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©  METHOD  OF  DRAWING  LOCUS  OF  TOOL. 

o  
CO 

©  A  method  of  drawing  a  locus  of  a  tool,  in  which 
the  movement  of  the  tool  for  3-dimensional  machin- 
ing  can  be  easily  recognized.  In  accordance  with  a 
work-shape  data  prepared  on  the  basis  of  an  input 
part  program  statement  as  a  figure  definition  state- 
ment,  for  example,  a  cylindrical  work  figure  (1)  is 
drawn  on  a  display  (25a)  in  a  shape  of  a  perspective 
drawing  with  a  YZ  co-ordinate  system.  In  accor- 
dance  with  NC  data  prepared  on  the  basis  of  an 
input  part  program  statement  as  a  movement  defini- 
tion  statement,  the  locus  (7)  of  the  tool  cutting  the 
peripheral  surface  of  the  work  is  drawn  on  the  dis- 
play.  Simultaneously  with  this,  another  locus  (8)  of 
the  tool  obtained  by  developping  the  said  locus  of 
the  tool  on  the  YZ  plane  is  drawn  on  the  same 
display.  An  operator  can  easily  recognize  the  move- 
ment  of  the  tool,  referring  to  both  the  locus  (7)  of  the 
tool  based  on  the  working  conditions  and  the  locus 
(8)  of  the  tool  based  on  the  drawing  of  the  working. 
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Technical  Field 

The  present  invention  relates  to  a  tool  path 
drawing  method,  and  more  particularly,  to  a  tool 
path  drawing  method  in  which  a  tool  path  based  on 
the  machining  conditions  and  a  tool  path  based  on 
a  machining  drawing,  both  associated  with  a  part 
program  for  three-dimensional  machining,  are  si- 
multaneously  drawn  so  that  the  movement  of  a  tool 
can  be  easily  confirmed. 

Background  Art 

In  originating  NC  data  (machining  program)  by 
means  of  an  automatic  programming  apparatus,  an 
operator  enters  a  part  program,  prepared  with  ref- 
erence  to  a  machining  drawing,  in  the  program- 
ming  apparatus,  whereupon  the  programming  ap- 
paratus  automatically  originates  the  NC  data  on  the 
basis  of  the  input  part  program.  In  this  automatic 
programming,  as  is  generally  known,  a  tool  path 
associated  with  the  originated  NC  data  is  drawn  on 
the  display  screen  of  the  programming  apparatus 
in  order  that  the  operator  can  check  the  part  pro- 
gram  for  propriety.  When  using  a  program  asso- 
ciated  with  three-dimensional  machining,  e.g.,  ma- 
chining  on  the  peripheral  surface  of  a  cylindrical 
workpiece,  according  to  a  conventional  tool  path 
drawing  method,  a  tool  path  on  a  three-dimensional 
work  surface,  e.g.,  a  cylindrical  surface,  is  drawn. 
According  to  another  conventional  tool  path  draw- 
ing  method,  moreover,  a  tool  path  obtained  by 
developing  the  tool  path  associated  with  the  three- 
dimensional  machining  on  a  plane  is  drawn. 

It  is  difficult,  however,  to  confirm  the  movement 
of  a  tool  on  the  basis  of  only  one  of  the  tool  paths, 
one  on  the  three-dimensional  work  surface  and  one 
developed  on  the  plane,  and  the  propriety  check  of 
the  part  program  required  has  been  laborious. 

Disclosure  of  the  Invention 

The  object  of  the  present  invention  is  to  pro- 
vide  a  tool  path  drawing  method  which  facilitates 
confirmation  of  the  movement  of  a  tool  associated 
with  three-dimensional  machining. 

In  order  to  achieve  the  above  object,  a  tool 
path  drawing  method  according  to  the  present  in- 
vention  comprises:  three-dimensionally  drawing  a 
tool  path  associated  with  three-dimensional  ma- 
chining  on  a  display  screen  in  accordance  with  NC 
data  originated  on  the  basis  of  a  part  program  for 
three-dimensional  machining;  and  drawing  another 
tool  path,  obtained  by  developing  the  aforesaid  tool 
path  on  a  plane,  on  the  same  display  screen  at  the 
same  time  with  the  drawing  of  the  tool  path  asso- 
ciated  with  the  three-dimensional  machining. 

According  to  the  present  invention,  as  de- 

scribed  above,  the  tool  path  associated  with  the 
three-dimensional  machining  and  the  second  tool 
path  obtained  by  developing  it  on  the  plane  are 
simultaneously  drawn  on  the  same  display  screen. 

5  Accordingly,  an  operator  can  easily  confirm  the  tool 
movement  with  reference  to  both  the  three-dimen- 
sional  tool  path  based  on  the  actual  machining 
conditions  and  the  developed  tool  path  on  the 
plane  based  on  a  machining  drawing.  Thus,  the 

io  part  program  for  three-dimensional  machining  can 
be  prepared  quickly  and  accurately,  so  that  the  NC 
data  originated  on  the  basis  of  the  part  program  is 
subject  to  no  or  less  errors. 

75  Brief  Description  of  the  Drawings 

Fig.  1  is  a  diagram  for  illustrating  a  tool  path 
drawing  method  according  to  one  embodiment 
of  the  present  invention; 

20  Fig.  2  is  a  block  diagram  showing  an  automatic 
programming  apparatus  for  carrying  out  the  tool 
path  drawing  method  of  Fig.  1;  and 
Fig.  3  is  a  flow  chart  showing  the  operation  of 
the  programming  apparatus  of  Fig.  2. 

25 
Best  Mode  of  Carrying  Out  the  Invention 

Referring  now  to  Fig.  1,  a  tool  path  drawing 
method  according  to  one  embodiment  of  the 

30  present  invention  will  be  described. 
First,  NC  data  is  automatically  originated  in  the 

conventional  manner  on  the  basis  of  a  part  pro- 
gram  for  three-dimensional  machining,  e.g.,  a  part 
program  used  in  grooving  the  peripheral  surface  of 

35  a  cylindrical  workpiece,  and  the  originated  NC  data 
is  executed.  Based  on  NC  data  associated  with  a 
figure  definition  statement,  moreover,  a  workpiece 
figure  1  indicative  of  the  cylindrical  workpiece  is 
three-dimensionally  drawn  in  a  perspective  view  on 

40  the  upper  portion  of  a  display  screen  25a.  A  two- 
dimensional  YZ  coordinate  system,  whose  coordi- 
nate  axes  include  the  axis  (Z  axis)  of  the  cylindrical 
workpiece  and  a  Y  axis  perpendicular  thereto,  is 
drawn  on  the  lower  portion  of  the  display  screen 

45  25a.  Every  time  NC  data  associated  with  a  motion 
definition  statement  is  executed,  thereafter,  one  of 
first  to  fifth  sections  of  a  tool  path  7  which  cor- 
responds  to  this  NC  data,  along  with  its  preceding 
tool  path  section,  is  drawn  on  a  peripheral  surface 

50  2  of  the  workpiece  figure  1  which  is  drawn  on  the 
display  screen  25a.  At  the  same  time,  a  corre- 
sponding  one  section  of  another  tool  path  8  which 
is  obtained  by  developing  the  aforesaid  one  tool 
path  section  on  the  YZ  plane,  along  with  its  pre- 

ss  ceding  tool  path  section,  is  drawn  on  the  YZ  co- 
ordinate  system  which  is  drawn  on  the  display 
screen  25a.  For  ease  of  illustration,  symbols  a  to  e 
and  symbols  a'  to  e',  which  are  indicative  of  the 

2 
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starting  points  and  end  points  of  the  respective  first 
to  fifth  sections  of  the  tool  paths  7  and  8,  are 
affixed  to  the  tool  paths  7  and  8.  Actually,  symbols 
a  to  e  and  a'  to  e'  are  not  displayed  on  the  display 
screen  25a. 

The  tool  path  7  three-dimensionally  represents 
the  movement  of  a  tool  on  the  peripheral  surface  of 
the  workpiece  when  the  peripheral  surface  of  the 
workpiece  is  machined,  in  conformity  with  the  ac- 
tual  machining  conditions.  Since  the  tool  move 
position  goes  round  to  the  backside  of  the  work- 
piece  in  the  middle  of  the  third  section  c-d  of  the 
tool  path  7,  the  subsequent  portion  (hidden  line)  of 
the  tool  path  7  is  drawn  in  broken  line.  It  is  clearly 
indicated  that  the  end  point  a  of  the  fifth  section  is 
identical  with  the  starting  point  a  of  the  first  section, 
and  therefore,  that  the  tool  moves  around  the  work- 
piece  peripheral  surface.  On  the  other  hand,  the 
tool  path  8  represents  the  movement  of  the  tool  on 
the  YZ  plane  with  respect  to  a  machining  drawing. 
The  tool  path  8  clearly  indicates  that  the  tool 
moves  in  the  negative  direction  with  respect  to  the 
Y  axis  in  the  first,  third,  and  fifth  sections  a'-b',  c'-d' 
and  e'-a',  in  the  negative  direction  with  respect  to 
the  Y  axis  and  in  the  negative  direction  with  re- 
spect  to  a  Z  axis  in  the  second  section  b'-c',  and  in 
the  negative  direction  with  respect  to  the  Y  axis 
and  in  the  positive  direction  with  respect  to  the  Z 
axis  in  the  fourth  section.  An  operator  can  easily 
confirm  the  movement  of  the  tool  with  reference  to 
both  the  tool  paths  7  and  8. 

Referring  now  to  Fig.  2,  an  interactive  NC  auto- 
matic  programming  apparatus  for  carrying  out  the 
aforementioned  tool  path  drawing  method  will  be 
described. 

The  programming  apparatus  automatically 
originates  the  NC  data  on  the  basis  of  the  part 
program  prepared  through  a  dialogue  between  the 
operator  and  the  programming  apparatus,  executes 
the  NC  data,  and  draws  the  tool  path.  The  pro- 
gramming  apparatus  comprises  a  processor  (CPU) 
21,  and  the  CPU  21  is  connected  with  a  read-only 
memory  (ROM)  22,  random  access  memory 
(RAM)  23,  display  control  circuit  24,  keyboard  26, 
disk  controller  27,  and  interface  circuit  28  by 
means  of  a  bus  29.  The  display  control  circuit  24  is 
connected  with  a  graphic  display  device  25,  which 
has  the  display  screen  25a  of  Fig.  1  and  is  formed 
of  a  cathode  ray  tube  or  liquid  crystal  display  unit, 
and  the  disk  controller  27  is  loaded  with  a  floppy 
disk  27a.  The  interface  circuit  28  is  connected,  as 
required,  with  a  printer,  tablet  system,  plotter,  etc., 
which  are  arranged  outside  the  programming  ap- 
paratus. 

Referring  now  to  Fig.  3,  the  operation  of  the 
programming  apparatus  will  be  described. 

When  the  programming  apparatus  is  activated, 
the  CPU  21  operates  in  accordance  with  a  control 

program  read  out  from  the  ROM  22,  and  loads  the 
RAM  23  with  a  system  program  read  out  from  the 
floppy  disk  27a,  figure  data  file  required  for  the  NC 
data  origination,  tool  file,  machining  condition  file, 

5  etc. 
The  operator  operates  the  keyboard  26  to  pre- 

pare  the  part  program  for  the  machining  on  the 
peripheral  surface  of  the  cylindrical  workpiece 
(three-dimensional  machining  in  general),  which  in- 

io  eludes  a  series  of  part  program  statements  de- 
scribed  in  automatic  programming  language, 
through  a  dialogue  with  the  programming  appara- 
tus,  and  enters  the  part  program  in  the  program- 
ming  apparatus. 

is  Every  time  a  part  program  statement  is  input- 
ted  (Step  S1  of  Fig.  3),  the  CPU  21  determines 
whether  or  not  the  input  part  program  statement  is 
a  motion  definition  statement  (Step  S2).  Since  a 
figure  definition  or  the  like  for  the  workpiece  con- 

20  figuration  or  the  like  is  given  before  a  motion 
definition,  in  general,  the  result  of  decision  in  Step 
S2  is  NO.  Thereupon,  the  CPU  21  subjects  the 
input  part  program  statement  to  processing  related 
to  the  figure  definition  statement  or  the  like,  origi- 

ns  nates  NC  data  corresponding  to  the  input  part 
program  statement,  and  loads  the  RAM  23  with  the 
originated  NC  data  (Step  S7).  If  the  input  part 
program  statement  is  associated  with  the  work- 
piece  configuration,  workpiece  configuration  data  is 

30  delivered  from  the  CPU  21  to  the  display  control 
circuit  24,  and  the  workpiece  configuration  data  is 
converted  into  a  display  signal  by  means  of  the 
display  control  circuit  24.  Further,  the  workpiece 
figure  1  is  displayed  on  the  display  screen  25a  of 

35  the  display  device  25,  as  shown  in  Fig.  1,  and  the 
YZ  coordinate  system  of  Fig.  1  is  displayed. 

Then,  the  CPU  21  determines  whether  or  not 
the  originated  NC  data  represents  the  end  of  the 
program,  thereby  determining  whether  or  not  the 

40  entry  of  the  part  program  is  completed  (Step  S8).  If 
the  result  of  this  decision  is  NO,  the  CPU  21 
stands  ready  for  the  entry  of  the  next  part  program 
statement. 

If  it  is  concluded  in  Step  S2  that  the  part 
45  program  statement  inputted  thereafter  is  a  motion 

definition  statement  which  gives  instructions  for  a 
movement  of  the  tool  along  a  defined  figure,  this 
input  part  program  statement  is  subjected  to  pro- 
cessing  for  the  motion  definition  statement,  thereby 

50  originating  NC  data  corresponding  to  the  input  part 
program  statement,  and  loads  the  RAM  23  with  the 
NC  data  (Step  S3).  If  there  is  any  NC  data  origi- 
nated  before  the  preceding  processing  cycle,  the 
originated  NC  data  is  converted  into  a  display 

55  signal  in  the  display  control  circuit  24,  and  a  tool 
path  corresponding  to  the  NC  data  originated  be- 
fore  the  preceding  processing  cycle  is  drawn  on 
the  workpiece  figure  1  (Fig.  1)  (Step  S4).  For 

3 
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example,  the  first  section  a-b  of  the  tool  path  7  is 
drawn,  as  shown  in  Fig.  1.  Alternatively,  a  tool  path 
(not  shown  in  Fig.  1)  which  is  obtained  as  the  end 
face  of  the  workpiece  is  machined  is  drawn. 

Then,  the  CPU  21  determines  whether  or  not 
the  NC  data  originated  in  Step  S3  of  the  present 
processing  cycle  is  associated  with  the  machining 
of  the  cylindrical  surface  of  the  workpiece  (Step 
S5).  If  the  NC  data  is  associated  with  the  machin- 
ing  of  the  workpiece  end  face,  that  is,  if  the  result 
of  decision  in  Step  S5  is  NO,  for  example,  the 
program  proceeds  to  Step  S8  mentioned  before.  If 
the  NC  data  is  associated  with  the  machining  of  the 
cylindrical  surface  of  the  end  face  of  the  workpiece, 
that  is,  if  the  result  of  decision  in  Step  S5  is  YES, 
on  the  other  hand,  the  CPU  21  calculates  a  tool 
path  section,  e.g.,  the  second  section  b-c  of  the 
tool  path  7  shown  in  Fig.  1,  in  accordance  with  the 
NC  data  originated  in  Step  S3,  and  also  calculates 
a  tool  path  section  obtained  by  developing  the  tool 
path  section  b-c  on  the  YZ  plane,  e.g.,  the  second 
section  b'-c'  of  the  tool  path  8  shown  in  Fig.  1.  The 
calculated  data  is  supplied  to  the  display  device  25 
through  the  display  control  circuit  24,  the  tool  path 
section  b-c  is  drawn  on  the  peripheral  surface  2  of 
the  workpiece  figure  1,  as  shown  in  Fig.  1,  and  at 
the  same  time,  the  tool  path  section  b'-c'  is  drawn 
on  the  YZ  coordinate  system  (Step  S6).  There- 
upon,  the  program  proceeds  to  Step  S8. 

Thereafter,  the  processes  of  Steps  S1  to  S8 
are  repeated,  so  that  the  tool  paths  7  and  8  are 
simultaneously  drawn  on  the  same  screen  25a,  as 
shown  in  Fig.  1,  for  example.  In  the  meantime,  the 
operator  confirms  the  propriety  of  the  input  part 
program  statement  with  reference  to  the  two  tool 
paths  7  and  8,  which  correspond  to  the  input  part 
program,  while  inputting  the  part  program  state- 
ment  in  order.  If  the  input  part  program  is  im- 
proper,  it  is  corrected.  When  the  operator  inputs  a 
part  program  statement  which  is  indicative  of  the 
program  end,  the  CPU  21  concludes  in  Step  S8 
that  the  entry  of  the  part  program  is  completed, 
whereupon  the  tool  path  drawing  process  of  Fig.  3 
ends. 

The  originated  NC  data  (machining  program) 
stored  in  the  RAM  23  is  transferred  to  and  loaded 
into  the  floppy  disk  27a,  as  required,  and  is  printed 
out  by  means  of  the  printer. 

The  present  invention  is  not  limited  to  the 
embodiment  described  above,  and  various  modi- 
fications  may  be  effected  therein.  For  example, 
although  the  case  of  preparing  the  program  for  the 
machining  on  the  peripheral  surface  of  the  cylin- 
drical  workpiece  has  been  described  in  connection 
with  the  above  embodiment,  the  present  invention 
may  alternatively  be  applied  to  the  preparation  of  a 
three-dimensional  machining  program.  In  connec- 
tion  with  the  above  embodiment,  moreover,  inter- 

active  programming  has  been  described  such  that 
the  preparation  of  the  part  program  and  the  propri- 
ety  check  of  the  part  program  are  carried  out  in 
parallel  relation.  Alternatively,  however,  the  propri- 

5  ety  check  of  the  part  program  may  be  separately 
effected  after  preparing  the  part  program  before- 
hand. 

Claims 
10 

1.  A  tool  path  drawing  method  comprising: 
(a)  a  process  for  three-dimensionally  draw- 
ing  a  tool  path  associated  with  three-dimen- 
sional  machining  on  a  display  screen  in 

is  accordance  with  NC  data  originated  on  the 
basis  of  a  part  program  for  three-dimen- 
sional  machining;  and 
(b)  a  process  for  drawing  another  tool  path, 
obtained  by  developing  said  tool  path  on  a 

20  plane,  on  the  same  display  screen  at  the 
same  time  with  the  drawing  of  the  tool  path 
associated  with  the  three-dimensional  ma- 
chining. 

25  2.  A  tool  path  drawing  method  according  to  claim 
1,  wherein  said  part  program  for  three-dimen- 
sional  machining  is  a  part  program  used  for 
machining  the  peripheral  surface  of  a  cylin- 
drical  workpiece. 

30 
3.  A  tool  path  drawing  method  according  to  claim 

1,  wherein  a  workpiece  figure  indicative  of  a 
workpiece  is  three-dimensionally  drawn  in  a 
perspective  view  on  said  display  screen,  and 

35  said  tool  path  associated  with  the  three-dimen- 
sional  machining  is  drawn  on  said  workpiece 
figure. 

4.  A  tool  path  drawing  method  according  to  claim 
40  3,  wherein  a  two-dimensional  coordinate  sys- 

tem  having  a  coordinate  axis  corresponding  to 
the  axis  of  the  workpiece  and  a  coordinate  axis 
perpendicular  to  said  workpiece  axis  is  drawn 
on  said  display  screen,  and  said  second  tool 

45  path  is  drawn  on  said  two-dimensional  coordi- 
nate  system. 

4 
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