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Description 

The  present  invention  relates  to  an  image  forming 
apparatus,  such  as,  for  instance,  laser  beam  printers, 
which  form  images  on  image  forming  media. 

In  an  image  forming  apparatus,  such  as,  for  in- 
stance,  a  laser  beam  printer,  a  stepping  motor  has 
been  used  to  rotate  a  photosensitive  drum.  The  rea- 
son  a  stepping  motor  is  used  is  that  the  stepping  mo- 
tor  can  be  controlled  by  digital  signals  from  a  CPU. 
Thus,  with  the  stepping  motor  it  is  possible  to  adjust 
the  rotational  speed  and  to  determine  positions  with 
high  accuracy.  Further,  the  direction  of  rotation  of  the 
stepping  motor  can  be  freely  changed. 

However,  because  the  stepping  motor  obtains  its 
rotating  force  by  continuous  step  operation,  speed  va- 
riation  or  uneven  rotation  occurs.  In  extreme  cases 
this  gives  rise  to  strong  vibration.  These  speed  vari- 
ations  (uneven  rotation)  or  vibration  which  arise  from 
the  stepping  motor  make  their  appearance  as  image 
blurring  and  inage  unevenness  in  the  output  images 
of  the  laser  beam  printer. 

Therefore,  in  order  to  reduce  the  speed  variations 
(uneven  rotation)  or  vibration,  the  prior  art  adopted 
such  methods  as  fitting  a  dynamic  damperto  the  rotor 
spindle  or  the  load  spindle  of  the  stepping  motor.  Al- 
ternatively,  the  speed  variation  is  controlled  by  insert- 
ing  damping  material  in  the  torque  transmission 
mechanism,  or  smoothing  the  rotation  by  using  a 
large  flywheel.  Also,  as  an  electrical  device,  it  was  at- 
tempted  to  divide  one  step  into  from  several  steps  to 
several  tens  of  steps  by  staged  increase  or  decrease 
of  the  impressed  current  to  different  excitation  phas- 
es  and  by  staged  shifting  of  the  rotor  excitation  arrest 
point,  thus  reducing  the  speed  variation  (uneven  ro- 
tation)  and  vibration  by  a  so-called  micro-step  drive 
method. 

However,  there  were  problems  with  these  meth- 
ods  of  reducing  the  speed  variation  (uneven  rotation) 
and  vibration  of  the  stepping  motor  by  providing  addi- 
tional  external  factors.  They  lead  to  bulkiness  and  in- 
creased  weight  of  the  system,  and  further  picture 
quality  improvement  could  not  be  expected.  Also, 
even  if  the  micro-step  drive  method  was  adopted  for 
the  stepping  motor,  if  there  was  randomness  of  the 
torque  characteristics  between  one  excitation  phase 
and  another,  marked  improvement  of  picture  quality 
could  not  be  expected. 

Consequently,  it  was  not  possible  to  simply  and 
effectively  reduce  the  speed  variation  or  uneven  ro- 
tation,  and  vibration  of  the  stepping  motor. 

It  is  an  object  of  the  present  invention  to  provide 
an  image  forming  apparatus  which  can  reduce  the 
speed  variations,  in  other  words  uneven  rotation,  and 
vibration  of  the  stepping  motor  without  making  addi- 
tional  external  factors  necessary  or  requiring  structu- 
ral  alterations. 

According  to  one  aspect  of  the  present  invention, 

there  is  provided  an  image  forming  apparatus  for  pro- 
ducing  a  visible  image  on  an  image  forming  medium 
including  a  rotatable  drum  for  carrying  a  latent  image 
thereon;  and  means  for  rotating  the  drum,  said  means 

5  including  a  stepping  motor  having  a  plurality  of  excit- 
ing  windings;  characterised  in  the  provision  of  switch- 
ing  means  through  which  the  exciting  windings  are 
energised;  and  means  for  controlling  the  switching 
means  such  that  the  plurality  of  exciting  windings  are 

10  excited  in  a  prescribed  manner,  the  controlling  means 
periodically  varying  the  switching  time  intervals  for 
exciting  the  windings  in  correspondence  to  the  inher- 
ent  variations  in  the  rotational  speed  of  the  means  for 
rotating  the  drum. 

15  In  order  that  the  invention  may  be  more  readily 
understood,  it  will  now  be  described,  by  way  of  exam- 
ple  only,  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

Figure  1  is  a  sectional  view  showing  a  color  prin- 
20  teras  an  image  forming  apparatus  of  the  present 

invention; 
Figure  2  is  a  diagram  showing  the  schematic  con- 
struction  of  the  optical  exposure  unit  and  sche- 
matic  construction  blocks  of  part  of  the  electrical 

25  circuit; 
Figure  3  is  a  vertical  cross-section  of  a  rotor  of  a 
stepping  motor; 
Figure  4  is  a  plan  view  of  a  stator  of  the  stepping 
motor  in  which  the  rotor  is  assembled; 

30  Figure  5  is  a  schematic  diagram  of  the  driving  cir- 
cuit  of  the  stepping  motor; 
Figure  6  is  a  chart  showing  the  operating  se- 
quence  of  the  driving  circuit  in  Figure  5; 
Figure  7  is  a  block  diagram  showing  the  schemat- 

35  ic  construction  of  a  part  of  the  electrical  circuit; 
Figure  8  is  a  map  showing  examples  of  records 
of  the  excitation  switching  timing  data  stored  in  a 
memory  circuit; 
Figure  9A  is  a  diagram  showing  examples  of  the 

40  pulse  output  of  the  timing  signal  generator  circuit; 
Figure  9B  is  a  diagram  showing  examples  of  the 
pulse  output  in  Figure  9A  converted  to  pulse  rate; 
Figures  10A  and  10B  are  diagrams  showing  ex- 
amples  of  the  print-out  of  the  test  pattern; 

45  Figure  11  is  a  diagram  showing  the  construction 
of  the  timing  signal  generator  circuit; 
Figure  12A  is  a  diagram  showing  an  example  of 
the  pulse  output  of  the  timing  signal  generator  cir- 
cuit;  and 

so  Figure  12B  is  a  diagram  showing  an  example  of 
the  pulse  output  in  Figure  12A  converted  to  pulse 
rate. 
The  laser  beam  printer  1  is  supplied  sequentially 

with  image  data  which  has  been  dot-resolved  into 
55  each  color  component  from  an  external  host  or  an 

original  document  reading  apparatus  which  are  not 
shown.  Laser  beam  printer  1  forms  an  electrostatic  la- 
tent  image  by  sequentially  irradiating  the  image  data 

2 
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for  each  color  component  on  to  a  pre-charged  photo- 
sensitive  drum  4  by  laser  beam  2  via  the  mirrors  and 
lenses  of  optical  exposure  unit  3.  Photosensitive 
drum  4  forms  a  toner  image  by  turning  the  electro- 
static  latent  image  formed  by  laser  beam  2  into  a  visi- 
ble  image  by  attracting  the  first  color  toner  developer 
5A.  At  the  same  time,  gripper  7  provided  on  a  transfer 
drum  6  grips  copy  paper  P,  which  was  stored  in  paper 
supply  cassettes  8a  and  8b,  and  moves  the  copy  pa- 
per  P  to  the  outer  surface  of  transfer  drum  6.  Photo- 
sensitive  drum  4  and  transfer  drum  6  face  each  other 
while  maintaining  a  state  of  contact  at  point  A.  By  ro- 
tating  the  two  drums  4  and  6  in  the  directions  of  ar- 
rows  B  and  C,  respectively,  at  the  same  outer  circum- 
ference  speed,  the  first  color  toner  image  formed  on 
photosensitive  drum  4  is  transferred  on  to  copy  paper 
P.  When  the  transfer  of  the  first  color  toner  image  on 
to  copy  paper  P  is  completed,  the  two  drums  4  and  6 
are  caused  to  separate  from  the  in-contact  state  by  a 
separation  mechanism  (not  shown)  so  that  there  is  a 
gap  of  2-3  mm  between  them.  Then  transfer  drum  6 
is  rotated  a  specified  amount  (corresponding  to  the 
length  of  the  toner  image)  in  the  reverse  direction  to 
the  direction  C  in  which  it  rotated  when  the  toner  im- 
age  was  transferred.  When  transfer  drum  6  has  been 
rotated  the  specified  amount  in  the  reverse  direction, 
and  photosensitive  drum  4  has  been  rotated  in  direc- 
tion  B,  the  drums  are  in  a  position  in  which  transfer 
can  be  re-commenced  when  the  initial  position  has 
arrived  at  point  A.  By  this  means,  the  transfer  of  the 
second  color,  third  color  and  fourth  color  toner  images 
is  then  carried  out  in  sequence  on  to  copy  paper  P. 
Then,  when  the  transfer  is  completed,  copy  paper  P 
is  peeled  from  transfer  drum  6  and  is  conveyed  to  fix- 
ing  point  unit  9  where  the  toner  image  is  fixed  on  copy 
paper  P.  The  copy  paper  P  is  then  dispensed  to  receiv- 
ing  tray  10. 

Optical  exposure  unit  3  is  arranged  in  the  upper 
part  of  laser  beam  printer  1,  as  shown  in  Figures  1  and 
2.  Optical  exposure  unit  3  comprises  semiconductor 
laser  diode  40,  high-speed  rotating  motor  11,  polygon 
mirror  12  rotated  by  the  motor,  optical  lens  13,  reflec- 
tor  mirror  14  and  protective  glass  cover  1  5.  In  this  opt- 
ical  exposure  unit  3,  laser  beam  2,  which  is  generated 
from  semiconductor  laser  diode  40  in  response  to  im- 
age  data,  is  corrected  by  a  beam  correction  optical 
unit  (not  shown)  composed  of,  for  instance,  a  cylindri- 
cal  lens,  etc.  The  laser  beam  2  is  deflected  by  polygon 
mirror  12  rotated  by  high-speed  rotating  motor  11  and 
is  controlled  by  motor  drive  circuit  87  described  be- 
low.  Then  deflected  laser  beam  2  passes  through  opt- 
ical  lens  13,  is  reflected  by  mirror  14  and  passes 
through  protective  glass  15  to  form  a  spot  image  at 
the  position  of  exposure  position  D  on  photosensitive 
drum  4. 

Laser  beam  receiving  element  41  is  provided  on 
the  side  of  photosensitive  drum  4,  outside  the  image 
formation  area  of  the  scanning  line  scanned  by  laser 

beam  2,  as  shown  in  Figure  2.  Laser  beam  receiving 
element  41  detects  laser  beam  2  prior  to  each  scan 
and  outputs  this  detection  signal  to  horizontal  syn- 
chronisation  signal  generating  circuit  88,  which  is  de- 

5  scribed  below. 
Charger  16  which  charges  the  drum  surface,  de- 

velopers  5A  to  5D  for  each  color,  cleaner  1  7  and  era- 
sure  discharge  lamp  18  are  arranged  round  the  per- 
iphery  of  photosensitive  drum  4  in  the  direction  of  ro- 

10  tation  B,  as  shown  in  Figure  1.  Photosensitive  drum 
4  is  rotated  by  a  stepping  motor  19.  Laser  beam  2 
forms  a  spot  image  at  the  point  of  exposure,  position 
D,  on  the  drum  surface  of  charged  photosensitive 
drum  4.  As  a  result,  an  electrostatic  latent  image  is 

15  formed  due  to  the  charge  being  removed  in  response 
to  laser  beam  2.  When  photosensitive  drum  4  on 
which  this  electrostatic  latent  image  has  been  formed 
is  rotated  in  the  direction  of  arrow  B  to  the  point  of  de- 
veloping  position  E,  it  comes  on  to  contact  with  devel- 

20  oper  5A  and  yellow  toner  is  supplied  to  and  attracted 
on  to  photosensitive  drum  4  from  developer  sleeve 
5a. 

Apart  from  developer  5A,  developer  5B  which 
has  developer  sleeve  5b  in  which  magenta  toner  is 

25  stored,  developer  5C  having  developer  sleeve  5c  in 
which  cyan  toner  is  stored  and  developer  5D  having 
developer  sleeve  5d  in  which  black  toner  is  stored  are, 
respectively,  arranged  adjacent  to  each  other.  These 
developers  5Ato  5D  are  usually  separated  from  pho- 

30  tosensitive  drum  4  via  a  small  gap.  When  the  transfer 
of  a  color  toner  image  on  to  copy  paper  P  is  required, 
developers  5A  to  5D  are,  respectively,  successively 
shifted  to  the  points  of  the  developing  positions  E,  F, 
G  and  H  of  photosensitive  drum  4  by  means  of  moving 

35  mechanisms  (not  shown).  For  instance,  the  toner  im- 
age  formed  by  the  first  color  yellow  toner  is  transfer- 
red  on  to  paper  P  at  the  point  of  transfer  position  A  of 
photosensitive  drum  4  and,  after  this  transfer  is  com- 
pleted,  in  the  interval  until  transfer  of  the  second  color 

40  commences,  developer  5B  for  the  second  color  ma- 
genta  is  shifted  to  the  point  of  developing  position  F 
of  photosensitive  drum  4. 

Photosensitive  drum  4,  on  which  a  toner  image 
has  been  formed  by  attracting  any  one  color  tone, 

45  continues  to  rotate,  and,  at  the  point  of  transfer  posi- 
tion  A,  that  toner  image  is  transferred  on  to  copy  pa- 
per  P.  After  transfer  at  position  A,  photosensitive 
drum  4  continues  to  rotate  further  in  the  direction  of 
arrow  B,  and  the  residual  toner  on  photosensitive 

so  drum  4  is  removed  by  cleaner  1  7.  Then,  any  residual 
potential  on  the  surface  of  photosensitive  drum  4  is 
removed  by  illuminating  the  surface  by  erasure  dis- 
charge  lamp  18. 

As  shown  in  Figure  1  ,  gripper  7  for  gripping  copy 
55  paper  P  and  sensor  21  ,  which  detects  that  gripper  7 

is  holding  copy  paper  P  supplied  by  paper  supply  roll- 
ers  20a  or  20b,  are  provided  on  transfer  drum  6. 
When  the  transfer  of  the  toner  image  is  completed, 

3 
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drum  6  rotates  in  the  reverse  direction  to  photosensi- 
tive  drum  4,  that  is  the  reverse  direction  to  arrow  C 
just  by  the  distance  of  the  toner  image.  Movable  guide 
plate  23,  guide  24  and  transfer  drum  cleaner  25  are 
arranged  round  the  periphery  of  transfer  drum  6.  One 
end  of  movable  guide  plate  23  is  pivoted  and  the  other 
ewnd  of  that  is  free  to  make  contact  with  or  separate 
from  transfer  drum  6. 

As  shown  in  Figure  2,  the  rotating  force  from  step- 
ping  motor  19  is  transmitted  to  pulley  44,  which  is 
linked  to  rotating  spindle  4a  of  photosensitive  drum  4, 
via  pulley  42,  which  is  linked  to  drive  spindle  19a  of 
stepping  motor  19,  and  timing  belt  43.  Also,  in  step- 
ping  motor  19,  encoder  45  for  detecting  the  speed  of 
rotation  and  variations  in  rotation  is  linked  to  drive 
spindle  19a.  Encoder  45  outputs  a  pulse  signal  in  re- 
sponse  to  the  rotation  speed  of  stepping  motor  19. 
When  the  rotation  speed  of  stepping  motor  19  slows 
down,  the  outputted  pulse  time  intervals  become  wid- 
er  (longer)  and,  when  it  speeds  up,  the  outputted 
pulse  time  intervals  become  narrower  (shorter). 

Also  as  shown  in  Figure  2,  the  rotating  force  from 
stepping  motor  22  is  transmitted  to  pulley  48,  which 
is  linked  to  rotating  spindle  6a  of  transfer  drum  6,  via 
pulley  46,  which  is  linked  to  drive  spindle  22a  of  step- 
ping  motor  22  and  timing  belt  47.  Also,  in  stepping  mo- 
tor  22,  encoder  49  for  detecting  the  speed  of  rotation 
and  variations  in  rotation  is  linked  to  drive  spindle  22a. 
Encoder  49  outputs  a  pulse  signal  in  response  to  the 
rotation  speed  of  stepping  motor  22.  When  the  rota- 
tion  speed  of  stepping  motor  22  slows  down,  the  out- 
putted  pulse  time  intervals  become  wider  (longer) 
and,  when  it  speeds  up,  the  outputted  pulse  time  in- 
tervals  become  narrower  (shorter). 

Copy  paper  P  stored  in  paper  supply  cassette  8a, 
8b  is  supplied  by  the  rotation  of  paper  supply  roller 
20a,  20b  one  sheet  at  a  time  via  transport  roller  26a, 
26b,  transport  guide  27a,  27b  and  transport  roller  28. 
Then,  gripper  7  holds  the  leading  edge  of  that  copy 
paper  P.  Next,  by  applying  a  bias  voltage  to  transfer 
drum  6,  copy  paper  P  adheres  to  transfer  drum  6  with 
electrostatic  force.  Also,  when  copy  paper  P  is  held  by 
gripper  7,  sensor  21,  which  is  provided  on  the  end  of 
the  drum,  detects  that  copy  paper  P  is  being  held  and 
outputs  a  detection  signal  to  control  circuit  81  ,  descri- 
bed  below.  Transferdrum  6  to  which  copy  paper  P  has 
mounted  rotates  in  the  direction  of  arrow  B  to  the  point 
of  transfer  position  A  of  photosensitive  drum  4.  When 
the  leading  edge  of  copy  paper  P  reaches  the  point  of 
transfer  position  A  of  photosensitive  drum  4,  stepping 
motor  19  is  rotated  in  response  to  pulse  signals  from 
driving  circuit  71  controlled  by  control  circuit  81.  Then, 
while  transfer  drum  6  is  rotated  together  with  photo- 
sensitive  drum  4,  the  toner  image  formed  on  photo- 
sensitive  drum  4  is  transferred  on  to  copy  paper  P. 
When  the  transfer  is  completed  by  the  trailing  edge 
of  copy  paper  P  passing  beyond  the  point  of  transfer 
position  Aon  photosensitive  drum  4,  control  circuit  81 

actuates  the  separation  mechanisn  (not  shown) 
which  causes  photosensitive  drum  4  and  transfer 
drum  6  to  separate  so  that  there  is  a  gap  of  2-3  mm 
between  them.  When  this  separation  is  completed, 

5  control  circuit  81  causes  transfer  drum  6  to  rotate  in 
the  reverse  direction  as  described  above  by  output- 
ting  a  pulse  signal  to  stepping  motor  22.  This  series 
of  operations  is  repeated  until,  for  instance,  full-color 
transfer,  in  which  four  colors  are  superimposed,  is 

10  completed. 
When  the  transfer  of  the  toner  images  of  all  the 

colors  is  completed,  movable  guide  plate  23  contacts 
transfer  drum  6  by  moving  from  a  position  23a,  which 
is,  for  instance,  several  centimeters  from  the  surface 

15  of  transfer  drum  6,  towards  23b  due  to  a  signal  from 
control  circuit  81  .  By  this  means,  copy  paper  P  which 
is  adhering  to  transfer  drum  6  is  peeled  by  movable 
guide  plate  23.  Copy  paper  P  is  then  conveyed  to  fix- 
ing  unit  9  via  conveyor  30,  and  is  conveyed  between 

20  heat  roller  31  and  pressure  roller  32  inside  fixing  unit 
9.  After  the  tomer  image  has  been  thermally  fixed  on 
copy  paper  P  by  heat  roller  31  and  pressure  roller  32, 
copy  paper  P  which  has  been  thus  conveyed  is  fur- 
ther  conveyed  by  exit  roller  33,  and  is  dispensed  to  re- 

25  ceiving  tray  10. 
Cooling  fan  34  is  to  prevent  the  temperature  in- 

side  laser  beam  printer  1  becoming  too  high  by  cool- 
ing  the  heat  exhausted  from  heat  roller  31  of  fixing 
unit  9,  etc. 

30  The  construction  of  the  stepping  motors  19,  22 
and  their  driving  circuit  71  ,  72  are  now  described,  re- 
ferring  to  Figures  3  to  6.  Stepping  motor  1  9  comprises 
a  rotor  51  and  a  stator  52. 

As  shown  in  Figure  3,  rotor  51  comprises  spindle 
35  53  formed  of  non-magnetic  material,  permanent  mag- 

net  54  provided  round  the  periphery  of  spindle  53  and 
magnetised  along  the  direction  of  the  spindle,  and 
toothed  cups  55a  and  55b  made  of  magnetic  material 
and  fitted,  respectively,  on  each  end  of  permanent 

40  magnet  54  in  the  form  of  caps.  In  this  example,  fifty 
small  teeth  56  are  formed  at  equal  pitch  in  the  circum- 
ferential  direction  on  each  of  toothed  cups  55a  and 
55b.  The  small  teeth  56  on  toothed  cup  55a  and  the 
small  teeth  56  on  toothed  cup  55b  are  provided  with 

45  a  phase  difference  of  1/2  pitch  in  the  circumferential 
direction. 

As  shown  in  Figure  4,  stator  52  comprises  stator 
core  57  having  ten  salient  poles  58.  Small  teeth  59  are 
provided  at  equal  pitch  on  the  ends  of  the  salient 

so  poles  58  and  excitation  windings  60  are  wound 
around  the  salient  poles  58.  Each  excitation  winding 
60  is  connected,  either  in  series  or  in  parallel,  only  to 
the  winding  fitted  on  the  mutually  opposite  salient 
pole.  Thus,  there  is  a  5-phase  connection  which  is 

55  divided  into  five  excitation  phases  a,  b,  c,  d  and  e. 
As  shown  in  Figure  5,  driving  circuit  71  is  con- 

structed  so  that  the  two  ends  of  the  excitation  wind- 
ings  which  compose  each  excitation  phase  are  con- 

4 
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nected,  respectively,  to  electric  power  lines  63  and  64 
via  power  transistors  61  and  62.  By  switching  ON  and 
OFF  in  sequence  pairs  of  power  transistors  which  are 
positioned  on  the  same  diagonal  lines,  positive  or 
negative  currents  are  caused  to  flow  in  the  excitation 
windings,  and  magnetic  fields  are  generated  between 
stator  52  and  rotor  51  . 

Also,  driving  circuit  71  is  constructed  so  that,  in 
response  to  output  pulses  from  timing  signal  genera- 
tor  circuit  90,  91  described  below,  as  shown  by  the 
representative  excitation  sequence  in  Figure  6,  it  out- 
puts  a  base  signal  which  controls  power  transistors 
61  and  62  to  ON  and  OFF  to  cause  excitation  currents 
to  flow  in  each  excitation  winding  phase.  This  exam- 
ple  is  designed  forthe  repetition  often  steps.  Also,  the 
supply  of  power  to  power  line  63  is  controlled  by  the 
excitation  signals  from  timing  signal  generator  circuit 
90,  91. 

Moreover,  when  a  reverse  signal  is  supplied  from 
control  circuit  81  described  below,  driving  circuit  72 
outputs  a  base  signal  which  controls  power  transis- 
tors  61  and  62  to  ON  and  OFF  to  cause  excitation  cur- 
rents  to  flow  in  each  excitation  winding  phase  in  a  re- 
verse  sequence  which  differs  from  that  in  Figure  6. 

Referring  to  Figures  2  and  7,  the  electrical  circuit 
comprises  control  circuit  81  which  performs  various 
controls  and  operations,  printer  interface  82,  image 
data  processing  circuit  83,  test  pattern  signal  gener- 
ator  84,  selector  circuit  85,  laser  driving  circuit  86,  mo- 
tor  driving  circuit  87,  horizontal  synchronisation  signal 
generating  circuit  88,  operation  panel  89,  timing  sig- 
nal  generator  circuits  90  and  91  ,  and  memory  circuits 
92  and  93. 

Printer  interface  82  outputs  to  control  circuit  81 
the  various  command  signals  which  are  supplied  via 
a  system  bus  from  a  host  (not  shown)  and,  at  the 
same  time,  outputs  the  status  signals  from  control 
circuit  81  to  the  host  via  the  system  bus.  Also,  printer 
interface  82  receives  the  image  data  supplied  via  the 
image  bus  from  the  host,  and  outputs  them  to  image 
data  processing  circuit  83. 

Image  data  processing  circuit  83  records  one 
page  of  the  image  data  supplied  from  printer  interface 
82,  and  outputs  these  recorded  image  data  (parallel 
data)  to  selector  circuit  85  by  converting  them  to  serial 
image  data. 

Test  pattern  signal  generator  84,  by  command  of 
control  circuit  81  ,  generates  a  serial  image  data  of  test 
pattern  which  will  show  up  random  rotation,  and  out- 
puts  this  to  selector  circuit  85. 

At  the  command  of  control  circuit  81  ,  selector  cir- 
cuit  85  outputs  to  laser  driving  circuit  86  the  image 
data  supplied  from  image  data  processing  circuit  83 
when  image  data  from  the  host  are  printed,  and  out- 
puts  to  laser  driving  circuit  86  the  image  data  supplied 
from  test  pattern  signal  generator  84  when  the  test 
pattern  is  printed. 

Laser  driving  circuit  86  drives  semiconductor  las- 

er  diode  40  in  accordance  with  the  image  data  sup- 
plied  from  selector  circuit  85,  and  causes  semicon- 
ductor  laser  diode  40  to  generate  a  laser  beam. 

Motor  driving  circuit  87,  by  command  of  control 
5  circuit  81  ,  rotates  the  high-speed  rotating  motor  1  1  at 

high  speed. 
Horizontal  synchronisation  signal  generating  cir- 

cuit  88  generates  the  necessary  horizontal  synchron- 
ising  signals  as  reference  positions  (timing)  when  a 

10  electrostatic  latent  image  is  formed  on  photosensitive 
drum  4  by  the  laser  beam. 

Operation  panel  89  is  operated  by  the  operator, 
and  is  designed  to  produce  such  commands  as  the 
print  start  command,  the  output  command  for  the  test 

15  pattern,  the  setting  commands  for  speed  variation 
data  to  memory  circuits  92  and  93  and  the  selection 
commands  (the  rotation  mode  switching  commands) 
forthe  speed  variation  data  to  memory  circuits  92  and 
93. 

20  Timing  signal  generator  circuit  90  controls  the 
output  of  excitation  signals  to  driving  circuit  71  by 
start/stop  signals  from  control  circuit  81.  Also,  by 
speed  variation  data  supplied  from  memory  circuit  92 
and  a  clock  signal  formed  by  the  oscillation  output 

25  from  crystal  oscillator  90a,  timing  signal  generator 
circuit  90  generates  a  timing  pulse  in  accordance  with 
the  speed  variation  data  and  outputs  this  to  driving 
circuit  71. 

Timing  signal  generator  circuit  91  controls  the 
30  output  of  excitation  signals  to  driving  circuit  72  by 

start/stop  signals  from  control  circuit  81.  Also,  by 
speed  variation  data  supplied  from  memory  circuit  93 
and  a  clock  signal  formed  by  the  oscillation  output 
from  crystal  oscillator  91a,  timing  signal  generator 

35  circuit  91  generates  a  timing  pulse  in  accordance  with 
the  speed  variation  data  and  outputs  this  to  driving 
circuit  72. 

Memory  circuit  92  stores  excitation  switching  tim- 
ing  data  as  speed  variation  data  for  reducing  the 

40  speed  variation,  in  other  words  random  rotation,  of 
stepping  motor  19.  Memory  circuit  92  outputs  excita- 
tion  switching  timing  data  to  timing  signal  generator 
circuit  90  for  the  address  designated  by  an  address 
(upper  bit)  from  control  circuit  81  and  an  address 

45  (lower  bit)  from  timing  signal  generator  circuit  90. 
Memory  circuit  93  stores  excitation  switching  tim- 

ing  data  as  speed  variation  data  for  reducing  the 
speed  variation,  in  other  words  random  rotation,  of 
stepping  motor  22.  Memory  circuit  93  outputs  excita- 

50  tion  switching  timing  data  to  timing  signal  generator 
circuit  91  for  the  address  designated  by  an  address 
(upper  bit)  from  control  circuit  81  and  an  address 
(lower  bit)  from  timing  signal  generator  circuit  91  . 

Also,  memory  circuits  92  and  93  are  supplied  with 
55  write  signals  from  control  circuit  81  and,  at  the  same 

time,  when  the  excitation  switching  timing  data,  ob- 
tained  through  calculation  of  the  encode  data  detect- 
ed  by  encoders  45  and  49,  and  an  address  are  sup- 

5 
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plied,  they  are  designed  to  store  the  excitation  switch- 
ing  timing  data  at  that  address. 

In  memory  circuit  92,  when,  for  instance,  stepping 
motor  1  9  is  caused  to  rotate  at  1  500  pps,  the  variation 
pulse  rate,  which  causes  the  time  intervals  which 
switch  the  excitation  to  vary  with  periodicity,  is  stored 
as  speed  variation  data  (excitation  switching  timing 
data).  With  a  10-pulse  period,  if  the  pulse  rate  is  taken 
as  fluctuating  +10%,  as  shown  in  FIGURE  8,  excita- 
tion  switching  timing  data  '9000'  and  switching 
time  '600  us'  are  stored  at  address  '0',  excitation 
switching  timing  data  '9400'  and  switching  time  '627 
us'  are  stored  at  address  '1',  excitation  switching  timing 
data  '9800'  and  switching  time  '653  us'  are  stored  at, 
address  '2',  excitation  switching  timing  data  '10200'  and 
switching  time  '680  us'  are  stored  at  address  '3',  excita- 
tion  switching  timing  data  '10600'  and  switching 
time  '707  us'  are  stored  at  address  '4',  excitation 
switching  timing  data  '11000'  and  switching  time  '733 
us'  are  stored  at  address  '5',  excitation  switching  tim- 
ing  data  '10600'  and  switching  time  '707  us'  are  stor- 
ed  at  address  '6',  excitation  switching  timing  data 
'10200'  and  switching  time  '680  us'  are  stored  at  ad- 
dress  '7',  excitation  switching  timing  data  '9800'  and 
switching  time  '653  us'  are  stored  at  address  '8',  and 
excitation  switching  timing  data  '9400'  and  switching 
time  '627  us'  are  stored  at  address  '9'.  This  is  the 
same  as  the  excitation  being  switched  every  1/1500 
seconds  (666.7  ŝ)  (mean  value). 

The  design  is  also  such  that,  for  instance,  the  ex- 
citation  switching  timing  data  for  stepping  motor  22  is 
stored  in  memory  circuit  93. 

The  excitation  switching  timing  data  for  memory 
circuits  92  and  93  may  either  be  pre-set  during  pro- 
duction  of  the  apparatus  or  may  be  set  by  the  opera- 
tor.  In  the  case  of  its  being  pre-set  during  production, 
there  is  no  requirement  to  provide  encoders  45  and 
49.  In  the  case  of  its  being  set  by  the  operator,  the  de- 
sign  may  be  such  that  excitation  switching  timing  data 
obtained  by  the  computing  of  the  encoded  data  de- 
tected  by  using  encoders  45  and  49  is  set.  Or  the  de- 
sign  may  be  such  that  an  excitation  switching  timing 
data  sequence  is  selected  from  the  differing  excita- 
tion  switching  timing  data  sequences  stored  in  mem- 
ory  circuits  92  and  93  by  referring  output  examples 
(actual  print  example)  of  these,  without  using  encod- 
ers  45  and  49. 

The  case  of  setting  in  memory  circuit  92  excita- 
tion  switching  timing  data  obtained  by  the  computa- 
tion  of  encode  data  detected  by  encoder  45  is  now  de- 
scribed.  When  the  image  forming  operation  is  not  per- 
formed  at  the  time  of  adjustment  or  immediately  after 
switching-on  the  power  source,  or  when  the  operator 
designates  from  operation  panel  89,  pulses  of  a  spe- 
cif  ied  timing  are  outputted  to  driving  ciurcuit  71  from 
timing  signal  generator  circuit  90  by  means  of  a  start 
signal  from  control  circuit  81.  For  instance,  when  the 
oscillation  frequency  of  oscillator  90  is  15  MHz  a 

pulse  is  outputted  every  1/1500  (666.7  us).  By  this 
means,  driving  circuit  71  rotates  stepping  motor  19  in 
response  to  this  pulse.  At  this  time,  stepping  motor  19 
is  rotated  without  regard  to  speed  variation,  that  is  to 

5  say  random  rotation.  The  eoncoded  output  from  en- 
coder  45  (a  signal  of  about  200  pulses  is  outputted 
from  encoder  45  for  one  pulse  of  stepping  motor  1  9) 
obtained  by  rotation  which  includes  this  speed  varia- 
tion  is  outputted  to  control  circuit  81.  Control  circuit  81 

10  produces  excitation  switching  timing  data  for  every 
one  pulse  of  stepping  motor  19  in  response  to  the 
number  of  pulses  from  encoder  45,  and  outputs  the 
address  and  the  excitation  switching  timing  data  to 
memory  circuit  92.  By  this  means,  an  excitation 

15  switching  timing  data  sequence  with  a  10-pulse  peri- 
od  for  reducing  the  speed  variation  or  random  rotation 
of  stepping  motor  19,  as  shown  in  FIGURE  8,  is  stored 
in  memory  circuit  92.  Also,  the  excitation  switching 
timing  data  of  memory  circuit  93  for  stepping  motor  22 

20  in  response  to  the  encoded  output  from  encoder  49 
is  stored  in  the  same  way  as  the  storage  in  memory 
circuit  92  described  above. 

The  process  of  selecting  one  of  a  number  of  dif- 
fering  excitation  switching  timing  data  sequences  for 

25  excitation  switching  timing  in  memory  circuit  92  will 
now  be  desecribed.  In  this  case,  differing  excitation 
switching  data  sequences  of  excitation  switching  tim- 
ings  "1-10"  are  stored  in  memory  circuit  92,  as  shown 
in  FIGURE  9A.  Examples  of  these  excitation  switch- 

30  ing  timing  data  sequences  converted  to  pulse  rates 
are  shown  in  FIGURE  9B. 

When  the  operator  so  designates  from  operation 
panel  89,  control  circuit  81  outputs  a  selection  signal 
for  excitation  switching  timing  data  sequence  "1"  to 

35  memory  circuit  92.  By  this  means,  stepping  motor  19 
is  rotated  through  pulses  corresponding  to  excitation 
switching  timing  data  sequence  "1  "  being  outputted  to 
driving  circuit  71  by  timing  generator  circuit  90.  Also, 
control  circuit  81  causes  a  test  pattern  to  be  generat- 

40  ed  from  test  pattern  signal  generator  84,  and  outputs 
this  test  pattern  to  laser  driving  circuit  86  via  selector 
circuit  85.  By  this  means,  a  laser  beam  corresponding 
to  the  test  pattern  is  generated  from  semiconductor 
laser  diode  40  by  laser  driving  circuit  86.  Thereafter, 

45  after  exposing  and  transferring  have  been  carried 
out,  the  test  pattern  is  printed  on  copy  paper  P,  and 
is  dispensed.  Printing  of  the  test  patterns  correspond- 
ing  to  the  other  excitation  switching  timing  data  "2-1  0" 
are  also  executed  in  the  above  way.  By  this  means, 

so  as  shown  in  FIGURE  10Aand  1  0B,  when  the  test  pat- 
terns  have  been  printed,  FIGURE  10Ais  a  pattern  in 
which  speed  variation  has  been  eliminated,  in  other 
words,  the  pattern  has  become  of  equally-spaced 
pitch  P,  and  one  with  which  there  will  be  no  image  ran- 

55  domness.  FIGUER  10B  is  a  pattern  which  includes 
speed  variation  and  with  which  image  randomness 
would  occur,  in  other  words,  dense  portions  Pmin  of  1 
dot-line  pitch  and  coarse  portions  Pmax  have  ap- 
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peared.  As  the  result  of  this,  the  operator,  having 
checked  the  print  quality  of  the  printed  test  patterns, 
designates  the  selection  of  the  pattern  which  has 
been  most  accurately  printed  (the  speed  variation  or 
random  rotation  is  reduced)  using  operation  panel  89. 
For  instance,  the  operator  designates  the  excitation 
switching  timing  data  sequence  corrsponding  to  the 
print  in  FIGURE  10A.  Thereafter,  when  stepping  mo- 
tor  19  is  rotated,  that  selected  excitation  switching 
timing  data  sequence  is  outputted  from  memory  cir- 
cuit  92. 

When  the  printing  the  test  pattern  forthe  multiple 
excitation  switching  timing  data  sequences  in  mem- 
ory  92  is  executed,  stepping  motor  22  is  driven  by 
constant-interval  pulses.  Afterthis,  the  selection  of  an 
excitation  switching  timing  data  sequence  from  mem- 
ory  circuit  93  for  stepping  motor  22  is  performed  in  the 
same  way  as  the  above  selection  from  memory  circuit 
92. 

Timing  signal  generator  circuit  90  (91)  is  now  de- 
scribed  in  detail,  referring  to  FIGURE  11.  Timing  sig- 
nal  generator  circuit  90  comprises  oscillator  circuit 
1  00,  counter  101,  comparator  circuit  1  02  and  counter 
103.  oscillator  circuit  100  generates  a  clock  signal 
which  is  determined  by  the  frequency  of  crystal  oscil- 
lator  90a,  and  this  clock  signal  is  outputted  to  counter 
101.  Counter  101  counts  the  clock  signal  from  oscil- 
lator  circuit  100,  being  reset  by  a  pulse  from  compar- 
ator  circuit  102,  and  starts/stops  the  count  operation 
in  response  to  start/stop  signals  from  control  circuit 
81.  Comparator  circuit  102  compares  the  number  of 
counts  from  counter  101  with  the  speed  variation  data 
(excitation  switching  timing  data)  from  memory  circuit 
92,  and  outputs  a  pulse  when  they  agree.  Counter 
1  03  counts  the  number  of  output  pulses  from  compar- 
ator  circuit  102,  and  starts/stops  the  count  operation 
in  response  to  start/stop  signals  from  control  circuit 
81.  The  number  of  count  from  counter  103  is  output- 
ted  to  memory  circuit  92  as  an  address. 

The  case  of  stepping  motor  19  being  rotated  at 
1500  pps  in  response  to  excitation  switching  timing 
data  from  memory  circuit  92  is  now  explained.  A  start 
signal  from  control  circuit  81  is  outputted  to  counters 
101  and  103.  This  start  signal  is  also  outputted  to  driv- 
ing  circuit  71  ash  an  excitation  signal.  At  this  time, 
counter  101  commences  counting  in  response  to  the 
clock  signals  from  oscillator  circuit  1  00.  Also,  counter 
1  03  is  at  '0'  and  so  address  '0'  is  outputted  to  mem- 
ory  circuit  92.  When  this  is  done,  memory  circuit  92 
outputs  excitation  switching  timing  data  '9000'  at  ad- 
dress  '0'  to  comparator  circuit  102. 

Then,  when  the  count  value  of  counter  101  has 
become  '9000'  (when  600  us  has  elapsed),  a  pulse  is 
outputted  as  an  agreement  signal  from  comparator 
circuit  1  02  to  driving  circuit  71  .  By  this  means,  driving 
circuit  71  rotates  stepping  motor  19  by  1  pulse.  Also, 
counter  1  01  is  reset  by  the  pulse  from  comparator  1  02 
and  starts  to  count  from  '0',  and  counter  103  is 

caused  to  count  up  and  its  count  content  '1  '  is  output- 
ted  to  memory  circuit  92  as  address  '1'.  When  this  is 
done,  memory  circuit  92  outputs  excitation  switching 
timing  data  '9400'  of  address  '1'  to  comparator  circuit 

5  102.  After  this,  each  time  a  pulse  is  outputted  from 
comparator  circuit  102,  the  excitation  switching  tim- 
ing  data  of  the  corresponding  address  in  memory  cir- 
cuit  92  is  read  out,  and  when  the  time  corresponding 
to  this  excitation  switching  timing  data  has  elapsed, 

10  the  next  pulse  is  outputted  from  comparator  circuit 
102.  By  this  means,  pulses  are  outputted  from  com- 
parator  circuit  102  at  time  intervals  such  shown  in 
FIGURE  12A.  Therefore,  since  the  speed  variation  of 
stepping  motor  19  is  taken  into  consideration  and  the 

15  excitation  timing  of  each  excitation  phase  a,  b,  c,  d, 
and  e  is  controlled,  the  speed  variation  is  cancelled 
out  and  it  is  rotated  smoothly. 

FIGURE  12A  shows  the  excitation  switching  tim- 
ing  when  stepping  motor  1  9  is  driven  to  rotate  at  con- 

20  stant  speed.  The  excitation  of  the  excitation  windings 
composing  each  phase  is  switched  in  accordance 
with  this  switching  timing.  In  driving  circuit  71,  taking 
a  time  interval  of  the  excitation  switching  timing  as  At 
as  a  reference,  this  is  caused  to  fluctuate  between 

25  Atmin  and  Atmax.  The  inverse  of  this  time  interval  is  the 
pulse  rate  and,  as  shown  in  FIGURE  12B,  this  pulse 
fluctuates  in  a  sine-wave  form  with  period  T. 

If  stepping  motor  19  had  no  inherent  speed  vari- 
ation,  stepping  motor  1  9  would  rotate  with  a  speed  va- 

30  riation  of  period  T,  as  shown  in  FIGURE  12B.  How- 
ever,  an  inherent  speed  variation  always  exists  in  a 
normal  stepping  motor.  Driving  circuit  71  makes  per- 
iod  T  agree  with  the  inherent  speed  variation  period 
of  the  stepping  motor,  and  also  causes  the  time  inter- 

35  val  of  the  excitation  switching  timing,  in  other  words 
the  pulse  rate,  to  fluctuate  so  that  it  becomes  almost 
reverse  phase.  Consequently,  if  the  amplitude  is  tak- 
en  as  having  been  appropriately  set,  it  is  possible  to 
cancel  out  the  inherent  speed  variation  of  the  step- 

40  ping  motor  by  a  speed  variation  which  follows  the 
pulse  rate  variation,  and  rotor  51  can  be  made  to  ro- 
tate  smoothly. 

In  the  case  of  stepping  motor  22  also,  in  the  same 
way  as  in  the  case  of  stepping  motor  19,  it  can  be 

45  made  to  rotate  smoothly  by  cancelling  out  the  inher- 
ent  speed  variation  of  the  stepping  motor. 

The  operation  of  this  image  forming  apparatus 
with  the  above  construction  is  explained. 

First,  the  image  data  which  have  been  resolved 
so  into  each  color  component  are  supplied  to  printer  in- 

terface  82  from  the  host  via  the  image  bus,  and  com- 
mand  information  such  as  the  size  of  copy  paper  P 
and  the  transferring  density,  in  other  words  each  type 
of  command,  is  supplied  to  printer  interface  82  from 

55  the  host.  When  this  has  been  done,  each  type  of  com- 
mand  which  has  been  supplied  to  printer  interface  82 
is  supplied  to  control  circuit  81.  Control  circuit  81  ro- 
tates  high-speed  rotating  motor  11  at  high  speed  by 

7 
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controlling  motor  drive  circuit  87,  rotates  stepping  mo- 
tor  1  9  by  controlling  driving  circuit  71  via  timing  signal 
generator  circuit  90,  and  rotates  stepping  motor  22  by 
controlling  driving  circuit  72  via  timing  signal  genera- 
tor  circuit  91. 

Also,  after  the  image  data  supplied  to  printer  in- 
terface  82  have  been  converted  into  serial  image  data 
in  image  data  processing  circuit  83,  they  are  output- 
ted  to  laser  driving  circuit  86  via  selector  circuit  85.  By 
this  means,  laser  driving  circuit  86  drives  semicon- 
ductor  laser  diode  40  in  accordance  with  the  image 
data  supplied  from  selector  circuit  85,  and  causes  a 
laser  beam  to  be  produced  by  semiconductor  laser  di- 
ode  40.  Laser  beam  2  which  is  generated  by  semicon- 
ductor  laser  diode  40  is  corrected  by  the  optical  cor- 
rection  system  and  is  deflected  by  polygon  mirror  12. 
After  deflected  laser  beam  2  has  passed  through  opt- 
ical  lens  13,  it  is  reflected  by  mirror  14  and  passes 
through  protective  glass  15  and  is  then  caused  to 
scan-expose  by  being  formed  into  a  spot  beam  of  the 
required  resolution  at  point  D  on  the  surface  of  pho- 
tosensitive  drum  4.  Photosensitive  drum  4  has  previ- 
ously  been  charged  by  charger  16,  and  an  electrostat- 
ic  latent  image  is  formed  corresponding  to  the  original 
image  by  the  charge  being  discharged  by  laser  beam 
2  which  passes  through  protective  glass  15  and  is  ir- 
radiated.  Photosensitive  drum  4  on  which  this  electro- 
static  latent  image  has  been  formed  comes  into  con- 
tact  with  developer  sleeve  5a,  which  transports  the 
yellow  toner  stored  in  developer  5A,  at  the  point  of  de- 
veloping  position  E.  Through  this  contact,  a  toner  im- 
age  is  formed  by  the  yellow  toner  being  attracted  onto 
the  electrostatic  latent  image  on  photosensitive  drum 
4. 

Photosensitive  drum  4  on  which  the  toner  image 
has  been  formed  continues  to  rotate  while  maintain- 
ing  a  state  of  contact  with  transferring  drum  6.  While 
photosensitive  drum  4  is  continuing  to  rotate,  paper 
supply  roller  20a  (20b)  is  driven  and  the  leading  edge 
of  copy  paper  P  which  is  stored  in  paper  supply  cas- 
sette  8a  (8b)  is  supplied  to  gripper  7  of  transferring 
drum  6.  Copy  paper  P  which  has  been  supplied  ad- 
heres  to  the  surface  of  transferring  drum  6  due  to  its 
having  been  impressed  with  a  bias  voltage  and,  at  the 
same  time,  is  held  by  gripper  7  of  transferring  drum 
6.  When  copy  paper  P  is  held  by  gripper  7,  sensor  21 
detects  that  copy  paper  P  is  held,  and  outputs  a  de- 
tection  signal  to  control  circuit  81.  Transferring  drum 
6,  together  with  copy  paper  P  which  is  held  by  gripper 
7,  continues  to  rotates  in  the  direction  of  arrow  C, 
while  maintaining  a  state  of  contact  with  photosensi- 
tive  drum  4,  as  far  as  the  toner  image  at  the  point  of 
transferring  position  A  on  photosensitive  drum  4. 
Then,  by  photosensitive  drum  4  and  transferring 
drum  6  respectively  rotating  while  maintaining  a  state 
of  contact,  the  toner  image  on  photosensitive  drum  4 
is  transferred  onto  copy  paper  P  on  transferring  drum 
6.  When  the  transferring  of  the  first  color  onto  copy 

paper  P  is  completed  in  this  way,  control  circuit  81 
stops  the  output  of  pulse  signals  to  driving  circuit  72 
by  outputting  a  stop  signal  to  timing  signal  generator 
circuit  91  .  By  this  means,  the  driving  of  stepping  motor 

5  22  by  driving  circuit  72  is  stopped,  and  transferring 
drum  6  also  stops. 

Next,  control  circuit  81  controls  a  driving  circuit 
(not  shown),  and  by  the  excitation  of  a  solenoid  (not 
shown),  photosensitive  drum  4  and  transferring  drum 

10  6  are  separated,  so  that  the  gap  between  them  is 
about  2-3  mm.  Then,  control  circuit  81,  by  controlling 
driving  circuit  72  via  timing  signal  generator  circuit  91  , 
rotates  transferring  drum  6  in  the  reverse  direction  to 
the  direction  of  rotation  when  the  toner  image  on  pho- 

15  tosensitive  drum  4  was  transferred.  Under  the  drive 
of  stepping  motor  22,  transferring  drum  6  rotates  in  re- 
verse  for  only  the  length  of  the  toner  image.  At  the 
same  time,  photosensitive  drum  4,  after  the  transfer- 
ring  by  transferring  drum  6,  removes  the  toner  adher- 

20  ing  to  its  surface  by  cleaner  17  and  discharges  the 
drum  surface  by  erasure  discharge  lamp  18. 

The  transferring  of  the  second  color  magenta  to- 
ner  image  also  is  performed  using  the  same  opera- 
tions  by  the  transferring  process  described  above. 

25  By  repeating  the  execution  of  these  operations 
for  each  separate  color,  a  full  color  image  can  be  ob- 
tained  by  completing  superimposed  transferring  us- 
ing  each  of  the  four  toners  from  the  yellow  of  devel- 
oper  5A  to  the  black  of  developer  5D.  Next,  control  cir- 

30  cuit  81,  by  outputting  a  drive  signal  to  a  driver  (not 
shown),  causes  movable  guide  plate  23  to  contact 
transferring  drum  6  by  causing  it  to  rotate  from  point 
23a,  which  is  separated  about  2-3  cm  from  transfer- 
ring  drum  6,  to  point  23b.  Then,  the  rotation  of  trans- 

35  ferring  drum  6  is  stopped  when  gripper  7  is  facing  the 
paper  supply  position. 

By  this  means,  copy  paper  P,  onto  which  a  full  col- 
or  toner  image  has  been  transferred,  is  peeled  from 
transferring  drum  6  by  movable  guide  plate  23  and  is 

40  guided  between  heat  roller  31  and  pressure  roller  32 
of  fixing  unit  9  where  the  toner  image  is  fixed,  and 
then  is  transported  by  paper  dispense  rollers  33  and 
is  dispensed  onto  receiving  tray  10. 

As  mentioned  above,  the  pulses  outputted  from 
45  the  driving  circuits  which  drive  the  stepping  motors 

are  outputted  at  time  intervals  in  response  to  speed 
variation  data  stored  in  the  memory  circuits.  In  other 
words,  the  pulse  rates  of  the  pulses  outputted  from 
the  timing  signal  generator  circuits  to  the  driving  cir- 

50  cuits  are  controlled  so  that  the  speeds  of  the  stepping 
motors  will  not  fluctuate.  If  excitation  switching  is  exe- 
cuted  based  on  pulses  whose  pulse  rates  are  control- 
led,  the  stepping  motors  will  rotate  smoothly.  When 
stepping  motors  which  rotate  smoothly  in  this  way  are 

55  used  to  rotate  the  photosensitive  drum  and  the  trans- 
ferring  drum,  it  is  possible  to  reduce  the  randomness 
of  pitch  (jitter)  in  the  secondary  scanning  direction  of 
the  outputted  image,  that  is  to  say  the  lines  which  ap- 

8 
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pear  as  bands  or  lines  in  the  main  scanning  direction, 
due  to  the  speed  variations,  in  other  words  random  ro- 
tation  and  vibration,  of  prior  art  stepping  motors,  and 
also  to  reduce  the  noise. 

Also,  if  the  excitation  switching  timing  data  of  a 
memory  circuit  is  set  using  encoded  data  from  an  en- 
coder,  there  is  no  requirement  to  check  the  speed  va- 
riations  of  each  stepping  motor  beforehand,  and  the 
stepping  motors  will  be  rotated  at  optimum  pulse 
rates  selected  by  thee  apparatus  itself,  and  image 
quality  upgrading  of  the  output  images  can  be  de- 
signed. 

Moreover,  test  patterns  for  multiple  excitation 
switching  timing  data  sequences  stored  in  the  mem- 
ory  circuits  are  printed  and  the  excitation  switching 
timing  data  sequence  which  has  performed  the  most 
accurate  printing  can  be  selected  from  the  contents 
of  those  prints.  Therefore,  the  speed  variations  or  ran- 
dom  rotation  and  vibration  can  be  reduced,  and  thus 
image  quality  upgrading  of  the  output  images  can  be 
designed. 

Although  the  above  embodiment  has  been  de- 
scribed  for  the  case  of  application  to  a  color  printer, 
the  present  invention  is  not  limited  to  color  printers, 
and  it  can  be  applied  to  any  system  which  forms  im- 
ages  such  as  facsimile,  monochrome  printers,  cop- 
iers  and  etc. 

As  described  above,  the  speed  variations,  in 
other  words  the  random  rotation  and  vibration,  of 
stepping  motors  can  be  simply  and  effectively  re- 
duced  without  the  need  for  external  added  elements 
or  the  need  for  structural  modifications,  and  an  im- 
age  forming  apparatus  can  be  provided  in  which  high 
quality  pictures  can  be  provided. 

eluding  a  rotatable  drum  (4)  for  carrying  a  latent 
image  thereon;  and  means  for  rotating  the  drum, 
said  means  including  a  stepping  motor  (19)  hav- 
ing  a  plurality  of  exciting  windings  (60);  character- 
ised  in  the  provision  of  switching  means  (71) 
through  which  the  exciting  windings  are  ener- 
gised;  and  means  (81)  for  controlling  the  switch- 
ing  means  such  that  the  plurality  of  exciting  wind- 
ings  are  excited  in  a  prescribed  manner,  the  con- 
trolling  means  (81)  periodically  varying  the 
switching  time  intervals  for  exciting  the  windings 
in  correspondence  to  the  inherent  variations  in 
the  rotational  speed  of  the  means  for  rotating  the 
drum. 

2.  An  image  forming  apparatus  as  claimed  in  claim 
1,  characterised  in  the  provision  of  means  (5)  for 
developing  a  latent  image  on  the  rotatable  drum 

(4)  to  form  a  developed  image;  a  transfer  drum 
(6)  for  supporting  the  image  forming  medium  (P) 
so  that  the  developed  image  can  be  transferred 
on  to  the  image  forming  medium;  means  includ- 

5  ing  a  stepping  motor  (22)  having  a  plurality  of  ex- 
citing  windings  (60)  for  rotating  the  transfer  drum; 
switching  means  (72)  through  which  the  exciting 
windings  are  energised;  and  wherein  the  means 
(81)  control  the  switching  means  (72)  such  that 

10  the  plurality  of  exciting  windings  are  excited  in  a 
prescribed  manner,  the  means  (81)  periodically 
varying  the  switching  time  intervals  for  exciting 
the  windings  in  correspondence  to  variations  in 
the  rotational  speed  of  the  means  for  rotating  the 

15  transfer  drum. 

3.  An  image  forming  apparatus  as  claimed  in  claim 
1  or  2,  characterised  in  that  the  controlling  means 
(81)  includes  means  (92)  for  storing  at  least  one 

20  speed  variation  data  sequence  representing  the 
switching  time  intervals  required  to  compensate 
for  variation  in  the  rotational  speed  of  the  rotating 
means  for  the  rotatable  drum  (4). 

25  4.  An  image  forming  apparatus  as  claimed  in  claim 
3,  characterised  in  that  the  speed  variation  data 
sequence  is  permanently  fixed  in  the  storing 
means  (92). 

30  5.  An  image  forming  apparatus  as  claimed  in  claim 
2,  characterised  in  that  the  speed  variation  data 
sequence  is  temporarily  fixed  in  the  storing 
means  (92). 

35  6.  An  image  forming  apparatus  as  claimed  in  claim 
1  or  2,  characterised  in  that  the  controlling  means 
(81)  includes  means  (92)  for  storing  a  plurality  of 
speed  variation  data  sequences  each  represent- 
ing  the  switching  time  intervals  required  to  com- 

40  pensate  for  vasriation  in  the  rotational  speed  of 
the  stepping  motor  (19)  and  means  for  selecting 
one  of  the  speed  variation  data  sequences  from 
the  storing  means. 

45  7.  An  image  forming  apparatus  as  claimed  in  an 
preceding  claim,  characterised  in  the  provision  of 
a  test  pattern  signal  generator  (84)  for  forming 
the  latent  image  on  the  drum  (4). 

so  8.  An  image  forming  apparatus  as  claimed  in  claim 
3,  characterised  in  the  provision  of  an  encoder 
(45)  arranged  to  detect  the  rotational  speed  of  the 
stepping  motor  (19). 

55  9.  An  image  forming  apparatus  as  claimed  in  claim 
8,  characterised  in  the  provision  of  means  for  cal- 
culating  the  speed  variation  data  sequence  using 
the  output  of  the  encoder  (45). 

10 

15 

35 

Claims 

1.  An  image  forming  apparatus  for  producing  a  visi- 
ble  image  on  an  image  forming  medium  (P)  in-  40 

9 
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10.  An  image  forming  apparatus  as  claimed  in  any 
preceding  claim,  characterised  in  that  the  con- 
trolling  means  (81)  includes  means  (93)  for  stor- 
ing  at  least  one  speed  variation  data  sequence 
representing  the  switching  time  intervals  re- 
quired  to  compensate  for  variation  in  the  rotation- 
al  speed  of  the  rotating  means  for  the  drum  (6). 

11.  An  image  forming  apparatus  as  claimed  in  claim 
10,  characterised  in  that  the  speed  variation  data 
sequence  is  permanently  fixed  in  the  storing 
means  (93). 

12.  An  mage  forming  apparatus  as  claimed  in  claim 
10,  characterised  in  that  the  speed  variation  data 
sequence  is  temporarily  fixed  in  the  storing 
means  (93). 

13.  An  image  forming  apparatus  as  claimed  in  claim 
10,  further  comprising  an  encoder  (49)  to  detect 
the  rotational  speed  of  the  stepping  motor  (22). 

14.  An  image  forming  appparatus  as  claimed  in  claim 
13,  further  comprising  means  for  calculating  the 
speed  variation  data  sequence  using  the  output 
of  the  encoder  (49). 

Patentanspruche 

1.  Bilderzeugungsgerat  zum  Erzeugen  eines  sicht- 
baren  Bildes  auf  einem  Bildbildungsmedium  (P), 
mit  einer  drehbaren  Trommel  (4)  zum  Tragen  ei- 
nes  latenten  Bildes  darauf;  und  Einrichtungen 
zum  Drehen  der  Trommel,  wobei  diese  Einrich- 
tungen  einen  Schrittmotor  (19)  mit  einer  Anzahl 
von  Erregungswindungen  (60)  aufweisen,  ge- 
kennzeichnet  durch  das  Vorsehen  von  Schalte- 
inrichtungen  (71),  durch  die  die  Erregungswin- 
dungen  erregt  werden;  und  Einrichtungen  (81) 
zum  Steuern  der  Schalteinrichtungen,  so  dali  die 
Anzahl  Erregungswindungen  in  einer  vorge- 
schriebenen  Weise  erregt  werden,  wobei  die 
Steuereinrichtungen  (81)  die  Schaltzeitintervalle 
zum  Erregen  der  Windungen  in  Ubereinstim- 
mung  mit  den  inharenten  Variationen  in  derDreh- 
geschwindigkeit  der  Einrichtungen  zum  Drehen 
der  Trommel  periodisch  variieren. 

2.  Bilderzeugungsgerat  nach  Anspruch  1  ,  gekenn- 
zeichnet  durch  das  Vorsehen  von  Einrichtungen 
(5)  zum  Entwickeln  eines  latenten  Bildes  auf  der 
drehbaren  Trommel  (4),  urn  ein  entwickeltes  Bild 
zu  formen;  einer  Ubertragungstrommel  (6)  zum 
Halten  des  Bildbildungsmediums  (P),  so  daft  das 
entwickelte  Bild  auf  das  Bildbildungsmedium 
ubertragen  werden  kann;  Einrichtungen  ein- 
schlielilich  eines  Schrittmotors  (22)  mit  einer  An- 

zahl  von  Erregungswindungen  (60)  zum  Drehen 
der  Ubertragungstrommel;  Schalteinrichtungen 
(72),  durch  die  die  Erregungswindungen  erregt 
werden;  und  wobei  die  Einrichtungen  (81)  die 

5  Schalteinrichtungen  (72)  so  steuern,  dali  die  An- 
zahl  Erregungswindungen  in  einer  vorgeschrie- 
benen  Weise  erregt  wird,  wobei  die  Einrichtun- 
gen  (81)  die  Schaltzeitintervalle  zum  Erregen  der 
Windungen  in  Ubereinstimmung  mit  Variationen 

10  in  der  Drehgeschwindigkeit  der  Einrichtungen 
zum  Drehen  der  Ubertragungstrommel  perio- 
disch  variieren. 

3.  Bilderzeugungsgerat  nach  Anspruch  1  oder  2,  da- 
is  durch  gekennzeichnet,  daft  die  Steuereinrich- 

tungen  (81)  Einrichtungen  (92)  zum  Speichern 
wenigstens  einer  Geschwindigkeitsvariations- 
Datensequenz  aufweisen,  die  die  zum  Kompen- 
sieren  der  Variation  in  der  Drehgeschwindigkeit 

20  der  Dreheinrichtungen  fur  die  drehbare  Trommel 
(4)  benotigten  Schaltzeitintervalle  darstellt. 

4.  Bilderzeugungsgerat  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daft  die  Geschwindigkeitsva- 

25  riations-Datensequenz  permanent  in  den  Spei- 
chereinrichtungen  (92)  festgelegt  ist. 

5.  Bilderzeugungsgerat  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daft  die  Geschwindigkeitsva- 

30  riations-Datensequenz  zeitweilig  in  den  Speiche- 
reinrichtungen  (92)  festgelegt  ist. 

6.  Bilderzeugungsgerat  nach  Anspruch  1  oder  2,  da- 
durch  gekennzeichnet,  daft  die  Steuereinrich- 

35  tungen  (81)  Einrichtungen  (92)  zum  Speichern  ei- 
ner  Anzahl  von  Geschwindigkeitsvariations- 
Datensequenzen,  die  jeweils  die  zum  Kompen- 
sieren  der  Variation  in  der  Drehgeschwindigkeit 
des  Schrittmotors  (19)  erforderlichen  Schaltzeit- 

40  intervalledarstellen,  und  Einrichtungen  zum  Aus- 
wahlen  einer  der  Geschwindigkeitsvariations- 
Datensequenzen  von  den  Speichereinrichtungen 
aufweisen. 

45  7.  Bilderzeugungsgerat  nach  einem  der  vorherge- 
henden  Anspruche,  gekennzeichnet  durch  das 
Vorsehen  eines  Testmuster-Signalgenerators 
(84)  zum  Formen  des  latenten  Bildes  auf  der 
Trommel  (4). 

50 
8.  Bilderzeugungsgerat  nach  Anspruch  3,  gekenn- 

zeichnet  durch  das  Vorsehen  eines  Kodierers 
(45),  derdazu  eingerichtet  ist,  die  Drehgeschwin- 
digkeit  des  Schrittmotors  (19)  zu  erfassen. 

55 
9.  Bilderzeugungsgerat  nach  Anspruch  8,  gekenn- 

zeichnet  durch  das  Vorsehen  von  Einrichtungen 
zum  Berechnen  der  Geschwindigkeitsvariations- 

10 
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Datensequenz  unter  Verwendung  der  Ausgabe 
des  Kodierers  (45). 

10.  Bilderzeugungsgerat  nach  einem  der  vorher- 
gehenden  Anspruche,  dadurch  gekennzeich- 
net,  dali  die  Steuereinrichtungen  (81)  Einrich- 
tungen  (93)  zum  Speichern  wenigstens  einer 
Geschwindigkeitsvariations-Datensequenz  auf- 
weisen,  die  die  zum  Kompensieren  der  Variation 
in  der  Drehgeschwindigkeit  der  Dreheinrichtun- 
gen  fur  die  Trommel  (6)erforderlichen  Schaltzeit- 
intervalle  darstellt. 

11.  Bilderzeugungsgerat  nach  Anspruch  10,  dadurch 
gekennzeichnet,  dali  die  Geschwindigkeitsva- 
riations-Datensequenz  permanent  in  den  Spei- 
chereinrichtungen  (93)  festgelegt  ist. 

12.  Bilderzeugungsgerat  nach  Anspruch  10,  dadurch 
gekennzeichnet,  dali  die  Geschwindigkeitsva- 
riations-Datensequenzzeitweilig  in  den  Speiche- 
reinrichtungen  (93)  festgelegt  ist. 

13.  Bilderzeugungsgerat  nach  Anspruch  10,  dasfer- 
ner  einen  Kodierer  (49)  zum  Erfassen  der  Dreh- 
geschwindigkeit  des  Schrittmotors  (22)  aufweist. 

14.  Bilderzeugungsgerat  nach  Anspruch  13,  dasfer- 
ner  Einrichtungen  zum  Berechnen  der 
Geschwindigkeitsvariations-Datensequenz  un- 
ter  Verwendung  der  Ausgabe  des  Kodierers  (49) 
aufweist. 

Revendications 

1.  Appareil  de  formation  d'image  pour  produire  une 
image  visible  sur  un  milieu  de  formation  d'image 
(P)  comprenant  un  tambour  rotatif  (4)  sur  lequel 
estformee  une  image  latente;  et  un  moyen  defai- 
re  tourner  le  tambour,  ce  moyen  comprenant  un 
moteur  pas-a-pas  (19)  ayant  une  pluralite  d'en- 
roulements  d'excitation  (60),  I'appareil  etant  ca- 
racterise  par  le  fait  qu'il  prevoit  un  moyen  de 
commutation  (71)  par  I'intermediaire  duquel  les 
enroulements  d'excitation  sont  alimentes;  et  un 
moyen  (81)  pour  commander  le  moyen  de 
commutation  pour  que  la  pluralite  d'enroule- 
ments  d'excitation  soit  excitee  d'une  maniere 
prescrite,  le  moyen  de  commande  (81  )  faisant  va- 
rier  periodiquement  les  intervalles  de  temps  de 
commutation  pour  exciter  les  enroulements  d'ex- 
citation  en  fonction  des  variations  inherentes  a  la 
vitesse  de  rotation  du  moyen  utilise  pour  faire 
tourner  le  tambour. 

2.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  1,  caracterise  par  le  fait  qu'il  comprend  un 

moyen  (5)  pour  developper  I'image  latente  for- 
mee  sur  le  tambour  rotatif  (4)  pour  former  une 
image  developpee;  un  tambour  de  transfert  (6) 
pour  supporter  le  milieu  deformation  d'image  (P) 

5  pour  que  I'image  developpee  puisse  etre  transfe- 
ree  surce  milieu  de  formation  d'image;  un  moyen 
comprenant  un  moteur  pas-a-pas  (22)  ayant  une 
pluralite  d'enroulements  d'excitation  (60)  pour 
faire  tourner  le  tambour  de  transfert;  un  moyen  de 

10  commutation  (72)  par  I'intermediaire  duquel  les 
enroulements  d'excitation  sont  alimentes;  et 
dans  lequel  appareil  le  moyen  (81)  controle  le 
moyen  de  commutation  (72),  pour  que  la  pluralite 
d'enroulements  d'excitation  soit  excitee  de  la  ma- 

rs  niere  prescrite,  ce  moyen  (81)  faisant  varier  pe- 
riodiquement  les  intervalles  de  temps  de  commu- 
tation  pour  exciter  les  enroulements  d'excitation 
en  fonction  des  variations  de  vitesse  de  rotation 
du  moyen  utilise  pour  faire  tourner  le  tambour  de 

20  transfert. 

3.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  2  ou  la  revendication  3,  caracterise  par  le 
fait  que  le  moyen  de  commande  (81)  comporte  un 

25  moyen  (92)  pour  stacker  au  moins  une  sequence 
de  donnees  de  variation  de  vitesse  representant 
la  duree  des  intervalles  de  commutation  neces- 
saires  pour  compenser  la  variation  de  vitesse  de 
rotation  du  moyen  rotatif  utilise  pourfaire  tourner 

30  le  tambour  (4). 

4.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  3,  caracterise  par  le  fait  que  la  sequence 
de  donnees  de  variation  de  vitesse  est  stockee 

35  de  maniere  permanente  dans  le  moyen  de 
stockage  (92). 

5.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  2,  caracterise  par  le  fait  que  la  sequence 

40  de  donnees  de  variation  de  vitesse  est  temporai- 
rement  stockee  dans  le  moyen  de  stockage  (92). 

6.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  1  ou  la  revendication  2,  caracterise  par  le 

45  fait  que  le  moyen  de  commande  (81)  comporte  un 
moyen  (92)  pour  stacker  une  pluralite  de  sequen- 
ces  de  donnees  de  variation  de  vitesse,  chacune 
de  ces  sequences  representant  les  intervalles  de 
commutation  necessaires  pour  compenser  la  va- 

50  riation  de  vitesse  de  rotation  du  moteur  pas-a- 
pas  (19)  et  un  moyen  pour  selectionner  une  de 
ces  sequences  de  donnees  de  variation  de  vites- 
se  dans  le  moyen  de  stockage. 

55  7.  Appareil  de  formation  d'image  selon  I'une  quel- 
conque  des  revendications  precedentes,  carac- 
terise  par  le  fait  qu'on  a  prevu  un  generateur  de 
signaux  de  motif  de  controle  de  qualite  d'impres- 

11 
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sion  (84)  pour  former  I'image  latente  sur  le  tam- 
bour  (4). 

8.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  3,  caracterise  par  le  fait  qu'on  a  prevu  un  5 
codeur  (45)  amenager  pour  detecter  la  vitesse  de 
rotation  du  moteur  pas-a-pas  (19). 

9.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  8,  caracterise  par  le  fait  qu'on  a  prevu  un  10 
moyen  pour  calculer  la  sequence  de  donnees  de 
variation  de  vitesse  a  partie  des  signaux  de  sortie 
du  codeur  (45). 

10.  Appareil  de  formation  d'image  selon  I'une  quel-  15 
conque  des  revendications  precedentes  caracte- 
rise  par  le  fait  que  le  moyen  de  commande  (81) 
comprend  un  moyen  (93)  pour  stacker  au  moins 
une  sequence  de  donnees  de  variation  de  vitesse 
representant  les  intervalles  de  commutation  ne-  20 
cessaires  pour  compenser  la  variation  de  vitesse 
de  rotation  du  moyen  rotatif  utilise  pourfaire  tour- 
ner  le  tambour  (6). 

11.  Appareil  de  formation  d'image  selon  la  revendi-  25 
cation  10,  caracterise  par  le  fait  que  la  sequence 
de  donnees  de  variation  de  vitesse  est  stockee 
de  maniere  permanente  dans  le  moyen  de 
stockage  (93). 

12.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  10,  caracterise  par  le  fait  que  la  sequence 
de  donnees  de  variation  de  vitesse  est  stockee 
temporairement  dans  le  moyen  de  stockage  (93). 

13.  Appareil  de  formation  d'image  selon  la  revendi- 
cation  1  0,  caracterise  par  le  fait  qu'il  comprend  en 
outre  un  codeur  (49)  pour  detecter  la  vitesse  de 
rotation  du  moteur  pas-a-pas  (22). 

30 

35 

40 
14.  Appareil  de  formation  d'image  selon  la  revendi- 

cation  13,  qui  comprend  en  outre  un  moyen  pour 
calculer  la  sequence  de  donnees  de  variation  de 
vitesse  d'apres  les  signaux  de  sortie  du  codeur 
(49).  45 

50 

55 
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