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the  switch  off,  so  that  it  is  also  possible  to  change 
the  timing  for  a  sequence  changeover  in  the  region 
within  the  tracing  range. 

Brief  description  of  the  drawings 
Fig.  1  is  a  block  diagram  illustrating  the  princi- 

pal  part  of  an  example  of  a  tracer  control  unit 
embodying  the  sequence  switching  system  of  the 
present  invention;  Fig.  2  is  a  diagram  showing  an 
example  of  tracing  operation  data;  Fig.  3  is  a 
diagram  showing  an  example  of  a  tracing  mode; 
Fig.  4  is  an  explanatory  diagram  of  an  example  of 
a  tracing  path;  and  Fig.  5  is  a  flowchart  explanat- 
ory  of  operation. 

In  Fig.  1,  a  stylus  3  of  a  tracer  head  2  makes 
contact  with  a  model  1  and  is  fed  by  an  X-axis# 
servo  motor  4,  a  Y-axis  servo  motor  5  and  a  Z-axis 
servo  motor  6.  Based  on  displacement  signals  ex, 
ey  and  ez  corresponding  to  displacement  of  the 
stylus  3,  a  displacement  combining  circuit  7  out- 
puts  a  composite  displacement  signal  e 

Description 

The  present  invention  relates  to  a  tracer  control 
unit  including  a  sequence  switching  system. 

Conventional  tracer  control  units,  in  general, 
mechanically  set  a  tracing  path,  for  example,  a 
tracing  range  in  the  X—  Y  plane  by  means  of  a  limit 
switch,  or  by  storing  the  machine  position  in  a 
memory  and  cut  a  workpiece  within  the  set  range 
while  at  the  same  time  tracing  a  model  with  a 
stylus  of  the  tracer  head.  It  is  difficult,  however,  to 
accurately  predetermine  the  tracing  range.  To  get 
over  this  problem,  a  sequence  changeover  system 
has  heretofore  been  proposed  which  has  a  control 
switch  externally  provided  for  manually  changing 
the  switching  of  a  tracing  sequence  and  permits, 
by  pressing  the  control  switch,  a  sequence 
changeover,  for  instance,  from  a  tracing  operation 
to  a  pick  feed  operation  even  if  the  stylus  lies 
within  a  preset  tracing  range.  According  to  such  a 
sequence  changeover  system,  a  desired  tracing 
range  is  first  specified,  which  may  then  be  modi- 
fied  during  the  actual  tracing  operation. 

With  the  conventional  sequence  changeover 
system,  however,  the  sequence  changeover  is 
possible  only  within  the  preset  tracing  range  but 
impossible  outside  it.  This  inevitably  calls  for  a 
wide  preset  tracing  range,  incurring  an  increase  in 
the  time  for  tracing. 

The  present  invention  has  for  its  object  to 
enable  a  manual  change  of  the  timing  for  a 
sequence  changeover  by  actuation  of  an  exter- 
nally  provided  control  switch,  both  inside  and 
outside  a  preset  tracing  range. 

The  present  invention  is  directed  to  a  tracer 
control  unit  which  determines  tracing  direction 
and  tracing  speed  based  on  displacement  signals 
from  a  tracer  head  tracing  the  model  surface  and 
performs  profile  control,  including  a  sequence 
switching  system  which  is  provided  with  a  control 
switch  for  inputting  a  sequence  switching  signal, 
and  being  characterised  by  a  sequence 
changeover  ignore  means  for  ignoring  an  impend- 
ing  sequence  changeover  during  the  actuation  of 
the  control  switch,  and  a  sequence  changeover 
execute  means  activated  upon  release  of  the  con- 
trol  switch  for  executing  the  sequence  changeover 
which  either  has  been  thusfar  ignored,  or  is  antici- 
pated  by  this  activation  of  the  sequence 
changeover  execute  means.  Accordingly,  when 
continuing  the  operation  of  the  control  switch, 
even  if  the  stylus  goes  beyond  a  preset  tracing 
range,  that  is,  even  if  a  limit  switch  defining  the 
tracing  range  is  stepped  on  or  the  machine  posi- 
tion  reaches  the  position  stored  in  a  memory  that 
defines  the  tracing  range,  no  sequence  changeover 
takes  place,  and  at  the  point  of  time  when  the 
operation  of  the  control  switch  is  released,  a 
sequence  changeover  is  carried  out.  Therefore,  the 
sequence  changeover  can  be  achieved  in  a  region 
outside  the  tracing  range.  Further,  by  once  turning 
on  the  control  switch  within  the  tracing  range  and 
then  turning  off  the  switch  at  a  desired  position 
within  the  tracing  range,  the  sequence  changeover 
which  is  to  be  ignored  is  performed  upon  turning 
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25  and  an  indexing  circuit  8  outputs  displacement 
direction  signals  sin  0  and  cos  9.  The  composite 
displacement  signal  e  is  provided  to  an  adder  9, 
wherein  a  difference  Ae  is  obtained  between  it 
and  a  reference  displacement  signal  e0  from  a  D/A 

30  converter  10.  Velocity  operation  circuits  11  and  12 
produce  a  normal  velocity  signal  VN  and  a 
tangential  velocity  signal  VT,  respectively,  and 
based  on  the  displacement  direction  signals  sin0 
and  cos9,  a  distribution  circuit  13  produces  a 

35  velocity  command  signal,  which  is  applied  to  a 
gate  circuit  14.  The  velocity  command  signal  is 
provided  to  one  of  amplifying  output  circuits  1  5  to 
17  which  is  selected  by  the  gate  circuit  14,  and  a 
corresponding  one  of  the  servo  motors  4  to  6  is 

40  driven  corresponding  to  the  velocity  command 
signal,  by  which  a  cutter  18  and  the  tracer  head  2 
are  fed  as  one  body  to  cut  a  workpiece  19. 

Data  for  defining  a  tracing  operation  is  entered 
from  a  keyboard  20  or  the  like  and  stored  in  a 

45  memory  23  which  comprises  a  data  memory  part 
21  and  a  control  program  part  22.  As  the  tracing 
operation  proceeds,  the  data  is  read  out  of  the 
memory  23  and  a  tracing  path  is  controlled  in 
accordance  with  the  data.  The  input  data  may  be 

so  such,  for  example,  as  shown  in  Fig.  2.  Incidentally, 
such  modes  as  shown  in  Fig.  3,  for  instance,  can 
be  adopted  as  tracing  modes. 

Assuming  that  approach  from  a  starting  point  A 
is  directed  to  a  point  a  and  that  tracing  stroke 

55  limits  LP  and  LN  are  X,  and  X2,  a  pick  feed  value  is 
P,  a  tracing  end  position  LTE  is  Y,  and  an 
automatic  return  position  LRP  is  Z,,  as  depicted  in 
Fig.  4,  and  in  the  case  where  velocity,  direction 
and  other  data  are  entered  to  perform  tracing  via 

60  a  route  a,  b,  c,  ...  u,  v  and  return  it  from  the  tracing 
end  position  Y-,  to  the  position  Z,  based  on 
automatic  return  data,  control  is  effected  follow- 
ing  the  flowchart  shown  in  Fig.  5. 

Upon  pressing  an  approach  button  not  shown, 
65  a  processor  24  reads  out  data  on  the  approach 
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motor  6.  When  the  content  of  the  reversible 
counter  32  reaches  the  automatic  return  position 
LRP,  the  tracer  control  ends. 

(2)  When  the  sequence  switching  push  button  is 
5  used: 

Upon  pressing  the  sequence  switching  push 
button  36  of  the  control  panel  35,  an  interrupt 
signal  INT1  is  sent  to  the  processor  24.  The 
processor  24  executes  an  interrupt  process 

10  shown  in  Fig.  5(b),  after  which  it  sets  a  flag  A  set 
in  the  memory  23  or  the  like  and  returns  to  the 
former  process.  When  the  sequence  switching 
push  button  36  is  released,  an  interrupt  signal 
INT2  is  sent  to  the  processor  24.  The  processor  24 

15  performs  an  interrupt  process  shown  in  Fig.  5(c) 
and  in  this  process  it  resets  the  flag  A  and  sets  a 
flag  B  set  in  the  memory  23  or  the  like. 

Accordingly,  when  the  push  button  36  is 
pressed,  for  example,  during  tracing  in  the  -  

20  direction,  since  the  flag  A  is  set,  even  if  the 
content  of  the  X-axis  reversible  counter  32 
reaches  the  tracing  stroke  limit  IN,  no  axis 
changeover  takes  place  and  tracing  in  the  -  
direction  is  continued,  as  shown  in  Fig.  5(a).  That 

25  is,  tracing  is  continued  beyond  the  predetermined 
tracing  range.  Then,  when  the  push  button  36  is 
released,  since  the  flag  B  is  set,  an  axis 
changeover  is  immediately  carried  out  and  the 
processor  24  makes  the  stylus  perform  tracing  in 

30  the  opposite  direction,  that  is,  in  the  +  (plus) 
direction.  Further,  even  if  the  push  button  36  is 
pressed  and  released  before  tracing  gets  beyond 
the  tracing  range,  an  axis  changeover  also  imme- 
diately  takes  place.  Furthermore,  the  flag  B  is 

35  reset  after  the  axis  changeover. 
In  the  interruption  processing  shown  in  Fig. 

5(c),  if  a  limit  position  changeover  switch  40 
provided  on  the  control  panel  35  is  in  the  ON  state 
to  hold  a  limit  change  mode,  then  the  machine 

40  position  at  the  moment  of  release  of  the  push 
button  36  is  read  and,  in  the  case  where  the 
current  tracing  is  in  the  +  direction,  the  tracing 
stroke  limit  X2  is  rewritten  with  the  X  position  of 
the  read  machine  position,  while  in  the  case  of  -  

45  direction  tracing,  the  tracing  stroke  limit  position 
X,  is  rewritten  with  the  read  X  position  of  the 
machine  position.  Consequently,  the  subsequent 
tracing  range  is  defined  by  the  corrected  tracing 
stroke  limit. 

so  While  the  above  embodiment  is  an  application 
of  the  present  invention  to  forward/reverse  scan 
tracing,  the  invention  is  applicable,  of  course,  to 
other  kinds  of  tracing  as  well.  Moreover,  the 
present  invention  is  also  applicable  to  a  system  in 

55  which  the  tracing  range  is  defined  by  a  plurality  of 
coordinate  values,  for  example,  the  tracing  stroke 
limit  is  x,  within  a  range  of  O^y^a  and  x2  within  a 
range  a^y<|3.  In  such  a  case,  the  change  of  the 
tracing  stroke  limit  in  the  processing  of  Fig.  5(c)  is 

eo  effected  for  each  of  the  above  ranges. 
Furthermore,  the  present  invention  is  applic- 

able  to  a  system  in  which  the  tracing  range  is 
defined  by  a  limit  switch.  In  this  case,  however, 
the  change  of  the  tracing  stroke  limit  in  Fig.  5(c)  is 

65  impossible. 

axis,  approach  direction  and  approach  speed 
from  the  memory  23  and  provides  a  signal  via  a 
data  output  device  25  and  a  manual  setting  signal 
circuit  26  to  the  gate  circuit  14  to  activate  the 
amplifying  output  circuit  15,  bringing  down  the 
tracer  head  2  and  the  cutter  18  by  the  Z-axis  servo 
motor  6.  The  speed  in  this  case  can  be  determined 
by  data  F  which  is  provided  via  the  data  output 
device  25  to  a  D/A  converter  27. 

Since  the  displacement  signals  8*,  sy  and  ez  are 
zero  before  the  stylus  3  is  brought  into  contact 
with  the  model  1,the  difference  signal  Ae  is  equal 
to  the  reference  displacement  signal  e0.  When  the 
composite  displacement  signal  becomes  equal  to 
the  reference  displacement  signal  s0  after  the 
stylus  3  gets  into  contact  with  the  model  18,  a 
comparison  circuit  23  detects  that  the  difference 
signal  Ae  is  zero,  and  provides  an  approach  end 
signal  AE  to  a  data  input  device  37.  When  the 
processor  24  reads  the  approach  end  signal  AE 
and  recognizes  the  completion  of  approach,  trac- 
ing  is  started. 

Upon  starting  of  tracing,  the  processor  24  reads 
mode,  reference  displacement,  tracing  direction 
and  the  tracing  velocity  data,  starting  tracer  con- 
trol.  The  reference  displacement  data  is  converted 
by  the  D/A  converter  10  into  an  analog  reference 
displacement  signal  e0,  which  is  applied  to  the 
adder  9,  and  the  X-axis  servo  motor  4  is  driven  in 
a  direction  based  on  the  tracing  direction  data.  By 
counting  output  pulses  from  position  sensors  29 
to  31  which  are  mounted  on  the  servo  motors  4  to 
6,  the  current  position  of  the  machine  (i.e.  the 
current  position  of  the  stylus  3)  is  detected  in 
reversible  counters  32  to  34.  The  processor  24 
compares  the  contents  of  the  reversible  counters 
with  the  tracing  stroke  limits  LP  and  IN  stored  in 
the  memory  23  and  controls  the  tracing  range. 
The  control  of  the  tracing  range  can  be  changed 
according  to  the  manner  of  actuation  of  a 
sequence  switching  push  button  36  provided  on  a 
control  panel  35,  and  this  will  hereinbelow  be 
described  for  each  case. 

(1  )  When  the  sequence  switching  push  button  is 
not  used  (see  Figs.  5(a)  and  (d)): 

For  example,  during  tracing  in  a  -  (minus) 
direction,  when  the  content  of  the  X-axis  revers- 
ible  counter  32  reaches  the  tracing  stroke  limit  IN, 
an  axis  changeover  takes  place  and  the  processor 
24  reads  data  on  the  pick  feed  direction,  the  pick 
feed  value  P  and  the  pick  feed  speed  and  controls 
a  pick  feed.  When  the  content  of  the  Y-axis 
reversible  counter  33  becomes  equal  to  the  trac- 
ing  stroke  limit  LP,  the  processor  24  makes  the 
stylus  perform  tracing  in  the  opposite  direction, 
that  is,  in  a  +  (plus)  direction. 

Further,  the  processor  24  reads  a  tracing  end 
position  LTB  and  decides  whether  or  not  the 
stylus  has  reached  the  end  position  during  the 
pick  feed,  and  when  it  is  detected  that  the  stylus 
has  reached  the  end  position,  the  processor  reads 
automatic  return,  automatic  return  speed  and 
automatic  return  position  LRP  data  from  the 
memory  23,  and  based  on  the  fact  that  the 
automatic  return  is  ON,  it  drives  the  Z-axis  servo 
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As  described  above,  according  to  the  present 
invention,  it  is  possible  to  ignore  and  resume  a 
tracing  sequence  changeover  by  actuation  of  an 
externally  provided  control  switch  whether  within 
or  without  the  tracing  range  preset  as  store  data 
of  a  limit  switch  or  memory.  Accordingly,  the 
present  invention  provides  greater  freedom  in 
modifying  the  tracing  range,  offering  the  advan- 
tage  of  greater  ease  in  initial  setting  of  the  tracing 
range.  Further,  since  the  present  invention  makes 
it  possible  to  selectively  ignore  a  sequence 
changeover  and  execute  the  ignored  sequence 
changeover  with  the  use  of  one  control  switch  in 
such  a  manner  as  to  ignore  a  sequence 
changeover  from  the  beginning  of  actuation 
(turning  ON)  of  the  control  switch  and  to  resume  a 
sequence  changeover  which  has  been  or  is  to  be 
ignored  when  the  operation  of  the  control  switch 
is  released  (turned  OFF),  the  number  of  parts  used 
can  be  reduced  as  compared  with  a  system  which 
uses  one  switch  to  ignore  a  sequence  changeover 
and  another  switch  to  execute  the  ignored 
sequence  changeover. 

Claim 

A  tracer  control  unit  which  determines  tracing 
direction  and  tracing  speed  based  on  displace- 
ment  signals  from  a  tracer  head  tracing  the 
surface  of  a  model  and  performs  profile  control, 
including  a  sequence  switching  system  having  a 
control  switch  for  inputting  a  sequence  switching 
signal,  and  being  characterised  by  a  sequence 
changeover  ignore  means  for  ignoring  an 
impending  sequence  changeover  during  actua- 
tion  of  the  control  switch,  and  a  sequence 
changeover  execute  means  activated  upon 
release  of  the  control  switch  for  executing  the 
sequence  changeover  which  either  has  been  thus- 
far  ignored,  or  is  anticipated  by  this  activation  of 
the  sequence  changeover  execute  means. 

Patentanspruch 

Fiihlfinger-Steuereinheit,  die  die  Nachfahrrich- 
tung  und  die  Nachfahrgeschwindigkeit  auf  der 
Grundlage  von  Versetzungssignalen  aus  einem 
die  Oberflache  eines  Modells  abfiihlenden  Fuhler- 
kopf  bestimmt  und  eine  Profilsteuerung  durch- 
fiihrt,  mit  einem  Sequenzschaltsystem,  das  einen 
Steuerschalter  zum  Eingeben  eines  Sequenz- 
schaltsignals  aufweist  und  gekennzeichnet  ist 
durch 

—  ein  Sequenzumschaltungs-Nichbeachtungs- 
mittel  zum  Zwecke  der  Nichbeachtung  einer 
bevorstehenden  Sequenzumschaltung  wahrend 
einer  Betatigung  des  Steuerschalters  und 

—  ein  Sequenzumschaltungs-Ausfuhrungsmit- 
tel,  das  auf  das  Loslassen  des  Steuerschalters  hin 
zum  Ausfuhren  der  Sequenzumschaltung  akti- 
viert  wird,  welche  entweder  bisher  nicht  beachtet 
worden  ist  oder  der  diese  Aktivierung  des 
Sequenzumschaltungs-Ausfuhrungsmittels 
zuvorgekommen  ist. 

Revendication 

Une  unite  de  commande  de  copiage  qui  deter- 
mine  la  direction  de  copiage  et  la  vitesse  de 
copiage  sur  la  base  de  signaux  de  deplacement 
provenant  d'un  palpeur  qui  balaie  la  surface  d'un 
modele,  et  qui  effectue  une  commande  de 
copiage,  comprenant  un  systeme  de  changement 
de  sequence  comportant  un  interrupteur  de  com- 
mande  pour  introduire  un  signal  de  changement 
de  sequence,  et  caracterisee  par  des  moyens 
d'invalidation  de  changement  de  sequence  des- 
tines  a  ignorer  un  changement  de  sequence 
eventuel  pendant  I'actionnement  de  I'interrupteur 
de  commande,  et  des  moyens  d'execution  de 
changement  de  sequence  qui  sont  actives  au 
moment  du  relachement  de  I'interrupteur  de 
commande,  pour  executer  le  changement  de 
sequence  qui  a  ete  ignore  jusqu'a  present,  ou  qui 
est  anticipe  par  cet  actionnement  des  moyens 
d'execution  de  changement  de  sequence. 
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FIG.  2 

ITEM  SYMBOL  CODE 

Mode  (See  Fig.   3)  **  A01 

R e f e r e n c e   D i s p l a c e m e n t   eQ  A02 

Approach  Axis  X,Y,Z  A03 

Approach  D i r e c t i o n   +»  ~  A^^ 

Approach  Speed  VAp  F l  

T r a c i n g   D i r e c t i o n   .-  +/  ~  A^5 

T r a c i n g   Speed  VTF  F2 

Pick  Feed  D i r e c t i o n   +>  ~ 

Pick  Feed  Seed  Vpp  F3 

Pick  Feed  Value  ?  A06 

T r a c i n g   S t r o k e   Limi t   Lp  XI 

LN  X2 

T r a c i n g   End  P o s i t i o n   LTE  Y1 

Automat ic   Return   ON,  OFF  A07 

Automat ic   Return   Speed  VAR  F4 

Automat ic   Return   P o s i t i o n   LRp  Zl  
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FIG.  3 

MODE  SUB-MODE 

|  Manual  Tracing 

r\  Forward/Reverse  Scan 
'  Tracing 

45  Tracing 
3  One-Way  Scan  Tracing 

Axial  Direction  Pick 
4  360  Contour  Tracing 

Z-Axis  Pick 

Pencil  Tracing 

6  3-Dimensional  Tracing 

FIG.  4 
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PIG.  5 

( b )  

(■"control  
Switcfi\ 

36  On  To  In t e r - )  
QTUPt  •  

( d )  

Flag  A  Set 

( c )  
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