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NUMERICAL  CONTROLLER. 

F i g .   2  ©  A  numerical  controller  employs  interpolation  to 
control  a  tool  along  the  profile  of  the  work  that  is  to 
be  machined.  The  radial  offset  of  the  cutting  tool  is 
performed  at  high  speeds  even  during  the  involute 
interpolation.  Therefore,  the  involute  curve  is  ap- 

r-  proximated  by  an  arc  that  is  set  depending  upon  the 
^crossing  angle  of  the  machining  loci  at  an  instruction 

^   point  at  which  the  machining  is  instructed  to  be 
Ps  started. 
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NUMERICAL  CONTROL  APPARATUS 

tool  control  function  for  machining  a  workpiece  into 
a  shape  along  an  involute  curve,  comprising  setting 
means  for  setting  an  approximation  circle  approxi- 
mating  the  involute  curve  in  accordance  with  an 

5  intersection  angle  at  a  command  point  command- 
ing  the  start  of  machining  along  the  involute  curve, 
arithmetic  means  for  computing  an  offset  vector  at 
the  command  point  from  the  set  approximation 
circle  and  an  offset  vector  of  a  tool  trajectory  up  to 

10  the  command  point,  and  interpolating  means  for 
interpolating  an  involute  curve  offset  by  a  tool 
diameter  based  on  the  offset  vector  of  the  tool. 

Accordingly,  the  numerical  control  apparatus  of 
the  present  invention  is  such  that  when  a  tool  path 

15  is  computed  from  point  sequence  data  designating 
an  involute  curve,  an  approximation  circle  is  set  in 
dependence  upon  the  intersection  angle  at  the 
command  point  and  an  offset  vector  is  computed 
from  the  approximation  circle  and  the  tool  trajec- 

20  tory  up  to  the  command  point.  As  a  result,  a  tool 
diameter  offset  computation  can  be  performed  at 
high  speed. 

Technical  Field 

This  invention  relates  to  a  numerical  control 
apparatus  for  interpolatory  control  of  a  tool  along 
the  shape  of  a  workpiece  to  be  machined. 

Background  Art 

If  a  workpiece  formed  into  a  predetermined 
shape  is  to  be  milled  by  a  tool  of  radius  r,  the  path 
along  which  the  center  of  the  tool  is  to  pass  must 
be  set  as  a  path  spaced  away  from  the  contour  of 
the  workpiece  by  the  distance  r  when  an  ordinary 
machining  program  is  created.  Spacing  the  tool  a 
certain  distance  away  from  the  contour  in  this  man- 
ner  is  referred  to  as  "offsetting"  the  tool.  An  or- 
dinary  numerical  control  apparatus  has  a  tool  diam- 
eter  compensating  function  for  forming  such  an 
offset  path. 

Besides  being  required  for  linear  and  circular 
interpolation,  this  tool  diameter  compensation  is 
also  required  when  performing  interpolation  based 
on  an  involute  curve  in  order  to  cut  a  gear  or  the 
vanes  of  a  pump  by  a  machine  tool.  The  applicant 
has  already  filed  an  application  for  an  invention 
regarding  an  .interpolating  system  in  which  an  in- 
volute  curve  can  be  simply  interpolated  within  a 
numerical  control  apparatus.  In  accordance  with 
this  system,  problems  in  terms  of  a  pulse  distribu- 
tion  relating  to  tool  velocity  possessed  by  conven- 
tional  involute  interpolation  are  solved  and  it  is 
possible  to  perform  high-speed  interpolatory  com- 
putations  by  circular  interpolation. 

In  a  numerical  control  apparatus  having  such  a 
tool  diameter  compensating  function,  high-speed 
computation  which  will  not  restrict  tool  traveling 
velocity  is  required  in  order  to  perform  an  offset 
computation  for  approximating  the  involute  curve 
by  a  circular  arc  and  control  the  machine  tool  so 
that  the  workpiece  is  machined  according  to  the 
shape  along  the  involute  curve. 

25  Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  illustrating  an  em- 
bodiment  of  the  present  invention, 

Fig.  2  is  a  flowchart  illustrating  computation 
30  steps, 

Fig.  3  is  a  view  illustrating  an  example  of  an 
involute  curve,  and 

Figs.  4  through  6  are  views  for  describing 
methods  of  setting  approximation  circles. 

35 

Best  Mode  for  Carrying  Out  the  Invention 

An  embodiment  of  the  present  invention  will 
40  now  be  described  in  detail  with  reference  to  the 

drawings. 
Fig.  3  illustrates  an  example  of  an  involute 

curve.  Here  the  involute  curve  is  defined  as  the 
trajectory  of  a  point  at  which  the  length  of  a  tan- 

45  gentjine  becomes  equal  to  the  length  of  an  arc 
P  P  ,  the  tangent  line  of  the  circle  being 

drawn  at  a  point  P  obtained  by  counter-clockwise 
movement  from  a  starting  point  Po  on  the  circum- 
ference  of  a  basic  circle  of  center  coordinates  0  

so  (Xo,Yo)  and  radius  R.  If  a  portion  of  the  machining 
shape  S  of  a  workpiece  contains  the  involute  curve, 
the  coordinates  of  a  command  point  Ps  (XSlYs) 
defined  as  the  involute  curve  are  given  as  follows: 
Xs  =  Xo  +  R(cose  +  0osin9) 
Ys  =  Yo  +  R(sin0  +  90cosS) 

Disclosure  of  the  Invention 

The  present  invention  has  been  devised  in 
order  to  solve  this  problem  and  its  object  is  to 
provide  a  numerical  control  apparatus  in  which  a 
designated  involute  curve  is  approximated  by  a 
circular  arc  and  an  offset  value  corresponding  to  a 
tool  diameter  is  computed  at  high.  speed  to  effect 
interpolatory  control  of  the  tool. 

According  to  the  present  invention,  there  is 
provided  a  numerical  control  apparatus  having  a 
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computes  a  tool  trajectory.  The  interpolation  data 
thus  originated  are  distributed  as  commanded 
pulses  along  each  axis  of  the  tool.  Numeral  7 
denotes  a  servo-control  circuit  for  driving  a  ser- 

5  vomotor  8,  which  moves  the  tool  via  a  ball  screw  or 
the  like. 

Fig.  2  is  a  flowchart  illustrating  steps  for  cal- 
culating  an  offset  C  in  the  CPU  4.  When  an  involute 
interpolation  command,  of  the  type  shown  below,  is 

w  inputted  from  the  tape  1  (step  a),  an  approximation 
circle  is  decided  in  dependence  upon  the  intersec- 
tion  angle  a  (step  b)  and  an  offset  vector  is  cal- 
culated  based  thereon  (step  c). 

The  involute  interpolation  command  is  given  as 
75  G17G03.1.X--Y--I--J--R--  F  --; 

The  X-Y  plane  is  designated  by  G17,  counter- 
clockwise  involute  interpolation  is  commanded  by 
G03.1,  the  coordinates  of  the  end  point  of  an 
involute  curve  are  designated  by  X-Y—  ,  and  the 

20  command  point  Ps  which  becomes  the  starting 
point  on  the  involute  curve  at  a  distance  from  the 
center  of  the  basic  curve  C,  is  designated  by  I-J- .  
It  should  be  noted  that  R-  is  the  value  of  the 
radius  of  the  basic  circle  and  F-  is  the  feed  ve- 

25  locity  of  the  tool. 
Thus,  with  the  numerical  control  apparatus  of 

the  embodiment  described  above,  various  approxi- 
mated  circles  are  set  at  the  time  of  involute  inter- 
polation,  and  the  optimum  approximated  circle  is 

30  selected  upon  giving  special  attention  to  the  fact 
that,  among  such  elements  as  So,  r  and  R  which 
stipulate  the  offset  vector,  the  influence  of  the 
intersection  angle  a  at  the  command  point  Ps  is 
large.  Therefore,  the  apparatus  not  only  raises 

35  computation  speed  but  also  makes  it  possible  to 
minimize  error.  It  should  be  noted  that  the  branch 
angles  60°  and  150°  of  a  are  optimum  vaues  in 
terms  of  calculation.  In  actuality,  there  are  times 
when  other  values  are  chosen  because  of  the  ma- 

40  chining  tool  and  other  elements  which  stipulate  the 
precision  of  approximation  circle  computation. 

In  other  words,  instead  of  approximation  circles 
of  (2)  and  (3)  mentioned  above,  it  is  permissible  to 
stipulate  an  approximation  circle  by  respectively 

45  setting  the  distances  from  the  command  point  Ps 
on  the  involute  curve  to 
r/2tan  (a/2),  r/tan(o/2) 
by  way  of  example. 

Though  an  embodiment  of  the  invention  has 
so  been  described,  the  invention  is  not  limited  thereto. 

For  example,  in  a  case  where  an  involute  curve  is 
set  in  the  clockwise  direction  or  in  a  case  where  an 
involute  curve  is  set  in  the  vicinity  of  the  basic 
curve,  the  invention  can  be  applied  in  a  similar 

55  manner.  The  invention  can  be  modified  in  a  variety 
of  ways  within  the  gist  of  the  invention  without 
departing  from  the  scope  of  the  claims. 

where  9  =  9i  +  do 
The  trajectory  of  tool  movement  indicated  by 

the  broken  line  in  Fig.  3  is  spaced  away  from  the 
machining  surface  perpendicularly  by  a  distance  r 
corresponding  to  the  tool  diameter  and,  when  the 
machining  trajectory  S  has  been  decided,  can  be 
determined  from  the  offset  vector  corresponding  to 
each  point.  The  problem  encountered  here  is  the 
method  of  calculating  the  offset  vector  at  the  com- 
mand  point  Ps.  In  order  to  compute  this  offset 
vector  in  accordance  with  the  present  invention,  the 
following  three  approximation  circles  which  approxi- 
mate  the  involute  curve  are  set,  and  a  circle  is 
selected  in  dependence  upon  the  magnitude  of  an 
intersection  angle  a  at  the  command  point  Ps- 

(1)  When  the  intersection  angle  a  is  greater 
than  150° 
As  shown  in  Fig.  4,  an  offset  C  when  shifting  from 
linear  interpolation  to  circular  interpolation  is  com- 
puted  adopting  as  an  approximation  circle  a  circle 
Oi  having  command  point  Ps  and  a  radius  of 
curvature  which  is  the  length  of  a  tangent  line  ls 
up  to  a  point  Pi  at  which  it  is  tangent  to  the  basic 
circle. 

(2)  When  the  intersection  angle  a  is  greater 
than  60°  and  less  than  150° 
As  shown  in  Fig.  5,  an  offset  C  when  shifting  from 
linear  interpolation  to  circular  interpolation  is  com- 
puted  adopting  as  an  approximation  circle  a  circle 
defined  by  the  command  point  Ps  and  points  Ci  , 
C2  on  the  involute  curve  and  spaced  away  from  Ps 
by  r/2,  r,  respectively. 

(3)  When  the  intersection  angle  a  is  less 
than  60° 
As  shown  in  Fig.  6,  an  offset  C  (tool  diameter 
compensation)  when  shifting  from  linear  interpola- 
tion  to  circular  interpolation  is  computed  adopting 
as  an  approximation  circle  a  circle  defined  by  the 
command  point  Ps  and  points  C2,  C3  on  the  in- 
volute  curve  and  spaced  away  from  Ps  by  r,  2r, 
respectively. 

A  numerical  control  apparatus  for  interpolating 
an  offset  involute  curve  will  now  be  described  with 
reference  to  the  block  diagram  of  Fig.  1  . 

In  Fig.  1,  numeral  1  denotes  a  command  tape 
in  which  the  commands  already  described  are 
punched.  Numeral  2  denotes  a  tape  reader  for 
reading  data  regarding  tool  movement  from  the 
tape  1.  Numeral  3  denotes  preprocessing  means 
which,  when  the  data  includes  the  G  code  of  an 
involute  interpolation  command,  sets  an  approxima- 
tion  circle  which  approximates  the  involute  curve 
based  on  the  command  point  Ps  and  the  intersec- 
tion  angle  a  at  this  point.  Numeral  4  denotes  a 
CPU  which  calculates  an  offset  vector  based  on  the 
set  approximation  circle,  outputs  a  program  for 
originating  interpolation  data  from  a  memory  5,  and 
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means  for  deciding  a  third  approximation  curve 
stipulated  by  said  command  point  and  two  points 
on  the  involute  curve  separated  from  said  com- 
mand  point  by  distances  r/tan(a/2),  2r/tan(a/2); 
means  for  computing  the  intersection  angle  at  the 
command  point;  and 
means  for  selecting,  based  on  the  computed  inter- 
section  angle,  an  approximation  circle  which  mini- 
mizes  error. 

Industrial  Applicability 

The  numerical  control  apparatus  of  the  present 
invention  is  such  that  a  designated  involute  curve  is 
approximated  by  a  circular  arc  and  an  offset  vector 
corresponding  to  tool  diameter  is  computed  at  high 
speed  to  enable  interpolatory  control  of  the  tool 
along  the  shape  of  a  workpiece. 

10 
Claims 

1.  A  numerical  control  apparatus  having  a  tool 
control  function  for  machining  a  workpiece  into  a 
shape  along  an  involute  curve,  comprising: 
setting  means  for  setting  an  approximation  circle 
approximating  said  involute  curve  in  accordance 
with  an  intersection  angle  at  a  command  point 
commanding  the  start  of  machining  along  said  in- 
volute  curve; 
arithmetic  means  for  computing  an  offset  vector  at 
said  command  point  from  said  set  approximation 
circle  and  an  offset  vector  of  a  tool  trajectory  up  to 
said  command  point;  and 
interpolating  means  for  interpolating  an  involute 
curve  offset  by  a  tool  diameter  based  on  the  offset 
vector  of  said  tool. 

2.  A  numerical  control  apparatus  according  to 
claim  1  ,  wherein  said  setting  means  comprises: 
means  for  deciding,  with  respect  to  an  offset  quan- 
tity  r  of  said  tool,  a  first  approximation  circle  having 
a  radius  of  curvature  stipulated  by  a  tangent  line  of 
a  basic  circle  of  the  involute  curve  at  said  com- 
mand  point; 
means  for  deciding  a  second  approximation  curve 
stipulated  by  said  command  point  and  two  points 
on  the  involute  curve  separated  from  said  com- 
mand  point  by  distances  r/2,  r; 
means  for  deciding  a  third  approximation  curve 
stipulated  by  said  command  point  and  two  points 
on  the  involute  curve  separated  from  said  com- 
mand  point  by  distances  r,  2r; 
means  for  computing  the  intersection  angle  at  the 
command  point;  and 
means  for  selecting,  based  on  the  computed  inter- 
section  angle,  an  approximation  circle  which  mini- 
mizes  error. 

3.  A  numerical  control  apparatus  according  to 
claim  1  ,  wherein  said  setting  means  comprises: 
means  for  deciding,  with  respect  to  an  offset  quan- 
tity  r  of  said  tool,  a  first  approximation  circle  having 
a  radius  of  curvature  stipulated  by  a  tangent  line  of 
a  basic  circle  of  the  involute  curve  at  said  com- 
mand  point; 
means  for  deciding  a  second  approximation  curve 
stipulated  by  said  command  point  and  two  points 
on  the  involute  curve  separated  from  said  com- 
mand  point  by  distances  r/2tan(a/2),  r/tan(a/2); 
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