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X-Y  plotter. 

©  An  X-Y  plotter  is  of  the  type  which  moves  a 
recording  paper  having  no  guide  perforation  by 
means  of  drive  rollers  and  pinch  rollers.  The  outer 

^surface  of  each  of  the  drive  rollers  is  formed  with  a 
^cylindrical  reference  surface  and  with  a  plurarity  of 
qq  minute  projections  of  sharp  quadrangular  pyramid 
0   shape  distributed  over  the  whole  outer  surface  of  the 
01  roller.  These  reference  surface  and  minute  projec- 
|s,tions  are  formed  by  machining  in  the  whole  circum- 
Oferential  or  outer  surface  of  the  drive  roller  a  plurality 
***of  trapezoidal  grooves  extending  parallel  and  or- 
©thogonally  to  the  axis  of  the  roller. 

a .  
HI A y   ,.-,//  i p -   r ^  

/  2  7  6  

Xerox  Copy  Centre 



EP  0  307  908  A2 

X-Y  PLOTTER 

and  circumferential  direction  thereof.  As  a  result, 
the  drive  roller  has  a  substantially  cylindrical  refer- 
ence  surface  and  a  plurality  of  minute  projections 
of  a  sharp  quadriangular  pyramid  shape  projecting 

5  from  the  reference  surface,  the  projections  being 
distributed  over  the  whole  outer  surface  of  the 
roller  with  equal  pitches  in  the  axial  and  circum- 
ferential  directions  of  the  drive  roller.  Because  the 
minute  projection  of  sharp  quadriangular  pyramid 

w  shape  can  easily  thrusts  into  the  paper,  the  minute 
thrust-holes  and/or  depressions  produced  in  the 
paper  serve  for  the  paper  feed  to  prevent  slippage 
between  the  paper  and  the  roller. 

The  cylindrical  reference  surface  radially  sup- 
75  ports  the  non-thrusted  portion  of  the  paper,  thereby 

preventing  the  projections  from  thrusting  into  the 
paper  beyond  a  limit  required  and  causing  a  break 
down  of  the  same  due  to  the  unnecessarily  en- 
larged  thrust  holes.  Further,  the  paper  is  driven  not 

20  only  by  the  pushing  forces  form  the  minute  or 
micro  projections,  but  also  by  the  frictional  force 
from  the  reference  surface  of  the  roller,  thereby 
reducing  the  stress  around  the  thrust  holes  in  the 
paper  and  minimizing  the  growth  of  the  holes, 

25  which  feature  is  especially  desirable  for  a  thin 
recording  paper. 

Still  further,  since  the  recording  paper  is 
moved  while  kept  in  contact  with  the  cylindrical 
reference  surface,  the  accuracy  of  the  fed  length  of 

30  the  paper  can  be  enhanced  resulting  in  a  steady 
feeding  of  the  paper. 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  an  X-Y  plotter,  and 
more  particularly  to  an  X-Y  plotter  of  the  type 
where  a  recording  paper  having  no  guide  perfora- 
tion  is  fed  for  recording. 

An  X-Y  plotter  of  this  type,  which  requires  no 
perforation  in  a  recording  paper  to  be  used,  is 
disclosed  for  example  in  U.S.  Patent  No.  4,683,480. 
In  the  X-Y  plotter  of  this  type,  because  no  guide 
perforation  is  required  for  the  recording  paper,  and 
low-weight  paper  can  be  use,  a  high  speed  plotter 
can  be  obtained  without  using  any  complicated 
paper  feed  mechanism,  resulting  in  a  X-Y  plotter 
smaller  size. 

For  developing  an  X-Y  plotter  of  the  above- 
mentioned  type,  one  of  the  most  important  prob- 
lems  to  be  solved  lies  in  its  paper  feed  mecha- 
nism.  There  is  required  a  special  paper  feed 
mechanism  which  can  move  or  feed  the  paper  in 
an  exact  manner  without  occurrence  of  slip  with 
respect  to  the  paper  having  no  perforations. 

The  X-Y  plotter  of  the  above-mentioned  U.S. 
Patent  comprises  a  cylindrical  drive  or  feed  roller, 
the  outer  surface  of  which  is  formed  with  a  plurality 
of  projections  fabricated  by  machining  the  surface 
in  the  circumferential  and  axial  directions.  Each  of 
these  projections  has  a  top  sharpened  by  machin- 
ing,  which  thrusts  into  the  paper,  and  prevents 
slippage  between  the  paper  and  the  roller. 

The  thrust  depth  of  the  projection,  however,  is 
not  maintained  constant,  but  varies  dependently  on 
the  thickness  or  the  hardness  of  the  paper,  be- 
cause  there  is  provided  no  means  or  reference 
plane  which  ensures  to  maintain  the  thrust  depth  of 
the  projections  constant.  This  unfavorable  phenom- 
enon  of  the  prior  art  is  significant  in  the  case  of  a 
thin  and  flexible  recording  paper,  where  the  thrust 
depth  is  gradually  increased  during  a  paper  feed- 
ing  operation,  and  at  last  adjacent  thrust  holes  may 
be  jointed  together,  causing  break  down  of  the 
recording  paper. 

f  

BRIEF  EXPLANATION  OF  THE  DRAWINGS 
35 

FIG.  1  is  a  perspective  view  the  X-Y  plotter 
according  to  an  embodiment  of  this  invention  for 
showing  the  operation  principle  of  the  plotter; 

FIGS.  2A  and  2B  are  a  detailed  side  view 
40  and  a  detailed  front  view  of  the  drive  roller,  respec- 

tively; 
FIGS.  3A  and  3B  show  sharp  projections 

thrusting  into  a  recording  paper  in  a  plan  view  and 
in  a  sectional  view  respectively; 

45  FIG.  4  is  a  pictorial  view  of  the  paper  feed 
mechanism  showing  driving  forces  acting  on  the 
recording  paper. 

SUMMARY  OF  THE  INVENTION 

The  object  of  this  invention  is  to  provide  a  X-Y 
plotter  which  is  capable  of  exactly  moving  or  feed- 
ing  an  unperforated  recording  paper  irrespective  of 
the  thickness  or  the  hardness  of  the  paper. 

The  X-Y  plotter  of  this  invention  comprises  a 
cylindrical  drive  roller,  having  grooves  each  of  a 
trapezoidal  crosssectional  shape  on  its  outer  sur- 
face  formed  by  machining  to  be  arranged  in  axial 

50  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

In  FIG.  1  showing  an  operation  principle  of  a 
paper  feed  mechanism,  a  recording  paper  1  is 
pinched  or  nipped  between  drive  rollers  2,  3  and 
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Typically,  the  pitches  Pi  ,  P2  are  in  the  range  of  0.3 
mm-1  mm,  while  the  hight  of  the  projection  may 
be  typically  in  the  range  of  0.05  mm-0.2  mm. 

FIGS.  3A  and  3B  show  minute  projections  10 
5  of  quadriagular  pyramid  shape  thrusting  into  the 

recording  paper  1.  The  paper  1  is  pierced  by  the 
projections  10  to  have  minute  thrust  holes  11 
formed  therein.  From  FIGS.  3A  and  3B,  it  will  be 
understood  that  the  sharper  top  ends  of  the  projec- 

10  tions  11  are,  the  easier  the  minute  holes  11  are 
ensured  to  be  formed  in  the  paper  1  which  are 
suitable  to  feed  the  paper  1  by  the  rollers  without 
slippage  during  a  X-Y  plotter  operation.  Further, 
since  the  projections  are  formed  by  cutting  or 

75  machining  the  circumferentially  and  axially  extend- 
ing  grooves  each  having  a  trapezoidal  crosssec- 
tional  shape,  each  of  the  projections  has  a  regular 
quadrangular  pyramid  shape,  which  is  so  oriented 
that  one  pair  of  opposing  triangular  side  planes  24 

20  are  parallel  to  the  longitudinal  or  feed  direction  X  of 
the  paper,  while  ridge  lines  23  of  the  quadrangular 
pylamid  which  is  likely  to  break  the  paper  1  is 
away  from  the  feed  direction  X  of  the  paper  1  .  In 
such  arrangement  of  the  projections  10,  paper  1 

25  feed  force  is  transferred  from  the  projection  10  to 
the  paper  1  through  periphery  of  the  hole  11, 
where  the  hole  11  is  shaped  to  be  most 
deformation-resistant  against  the  paper  feed  force 
in  the  direction  X.  In  addition,  the  periphery  of  each 

30  hole  11  is  shaped  to  be  deformation-resistant 
against  the  force  in  the  direction  orthogonal  to  the 
direction  X. 
.  Thus,  the  axial  and  circumferencial  groove  ma- 
chining  enables  to  provide  the  quadragular  pyramid 

35  of  minute  projections  10  oriented  and  arranged  in 
such  a  manner  that  the  deformation  of  the  hole  as 
well  as  the  positional  deviation  of  the  paper  with 
respect  to  the  rollers  can  be  minimized. 

In  addition,  because  the  hight  of  the  projection 
40  10  from  the  cylindrical  reference  surface  20  is 

selected  appropriately,  the  thrust  depth  of  the 
minute  projections  10  into  the  paper  10  can  be 
made  substantially  constant  and  the  paper  1  can 
be  directly  supported  by  the  reference  surface  20 

45  of  the  roller  as  well.  Therefore,  there  is  not  a  fear  of 
uncontrollable  enlargement  or  expansion,  during 
paper  feed,  or  of  the  hole  which  is  unavoidable  in 
case  of  a  drive  roller  having  deep  grooves  or 
relatively  long  projections  without  cylindrical  refer- 

50  ence  surface. 
Further,  the  greater  stress  was  applied  to  the 

peripheries  of  the  holes  in  the  paper  in  the  conven- 
tional  apparatus,  because  the  paper  feed  force  was 
applied  to  the  paper  substantially  only  by  way  of 

55  the  side  faces  of  the  projections  of  the  roller.  In 
contrast  to  the  conventional  apparatus,  as  seen  in 
FIG.  4,  the  recording  paper  1  is  pressed  on  the 
basic  or  reference  surface  20  by  pinch  rollers  4,  5 

pinch  rollers  4,  5.  The  two  drive  rollers  2,  3  are 
both  connected  with  a  paper  feed  motor  6  through 
a  drive  shaft  7,  and  rotated  by  the  motor  for  mov- 
ing  the  recording  paper  1  forward  or  backward  (in 
direction  Y  in  FIG.  1).  The  drive  rollers  2,  3  are 
made  of  metal  (in  this  embodiment,  of  brass),  and 
each  drive  roller  is  formed  on  its  outer  surface  with 
sharp  and  regularly  arranged  minute  projections 
10.  The  pinch  rollers  4,  5  are  made  of  rubber 
having  hardness  of  about  80  degrees,  and  pressed 
against  the  drive  rollers  2,  3  with  a  suitable  contact 
pressure  by  springs  8,  9,  respectively.  By  these 
arrangements,  in  the  paper  feed,  the  paper  1  is 
stamped  with  fine  dents  or  fine  thrust  holes  1  1  by 
the  minute  projections  10  of  the  drive  rollers  during 
the  paper  feed.  Once  the  dents  or  thrust  holes  11 
have  been  stamped  on  or  in  the  paper  1,  they 
serve  as  positioning  means  for  the  paper  feed,  and 
prevent  the  slipping  of  the  paper  1  relative  to  the 
drive  roller.  This  non-slip  feature  can  not  be  ob- 
tained  by  a  feed  system  of  prior  art  which  utilizes 
only  frictional  force  acting  between  paper  and  roll- 
er. 

A  recording  pen  12  is  fixed  to  a  pen  carriage 
14  through  a  holder  13,  and  is  movable  in  a  direc- 
tion  X  perpendicular  to  the  paper  feed  direction  in 
a  plane  of  the  paper  1.  The  pen  carriage  14  is 
driven  along  a  guide  rod  15  by  a  pen  drive  motor 
16  through  a  drive  pulley  17,  an  idle  pulley  19,  and 
a  drive  string  18  which  is  extended  around  the  two 
pulleys  17,  19  and  is  secured  to  the  pen  carriage 
14  at  its  both  ends. 

By  suitably  operating  the  paper  feed  motor  6 
and  the  pen  drive  motor  16,  any  desired  figure  can 
be  drawn  on  the  recording  paper  1  . 

FIGS.  2A  and  2B  show  one  of  the  drive  rollers 
2,  3  according  to  an  embodiment  of  the  present 
invention  in  detail,  the  drive  rollers  are  fabricated 
by  machining  a  brass  rods.  The  roller  has,  on  its 
outer  surface,  formed  with  several  parallel  circum- 
ferential  grooves  21  of  a  trapezoidal  crosssectional 
shape  arranged  in  pitch  Pi  and  also  with  several 
parallel  axial  grooves  22  of  a  similar  crosssectionai 
shape  arranged  in  pitch  P2.  Thus,  on  the  outer 
surface  of  the  drive  roller  serving  as  a  cylindrical 
reference  surface  20  are  formed  a  plurarity  of 
minute  projections  1.0  of  a  quadrangular  pyramid 
shape.  These  minute  projections  10  achieve  an 
important  function  to  stamp  dents  or  depressions 
and/or  stick  holes  1  1  (in  FIG.  3)  on/in  the  paper  for 
ensuring  a  precise  and  steady  movement  of  the 
paper.  In  order  to  make  the  top  of  each  projection 
10  sufficiently  sharp  and  still  to  maintain  the  same 
as  sufficiently  stiff,  the  vertical  angles  ai  ,  a2  are 
preferred  to  be  in  the  range  of  60  *  -90  '  .  The 
pitches  Pi  and  P2  should  be  selected  dependency 
on  the  diameter  of  the  drive  rollers  2,  3  and  on  the 
diameter  and  hardness  of  the  pinch  rollers  4,  5. 
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3.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
said  quadrangular  pyramid  shape  of  the  projections 
is  oriented  such  that  at  least  one  side  plane  of  the 
pyramid  extends  parallel  to  said  direction  X. 

4.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
said  drive  roller  is  made  of  brass. 

5.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
said  pinch  roller  is  made  of  rubber. 

6.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
each  of  said  minute  projections  has  a  vertical  angle 
in  the  range  of  60*  to  90°  . 

7.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
said  pitch  of  the  minute  projections  is  in  the  range 
of  0.3  to  1  mm. 

8.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
each  of  said  minute  projections  has  a  hight  in  the 
range  of  0.05  to  0.2  mm. 

with  a  force  P,  producing  a  frictional  force  uP  (p.: 
friction  coefficient)  between  the  recording  paper  1 
and  the  cylindrical  surface  20  of  the  drive  rollers  2, 
3.  Therefore,  the  paper  feed  force  is  constituted  not 
only  by  the  pushing  force  from  the  minute  projec-  5 
tions  10,  but  also,  in  addition,  by  a  frictional  force, 
thereby  relieving  the  load  acting  on  the  peripheries 
of  the  thrust  holes,  minimizing  expansion  of  the 
thrust  holes,  and  assuring  a  long  time  operation  of 
the  plotter  even  when  the  recording  paper  is  thin  10 
and  lacking  in  the  stiffness  or  rigidity. 

Moreover,  as  the  recording  paper  1  can  be 
guided  along  the  cylindrical  surface  20  serving  as 
the  reference  surface,  the  recording  paper  1  can 
be  accurately  fed  regardless  of  the  thickness  there-  75 
of  without  variation  in  the  paper  feed  length  de- 
pending  on  the  thickness  because  there  is  not  fear 
the  projections  may  be  thrusted  into  the  paper 
gradually  deeper  in  the  conventional  apparatus. 

In  addition,  there  is  no  need  of  subtle  adjust-  zo 
ment  of  the  force  of  the  spring,  because  the  thrust 
depth  can  be  kept  constant  so  long  as  the  forces  of 
the  springs  8,  9  for  pressing  the  pinch  rollers  4,  5 
are  greater  than  those  required  to  thrust  the  minute 
projections  into  the  recording  paper  1.  In  the  ap-  25 
paratus  according  to  this  invention,  because  the 
cylindrical  reference  surface  and  the  quadrangular 
pyramid  of  minute  projections  having  sharp  top 
ends  on  the  surface  are  provided  at  the  outer 
periphery  of  the  drive  roller,  the  thrust  depth  of  the  30 
minute  projections  into  the  recording  paper  can  be 
kept  constant  regardless  of  the  thickness  and/or 
stiffness  of  the  paper  and  highly  accurate  paper 
feed  can  be  ensured  for  a  long  time. 

35 

Claims 

1  .  An  X-Y  plotter  comprising: 
a  recording  paper;  40 
a  recording  element  for  recording  on  said  recording 
paper; 
first  drive  means  for  moving  said  recording  element 
in  a  direction  X; 
at  least  one  set  of  a  drive  roller  and  a  pinch  roller  45 
disposed  for  pinching  said  recording  paper  there- 
between;  and 
second  drive  means  for  rotating  said  drive  roller  to 
move  said  recording  paper  in  a  direction  Y  which  is 
orthogonal  to  said  direction  X;  50 
wherein  said  drive  roller  has  a  cylindrical  reference 
surface  and  a  plurality  of  minute  projections  ar- 
ranged  in  regular  pitches,  each  projection  projec- 
ting  from  the  surface  and  having  a  quadrangular 
pyramid  shape.  55 

2.  An  X-Y  plotter  according  to  claim  1  ,  wherein 
said  drive  roller  is  fabricated  by  machining  a  cylin- 
drical  metal  rod. 

i 
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