  Consequently,  the 
photoreceptor  25  can  be  rotated  at  a  constant 
speed.  As  a  result,  the  quality  of  an  outputted 
image  can  be  greatly  improved. 

As  described  above,  the  rigidity  of  the  rota- 
tional  body  drive  system  is  reduced  and  the  mo- 
ment  of  inertia  is  increased  so  that  the  proper 
oscillation  frequency  is  lowered.  As  a  result  of  the 
foregoing,  the  proper  oscillation  frequency  does  not 
coincide  with  the  frequency  of  speed  fluctuation 
transmitted  to  the  drive  system.  Accordingly,  the 
resonance  of  the  photoreceptor  drum  2  or  the  drive 

roller  26  can  be  prevented.  Further,  when  the  rigid- 
ity  is  lowered,  the  transfer  gain  of  the  photorecep- 
tor  drum  2  or  the  drive  roller  26  is  lowered,  so  that 
the  speed  fluctuation  is  difficult  to  be  transmitted. 

5  Accordingly,  the  occurrence  of  speed  fluctuation  of 
the  photoreceptor  drum  2  or  the  photoreceptor  belt 
25  is  not  caused,  and  the  photoreceptor  drum  2  or 
the  photoreceptor  belt  25  can  be  rotated  at  a 
constant  speed,  so  that  the  image  quality  can  be 

io  greatly  improved.  Furthermore,  the  apparatus  can 
be  made  compact  and  the  cost  can  be  reduced, 
and  the  reliability  of  the  entire  system  can  be 
remarkably  improved. 

According  to  the  rotational  body  drive  device  of 
is  the  present  invention,  when  the  rigidity  of  the  rota- 

tional  body  and  that  of  the  rotational  body  drive 
system  composed  of  the  drive  shaft  are  lowered 
and  the  moment  of  inertia  is  increased,  the  proper 
oscillation  frequency  is  lowered,  so  that  the  proper 

20  oscillation  frequency  does  not  coincide  with  the 
frequency  of  the  fluctuation  component  generated 
when  the  drive  motor  and  the  drive  gears  are 
rotated.  As  a  result  of  the  foregoing,  the  occurrence 
of  resonance  of  the  rotational  body  can  be  pre- 

25  vented,  so  that  the  rotational  body  can  be  smoothly 
rotated  without  any  speed  fluctuations.  When  the 
structure  is  changed  to  lower  the  rigidity,  the  trans- 
fer  gain  of  the  transmission  system  can  be  lower- 
ed,  so  that  the  transmission  of  fluctuation  can  be 

30  inhibited  and  the  speed  fluctuation  of  the  rotational 
body  can  be  further  reduced.  As  a  result  of  the 
foregoing,  the  irregularity  of  an  image  caused  in 
the  auxiliary  scanning  direction  of  the  writing  sys- 
tem  can  be  reduced,  so  that  the  image  quality  is 

35  greatly  improved.  Further,  the  conventional  large- 
sized  complicated  apparatus  can  be  made  compact 
according  to  the  present  invention.  Furthermore, 
the  cost  can  be  reduced,  and  the  mechanism  can 
be  simplified.  As  a  result,  the  reliability  of  the  entire 

40  system  can  be  remarkably  improved. 
The  inventors  have  made  a  study  and  devised 

various  specific  examples  except  for  the  aforemen- 
tioned  ones.  The  devised  examples  will  be  ex- 
plained  as  follows. 

45  In  order  to  lower  the  proper  oscillation  fre- 
quency  of  the  aforementioned  rotational  body  drive 
system,  the  following  means  is  employed:  the  drive 
shaft  can  be  freely  rotated  in  a  flange  disposed  on 
the  drive  gear  side;  and  the  drive  shaft  is  secured 

50  to  a  flange  disposed  on  the  side  opposite  to  the 
drive  gear. 

In  this  example,  flanges  12a  and  12b  are  pro- 
vided  on  both  ends  of  the  photoreceptor  drum  as 
shown  in  Fig.  16,  and  the  side  surface  of  the 

55  photoreceptor  drum  is  coated  with  organic  pho- 
tosensitive  material.  The  drive  shaft  13  penetrates 
through  the  center  of  the  flange  12a.  This  drive 
shaft  13  is  rotatably  supported  by  bearings  21,  and 

6 
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the  drive  gear  11  is  mounted  on  the  end  of  the 
shaft.  This  drive  gear  11  is  engaged  with  the  final 
gear  10.  The  flange  12a,  which  is  disposed  on  the 
drive  gear  11  side,  is  not  fixed  to  the  drive  shaft 
13,  so  that  the  flange  12a  can  be  rotated  around 
the  drive  shaft  13.  On  the  other  hand,  the  other 
flange  12b  is  integrally  secured  to  the  drive  shaft 
13  by  a  pin  15. 

As  described  above,  the  flange  12a  on  the 
drive  gear  1  1  side  can  be  freely  rotated  around  the 
drive  shaft  13,  and  the  flange  12b  disposed  on  the 
side  opposite  to  the  flange  12a  is  connected  with 
the  drive  shaft  13.  As  a  result  of  the  foregoing,  the 
effective  length  of  the  drive  shaft  of  the  rotational 
body  drive  system  including  the  photoreceptor 
drum  2,  drive  shaft  13  and  drive  gear  11  is  ex- 
tended,  so  that  the  rigidity  of  the  drive  system  after 
the  drive  gear  is  lowered.  Therefore,  the  proper 
oscillation  frequency  of  the  rotational  body  drive 
system  is  lowered.  Accordingly,  this  proper  oscilla- 
tion  frequency  can  be  set  at  an  appropriate  value, 
and  the  fluctuation  component  and  proper  oscilla- 
tion  frequency  can  be  separated  from  each  other 
by  a  relation  of  the  frequency  of  the  fluctuation 
component  generated  in  the  drive  mechanism  4. 

Fig.  17  shows  another  example.  In  this  exam- 
ple,  a  plain  bearing  16  is  provided  in  the  center  of 
the  flange  12a.  This  plain  bearing  16  is  of  a  sin- 
tered  metal  type  in  which  lubricant  is  contained. 
This  bearing  is  engaged  with  the  flange  12a  and 
slides  around  the  drive  shaft  13.  From  the  fore- 
going,  the  dimensional  accuracy  can  be  ensured 
between  the  drive  shaft  13  and  the  flange  12a,  and 
further  the  drive  shaft  13  can  be  more  smoothly 
rotated  in  the  flange  12a,  so  that  the  image  quality 
can  be  improved. 

Further,  a  ball  bearing  17  may  be  provided  to 
the  flange  12a  as  shown  in  Fig.  18.  In  the  same 
manner  as  the  aforementioned  case  in  which  the 
plain  bearing  16  is  used,  the  rigidity  of  the 
photoreceptor  drum  2  is  reduced  and  the  proper 
oscillation  frequency  can  be  also  lowered  in  this 
case.  As  a  result,  the  proper  oscillation  frequency 
and  the  fluctuation  component  in  the  frequency 
region  are  separated  from  each  other,  so  that  the 
occurrence  of  resonance  can  be  prevented,  and  at 
the  same  time  the  drive  shaft  13  can  be  smoothly 
supported  when  it  is  rotated.  Further,  the  dimen- 
sional  accuracy  can  be  ensured,  and  the  speed 
fluctuation  of  the  photoreceptor  drum  2  is  reduced. 
As  a  result,  the  image  quality  can  be  greatly  im- 
proved. 

According  to  the  rotational  body  drive  device  of 
the  present  invention,  in  the  drive  system  including 
the  drive  shaft  driven  by  the  drive  motor  and  the 
rotational  body  rotated  at  a  constant  speed  by  the 
drive  shaft,  the  flange  disposed  on  the  drive  gear 
side  is  freely  rotated  with  respect  to  the  drive  shaft, 

and  the  flange  disposed  on  the  side  opposite  to  the 
drive  gear  is  integrally  connected  with  the  drive 
shaft,  so  that  the  rigidity  of  this  rotational  body 
drive  system  is  lowered  and  the  proper  oscillation 

5  frequency  is  lowered.  Therefore,  the  proper  oscilla- 
tion  frequency  does  not  coincide  with  the  frequen- 
cy  of  the  fluctuation  component  generated  by  the 
rotation  of  the  drive  motor  and  gears  connected  to 
the  motor.  Accordingly,  the  resonance  of  the  rota- 

io  tional  body  can  be  prevented,  and  the  rotational 
body  can  be  smoothly  rotated  without  causing  the 
fluctuation  of  speed. 

In  the  example  shown  in  Fig.  19,  the  diameter 
of  a  portion  of  the  drive  shaft  is  made  small,  and 

is  the  drive  shaft  can  be  freely  rotated  in  the  flange 
on  the  drive  gear  side,  and  the  flange  disposed 
opposite  to  the  drive  gear  side  is  connected  with 
the  drive  shaft. 

In  this  example,  the  flange  of  the  rotational 
20  body  is  connected  with  the  drive  shaft  on  the  far 

side  with  respect  to  the  drive  gear,  so  that  the 
effective  length  of  the  drive  shaft  is  increased,  and 
further  the  diameter  of  a  portion  of  the  drive  shaft 
is  made  small.  Therefore,  rigidity  K  of  the  drive 

25  system  can  be  further  decreased.  As  a  result,  the 
proper  oscillation  frequency  of  the  rotational  body 
drive  system  expressed  by  equation  1  is  lowered. 

In  the  example  shown  in  Fig.  20,  the  belt- 
shaped  photoreceptor  25  is  provided  in  the  same 

30  manner  as  the  apparatus  shown  in  Fig.  9,  and  the 
drive  shaft  of  a  small  diameter  of  the  invention  is 
applied  to  the  drive  roller  26  to  drive  this  belt- 
shaped  photoreceptor  25.  Also,  in  this  case,  the 
drive  roller  26  can  be  smoothly  rotated  without 

35  fluctuations  of  speed,  so  that  the  belt-shaped 
photoreceptor  25  can  be  rotated  at  a  constant 
speed.  Accordingly,  the  quality  of  outputted  images 
can  be  greatly  improved. 

As  the  inertia  load  is  provided  on  the  far  side 
40  with  respect  to  the  drive  system,  the  moment  of 

inertia  I  is  increased,  and  the  effective  length  of  the 
drive  shaft  is  increased.  Accordingly,  rigidity  K  of 
the  drive  system  after  the  drive  gear  is  substan- 
tially  lowered,  and  the  proper  oscillation  frequency 

45  is  decreased.  This  example  will  be  described  as 
follows. 

The  inertia  member  8  shown  in  Fig.  21  is  a 
ring-shaped  weight  made  of  steel,  stainless  steel, 
brass  and  the  like.  The  larger  the  specific  gravity  of 

50  the  material  is,  the  more  compact  the  dimensions 
become.  It  is  preferable  that  a  ratio  of  the  moment 
of  inertia  11  of  the  photoreceptor  drum  2  to  the 
moment  of  inertial  12  of  this  inertia  member  is  in  a 
range  of  0.05  to  0.4. 

55  Since  the  inertia  member  8  is  mounted  on  the 
flange  12b  disposed  on  the  far  side  of  the  drive 
gear  1  1  ,  the  moment  of  inertia  I  of  the  drive  system 
composed  of  the  photoreceptor  drum  2,  drive  shaft 
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13  and  drive  gear  11  is  increased.  In  addition  to 
that,  the  distance  from  the  drive  gear  11  to  the 
inertia  member  8  is  increased,  so  that  the  rigidity  K 
of  the  drive  system  is  substantially  lowered.  There- 
fore,  the  proper  oscillation  frequency  of  the  drive 
system  is  reduced. 

Fig.  22  shows  another  example  of  the  inertia 
member  8.  In  this  example,  the  flange  12b  is 
composed  of  a  member  having  a  large  moment  of 
inertia.  In  the  case  where  the  moment  of  inertia  I  of 
the  drive  system  is  increased,  the  inertia  load  of 
the  flange  itself  may  be  increased  as  described 
above.  In  this  manner,  the  fluctuations  of  speed  are 
reduced,  so  that  the  image  quality  can  be  im- 
proved,  and  the  assembly  process  can  be  simpli- 
fied.  Further,  the  number  of  parts  can  be  reduced. 
As  a  result  of  the  foregoing,  the  cost  can  be 
reduced. 

Fig.  23  shows  another  example  of  the  inertia 
member  8.  In  this  example,  the  inertia  member  8  is 
formed  from  stacked  metallic  sheets.  When  the 
number  of  the  metallic  sheets  is  changed,  the 
moment  of  inertia  I  can  be  easily  adjusted. 

Next,  an  example  will  be  explained  in  which  a 
circular  inertia  member  is  movably  provided  in  the 
rotational  body,  and  when  this  inertial  member  is 
appropriately  disposed  in  the  rotational  body,  the 
distribution  of  moment  of  inertia  can  be  arbitrarily 
set. 

As  shown  in  Fig.  24,  in  this  example,  a  plurality 
of  inertia  members  8  are  provided  inside  the 
photoreceptor  drum  2  in  parallel  with  the  flange  12. 

The  inertia  member  8  is  shown  in  Fig.  25.  The 
inertia  member  8  is  composed  of  a  relatively  heavy 
member  made  of  a  metal.  A  hole  15  to  pass  the 
drive  shaft  13  is  formed  in  the  center  of  the  inertia 
member  8,  and  four  holes  14  are  formed  around 
the  hole  15  at  regular  intervals.  The  inertia  mem- 
bers  8  of  various  thickness  are  prepared  and  se- 
cured  in  the  photoreceptor  drum  2  in  the  following 
manner:  a  spacer  16  is  provided  between  the  iner- 
tia  members  8;  a  connecting  rod  9  is  inserted  into 
the  hole  14;  and  the  inertia  members  8  are  fixed  at 
regular  intervals,  wherein  the  inertia  members  8  are 
concentrated  on  the  far  side  of  the  drive  gear  11. 
Each  inertia  member  8  is  secured  with  a  screw  17, 
and  the  connecting  rod  14  is  secured  to  the  flanges 
12  disposed  on  both  sides  with  screws  18. 

As  described  above,  the  inertia  members  8  are 
provided  inside  the  photoreceptor  drum  2  so  that 
the  inertia  members  8  are  located  on  the  far  side 
with  respect  to  the  drive  gear  11.  Therefore,  the 
moment  of  inertia  of  the  photoreceptor  drum  2  is 
increased.  As  a  result,  the  proper  oscillation  fre- 
quency  is  lowered.  Accordingly,  when  this  proper 
oscillation  frequency  is  set  at  an  appropriate  value, 
and  the  proper  oscillation  frequency  and  the  fluc- 
tuation  component  are  separated  from  each  other 

in  the  relation  of  the  frequency  of  the  fluctuation 
component  generated  in  the  drive  mechanism  4, 
the  resonance  of  the  photoreceptor  drum  2  can  be 
prevented.  Therefore,  the  photoreceptor  drum  2 

5  can  be  smoothly  rotated  without  any  speed  fluc- 
tuations,  so  that  the  quality  of  outputted  images 
can  be  remarkably  improved. 

On  the  contrary,  when  the  inertia  members  8 
are  disposed  being  concentrated  on  the  drive  gear 

io  11  side,  the  effective  length  with  respect  to  the 
rigidity  of  the  drive  shaft  13  is  reduced  and  rigidity 
K  is  increased  and  further  the  inertia  is  increased. 
In  this  way,  the  proper  oscillation  frequency  can  be 
increased.  As  a  result  of  the  foregoing,  the  proper 

is  oscillation  frequency  and  the  fluctuation  component 
can  be  separated  from  each  other,  so  that  the 
resonance  can  be  prevented.  Accordingly,  the 
speed  fluctuation  of  the  photoreceptor  drum  2  can 
be  decreased,  and  the  image  quality  can  be  re- 

20  markably  improved. 
Further,  when  the  length  of  the  spacer  16  and 

the  position  of  the  screw  17  are  changed,  the 
mount  position  and  interval  of  the  inertia  member  8 
are  changed.  In  this  way,  the  moment  of  inertia  can 

25  be  changed,  so  that  a  more  appropriate  distribution 
of  moment  of  inertia  can  be  provided.  For  example, 
in  the  case  where  the  inertia  distribution  of  the 
photoreceptor  drum  2  is  not  uniform,  the  inertia 
members  8  inside  the  photoreceptor  drum  2  are 

30  appropriately  disposed  as  shown  in  Fig.  26,  so  that 
the  distribution  can  be  made  uniform. 

In  the  case  where  a  delicate  balance  is  re- 
quired  for  the  proper  oscillation  frequency,  it  can 
be  easily  adjusted  when  the  inertia  members  8  are 

35  added  or  removed. 
As  described  above,  when  the  inertia  members 

8  are  movably  provided  inside  the  photoreceptor 
drum  2,  the  moment  of  inertia  of  the  drive  system 
can  be  increased  and  the  rigidity  can  be  also 

40  increased,  so  that  the  proper  oscillation  frequency 
can  be  decreased  or  increased.  In  this  way,  the 
proper  oscillation  frequency  is  made  not  to  co- 
incide  with  the  frequency  of  speed  fluctuation 
transmitted  to  the  drive  system.  Accordingly,  the 

45  occurrence  of  resonance  of  the  photoreceptor  drum 
2  or  the  drive  roller  26  can  be  prevented.  Further, 
when  the  distribution  of  moment  of  inertia  is  deli- 
cately  changed  so  as  to  provide  an  appropriate 
distribution  of  moment  of  inertia,  speed  fluctuations 

50  are  not  caused  in  the  photoreceptor  drum  25,  and 
it  can  be  rotated  at  a  constant  speed. 

When  the  developing  unit,  cleaning  unit  and 
transfer  conveyance  unit  are  turned  on  and  off, 
speed  fluctuations  are  caused  in  the  rotational  drive 

55  system.  In  this  case,  impulsive  load  fluctuations  are 
caused  in  the  rotational  body,  so  that  the  rotational 
speed  of  the  rotational  body  is  sharply  varied,  and 
oscillation  is  caused.  Further,  it  takes  a  long  period 

8 
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of  time  to  damp  this  oscillation. 
In  view  of  the  aforementioned  problems,  the 

following  example  has  been  achieved.  It  is  an  ob- 
ject  of  this  example  to  provide  a  drive  device 
having  the  most  optimal  damping  characteristics 
corresponding  to  the  oscillation  characteristics  of 
the  drive  system  and  also  having  a  damping 
means  to  damp  oscillation  quickly. 

In  the  example  shown  in  Fig.  27,  the  flange  12a 
on  the  drive  gear  11  side  is  connected  with  a 
flange  member  17  through  an  adhered  rubber 
damping  member  16,  wherein  the  flange  member 
17  is  secured  to  the  drive  shaft  13  through  a  pin 
15.  The  other  flange  12b  is  integrally  secured  to 
the  drive  shaft  13  by  the  pin  15. 

As  described  above,  the  flange  12a  on  the 
drive  gear  1  1  side  is  connected  with  the  drive  shaft 
13  through  the  damping  member  16,  and  the 
flange  12b  on  the  side  opposite  to  the  drive  gear 
11  is  secured  to  the  drive  shaft  13.  Therefore,  the 
rigidity  of  the  rotational  body  drive  system  includ- 
ing  the  photoreceptor  drum  2,  drive  shaft  13  and 
drive  gear  11  is  lowered.  As  a  result  of  the  fore- 
going,  the  proper  oscillation  frequency  of  this  rota- 
tional  body  drive  system  is  lowered  and  damped. 

Fig.  28  shows  an  example  in  which  the  damp- 
ing  member  is  applied  to  the  belt-shaped 
photoreceptor  in  the  apparatus  illustrated  in  Fig.  9. 
The  flange  12a  on  the  drive  gear  11  side  is  con- 
nected  with  a  flange  member  17  through  the  ad- 
hered  rubber  damping  member  16,  wherein  the 
flange  member  17  is  secured  to  the  drive  shaft  13 
through  a  pin  15.  In  this  example,  the  drive  roller 
26  can  be  smoothly  rotated  without  any  fluctuations 
of  speed,  so  that  the  belt-shaped  photoreceptor  25 
can  be  rotated  at  a  constant  speed.  Accordingly, 
the  quality  of  outputted  images  can  be  remarkably 
improved. 

An  example  will  be  explained  here  that  is  con- 
stituted  in  the  following  manner:  the  rotational  body 
and  drive  shaft  are  connected  with  each  other  on 
the  side  far  from  the  drive  transmission  system  of 
the  rotational  body,  and  an  inertia  load  is  provided 
inside  the  rotational  body  so  that  the  proper  oscilla- 
tion  frequency  can  be  lowered;  and  a  dynamic 
damper  in  which  the  external  and  internal  cylinders 
having  an  inertia  load  are  connected  with  each 
other  through  a  resilient  member,  is  provided  to  the 
drive  shaft. 

As  shown  in  Fig.  29,  in  this  example,  the  inertia 
members  8  are  respectively  provided  to  the  flanges 
12a  and  12b  on  both  sides  of  the  photoreceptor 
drum  2,  and  a  dynamic  damper  18  is  provided 
between  the  photoreceptor  drum  2  and  the  drive 
gear  1  1  . 

The  inertia  member  8  shown  in  Fig.  21  is  a 
ring-shaped  weight  made  of  steel,  stainless  steel, 
brass  and  the  like.  The  larger  the  specific  gravity  of 

the  material  is,  the  more  compact  the  dimensions 
become.  It  is  preferable  that  a  ratio  of  the  moment 
of  inertia  11  of  the  photoreceptor  drum  2  to  the 
moment  of  inertial  12  of  this  inertia  member  is  in  a 

5  range  of  0.05  to  0.4. 
The  dynamic  damper  18  is  shown  in  Fig.  30. 

The  dynamic  damper  18  is  composed  of  an  inter- 
nal  cylinder  19  and  an  external  cylinder  20  pro- 
vided  to  this  internal  cylinder  19.  A  gap  formed 

io  between  the  internal  cylinder  19  and  the  external 
cylinder  20  is  provided  with  a  resilient  rubber 
member  21,  and  the  drive  shaft  13  is  integrally 
secured  in  the  central  hole  22  of  the  inner  cylinder 
19.  The  frequency  of  oscillation  absorbed  by  the 

is  dynamic  damper  18  can  be  specified  by  the  diam- 
eter  and  weight  of  the  external  cylinder  and  the 
resilience  of  the  rubber  member.  Therefore,  the 
residual  oscillation  of  the  photoreceptor  drum  2  can 
be  effectively  absorbed  and  eliminated. 

20  Fig.  31  shows  another  example  of  the 
photoreceptor  drum  2.  In  this  example,  the  flanges 
12a  and  12b  are  composed  of  a  member,  the 
inertia  load  of  which  is  heavy.  In  this  example,  the 
dynamic  damper  18  is  provided  inside  the 

25  photoreceptor  2,  and  the  flange  12a  can  be  freely 
rotated  around  the  drive  shaft  13.  In  order  to  in- 
crease  the  moment  of  inertia  I  of  the  drive  system, 
the  inertia  load  of  the  flange  itself  may  be  in- 
creased,  and  the  dynamic  damper  18  may  not  be 

30  necessarily  provided  in  the  outside  of  the 
photoreceptor  drum  2.  According  to  the  aforemen- 
tioned  structure,  the  fluctuations  of  speed  can  be 
reduced  in  the  same  manner  as  the  examples 
described  above,  so  that  the  image  quality  can  be 

35  improved,  and  moreover  the  dimensions  of  the 
apparatus  can  be  reduced.  Therefore,  the  assem- 
bling  process  can  be  simplified,  and  the  cost  can 
be  reduced. 

Next,  an  example  will  be  explained  here  in 
40  which  a  sliding  member  is  brought  into  contact  with 

a  non-image  portion  on  the  rotational  body,  that  is, 
a  portion  that  does  not  participate  in  the  formation 
of  an  image. 

Fig.  33  shows  a  sliding  member  18.  A  blade  19 
45  made  of  silicon  rubber  is  mounted  on  the  tip  of  the 

sliding  member  18.  As  shown  in  Fig.  32,  the  sliding 
member  18  is  attached  in  such  a  manner  that  the 
blade  19  is  brought  into  contact  with  the  non-image 
portion  on  the  surface  of  the  photoreceptor  drum  2. 

50  Since  the  blade  19  of  the  sliding  member  18 
comes  into  contact  with  the  photoreceptor  drum  2, 
a  sliding  resistance  is  given  to  the  photoreceptor 
drum  2  when  it  is  rotated.  This  sliding  resistance 
can  be  appropriately  set  when  the  pushing  force  of 

55  the  blade  19  is  adjusted  or  the  material  of  the 
blade  19  is  selected. 

Generally,  the  transfer  function  G(s)  of  oscilla- 
tion  is  expressed  by  the  following  equation. 

9 
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[ E q u a t i o n   2]  

G(s)  =  ^  
S2  +  2£cDnS  +  (On2 

Where  f  is  an  attenuation  coefficient,  and  "N  is 
the  proper  oscillation  frequency.  From  Equation  2, 
when  an  damping  coefficient  f  is  increased,  the 
transfer  function  G(s)  is  decreased. 

Figs.  35  to  38  show  the  difference  between 
attenuation  conditions  when  the  damping  coeffi- 
cient  f  is  changed.  An  axis  of  ordinates  in  each 
drawing  indicates  an  amplitude,  and  an  axis  of 
abscissas  indicates  time.  The  damping  coefficients 
f  are  10  %  in  Fig.  35,  20  %  in  Fig.  36,  40  %  in  Fig. 
37,  and  60  %  in  Fig.  38.  As  a  result  of  the  fore- 
going,  it  can  be  found  that  the  damping  coefficient 
f  is  preferably  within  20  to  60  %.  For  an  example, 
when  the  blade  19  was  made  of  a  rubber  material, 
the  brand  name  of  which  is  HANENITE  manufac- 
tured  by  Naigai  Rubber  Industry,  damping  coeffi- 
cient  f  was  18  to  35%. 

In  this  example,  the  sliding  member  18  is 
brought  into  contact  with  the  photoreceptor  drum  2, 
so  that  the  damping  coefficient  f  of  the 
photoreceptor  drum  2  is  increased.  Therefore,  for 
example,  even  in  the  case  where  the  cleaning 
blade  is  brought  into  contact  with  the  photoreceptor 
drum  2  and  an  instantaneous  speed  fluctuation  is 
caused,  the  fluctuation  can  be  quickly  damped  so 
that  the  speed  is  returned  to  the  original  value.  In 
this  manner,  the  speed  fluctuation  can  be  main- 
tained  to  be  minimum. 

Fig.  34  shows  another  example  of  the 
photoreceptor  drum  2.  In  this  example,  the  flange 
12  is  composed  of  a  member,  the  inertia  load  of 
which  is  heavy.  In  order  to  increase  the  moment  of 
inertia  I  of  the  drive  system,  the  inertia  load  of  the 
flange  itself  may  be  increased  as  described  above. 
As  a  result  of  the  foregoing,  the  fluctuations  of 
speed  can  be  reduced,  so  that  the  image  quality 
can  be  improved  in  the  same  manner  as  described 
before,  and  the  assembling  process  can  be  simpli- 
fied,  and  moreover,  the  number  of  parts  can  be 
reduced.  As  a  result,  the  cost  can  be  reduced. 

The  sliding  member  18  may  not  be  contacted 
with  the  side  surface  of  the  photoreceptor  drum  2, 
but  may  be  directly  contacted  with  the  flange  12. 
Also,  the  blade  made  of  rubber  may  not  be  used 
for  the  tip  of  the  sliding  member  18,  but  a  pad 
made  of,  for  example,  a  planted  bristle  member  or 
a  piece  of  non-woven  cloth  may  be  used  for  the  tip 
of  the  sliding  member  18. 

Claims 

1.  An  apparatus  for  use  in  an  image  forming 
apparatus,  for  rotating  a  rotation  member  hav- 

5  ing  a  given  length  in  its  axial  direction,  com- 
prising: 

a  shaft  provided  at  the  axis  of  said  rotation 
member,  for  rotating  said  rotation  member, 
said  rotation  member  and  said  shaft  construct- 

io  ing  a  driven  system; 
a  diving  source; 
a  member  to  transmit  driving  force  from 

said  driving  source  to  said  shaft,  said  transmit- 
ting  member  including  tooth  members  engag- 

15  ing  with  each  other  to  transmit  driving  force, 
said  driving  source  and  said  transmitting  mem- 
ber  constructing  a  driving  system;  and 

said  driven  system  and  said  driving  sys- 
tem  arranged  so  that  the  proper  oscillation 

20  frequency  of  said  driven  system  is  made  lower 
than  both  the  frequency  of  fluctuation  compo- 
nent  caused  per  one  rotation  of  said  driving 
system  and  the  frequency  of  fluctuation  com- 
ponent  caused  per  one  tooth  of  said  tooth 

25  members. 

2.  The  apparatus  of  claim  1  ,  wherein  the  torsional 
rigidity  of  said  driven  system  is  made  so  lower 
that  the  proper  oscillation  frequency  of  said 

30  driven  system  is  made  lower  than  both  the 
frequency  of  fluctuation  components. 

3.  The  apparatus  of  claim  1,  wherein  said  rota- 
tional  member  is  a  photoreceptor  drum. 

35 
4.  The  apparatus  of  claim  1,  wherein  said  rota- 

tional  member  is  a  driving  roller  to  rotate  a 
belt-type  photoreceptor. 

40  5.  The  apparatus  of  claim  1  ,  wherein  said  rotation 
member  has  a  first  end  portion  and  a  second 
end  portion  on  its  axis  and  said  shaft  passes 
through  between  said  first  and  second  end 
portions  in  said  rotation  member  along  said 

45  axis  of  said  rotation  member,  and  wherein  said 
driving  system  is  disposed  on  the  side  of  said 
first  end  portion  of  said  rotation  member  and 
said  shaft  and  said  rotation  member  are  not 
fixed  to  each  other  on  said  first  end  portion 

50  and  are  fixed  to  each  other  on  said  second 
end  portion. 

6.  The  apparatus  of  claim  5,  wherein  a  part  of 
said  shaft  is  made  smaller  in  diameter  than 

55  that  of  the  other  portion  of  said  shaft. 

7.  The  apparatus  of  claim  5,  further  comprising 
an  inertia  member  to  increase  the  inertia  mo- 
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ment  of  said  driven  system,  wherein  said  iner- 
tia  member  is  fixed  to  the  inside  of  said  rota- 
tion  member. 

8.  The  apparatus  of  claim  7,  further  comprising  a 
dynamic  damper  mounted  on  said  shaft,  for 
absorbing  the  oscillation  of  said  driven  system. 

9.  The  apparatus  of  claim  8,  wherein  said  dy- 
namic  damper  is  disposed  on  a  side  of  said 
rotation  member  where  said  driving  system  is 
located. 

member  are  linked  in  the  order  of  said  se- 
quence. 

17.  The  apparatus  of  claim  13,  wherein  said  inertia 
5  member  is  a  disk-shaped  member  mounted  on 

said  shaft  in  said  rotation  member,  and 
wherein  the  mounted  position  of  said  disk- 
shaped  member  is  adjustable  so  that  the  dis- 
tribution  of  the  inertia  moment  is  adjusted. 

10.  The  apparatus  of  claim  8,  wherein  said  dy- 
namic  damper  comprises  an  inner  ring  moun-  is 
ted  on  said  shaft,  an  outer  ring  and  a  rubber 
member  provided  between  said  inner  ring  and 
said  outer  ring. 

11.  The  apparatus  of  claim  7,  further  comprising  a  20 
blade  member  for  contact  with  a  part  of  said 
rotation  member  so  that  a  rotational  fluctuation 
is  quickly  damped. 

12.  The  apparatus  of  claim  1,  further  comprising  25 
damping  means  for  damping  a  rotational  fluc- 
tuation  wherein  said  rotation  member  has  a 
first  end  portion  and  a  second  end  portion  on 
its  axis  and  said  shaft  passes  through  between 
said  first  and  second  end  portions  in  said  30 
rotation  member  along  said  axis  of  said  rota- 
tion  member,  and  wherein  said  driving  system 
is  disposed  on  the  side  of  said  first  end  portion 
of  said  rotation  member  and  said  shaft  and 
said  rotation  member  are  fixed  to  each  other  35 
through  said  damping  means  on  said  first  end 
portion  and  are  fixed  to  each  other  on  said 
second  end  portion. 

13.  The  apparatus  of  claim  1,  further  comprising  40 
an  inertia  member  to  increase  the  inertia  mo- 
ment  of  said  driven  system. 

14.  The  apparatus  of  claim  13,  wherein  said  rota- 
tion  member  has  a  first  end  portion  and  a  45 
second  end  portion  on  its  axis,  said  driving 
system  is  disposed  on  the  side  of  said  first 
end  portion  of  said  rotation  member  and  said 
inertial  member  is  disposed  on  the  side  of  said 
first  end  portion.  so 

15.  The  apparatus  of  claim  13,  wherein  said  inertia 
member  is  made  in  one  body  with  said  rotation 
member. 

55 
16.  The  apparatus  of  claim  15,  wherein  said  driv- 

ing  source,  said  transmitting  member,  said 
shaft,  said  rotation  member  and  said  inertia 

11 
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