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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  numerical  control  devic- 
es,  and  more  particularly  to  a  numerical  control  de- 
vice  (hereinafter  referred  to  merely  as  "an  NC  device", 
when  applicable)  which  allows  the  spindle  of  a  ma- 
chine,  which  has  a  spindle  head  with  a  plurality  of  tap- 
ping  tools,  to  be  fed  most  suitably  with  respect  to  ro- 
tation  of  the  tapping  tools. 

FIG.  6  is  a  diagram  showing  the  arrangement  of 
a  conventional  NC  device. 

In  FIG.  6,  reference  numeral  1  designates  a  mem- 
ory  comprising  a  RAM,  which  stores  programs  and 
data;  2,  a  control  section  essentially  including  a  CPU 
2a,  which  controls  the  functions  of  the  NC  device  ac- 
cording  to  the  system  software  loaded  in  the  memory 
1  ;  3,  an  arithmetic  operation  section  for  performing 
numerical  operations  under  the  control  of  the  control 
section;  4,  a  tape  reader  for  reading  a  paper  tape  in 
which  an  NC  machining  program  (hereinafter,  refer- 
red  to  merely  as  "a  machining  program",  when  appli- 
cable)  has  been  stored  by  perforation;  5,  a  program 
interface;  6,  a  feed  shaft  drive  section  including  a  ser- 
vo  amplifier  etc.;  7,  a  feed  shaft  motor  for  driving  a 
feed  shaft;  8,  a  feed  shaft  encoder  for  outputting  a 
feedback  signal;  and  9,  an  input/output  signal  inter- 
face  provided  for  input  signals  required  for  starting 
and  stopping  the  NC  device,  and  for  output  signals 
such  as  an  NC  device  state  signal  and  auxiliary  func- 
tion  signals  for  controlling  external  equipments  which 
are  controlled  by  the  NC  device.  The  aforementioned 
machining  program  may  be  stored  in  a  floppy  disc  in- 
stead  of  a  paper  tape. 

Further  in  FIG.  6,  reference  numeral  20  designa- 
tes  a  speed  reducer;  21,  a  drive  mechanism  such  as 
a  ball  screw;  and  22,  the  movable  table  of  the  machine 
on  which  a  workpiece  is  set. 

Further  in  FIG.  6,  reference  numeral  26  designa- 
tes  the  aforementioned  spindle;  27,  a  spindle  motor; 
28,  a  spindle  amplifier  for  amplifying  a  spindle  motor 
drive  signal;  30,  a  gear  train  for  changing  the  rotation 
number  (rpm)  of  the  spindle  motor  27  to  transmit  the 
torque  of  the  latter  to  a  spindle  head  31  (described  lat- 
er);  31,  the  aforementioned  spindle  head  holding  a 
plurality  of  tapping  tools  161  through  164  and  trans- 
mitting  the  torque  of  the  spindle  motor  27  transmitted 
trough  the  gear  train  30,  to  the  tapping  tools;  32,  a 
spindle  encoder,  or  a  detector  coupled  to  the  spindle 
motor  27  at  a  rate  of  1:1;  and  33,  a  spindle  encoder 
interface  for  applying  the  output  of  the  spindle  encod- 
er  32  to  the  control  section  2. 

The  above-described  tapping  tools  161  ,  162,  163 
and  164  are  different  in  pitch.  Therefore,  in  tapping  a 
workpiece  15  with  the  tapping  tools,  the  feed  shaft  is 
moved  according  to  the  average  of  the  pitches  of  the 
tapping  tools  which  is  manually  calculated  so  that  the 

load  of  the  tapping  tool  cushioning  mechanism  is  re- 
duced  as  much  as  possible. 

The  tapping  tool  cushioning  mechanism  func- 
tions  as  follows:  The  tapping  tool  moves  one  pitch  ev- 

5  ery  revolution  (in  the  case  where  it  is  of  a  single 
threaded  screw).  When  the  movement  of  the  tapping 
tool  is  not  coincided  with  the  mechanical  feed,  the  dif- 
ference  in  movement  between  both  is  absorbed  by 
the  tapping  tool  cushioning  mechanism. 

10  In  the  case  of  FIG.  6,  the  workpiece  15  is  moved. 
However,  it  goes  without  saying  that,  with  the  work- 
piece  15  held  stationary,  the  spindle  26  may  be 
moved  by  the  feed  shaft  motor  7  while  the  tapping 
tools  being  rotated. 

15  With  the  above-described  conventional  NC  de- 
vice,  the  average  pitch  of  the  plurality  of  tapping  tools 
is  calculated  manually,  as  was  described  above.  This 
operation  takes  a  lot  of  time,  and  will  be  more  trou- 
blesome  in  the  case  where  a  workpiece  is  machined 

20  with  a  machine  having  a  spindle  head  which  is  re- 
placeable. 

SUMMARY  OF  THE  INVENTION 

25  An  object  of  this  invention  is  to  eliminate  the 
above-described  difficulties  accompanying  a  con- 
ventional  NC  device.  More  specifically,  an  object  of 
the  invention  is  to  provide  an  NC  device  which  is  pro- 
vided  with  a  memory  which  stores  data  representing 

30  the  tapping  values  of  tapping  tools,  as  a  data  group 
for  each  spindle  head,  so  that  the  average  pitch  of  the 
tapping  tools  is  automatically  calculated  to  move  the 
feed  shaft. 

According  to  the  invention  there  is  provided  a  nu- 
35  merical  control  device  for  feeding  a  spindle  head  hav- 

ing  a  plurality  of  tapping  tools  at  a  most  suitable  speed 
with  respect  to  the  rotation  of  the  tapping  tools, 

said  numerical  control  device  comprising: 
a  data  processing  section  including  a  memory 

40  and  a  central  processing  unit  for  analyzing  and  com- 
puting  numerical  input  data,  and  for  performing  nu- 
merical  control  of  a  machine  to  be  controlled  including 
rotation  of  a  spindle  on  which  said  spindle  head  hav- 
ing  a  plurality  of  tapping  tools  is  mounted; 

45  a  tapping  pitch  data  group  memory  for  storing 
data  representing  tapping  pitches  of  tapping  tools 
held  by  a  spindle  head  as  a  data  group  for  each  spin- 
dle  head;  and 

synchronous  operation  control  means  for 
so  reading,  when  a  tool  number  is  specified  according  to 

a  machining  program,  a  corresponding  data  group  out 
of  said  tapping  pitch  data  group  memory,  obtaining  an 
average  value  of  said  data  group  thus  read,  and  feed- 
ing  said  spindle  with  respect  to  rotation  of  said  tapping 

55  tools  in  accordance  with  said  average  value. 
With  the  NC  device  according  to  the  invention, 

upon  specification  of  a  tool  number  according  to  a 
machining  program,  the  data  group  corresponding  to 

2 



3 EP  0  360  242  B1 4 

the  tool  number  thus  specified  is  read  from  the  tap- 
ping  pitch  data  group  memory  in  which  a  plurality  of 
data  groups  have  been  stored,  and  the  average  pitch 
thereof  is  automatically  calculated,  so  that  the  spindle 
is  fed  at  the  most  suitable  speed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  diagram  showing  the  arrangement  of 
one  embodiment  of  this  invention; 
FIG.  2  is  an  explanatory  diagram  showing  a  tap- 
ping  pitch  data  group  memory  in  the  embodiment 
of  the  invention; 
FIG.  3  is  an  explanatory  diagram  showing  an 
average  tapping  pitch  data  memory  in  the  em- 
bodiment  of  the  invention; 
FIG.  4  is  a  flow  chart  showing  an  operation  of  cal- 
culating  an  average  tapping  pitch; 
FIG.  5  is  a  flow  chart  showing  an  operation  of  cal- 
culating  a  feed  speed;  and 
FIG.  6  is  a  diagram  showing  the  arrangement  of 
a  conventional  NC  device. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

FIG.  1  is  a  diagram  showing  the  arrangement  of 
one  embodiment  of  this  invention.  FIG.  2  is  an  expla- 
natory  diagram  showing  a  tapping  pitch  data  group 
memory.  FIG.  3  is  an  explanatory  diagram  showing 
an  average  tapping  pitch  data  memory.  FIGS.  4  and 
5  are  flow  charts  showing  the  operation  of  the  em- 
bodiment  shown  in  FIG.  1. 

In  FIG.  1  ,  those  components  which  have  been  al- 
ready  described  with  reference  to  FIG.  6  are  therefore 
designated  by  the  same  reference  numerals  or  char- 
acters.  Further  in  FIG.  1,  reference  numeral  12  des- 
ignates  a  tapping  pitch  data  group  memory  which  oc- 
cupies  a  part  of  the  memory  1,  to  store  data  repre- 
senting  the  pitches  of  the  tapping  tools  as  described 
later;  and  13,  an  average  tapping  pitch  data  memory 
which  occupies  a  part  of  the  memory  1  ,  to  store  data 
representing  an  average  tapping  pitch  of  each  spindle 
head.  A  spindle  head  31a  holds  tapping  tools  161, 
162,  163  and  164.  The  spindle  head  31a  is  the  same 
as  the  spindle  head  31  shown  in  FIG.  6,  however,  it  is 
designated  differently  so  as  to  be  distinguished  from 
another  spindle  head  31b  (described  later).  The  spin- 
dle  heads  31a  and  31b  can  be  replaced  by  each  other, 
and  they  are  replaced  together  with  gears  30ba  and 
30bb.  In  FIG.  1,  the  arrow  34  indicates  that  the  spindle 
heads  31a  and  31b  can  be  replaced  by  each  other. 

The  spindle  head  31b  holds  tapping  tools  165, 
166,  167,  168  and  169.  A  tool  group  consisting  of  the 
tapping  tools  161  through  164  has  a  tool  number  T1, 
and  a  tool  group  consisting  of  the  tapping  tools  165 
through  169  has  a  number  T2. 

AS  shown  in  FIG.  2,  the  tapping  tools  161,  162, 
1  63  and  1  64  held  by  the  spindle  head  31a  have  pitch- 

es  11,  12,  13  and  14,  respectively,  which  are  stored, 
as  a  data  group  12a,  in  the  taping  pitch  data  group 
memory  12.  Similarly,  the  tapping  tools  165,  166, 
167,  168  and  169  held  by  the  spindle  head  31b  have 

5  pitches  21  ,  22,  23,  24  and  25,  respectively,  which  are 
stored,  as  a  data  group  12b,  in  the  tapping  pitch  data 
group  memory  12. 

The  average  tapping  pitch  data  memory  13 
stores  the  average  tapping  pitches  which  are  calcu- 

10  lated  by  using  the  data  groups  12a  and  12b.  The  aver- 
age  tapping  pitch  P1  =  12.5  of  the  spindle  head  31a 
is  stored  in  a  region  13a,  and  the  average  tapping 
pitch  P2  =  23  of  the  spindle  head  31  b  is  stored  in  a 
region  13b. 

15  The  operation  of  the  NC  device  1  0  will  be  descri- 
bed  with  reference  to  a  flow  chart  shown  in  FIG.  4. 
First,  calculation  of  an  average  taping  pitch  will  be  de- 
scribed. 

I  n  Step  S  1  ,  it  is  determined  whether  or  not  the  tool 
20  number  T1  is  specified  according  to  the  machining 

program.  If  "yes",  then  in  Step  S2,  the  data  group  12a 
of  the  spindle  head  31a  is  read  out  of  the  memory  12. 
In  Step  S3,  the  average  tapping  pitch  P1  is  calculated 
by  using  the  data  group  12a,  and  it  is  stored  in  the 

25  memory  13. 
The  NC  device  1  0  operates  as  described  above. 

On  the  other  hand,  a  PC  (programable  controller)  1  30 
performs  a  sequence  control  as  follows:  That  is,  when 
it  is  determined  that  the  tool  number  T1  has  been  spe- 

30  cified  in  Step  S1  (i.e.,  when  the  result  of  the  determi- 
nation  is  "yes"),  the  tool  number  T1  is  transferred 
through  a  bus  35  to  the  PC  130,  and  the  PC  130  per- 
forms  a  spindle  head  replacing  sequence  control.  As 
a  result,  the  spindle  head  (not  shown)  used  is  re- 

35  moved,  and  the  spindle  head  holding  the  tapping  tools 
161  through  164  is  mounted  on  the  spindle  26. 

Now,  an  operation  of  the  NC  device  10,  that  is, 
calculating  a  feed  speed  to  control  the  movement  of 
the  feed  shaft  will  be  described  with  reference  to  a 

40  flow  chart  shown  in  FIG.  5. 
In  Step  S11,  the  rotation  number  (rpm)  S  of  the 

spindle  head  31a  is  claculated  by  using  the  feedback 
signal  provided  by  the  spindle  encoder  32.  The  calcu- 
lation  is  carries  out  as  follows:  The  gear  ratios  A  and 

45  B  for  transmission  of  the  torque  of  the  spindle  motor 
27  to  the  spindle  heads  31a  and  31b  are  stored  in  the 
memory  1  in  advance  similarly  as  in  the  case  of  the 
tapping  pitch  data  groups.  When  the  tool  number  T1 
is  specified,  the  gear  ratio  A  is  referred  to;  and  when 

so  the  tool  number  T2  is  specified,  the  gear  ratio  B  is  re- 
ferred  to,  and  the  following  calculation  is  performed 
to  determine  the  rotation  number  S  of  the  spindle 
head: 

(Spindle  motor  rotation  number)  x  (gear  ratio) 
55  The  term  "spindle  head  rotation  number  S"  as  used 

herein  is  intended  to  mean  the  rotation  number  of  the 
tapping  tools  161  through  164  or  165  through  169. 

In  Step  S12,  F  =  K  x  S  x  P  is  calculated,  so  as  to 
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obtain  the  feed  speed  which  is  in  synchronization  with 
the  rotation  of  the  tools;  i.e.,  which  makes  the  feed  of 
the  spindle  most  suitable  with  respect  to  the  rotation 
of  the  tools.  In  the  above  described  equation, 

F  is  the  feed  shaft  motor's  feed  speed, 
K  is  the  feed  speed  constant, 
S  is  the  spindle  head  rotation  number,  and 
P  is  the  average  tapping  pitch. 

In  Step  S13,  the  feed  shaft  is  moved  at  the  feed 
speed  F. 

Thus,  the  spindle  is  fed  most  suitably  with  respect 
to  the  rotation  of  the  tapping  tools,  that  is,  a  synchron- 
ous  operation  control  is  performed. 

When  the  tool  number  T2  is  specified  according 
to  the  machining  program,  that  is,  when  the  spindle 
head  31b  is  selected,  similarly  as  in  the  above- 
described  case  the  spindle  head  31a  is  replaced  by 
the  spindle  head  31  b,  the  tapping  pitch  data  group 
12b  is  selected,  the  average  pitch  P2  is  obtained,  and 
the  feed  speed  of  the  feed  shaft  motor  is  calculated 
form  F  =  K  x  S  x  P.  Thus,  the  synchronous  operation 
of  the  spindle  and  the  feed  shaft  is  carried  out. 

In  the  above-described  embodiment,  the  auto- 
matic  replacement  of  the  spindle  head  is  achieved  ac- 
cording  to  the  sequence  control  of  the  PC  30,  how- 
ever,  it  should  be  noted  that  the  technical  concept  of 
the  invention  is  applicable  to  the  machining  appara- 
tus  which  comprises  an  NC  device  and  a  machine  to 
be  controlled  thereby  and  the  spindle  head  is  manual- 
ly  replaced. 

As  was  described  above,  according  to  the  inven- 
tion,  the  numeral  control  device  is  provided  with  the 
tapping  pitch  data  group  memory  which  stores  the 
data  representing  the  tapping  pitches  of  the  tapping 
tools  as  a  data  group  for  each  spindle  head.  There- 
fore,  with  the  numerical  control  device,  the  average 
tapping  pitch  is  automatically  calculated,  so  that  the 
spindle  is  fed  most  suitably. 

Claims 

1.  A  numerical  control  device  for  feeding  a  spindle 
head  (31)  having  a  plurality  of  tapping  tools  (161- 
169)  at  a  most  suitable  speed  with  respect  to  the 
rotation  of  the  tapping  tools, 

said  numerical  control  device  comprising: 
a  data  processing  section  (1  ,2)  including  a 

memory  (1)  and  a  central  processing  unit  (2a)  for 
analyzing  and  computing  numerical  input  data, 
and  for  performing  numerical  control  of  a  ma- 
chine  to  be  controlled  including  rotation  of  a  spin- 
dle  on  which  said  spindle  head  having  a  plurality 
of  tapping  tools  is  mounted; 

a  tapping  pitch  data  group  memory  (12)  for 
storing  data  representing  tapping  pitches  of  tap- 
ping  tools  held  by  a  spindle  head  as  a  data  group 
for  each  spindle  head;  and 

synchronous  operation  control  means  (2) 
for  reading,  when  a  tool  number  is  specified  ac- 
cording  to  a  machining  program,  a  corresponding 
data  group  out  of  said  tapping  pitch  data  group 

5  memory,  obtaining  an  average  value  of  said  data 
group  thus  read,  and  feeding  said  spindle  with  re- 
spect  to  rotation  of  said  tapping  tools  in  accor- 
dance  with  said  average  value. 

10  2.  A  numerical  control  device  as  defined  in  claim  1 
wherein  a  plurality  of  interchangeable  spindle 
heads  (31a,  31b)  are  provided,  each  having  a 
plurality  of  tapping  tools,  and  wherein  a  tapping 
pitch  data  group  memory  is  provided  for  storing 

15  data  representing  tapping  pitches  of  tapping  tools 
held  by  a  corresponding  spindle  head  as  a  data 
group  for  each  spindle  head. 

20  Patentanspruche 

1.  Numerische  Steuereinrichtung  zum  Vorschub  ei- 
nes  Spindelkopfs  (31)  mit  einer  Vielzahl  von 
Bohrwerkzeugen  (161  -  169)  mit  deram  besten 

25  geeigneten  Geschwindigkeit  in  Hinsicht  auf  die 
Umdrehung  der  Bohrwerkzeuge,  wobei  die  nu- 
merische  Steuereinrichtung  umfalit: 

einen  Datenverarbeitungsabschnitt  (1  ,  2) 
miteinem  Speicher(1)  und  einerZentralverarbei- 

30  tungseinheit  (2a)  zur  Analyse  und  Berechnung 
von  numerischen  Eingangsdaten,  und  zurDurch- 
fuhrung  einer  numerischen  Steuerung  einer  zu 
steuernden  Maschine  einschlielilich  einer  Rotati- 
on  einer  Spindel,  auf  der  der  Spindelkopf  mit  ei- 

35  ner  Vielzahl  von  Bohrwerkzeugen  angebracht  ist; 
einen  Bohrsteigungs-Datengruppen- 

Speicher(12),  umalseine  Datengruppe  furjeden 
Spindelkopf  Daten  zu  speichern,  die  Bohrstei- 
gungen  der  von  einem  Spindelkopf  gehaltenenen 

40  Bohrwerkzeuge  darstellen;  und 
eine  Synchronbetriebs-Steuerreinrich- 

tung  (2),  urn,  wenn  eine  Werkzeugnummer  ge- 
mali  einem  Bearbeitungsprogramm  bestimmt 
wird,  eine  entsprechende  Datengruppe  aus  dem 

45  Bohrsteigungs-Datengruppenspeicher  auszule- 
sen,  urn  einen  Durchschnittswert  der  so  ausge- 
lesenen  Datengruppe  zu  ermitteln,  und  urn  einen 
Vorschub  der  Spindel  in  Hinsicht  auf  die  Umdre- 
hung  der  Bohrwerkzeuge  gemali  dem  Durch- 

50  schnittswertdurchzufuhren. 

2.  Numerische  Steuereinrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dali  eine  Vielzahl  von 
austauschbaren  Spindelkopfen  (31a,  31b)  vorge- 

55  sehen  ist,  die  jeweils  eine  Vielzahl  von  Bohrwerk- 
zeugen  aufweisen,  und  wobei  ein  Bohrsteigungs- 
Datengruppen-Speicher  vorgesehen  ist,  urn  als 
eine  Datengruppe  furjeden  Spindelkopf  Daten  zu 
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speichern,  die  Bohrsteigungen  von  Bohrwerk- 
zeugen,  die  von  einem  entsprechenden  Spindel- 
kopf  gehalten  werden,  darstellen. 

Revendications 

1.  Dispositif  de  commande  numerique  pour  I'avan- 
ce  d'une  tete  de  broche  (31)  comportant  une  mul- 
titude  d'outils  de  taraudage  (161-169)  a  la  vites-  10 
se  la  plus  appropriee  par  rapport  a  la  rotation  des 
outils  de  taraudage, 

ledit  dispositif  de  commande  numerique 
comportant  : 

une  section  de  traitement  de  donnees  (1  ,  15 
2)  comportant  une  memoire  (1)  et  un  processeur 
central  (2a)  pour  analyser  et  calculer  des  don- 
nees  numeriques  d'entree,  et  pour  executer  la 
commande  numerique  d'une  machine  devant 
etre  commandee  comportant  la  rotation  d'une  20 
broche  sur  laquelle  est  montee  ladite  tete  de  bro- 
che  comportant  une  multitude  d'outils  de  tarau- 
dage; 

une  memoire  de  groupe  de  donnees  sur  le 
pas  de  taraudage  (1  2)  pour  stacker  des  donnees  25 
representant  les  pas  de  taraudage  des  outils  de 
taraudage  maintenus  par  une  tete  de  broche 
comme  groupe  de  donnees  pour  chaque  tete  de 
broche;  et 

un  moyen  de  commande  de  fonctionne-  30 
ment  synchrone  (2)  poursortir,  lorsqu'un  nombre 
d'outils  est  specifie  en  conformite  avec  un  pro- 
gramme  d'usinage,  un  groupe  de  donnees 
correspondant  de  ladite  memoire  de  groupe  de 
donnees  sur  le  pas  de  taraudage,  obtenir  une  va-  35 
leur  moyenne  dudit  groupe  de  donnees  ainsi  ex- 
trait,  et  faire  avancer  ladite  broche  par  rapport  a 
la  rotation  desdits  outils  de  taraudage  en  confor- 
mite  avec  ladite  valeur  moyenne. 

40 
2.  Dispositif  de  commande  numerique  selon  la  re- 

vendication  1  ,  dans  lequel  une  multitude  de  tetes 
de  broche  interchangeables  (31a,  31b)  sontfour- 
nies,  chacune  ayant  une  multitude  d'outils  de  ta- 
raudage,  et  dans  lequel  une  memoire  de  groupe  45 
de  donnees  sur  le  pas  de  taraudage  est  prevue 
pour  stacker  des  donnees  representant  les  pas 
de  taraudage  des  outils  de  taraudage  maintenus 
par  une  tete  de  broche  correspondante  comme 
groupe  de  donnees  pour  chaque  tete  de  broche.  50 
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