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©  WIRECUT  ELECTRIC  DISCHARGE  MACHINING  SYSTEM. 

©  By  quickly  and  reliably  detecting  a  disconnec- 
tion  of  a  wire  electrode  of  a  tool  during  the  machin- 

^-  ing  of  the  wirecut  electric  discharge  machining,  the 
^   machining  is  stopped  and  so  forth,  so  that  work  to 
q   be  machined  and  a  wire  electrode  running  system  in 
^   the  vicinity  of  the  machining  portion  can  be  pre- 
W  vented  from  being  damaged.  Unlike  the  conventional 
t_  mechanical  detecting  means,  detection  of  the  dis- 
lf)  connection  of  a  separate  current  supply  to  the  wire 
W  electrode  and  the  like,  the  positions  of  the  generated 
©  discharge  pulses  in  the  directions  of  the  wire  elec- 

trade  axis  are  detected  to  determine  whether  they 
Ijj  are  present  within  the  plate  thickness  of  the  work  to 

be  machined  or  outside  thereof,  whereby,  when  a 
predetermined  number  of  the  discharge  pulses  hav- 
ing  the  discharge  positions  present  outside  the  plate 
thickness  are  continued,  it  is  concluded  that  a  dis- 
connection  has  occured,  to  thereby  detect  the  dis- 
connection.  Furthermore,  abnormalities  other  than 
the  wire  electrode  disconnection  when  the  discharge 
pulses  having  the  discharge  positions  present  out- 
side  the  plate  thickness  are  detected  and  the  pres- 
ence  of  wear  of  a  slidable  electricity  supply  member 
by  the  electrode  can  be  discriminated,  whereby  the 
slidable  electricity  supply  member  is  replaced  when 
occurrence  of  wear  is  detected. 

Rank  Xerox  (UK)  Business  Services 
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Technical  Field:  This  invention  relates  to  the 
application  of  engineering  skills  in  technique  to 
detect  positions  wherein  spark  discharges  are  gen- 
erated  in  the  axial  direction  of  the  wire  electrode  in 
wire  cut  electrical-discharge  machining,  as  in,  the 
detection  of  wire  electrode  breaking  and  wear  of 
both  or  either  one  of  the  upper  and  lower  feeder 
members. 

Background  Art:  The  wire  cut  electrical-dis- 
charge  machining  apparatus  is  an  apparatus  so 
designed  that  using  a  thin  wire  of  about  0.05  to 
O.35mm0  in  diameter  as  an  electrode  tool,  placing 
the  interspace  between  a  pair  of  positioning  guide 
members  into  condition  wherein  displacing  it  by 
travelling  on  a  renewing  feed  basis  in  the  axial 
direction  in  conditions  applied  the  predetermined 
tension  to  said  thin  wire  electrode,  opposing  the 
workpiece  to  be  machined  from  a  direction  at  right 
angles  to  the  axis  of  the  wire  electrode  one  another 
in  relation  spaced  a  very  small  gap,  machining  is 
done  by  generating  spark  discharges  on  an  inter- 
mittent  basis  by  voltage  pulses  applied  across  the 
wire  electrode  and  the  workpiece  in  conditions  in- 
tervened  a  working  fluid  in  the  opposed  gap,  and  is 
an  apparatus  which  relatively  gives  a  machining 
feed  in  the  aforementioned  opposed  direction  with 
the  progress  of  machining,  and  therefore,  machin- 
ing  will  be  interrupted  as  a  result  of  wire  electrode 
breakage  unless  otherwise  suited  settings  and  the 
control  of  working  conditions.  Most  of  recent  such 
type  of  apparatus  comprises  a  self-recovery  means 
for  wire  electrode  breaking;  that  is,  a  function  to 
automatically  insert  through  and  joint  the  wire  elec- 
trode,  while,  as  it  is  not  necessarily  assured  100% 
to  do  such  automatic  insertion  and  tying,  and  be- 
sides,  even  if  done  in  good  condition,  this  is  not 
only  wasting  time  to  do  so,  but  also  generally 
impairs  the  machining  accuracy  and  the  like,  it  is 
preferable  to  avoid  causing  wire  breakage.  How- 
ever,  with  this  type  of  wire  cut  electrical-discharge 
machining,  there  are  problems:  to  carry  out  ma- 
chining  with  accuracy  or  high  efficiency  at  higher 
speeds  is  unlikely  unless  working  conditions  in 
particular  electrical  conditions,  for  example,  voltage 
pulse  width,  inactive  duration  and  amplitude  of  the 
discharge  current  and  machining  feed  control  must 
be  established  and  controlled  so  that  the  machining 
is  done  under  the  excessively  loaded  hard  con- 
ditions  having  a  higher  risk  of  wire  breakage,  and 
moreover,  to  carry  out  precision  machining  by 
highly  tensioning  and  setting  the  working  condi- 
tions  is  disabled  without  running  the  risk  of  wire 
breakage. 

Therefore,  with  recent  such  type  of  wire  cut 
electrical-discharge  machining  apparatus,  it  is  pro- 
vided  in  an  arrangement  to  carry  out  various  func- 
tions  of  detection  and  of  control  in  order  to  prevent 
the  wire  electrode  from  breaking,  and  in  the  event 

of  wire  electrode  breakage,  the  apparatus  is  ar- 
ranged  such  that  quickly  detecting  the  break,  carry- 
ing  out  a  function  of  control  to  at  least  temporally 
arrest  supplying  the  machining  voltage  pulse  or 

5  power  system,  travelling  and  moving  actuation  of 
the  wire  electrode,  or  a  further  function  of  control  to 
at  least  temporally  arrest  the  machining  action  in- 
corporating  the  stoppage  of  work  fluid  supply  and 
machining  feed  and  the  like,  it  is  kept  from  occur- 

io  ring  malfunctions  and  abnormal  failures  on  the  wor- 
kpiece,  working  fluid  nozzle,  supplying  and  travel- 
ling  systems  of  the  wire  electrode  and  the  like  with 
wire  electrode  breakage. 

However,  the  foregoing  broken-wire  detection 
75  is  not  necessarily  quick  with  full  satisfaction  and 

also  lacking  in  exactness,  so  that,  it  has  been 
difficult  to  avoid  obstacles  to  machining  progress 
and  accuracy  due  to  the  excess  of  detection  and 
control,  and  problems  involving  said  different  fail- 

20  ures  resulting  from  a  delay  of  adaptive  control. 
As  the  wire  electrode  broken-wire  detector  or 

broken-wire  detecting  control  device  for  the  con- 
ventional  wire  cut  electrical-discharge  machining 
apparatus,  various  types  are  already  in  being,  how- 

25  ever,  most  of  those  types  which,  for  example,  on 
the  supply  and  recovery  sides  of  the  wire  electrode 
beyond  the  interspace  between  said  pair  of  posi- 
tioning  guide  members,  discrimination  is  checked 
by  detecting  its  looseness,  partiality  and  the  like 

30  with  its  breakage  at  the  locations  such  as  the  wire 
electrode  travelling  track  and  travel  stringing  mem- 
ber  between  said  supply  side  guide  member  and 
the  storage  reel  for  non-using  wire  electrode  and/or 
between  the  said  recovery  side  guide  member  and 

35  the  recovery  member  for  used  wire  electrode,  re- 
spectively,  using  the  sensors  with  contact(s)  such 
as  limit  switches  and  photodiode  sensors,  or  by 
detecting  the  tension  and  the  change  in  travelling 
speed  of  the  wire  electrode,  have  been  heretofore 

40  used. 
However,  most  of  the  above  wire  breakage  is 

involved  at  the  location  on  the  workpiece  in  be- 
tween  said  pair  of  guide  members,  and  thus,  with 
respect  to  the  indirect  detection  on  the  far  portions 

45  at  least  outward  of  the  interspace  between  said  pair 
of  guide  members  from  the  position  wherein  caus- 
ed  said  breakage,  there  had  the  problem  in  its 
exactness  and  the  disadvantage  of  being  late  in 
detecting  speed. 

50  Therefore,  for  example,  as  described  in  Patent 
Gazette  53-68496,  the  matter  arranged  so  that  for- 
ming  a  current  source  supplying  extra-weak  cur- 
rents  not  directly  bestowed  on  working  to  the  wire 
electrode  from  incoming  members  formed  above 

55  and  below  the  work  table  fixing  the  workpiece,  and 
a  current  detector  to  detect  the  fluctuation  of  the 
extra-weak  currents  supplied  to  the  wire  electrode 
thereby,  detecting  that  due  to  the  break  of  said 

3 
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wire  electrode,  the  extra-weak  currents  supplied  to 
the  wire  electrode  drop  to  zero,  wire  electrode 
breaking  is  thus  detected  electrically  is  known. 

Whereas,  with  the  above  broken-wire  detector, 
it  is  so  arranged  that  extra-weak  currents  are  nec- 
essarily  supplied  from  the  current  source  to  the 
incoming  members  above  and  below  the  work- 
piece,  and  therefore,  it  had  the  disadvantage  of 
being  that  in  the  case  of  the  arrangement  con- 
tacted  the  machining  power  system  with  the  upper 
and  lower  feeder  members  and  the  workpiece,  the 
extra-weak  currents  flow  from  said  current  source 
through  the  incoming  line  for  machining  power 
system  at  the  time  of  breaking  of  the  wire  elec- 
trode,  and  then,  to  positively  detect  its  condition  is 
disabled.  Besides  with  this  broken-wire  detector,  in 
some  cases,  for  example,  both  ends  or  side  piece 
and  the  like  near  the  end  of  the  broken  wire  elec- 
trode  repeat  contact  making  and  parting  with  such 
as  the  locations  on  the  workpiece  and  the  inter- 
venient  material  adjacent  to  the  wire  electrode  trav- 
eling  track  for  a  short  while  after  breaking,  and  the 
extra-weak  currents  will  not  be  cut  out  immediately 
and  completely,  and  also  this  caused  not  a  few  of 
delay-actions  in  detection. 

In  addition,  as  above  described,  the  present 
invention  is  concerned  with  an  improvement  of 
wear  detection  for  both  or  either  one  of  feeder 
members,  however,  this  is  because,  in  some  cases, 
it  opens  to  said  wear  detection  in  the  case  of  a 
ceratin  kind  of  method  to  electrically  take  place  the 
detection  of  breakage  of  said  wire  electrode  by 
using  a  incoming-feeder  circuit  through  the  feeder 
members. 

The  wire  cut  electrical-discharge  machines 
which,  for  example,  in  Patent  Gazette  60-108226, 
comprising  a  multitude  of  incoming  members  sup- 
plying  working  currents  to  a  wire  electrode  inserted 
diodes  thereinto  so  that  they  flow  in  the  same 
direction,  and  a  voltage  source  flowing  the  pre- 
determined  amount  of  direct  or  alternating  current 
through  said  feeder  members  into  the  wire  elec- 
trode  and  an  impedance  element  whereto  currents 
are  supplied  from  this  voltage  source,  the  wear  of 
the  feeder  members  or  wire  electrode  breakage  is 
detected  by  comparing  the  voltage  between  both 
ends  of  this  impedance  element  with  the  reference 
value,  and  in  Patent  Gazette  63-109915,  compris- 
ing  an  electrical-discharge  machining  circuit  formed 
in  between  the  feeder  members  whereby  the  elec- 
tric  energy  is  supplied  and  the  workpiece,  a  wire 
electrode  breakage  detecting  circuit  to  catch  a 
break  of  the  wire  electrode,  a  means  to  detect  the 
current  flowing  from  the  electrical-discharge  ma- 
chining  circuit  into  the  wire  electrode  breakage 
detecting  circuit  at  the  time  of  the  wear  of  feeding 
members,  and  a  means  to  detect  the  machining 
speed,  the  period  of  time  replacing  the  feeder 

members  is  represented  by  comparing  the  values 
detected  by  said  current  detecting  means  and  ma- 
chining  speed  detecting  means  with  the  respective 
detected  values  are  being  disclosed,  respectively. 

5  However,  these  both  wire  electrode  breakage  de- 
tecting  means  have  the  problem  of  being  delay  in 
above  detection  with  regard  to  the  arrangement 
being  such  that  the  breakage  detection  is  carried 
out  by  flowing  currents  other  than  those  for  ma- 

io  chining  into  the  wire  electrode  in  advance,  and 
besides,  the  fault  detecting  means  in  contacted 
feeding  conditions  under  such  as  wear  of  the  feed- 
er  members  utilized  the  same  detecting  means  as 
the  wire  electrode  breakage  detecting  means  hav- 

15  ing  such  a  problem,  and  said  means  has  a  problem 
in  exactness  yet. 

In  addition,  also  in  Patent  Gazette  4-129617,  a 
wire  cut  electrical-discharge  machining  apparatus, 
which  is  so  arranged  that  existence  of  the  ab- 

20  normality  is  checked  on  the  basis  of  the  detected 
voltage,  comprising  a  means  detecting  the  voltage 
between  the  wire  electrode  and  feeder  members,  is 
being  disclosed.  However,  in  order  for  said  voltage, 
at  the  location  directly  near  the  feeder  members  to 

25  be  detected,  it  is  necessary  to  form  such  as  a 
contact  separated  from  said  feeder  members  with 
respect  to  the  detection  of  the  wire  electrode,  and 
this  leads  to  not  only  a  complicated  and  costly 
arrangement,  but  also  an  abnormality  in  detecting 

30  conditions  of  said  contact  may  be  detected.  The 
exact  detection  is  thus  scarcely  expectable. 

Disclosure  of  Invention:  In  view  of  the  for- 
going  problem,  it  is  a  general  object  of  this  inven- 
tion  to  provide  so  that  in  order  to  detect  the  wire 

35  electrode  breakage  at  the  locations  to  be  machined 
by  the  wire  electrode  and  thereabouts  while  in 
machining;  every  time  a  pulse  of  spark  discharge 
occurs,  detecting  the  position  generated  said  pulse 
of  spark  discharge  in  the  axial  direction  of  the  wire 

40  electrode;  and  preferably,  detecting  the  above  gen- 
erated  position  with  accuracy;  making  a  distinction 
between  the  cases  where  the  above  detected 
spark-generating  position  is  located  within  a  work- 
piece  thickness  while  in  machining,  and  is  beyond 

45  that;  the  detection  of  wire  electrode  breakage  is 
carried  out  exactly,  reliably  and  quickly  at  higher 
speeds  through  discrimination  of  wire  electrode 
breakages  in  response  to  the  frequency  of  occur- 
rence  of  said  position  beyond  the  thickness. 

50  It  is  a  further  object  of  this  invention  to  provide 
so  that  if  a  pulse  of  generated  position  at  said 
location  beyond  the  workpiece  thickness  has  been 
detected,  giving  out  the  feeder  member  wear  de- 
tecting  signal  with  the  detection  of  said  pulse  of 

55  spark  discharge;  in  the  event  no  breakage  signal  is 
delivered  by  said  discrimination  of  wire  electrode 
breakages  within  the  predetermined  time  after  giv- 
ing  out  said  signal,  a  decision  of  wear  of  feeder 
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members  is  made;  and  besides,  on  the  occasions 
of  said  wear  discrimination,  which  feeder  member 
is  worn,  upper  or  lower,  is  made  according  to  the 
position  of  said  pulse  of  spark  discharge  beyond 
the  thickness. 

Then  this  invention  is  intended  to  arrange  the 
art  to  detect  wire  electrode  breaking  and  wear  of 
feeder  members,  as  above  described,  through  said 
usually  so-called  detection  of  the  spark-generating 
position  by  detecting  which  position  the  spark- 
generating  position  while  in  machining  concerns  in 
the  axial  direction  of  the  wire  electrode  in  between 
the  upper  and  lower  feeder  members  arranged  on 
both  sides  of  the  workpiece;  that  is,  as  to  whether 
the  electric  energy  on  the  basis  of  machining  volt- 
age  pulses  supplied  to  the  wire  electrode  through 
said  feeder  members  from  one  terminal  of  the 
machining  power  system  has  flown  back  to  the 
other  terminal  of  said  machining  power  system  at 
which  position  along  the  workpiece  thickness  or 
after  flowing  through  the  intervenient  material  adja- 
cent  to  the  other  portions  to  be  machined  as  a 
result  of  such  as  spark  discharges,  and  by  usefully 
processing  the  signal  of  the  above  detected  spark- 
generating  position.  The  art  to  detect  the  spark- 
generating  position  in  wire  cut  electrical-discharge 
machining  can  be  then  summarized  as  follows: 

First,  in  Patent  Gazette  53-64899,  the  matter 
that  comprising  a  voltage  measuring  circuit  detect- 
ing  the  fluctuation  of  electrical  resistance  in  be- 
tween  sparking  points,  feeder  members  and  the 
workpiece,  as  against  the  wire  electrode  by  mea- 
suring  the  voltage  between  them,  the  spark-gen- 
erating  position  is  measured  or  detected  is  dis- 
closed,  and  in  Patent  Gazette  59-30621,  et  al.,  the 
matter  that  by  measuring  the  current  value  flowing 
into  the  upper  and  lower  or  either  one  of  feeder 
members,  the  spark-generating  position  is  detected 
by  the  current  waveform  being  a  function  of  induc- 
tance  at  the  sparking  point  is  proposed,  and  more- 
over,  in  Patent  Gazette  62-15017,  the  matter  ar- 
ranged  so  that  currents  flowing  to  the  wire  elec- 
trode  through  the  upper  and  lower  feeder  members 
are  detected  by  individual  current  comparators,  and 
then,  the  signal  accommodating  to  the  difference  of 
currents  flowing  into  both  current  comparators  is 
delivered  through  the  process  of  difference  am- 
plification  to  detect  the  spark-generating  position  is 
known.  The  present  invention  disclosed  hereinafter 
is  a  matter  which  these  prior  arts  are  also  available 
when  required,  however,  preferably  a  matter  ar- 
ranged  so  that  the  spark-generating  position  can  be 
detected  with  higher  accuracy,  or  more  exact  and 
precision  positional  discrimination  can  be  done  by 
the  detected  signal. 

Means  to  Solve  Problem:  In  order  to  attain 
the  above  objects,  the  wire  cut  electrical-discharge 
machining  apparatus  as  a  first  device  of  the 

present  invention  comprises:  in  wire  cut  electrical- 
discharge  machining  wherein  travelling  the  wire 
electrode  on  a  renewing  feed  basis  in  the  axial 
direction  in  conditions  contacted  it  to  the  upper  and 

5  lower  feeder  members  disposed  on  both  sides  of 
the  workpiece  to  be  machined  and  to  guide  mem- 
bers,  carrying  out  machining  by  sparking  pulses 
generated  by  impressing  voltage  pulses  on  an  in- 
termittent  basis  in  conditions  intervened  a  working 

io  fluid  in  the  machining  gap  formed  in  a  manner  as 
to  oppose  the  workpiece  to  the  wire  electrode  in 
between  said  guide  members  one  another,  and 
detecting  the  generated  positions  of  sparking 
pulses  or  predeterminately  sampled  sparking 

is  pulses,  a  current  comparator  detecting  the  current 
flowing  into  one  of  said  feeder  members  or  both 
due  to  sparking  pulses  generated  based  on  the 
impression  of  said  voltage  pulses,  a  spark-position 
detecting  means  amplifying  output  signals  from 

20  said  current  comparators  and  giving  out  the  signal 
accommodating  to  the  sparking  position  in  the  axial 
direction  of  the  wire  electrode  in  between  said  pair 
of  feeder  members,  a  digital  data  arithmetic  unit  for 
spark-generating  positions  converting  output  sig- 

25  nals  from  said  spark-position  detecting  means  into 
digital  data  as  the  information  about  the  spark- 
generating  position  in  axial  direction  of  said  wire 
electrode  to  output,  and  adjusters  setting  digital 
data  values  equivalent  to  both  of  upper  and  lower 

30  thicknesses  as  the  upper  and  lower  limiting  values 
of  the  spark-generating  position,  taking  digital  data 
values  delivered  from  said  digital  data  arithmetic 
unit  for  spark-generating  positions  when  generated 
the  pulse  of  spark  discharge  at  almost  the  midpoint 

35  of  a  workpiece  thickness  objective  for  said  machin- 
ing  in  the  axial  direction  of  the  wire  electrode,  and 
moreover,  a  workpiece  thickness  inward/outward 
detector  for  the  sparking  position  tuning  on  said 
workpiece  thickness  outward  spark  positional  signal 

40  in  the  event  digital  data  at  the  spark-generating 
position  giving  out  from  said  arithmetic  unit  with  the 
generation  of  said  sparking  pulses  in  said  machin- 
ing  gap  with  machining  are  out  of  the  digital  data 
values  of  less  than  the  upper  limit  and  more  than 

45  the  lower  limit  established  by  said  upper  and  lower 
limit  adjusters,  and  a  broken-wire-electrode  dis- 
criminator  tuning  on  the  wire  electrode  broken  sig- 
nal  in  the  event  said  workpiece  thickness  outward 
spark-generating  positional  signal  given  out  by  said 

50  detector  exceeds  the  predetermined  values. 
Then  in  order  to  increase  accuracy  in  detecting 

said  spark-generating  positions  when  arranging 
said  broken-wire-electrode  discriminator,  it  is  pref- 
erable  to  provide  the  arrangement  comprising:  up- 

55  per  and  lower  peak  holding  circuits  detecting  the 
peak-point  currents  detected  by  the  said  upper  and 
lower  current  comparators  every  time  said  sparking 
pulse  is  created,  a  difference  amplifier  as  the 

5 
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spark-position  detecting  means  extracting  the  dif- 
ference  between  peak-point  currents  latched  by 
said  both  peak  holding  circuits  to  give  out  the 
signal  accommodating  to  the  sparking  position,  and 
in  order  to  do  after  an  extra-short  time  after  the 
termination  of  the  gate  signal  of  said  sparking 
pulse  when  converting  output  values  from  said 
difference  amplifier  into  digital  data  as  the  informa- 
tion  about  the  sparking  position  each  time  said 
sparking  pulse  occurs,  a  delay  timing  circuit  for 
said  gate  termination  signal  additionally  formed  in 
said  digital  data  arithmetic  unit  for  spark-generating 
positions. 

In  addition,  it  is  preferable  to  arrange  so  that 
when  said  broken-wire-electrode  discriminator  is 
arranged  to  use,  the  accuracy  in  detecting  said 
sparking  position  may  not  decrease  or  vary  at  the 
time  of  changing  to  the  predetermined  electrical 
working  conditions,  and  when  the  spark  positional 
signal  obtained  through  said  difference  amplifica- 
tion  are  supplied  to  said  arithmetic  unit  to  convert 
them  into  the  digital  data  at  the  spark-generating 
position,  an  amplification  degrees  of  the  inversed 
amplification  circuit  amplifying  said  spark  positional 
signal  according  to  the  predetermined  working  con- 
ditions  related  to  the  magnitude  of  a  sparking  pulse 
width  is  altered  for  setting. 

In  addition,  as  the  embodied  arrangement  of 
the  device  in  said  broken-wire-electrode  discrimina- 
tion,  it  is  preferable  to  provide  the  arrangement  that 
the  workpiece  thickness  inward/outward  detector  at 
said  sparking  position  is  arranged  so  as  to  be  able 
to  give  out  the  workpiece  thickness  inward  spark 
positional  signal  in  the  event  digital  data  of  the 
discharge  generator  delivered  from  said  arithmetic 
unit  are  within  the  digital  data  values  of  less  than 
the  upper  limit  and  more  than  the  lower  limit  estab- 
lished  by  said  upper  and  lower  limit  adjusters,  and 
said  broken-wore-electrode  discriminator  is  formed 
with  a  counter  entering  said  thickness 
inward/outward  spark  positional  signal,  said  counter 
is  arranged  so  that  said  thickness  outward  spark 
positional  signal  are  integrally  counted,  while,  the 
count  of  the  above  integrated  thickness  outward 
spark  positional  signal  is  cleared  by  the  input  of 
said  thickness  inward  spark  positional  signal,  and 
then  the  broken-wire-electrode  signal  is  output  to 
the  wire  cut  electrical-discharge  machining  control 
device  when  the  integrated  count  of  said  thickness 
outward  spark  positional  signal  has  reached  the 
predetermined  value. 

Moreover,  the  wire  cut  electrical-discharge  ma- 
chining  apparatus  with  respect  to  the  second  de- 
vice  of  the  present  invention  comprises:  in  the 
forgoing  first  device,  for  a  device  giving  out  the 
feeder  member  wear  detecting  signal  in  response 
to  the  output  detected  said  workpiece  thickness 
outward  spark  positional  signal  output  by  the  work- 

piece  thickness  inward/outward  detector  at  its 
sparking  position,  or  when  the  detected  output  vari- 
able  has  reached  the  predetermined  variable  of  a 
value  fairly  smaller  than  that  of  the  broken-wire- 

5  electrode  discriminator  and  devices  discriminating 
the  wear  of  feeder  members  in  response  to  the 
wear  detecting  signal  input  from  said  device,  said 
device  tuning  on  the  feeder  member  wear  dis- 
criminating  signal  in  the  event  no  broken-wire-elec- 

io  trade  signal  is  delivered  from  said  broken-wire- 
electrode  discriminator,  even  if  the  predetermined 
time  has  passed  after  said  wear  detecting  signal 
input. 

Besides,  when  carrying  out  the  second  device 
is  formed  with  a  wear  detecting  device  and  a  wear 

discriminator  for  these  feeder  members,  it  is  pref- 
erable  to  provide  the  arrangement  comprising:  a 
logic  circuit  tuning  on  the  upper  or  lower  wear 
detecting  signal  through  thickness  outward  spark 

20  positional  signal  and  said  feeder  member  wear 
detecting  signal  output  by  said  workpiece  thickness 
inward/outward  detector  for  said  feeder  member 
wear  detecting  device,  and  a  device  giving  out  the 
upper  or  lower  wear  discriminating  signals  to  the 

25  display  of  the  wire  cut  electrical-discharge  machin- 
ing  control  device  and  to  the  notice  means  through 
said  wear  discriminating  signal  and  said  logic  cir- 
cuit  signal  for  the  above-stated  feeder  member 
wear  discriminator. 

30  Brief  Description  of  Drawings:  Fig.  1  is  a 
block  diagram  representing  the  general  arrange- 
ment  of  one  embodiment  in  connection  with  the 
first  device  of  the  present  invention;  Fig.  2  is  an 
illustration  of  a  connecting  circuit  for  the  parts  of  a 

35  power  system  7A  and  a  control  device  7  for  wire 
spark  machining  in  Fig.  1;  Fig.  3  is  an  illustration  of 
a  peak  holding  circuit  as  an  example  of  a  holding 
circuit  in  Fig.  1;  Fig.  4  is  an  illustration  of  a  con- 
necting  circuit  for  the  parts  of  a  difference  amplifier 

40  as  a  spark-position  detecting  means  1  1  and  a  digi- 
tal  data  arithmetic  unit  12  for  spark-generating  po- 
sitions  in  Fig.  1;  Fig.  5  is  an  input/output  voltage  or 
current  waveform  and  a  timing  chart  for  individual 
parts  in  circuits  in  Figs.  1  through  4,  and  A,  B,  C 

45  and  D  are  illustrations  representing  the  cases 
where  some  differ  in  width  of  a  gate  signal  G2  and 
others  in  discharging  condition;  Fig.  6  is  a 
waveform  and  timing  chart  as  is  Fig.  5,  and  a 
diagram  used  a  peak  holding  circuit;  Fig.  7  is  a 

50  time  characteristic  chart  of  distributed  conditions  of 
the  digital  data  values  PD  at  spark-generating  posi- 
tions  at  the  time  of  steady  machining;  Fig.  8  is  a 
time  characteristic  chart  of  distributed  conditions  of 
the  digital  data  values  at  spark-generating  positions 

55  at  the  time  of  short-circuiting  or  concentration  of 
spark  discharge;  Fig.  9  is  a  block  diagram  repre- 
senting  the  general  arrangement  and  connected 
relationship  of  the  device  carrying  out  the 

6 
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inward/outward  detection  whereabouts  the  digital 
data  of  the  sparking  position  detected  appertains 
and  discriminating  the  wire  electrode  breaking  in 
response  to  the  frequency  of  detection  of  thickness 
outward  signals;  Fig.  10  is  a  longitudinal  section 
showing  the  arrangement  of  one  embodiment  of 
the  upper  and  lower  water  supply  and  guide  blocks 
incorporating  feeder  members;  Fig.  11  is  a  cross 
section  of  the  part  showing  the  movable  arrange- 
ment  of  the  upper  and  lower  feeder  members  and 
a  specific  example  of  the  driving  mechanism;  Fig. 
12  is  a  block  diagram  showing  the  general  arrange- 
ment  of  an  example  of  the  feeder  member  wear 
detection  specifically  concerning  the  second  device 
of  the  present  invention.  Fig.  13  is  a  block  diagram 
concerning  the  wear  detection  and  discrimination  of 
the  feeder  members. 

Best  Mode  of  Carrying  Out  the  Invention: 
The  invention  is  described  in  detail  according  to  an 
example  for  carrying  out  it  as  follows: 

Fig.  1  is  a  block  diagram  representing  an  em- 
bodiment  of  the  first  and  second  devices  of  the 
present  invention;  wherein  1  is  a  wire  electrode 
travelling  on  a  renewing  feed  basis  in  the  axial 
direction  in  conditions  applied  the  predetermined 
tension  to  the  interspace  between  positioning 
guides  disposed  by  taking  a  certain  distance 
whereby  machining  is  carried  out  by  opposing  a 
workpiece  2  from  a  direction  at  almost  right  angles 
to  the  axial  direction  of  said  electrode  one  another 
in  relation  spaced  a  very  small  gap  g,  supplying 
and  impressing  voltage  pulses  across  the  work- 
piece  2  and  the  wire  electrode  1  from  the  wire  cut 
electrical-discharge  machining  power  system  7A 
(Fig.  2)  through  upper  and  lower  interpole  lines  3A 
and  4A  and  upper  and  lower  feeder  members  3 
and  4  in  conditions  flowed  and  intervened  a  work- 
ing  fluid  in  said  gap  g  by  such  a  way  of  jetting 
from  a  nozzle  5  to  generate  intermittent  sparking 
pulses,  and  giving  a  relative  machining  feed  to  said 
both  parties  on  the  plane  in  said  right-angled  direc- 
tion  through  a  feeding  mechanism  6  having  axis 
feed  motors  Mx  and  My  on  the  X-Y  plane;  7B  is  a 
machining  feed  driving  circuit;  7C  is  a  working  fluid 
supply  circuit;  and  7  is  a  wire  cut  electrical-dis- 
charge  machining  control  device  incorporating  a 
NC  unit  which  for  such  as  the  power  system  7A 
and  circuits  7B  and  7C,  carries  out  settings, 
changes  and  controls  according  to  such  as  the 
established  working  conditions,  programs,  various 
control  signals.  8  and  9  are  upper  and  lower  cur- 
rent  comparators  detecting  shunt  discharge  cur- 
rents  supplying  through  the  feeder  members  3  and 
4  to  a  wire  electrode  2  on  the  output  parts  of  the 
upper  and  lower  interpole  lines  3A  and  4A  at  the 
time  of  generating  said  sparking  pulses;  10  is  a 
pair  of  holding  circuits  arranged  as  required  so  that 
detected  signals  of  the  comparators  8  and  9  are 

entered,  and  usually  sample-and-hold  circuits  are 
formed  to  activate  them  so  that,  for  example,  the 
detected  signals  are  latched  by  synchronizing  to 
the  termination  of  spark-pulse  gate  signals.  The 

5  most  desirable  mode  of  said  holding  circuits  of  the 
invention  is  that  peak  holding  circuits  (Fig.  3)  are 
formed  to  latch  the  voltages  accommodating  to  the 
peak  point  of  the  detected  current  signals.  1  1  is  a 
spark-position  detecting  means  amplifying  the  out- 

io  put  signals  from  said  current  comparators  8  and  9, 
or  the  output  of  holding  voltage  furnished  as  re- 
quired  as  above,  and  giving  out  the  amplified  sig- 
nals  accommodated  to  the  sparking  position  in  the 
axial  direction  of  the  wire  electrode  between  said 

is  pair  of  feeder  members  3  and  4,  and  in  the  case  a 
pair  of  upper  and  lower  current  comparators  8  and 
9  are  formed  as  the  more  desirable  mode  of  carry- 
ing  out  the  above-stated  invention,  it  is  provided  in 
an  arrangement  having  a  difference  amplifier  (Fig. 

20  4)  differentially  amplifying  both  detected  signals  or 
holding  signals.  12  is  a  digital  data  arithmetic  unit 
(Fig.  4)  for  spark-generating  positions  converting 
the  spark  positional  signal  amplified  by  said  spark- 
position  detecting  means  11  into  digital  data,  e.g., 

25  eight-bit  digital  data,  as  their  information  to  give 
out;  14  is  a  memory  storing  the  digital  data  PD  of 
spark-generating  positions  output  by  said 
arithmetic  unit  12;  13  is  a  PC  with  printer  carrying 
out  the  required  operation  and  processing  for  the 

30  digital  data  stored  in  said  memory  14  in  response 
to  the  operator  control  and  requirements  to  give  out 
as  a  production  of  such  as  a  hard  copy;  15  is  a 
workpiece  thickness  inward/outward  detector  (Fig. 
9)  for  sparking  positions  checking  whether  said 

35  spark-generating  position  is  within  a  thickness  of 
the  workpiece  2  while  in  machining  or  not;  that  is, 
as  to  whether  discharging  across  the  material  other 
than  the  workpiece  or  not,  according  to  the  digital 
data  PD  delivering  from  said  arithmetic  unit;  16  is  a 

40  broken-wire  discriminator  (Fig.  9)  giving  out  the 
broken-wire-electrode  signal  (DANSEN)  whereby 
said  wire  cut  electrical-discharge  machine  stops  at 
least  its  machining  motion  in  the  event  of  a  state 
beyond  the  required  level  in  frequency  of  occur- 

45  rence,  for  example,  said  workpiece  thickness  out- 
ward  spark  positional  signal  detected  and  delivered 
by  said  thickness  inward/outward  detector  15  ex- 
ceeds  the  predetermined  amount;  7  is  said  control 
device  that  receiving  the  broken-wire-electrode  sig- 

50  nal  (DANSEN)  delivered  from  said  discriminator  16, 
stops  supplying  working  voltage  pulses  at  least 
near  the  machining  power  system  7A  to  stop  ma- 
chining,  or  further  at  least  stops  or  clamps  stringing 
the  wire  electrode  and  the  running  or  moving  of  the 

55  wire  electrode  in  the  travelling  system,  and  prefer- 
ably  stoppably  controls  the  circuits  7B  and  7C  for 
machining  feed  and  working  fluid,  or  additionally 
said  control  device  7's  activation. 

7 
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Fig.  2  shows  an  example  of  double  pulse  sup- 
ply  system  of  high  voltage  small  current  and  low 
voltage  large  current  as  an  example  of  the  wire  cut 
electrical-discharge  machining  power  system  7A, 
wherein  V1  is  an  auxiliary  supply  of  high  voltage 
small  current,  for  example,  of  300  volts  or  there- 
about;  V2  is  a  main  supply  for  machining  of  low 
voltage  large  current,  for  example,  of  100  volts  or 
thereabouts,  as  against  said  auxiliary  supply;  D1 
and  D2  are  reverse-current  protection  and  securing 
diodes  respectively;  R  is  a  current  limiting  resis- 
tance;  TR1  and  TR2  on-off  switching  elements  for 
said  auxiliary  supply  V1  and  main  supply  for  ma- 
chining  V2;  G1  and  G2  are  input  gate  signals  with 
respect  to  said  switching  elements  TR1  and  TR2, 
besides  they  enter  between  the  gate  source  termi- 
nals  of  said  switching  elements  TR1  and  TR2  con- 
sisting  of  such  as  MOS-field-effect  transistors  from 
a  setting  and  control  means  7a  for  pulse  conditions 
in  the  machining  power  system  7A  which  is  set  and 
controled  by  the  wire  spark  machining  control  de- 
vice  7  including  said  NC;  then,  supplies  a  voltage 
or  spark  pulse  with  desired  polarity,  voltage  or 
sparking  duration,  quiescent  time,  and  amplitude 
value  of  current  between  the  wire  electrode  and  the 
workpiece  2. 

Fig.  3  shows  an  example  of  the  peak  holding 
circuit  of  preferred  mode  carrying  out  as  the 
sample-and-hold  circuit  for  detected  signals  ar- 
ranged  when  required  between  said  current  com- 
parators  8  and  9  and  the  spark-position  detecting 
means  11  amplifying  the  above  detected  current 
signals  to  deliver  the  spark  positional  signal  adapt- 
ed  to  the  sparking  position,  besides  the  embodi- 
ment  of  illustration  comprises  upper  and  lower 
peak  holding  circuits  17  and  18  for  each  of  current 
comparators  8  and  9  depending  on  the  current 
detection  on  the  upper  and  lower  sides  as  a  pre- 
ferred  mode  of  carrying  into  practice.  The  above 
peak  holding  circuits  17  and  18  comprises  holding 
capacitors  21  and  25,  two  operational  amplifiers 
19/20  and  23/24  each,  and  reset  transistors  22  and 
26  wherein  reset  signals  emitting  holding  charges 
to  reset  the  circuits  are  entered. 

In  addition,  Fig.  4  is  a  circuit  diagram  of  an 
embodiment  of  the  spark-position  detecting  means 
11  which  when  holding  circuits  amplifying  the  cur- 
rent  signals  detected  by  said  current  comparators 
8  and  9  or  latching  the  above  detected  current 
signals  are  arranged,  amplifies  those  holding  sig- 
nals  to  deliver  the  spark  positional  signal  accom- 
modated  to  the  sparing  position  and  a  block  dia- 
gram  of  the  part  of  the  digital  data  arithmetic  unit 
12  for  said  spark-generating  position,  and  as  an 
embodiment  of  said  detecting  means  11,  it  shows 
an  example  used  the  difference  amplifier  27  as  the 
amplifier  accommodating  to  a  case  where  detecting 
currents  was  carried  out  at  the  parts  of  both  upper 

and  lower  feeder  members  being  preferred  mode 
of  carrying  into  practice.  In  said  difference  amplifier 
27,  28  and  29  are  operational  amplifiers  whereinto 
said  upper  and  lower  detected  current  signals  lup 

5  and  Idw  enter,  besides  it  is  adapted  to  that  their 
outputs  are  amplified  by  the  an  operational  am- 
plifier  30  after  regulating  the  difference  between 
those  current  signals  detected  (lup  -  Idw)  [see  Fig. 
5  (f)],  for  example,  so  that  said  difference  (lup  - 

io  Idw)  is  all  but  zero  when  a  spark  discharge  took 
place  at  the  position  on  a  half  of  the  wire  electrode 
1  :  just  middle  between  the  upper  and  lower  feeder 
members  3  and  4,  against  the  workpiece  2  and 
thereby  a  spark  positional  signal  VC  is  delivered, 

is  and  said  spark  positional  signal  VC  is  entered  into 
said  arithmetic  unit  12  to  carry  out  A/D  conversion 
and  operation;  then,  the  analog  signal  on  the  spark- 
ing  position  corresponding  to  the  difference  be- 
tween  the  above  detected  current  signals  is  given 

20  out  by  converting,  e.g.,  into  eight-bit  digital  data 
PD.  Then,  in  this  embodiment,  said  spark  positional 
signal  VC  is  arranged  so  that  a  signal  VD  regulated 
according  to  the  working  conditions  enters  into  the 
arithmetic  unit  12  through  an  amplifier  circuit  of  like 

25  that  an  amplification  factor  varies  inversely  as  the 
machining  voltage  or  sparking  pulse  width  (time)  of 
working  conditions.  Then  the  foregoing  amplifier 
circuit  consists  of  an  operational  amplifier  31  for 
inverted  amplification  of  said  signal  VC,  a  transistor 

30  TR3  inserted  in  a  feedback  circuit  of  said  amplifier 
31  to  convert  and  regulate  the  amplification  factor, 
and  an  A/D  convertor  32  whereby  signals  are  sup- 
plied  to  the  transistor  TR3  so  that  the  amplification 
factor  is  in  inverse  proportion  to  the  voltage  or 

35  sparking  pulse  width  of  predetermined  working 
conditions;  that  is,  said  gate  signals  are  measured 
by  counting  to  give  out  analog  signals.  Then,  the 
reason  why  the  concerned  amplifier  circuit  is  ar- 
ranged  is  that  with  this  type  of  wire  cut  electrical- 

40  discharge  machining,  the  amplitude  of  the  current 
that  the  electrical  working  conditions  may  appear 
as  a  setting  or  phenomenon  with  respect  to  the 
voltage  or  sparking  pulse  width,  and  time  to  be  set 
or  desired  is  very  excessive,  with  result  that  the 

45  waveform  of  the  sparking  current  will  be  triangular 
wavelike,  as  a  rule,  whereupon  the  sparking  current 
will  not  rise  up  to  the  predetermined  value  or  more 
under  the  voltage  or  sparking  pulse  width  of  usually 
set  working  conditions,  and  therefore,  by  only  dif- 

50  ferentially  amplifying  the  difference  between  the 
above  detected  current  signals  (lup  -  Idw),  as  later 
described  in  Fig.  5,  it  is  optionally  impossible  to 
make  a  distinction  of  detected  sparking  positions 
for  different  said  voltage  or  sparking  pulse  width 

55  settings. 
Fig.  5  and  Fig.  6  are  figures  showing  such  as 

input/output  voltages,  current  waveforms  and  their 
timing  for  individual  parts  in  block  diagrams  and 

8 
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circuits  in  said  Figs.  1-4,  and  Fig.  5  shows 
waveforms  in  the  case  said  holding  circuit  10  is 
arranged,  while,  Fig.  6  shows  waveforms  in  the 
case  peak  holding  circuits  17  and  18  in  Fig.  3  are 
arranged  as  the  holding  circuit  10,  and  besides,  in 
Fig.  5,  A,  B,  C  and  D  show  the  case  where  the 
voltage  or  sparking  pulse  gate  signal  (b)  G2  is 
same  pulse  width  for  A,  C  and  D  (S1  =  S3  =  S4), 
wherein  A  is  in  the  case  the  difference  (f)  (lup  - 
Idw)  =  0,  C  is  in  the  case  of  a  certain  value 
plussed  the  difference,  and  D  is  minus  difference, 
whereas  B  is  in  the  case  said  gate  signal  (b)  G2  is 
less  than  S1  (  =  S3  =  S4):  the  width  of  the  pulse  is 
narrow,  and  conditions  are  set  for  such  as  higher 
precision  machining. 

In  Fig.  5,  G1  of  (a)  shows  the  gate  signal  of 
said  switching  element  TR1,  G2  of  (b)  shows  the 
gate  signal  of  the  same  element  TR2,  IG  of  (c) 
shows  the  waveform  of  the  sparking  current  (lup  + 
Idw),  lup  of  (d)  shows  the  upper  detected  current 
signal  flowed  from  the  sparking  point  to  the  work- 
piece  2  through  the  wire  electrode  1  from  the 
upper  feeder  member  3  that  is  detected  by  the 
upper  current  comparator  8,  Idw  of  (e)  shows  the 
lower  detected  current  signal  as  well,  lup  -  Idw  of 
(f)  shows  the  difference  between  said  upper  and 
lower  detected  signals,  and  also  A/D(CLK)  of  (g) 
shows  the  timing  pulse  generated  by  synchronizing 
the  termination  and  tuning  off  of  the  gate  signal  G2, 
besides  allows  the  digital  data  arithmetic  unit  12  for 
said  spark-generating  position  to  occur  arithmetic 
operation  to  convert  said  input  signal  VD  into  digital 
data. 

Then  A,  C  and  D  are  in  the  case  machining 
was  carried  out  under  conditions  that  the  same 
value  was  set  for  the  voltage  or  sparking  pulse,  the 
spark  of  A  is  taken  to  be  a  spark  discharge  fired  at 
the  part  of  the  just  midpoint  between  the  feeder 
members  3  and  4  (in  reality  the  possibility  of  being 
a  slightly  upper  or  lower  spark  as  against  the 
midpoint  is  acute,  for  it  is  regulated  by  the  variable 
resistance  VR  of  said  difference  amplifier  27),  the 
sparks  of  C  and  D  are  upper  and  lower  spark 
discharges  as  against  the  midpoint  respectively, 
besides  for  particulars,  their  sparking  positions  can 
be  checked  by  monitoring  the  digital  data  PD  con- 
verted  and  computed  by  the  arithmetic  unit  12. 

Fig.  7  and  Fig.  8  are  characteristic  charts  which 
digital  data  PD  of  spark-generating  positions  oper- 
ationally  output  in  succession  every  time  a  spark- 
ing  pulse  is  created  as  above  described,  or  based 
on  the  sparking  pulse  sampled  when  required  as  a 
pulse  of  every  three  pulses  when  a  40mm  thick 
workpiece  2  was  machined  are  classified  into  the 
cases  of  Fig.  7:  steady-state  machining  and  Fig.  8: 
machining  under  unsteady-state  conditions,  as 
short-circuiting,  concentrated  sparking  and  wire 
breaking,  and  then,  plotted  on  the  graph  chart 

graduated  digital  data  values  (A/D  converted  spark- 
generating  positional  signals  PD)  giving  out  from 
said  arithmetic  unit  12  vertically  and  number  of 
sparks  (=  time)  horizontally,  besides  as  will  be 

5  cleared  from  the  chart,  in  steady  machining  (Fig.  7) 
involving  almost  no  such  as  a  concentration  of 
sparks,  the  passage  of  machining  time  is  in  a 
condition  that  plotted  points  of  sparking  positions 
are  random  and  almost  evenly  scatteredly  distrib- 

io  uted  over  whole  thickness  of  the  workpiece  2  in  the 
axial  direction  of  the  wire  electrode  1  ,  while,  in  the 
cases  caused  a  short-circuit  as  just  before  breaking 
of  the  wire  electrode  1  and  spark  concentration 
(Fig.  8),  most  plotted  points  of  sparking  positions 

is  are  concentrating  at  the  location  on  a  short-cir- 
cuited  point  along  the  plate  thickness  (40mm)  of 
the  workpiece  2,  a  partial  scattering  to  the  perim- 
eter  is  found,  and  yet  plotted  points  are  in  linearly 
intermitted  relation  along  the  time  base.  Suppose 

20  this  relation  continues,  V  wherein  the  wire  electrode 
breaks  will  result  in,  advancing  a  concentrated 
linearization  of  plotted  points  as  a  part  IV;  and 
when  the  wire  electrode  1  has  broken,  its  both 
ends  will  come  in  contact  with  the  workpiece  2  and 

25  others,  and  strike  sparks  as  a  result  of  their  gam- 
bols;  and  positions  of  sparking  points  will  then 
strike  out  in  the  axial  direction  of  the  wire  electrode 
1  beyond  the  plate  thickness  of  the  workpiece  2; 
according  to  the  invention,  by  providing  in  an  ar- 

30  rangement  so  that  the  spark-generating  positions 
can  be  detected  and  distinguish  with  higher  accu- 
racy,  the  apparatus  having  the  ability  for  accu- 
rately,  reliably  and  quickly  detecting  the  break  of 
the  wire  electrode  1  can  be  arranged. 

35  Fig.  6  is  a  waveform  chart  of  each  part  when 
as  the  holding  circuit  10  for  detected  current  sig- 
nals,  the  peak  holding  circuit  (Fig.  3)  was  arranged 
between  the  current  comparators  8  and  9  and  the 
spark-position  detecting  means  11  as  described 

40  above,  wherein  Hlup  of  (d')  is  a  peak  holding 
waveshape  of  upper  detected  currents,  Hldw  of  (e') 
is  a  lower  peak  holding  waveshape  as  well,  and 
besides,  the  signal  equivalent  to  the  peak  value  of 
detected  current  signals  is  latched  until  the  RESET 

45  signal  of  (h)  is  delivered,  their  difference:  Hlup  - 
Hldw  of  (f)  is  differentially  amplified,  and  a  time 
setting  pulse  T  of  (g')  fairly  delayed  as  against  the 
back-up  time  of  gate  G2  as  shown  in  Fig.  5  is 
delivered  at  the  time  of  amplifying  the  peak  holding 

50  difference  to  allow  the  digital  data  arithmetic  unit 
12  to  carry  out  conversionary  operation  into  the 
digital  data  PD.  As  already  described  above,  when 
the  voltage  or  sparking  pulse  under  the  predeter- 
mined  working  conditions  is  relatively  wide  as 

55  against  in  particular  the  amplitude  of  the  sparking 
current,  and  an  amplitude  of  sparking  currents  IG 
of  (c)  rises  to  the  predetermined  maximum  value 
by  the  termination  of  the  pulse  width,  of  course, 
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there  is  no  need  to  allow  said  time  setting  pulse  T 
to  delay  as  described  above. 

In  addition,  to  further  disclose  about  the  aspect 
formed  so  as  to  obtain  the  signal  VD  which  the 
spark  positional  signal  VC  in  Fig.  4  is  regulated  by 
the  variable  gain  inversion  amplifier  consisting  of 
the  operational  amplifier  31  and  others,  for  exam- 
ple,  as  compared  the  spark  B  of  a  short  gate  signal 
and  the  spark  D  of  longer  than  that,  the  difference 
of  both  detected  current  signals  are  equal:  B(lup  - 
Idw)  =  D(lup  -  Idw);  with  the  signal  VC  only  am- 
plified  by  the  difference  amplifier  27  of  the  spark- 
position  detecting  means,  when  it  is  converted  into 
the  digital  data  PD  by  the  arithmetic  unit  12,  the 
possibility  of  taking  to  be  sparks  in  the  same 
position  is  high,  however,  in  response  to  the  upper 
detected  current  signal  (d)  and  lower  detected  cur- 
rent  signal  (e)  of  individual  sparks,  the  ratio  of 
upper  to  lower  is  1  :2  for  spark  B  and  2:3  for  spark 
D;  then,  they  are  recognized  as  the  sparks  in  the 
different  position:  approximately  67%  and  60% 
plate  thickness  of  the  workpiece  2  from  the  bottom, 
respectively.  Thus,  this  is  provided  in  an  arrange- 
ment  so  that  as  described  above,  an  internal  resis- 
tance  of  the  transistor  TR3  is  controlled  to  obtain 
the  signal  VD  amplified  and  regulated;  then,  to 
convert  into  digital  data  of  sparking  positions. 

Next,  as  described  above  according  to  Fig.  9, 
there  is  given  a  description  of  the  workpiece  thick- 
ness  inward/outward  detector  15  for  sparking  posi- 
tions  that  detects  the  sparking  position  of  each 
sparking  pulse  or  sampled  sparking  pulse,  and 
based  on  the  data  PD  converted  into  digital  data, 
detects  as  to  whether  the  generated  position  of 
said  spark  is  a  spark  in  the  position  within  the 
thickness  of  the  workpiece  2  or  not,  i.e.,  the  other 
way  whether  a  spark  across  the  stuff  other  than  the 
workpiece  in  the  position  beyond  the  plate  thick- 
ness  or  not,  and  of  the  broken-wire  detecting 
means  16  that  gives  out  the  broken-wire-electrode 
signal  (DANSEN)  to  stop  the  wire  cut  electrical- 
discharge  machine's  action  functions  or  at  least 
machining  action,  measuring  the  wire  electrode  to 
be  in  a  broken  condition,  when  the  detected  signal 
for  the  spark-generating  position  of  sparking  pulse 
through  that  detector  15  is  partial  to  the  workpiece 
thickness  outward  signals  in  some  extent  or  more; 
that  is,  when  the  frequency  of  occurrence  of  work- 
piece  thickness  outward  spark  positional  signals  is 
more  than  the  predetermined  value  with  respect  to 
the  thickness  inward  spark  positional  signals,  or 
occurred  excessively  beyond  the  average. 

Said  workpiece  thickness  inward/outward  de- 
tector  15  for  sparking  positions  comprising:  a  latch- 
ing  circuit  33  whereinto  digital  data  of  spark-gen- 
erating  positions  delivered  from  said  arithmetic  unit 
12;  adjusters  34  and  35  presetting  the  upper  half 
thickness  +1/2T  and  lower  half  thickness  -1/2T 

from  a  central  portion  of  usually  upper  and  lower 
halves  of  a  plate  thickness  T  of  the  workpiece  2  as 
the  digital  data  value  for  each  and  as  the  upper 
and  lower  limiting  values  for  the  spark-generating 

5  position;  spark-position  digital  data  (A)  of  the  up- 
dated  sparking  pulse  delivered  from  said  latching 
circuit  33;  first  and  second  upper  and  lower  limit 
comparators  36  and  37  comparing  (A)  with  the 
thickness  digital  data  values  (B)  and  (B')  of  the 

io  upper  and  lower  limiting  values  from  the  usual 
central  position  of  the  thickness  of  the  workpiece  2 
set  by  said  comparators  34  and  35;  a  delayed 
timing  pulse  generator  38  synchronizing  the  closing 
of  said  gate  signal,  tuning  on  of  said  timing  pulse  T 

is  and  the  like,  to  give  out  a  timing  pulse  CP1  of 
latching  command  to  the  latching  circuit  33,  slightly 
delaying  as  against  on  giving  out  said  timing  pulse 
CP1  to  deliver  a  delayed  timing  pulse  CP2,  and 
giving  out  the  thickness  outward  detecting  signal  of 

20  whereto  the  sparking  position  of  the  above  up- 
dated,  generated  sparking  pulse  appertains,  within 
or  beyond  the  workpiece  thickness;  and  a  logic 
circuit  which  receives  the  signal  output  of  the  com- 
pared  result  from  said  two  comparators  36  and  37, 

25  makes  a  logical  measurement  according  to  the 
occurrence  of  the  above  delayed  timing  pulse  CP2, 
delivers  a  thickness  inward  detected  signal  IN  if  the 
above  generated  position  is  within  upper  and  lower 
limit  thicknesses  of  the  thickness  of  the  workpiece 

30  2  being  currently  machined,  while,  if  out  of  the 
thickness,  delivers  a  thickness  outward  detected 
signal  OUT,  and  besides,  incorporating  three  AND- 
circuits  39,  40  and  41  and  one  invertor  circuit  12.  In 
addition,  said  broken-wire-electrode  discriminator 

35  16  is  a  counter  44  arranged  so  that  when  said 
thickness  outward  detected  signal  OUT  is  deliv- 
ered,  it  integrally  counts,  entering  into  a  count 
terminal  CLK,  and  when  the  thickness  inward  de- 
tected  signal  is  delivered,  it  resets  said  integrated 

40  count,  entering  into  a  reset  terminal  CLR,  and  be- 
sides,  having  four  output  terminals  Q  (A  -  D), 
however,  in  this  embodiment,  it  incorporates  an 
output  terminal  QA  giving  out  a  wear-check  starting 
signal  to  a  feeder  member  wear  detector  70  de- 

45  scribed  later  in  response  to  one  input  of  thickness 
outward  detected  signal  OUT  from  said  AND-circuit 
41,  and  an  output  terminal  QB  giving  out  a  signal 
when  the  predetermined  value  of  continuously 
more  than  two,  e.g.,  10  counts,  is  counted  for  the 

50  input  of  said  thickness  outward  detected  signal 
OUT,  and  sets  a  flip-flop  44  to  output  the  broken- 
wire-electrode  signal  DANSEN  to  the  wire  spark 
machining  control  device  7;  then,  stops  machining 
action  on  delivering  of  a  signal  from  said  output 

55  terminal  QB.  It  is  to  be  noted  that  said  broken-wire- 
electrode  signal  DANSEN  is  delivered  to  a  feeder 
member  wear  discriminator  80  described  later  as 
the  signal  to  halt  or  quit  said  wear  discriminating 
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due  to  the  fact  involved  a  wire  break  or  at  least 
measured  as  a  wire  break,  and  the  output  signal  of 
the  compared  result  from  said  comparators  36  and 
37  is  delivered  to  a  feeder  member  wear  detector 
70  described  later  as  is  the  output  terminal  QA  of 
said  counter  43  as  a  signal  to  distinguish  which 
feeder  member  is  worn,  upper  or  lower,  and  be- 
side,  said  flip-flop  44  incorporates  a  reset  terminal 
RES  for  carrying  out  such  as  the  correction  and 
regulation  of  the  required  working  conditions  and 
the  like  to  resume  machining  after  the  recovery  of 
the  wire  electrode  by  manually  or  automatically 
inserting  through  to  joint,  after  the  output  of  said 
broken-wire-electrode  signal  DANSEN,  and  is  ar- 
ranged  so  that  a  machining  restart  signal  MACH 
START  is  entered  into  said  terminal. 

It  is  to  be  noted  that  hereinbefore  a  description 
was  given  by  using  expressions,  e.g.:  digital  data 
value  A  of  spark-generating  positions  delivered 
from  the  arithmetic  unit  12;  then,  latched  by  the 
latching  circuit,  digital  data  values  B  and  B'  preset 
in  response  to  the  upper  half  thickness  +1/2T  and 
lower  half  thickness  -1/2T  of  the  workpiece,  how- 
ever,  such  values  are  settings  excluded  such  cases 
where  the  machining  condition  is  not  particularly 
abnormal,  for  example,  the  power  dispatching  state 
slidingly  contacted  from  the  upper  and  lower  feed- 
er  members  3  and  4  to  the  wire  electrode  1  is 
specially  abnormal,  besides  in  an  extreme  case,  of 
course,  for  example  where  the  divertedly  shared 
ratio  of  power  dispatched  sparking  currents  from 
the  upper  and  lower  feeder  members  to  the  wire 
electrode  1  is  1:0,  and  in  the  case  of  an  uneven 
power  dispatching  state  of  more  than  5:1,  it  is 
detected  as  the  spark-position  digital  data  A  be- 
yond  workpiece  thickness  on  the  upper  or  lower 
feeder  member  caused  its  unevenly  concentrated 
supply,  said  data  A  are  compared  with  the  pre- 
determined  data  B  and  B';  then,  the  thickness 
detected  signal  OUT  is  delivered.  Now,  in  machin- 
ing  under  the  condition  wherein  normal  working 
conditions  have  been  correctly  selected,  set  and 
regulated,  usually,  it  is  carried  out  satisfactory  and 
advances,  and  the  values  of  digital  data  PD  deliv- 
ered  from  the  digital  data  arithmetic  unit  12  for 
spark-generating  positions  while  in  machining  ev- 
ery  time  a  sparking  pulse  is  created,  are  entered 
into  each  A  of  the  comparators  36  and  37  and  will 
be  compared  with  upper  and  lower  limiting  values 
B  and  B'  of  each  data  value  equivalent  to  the  upper 
and  lower  thicknesses  from  the  center  of  a  thick- 
ness  of  the  workpiece  2.  However,  usually,  as  a 
matter  of  course,  up  to  upper  limiting  value:  A<B 
and  over  lower  limiting  value:  A>B'  for  said  A,  and 
comparators  36  and  37  are  complied  with  individual 
predetermined  conditions,  so  that,  they  give  out 
signals  to  the  AND-circuit  39,  a  signal  is  delivered 
from  the  AND-circuit  40  to  the  terminal  CLR  of  the 

counter  43  by  the  joint  with  the  delayed  timing 
pulse  CP2  delivered  from  the  pulse  generator  cir- 
cuit  38  after  a  slight  delay  from  latching  of  said 
relative  data  A,  and  if  integral  count  of  signal  inputs 

5  to  the  terminal  CLK  side  is  in  being,  it  is  taken  to 
be  zero  by  resetting,  and  also  if  not  in  being,  no 
signal  is  delivered  from  said  counter  43,  as  count- 
ed  zero.  For  almost  all  the  sparking  pulse  of  spark- 
ing  pulses  produced  in  succession  or  predeter- 

io  minately  sampled  sparking  pulses  in  normal  wire 
cut  electrical-discharge  machining  process,  the  de- 
tection  and  discrimination  are  repeated  one  after 
another  as  descried  above,  and  the  workpiece 
thickness  inward/outward  detector  15  gives  out  the 

is  thickness  inward  detected  signal  IN  only,  so  that, 
also  the  broken-wire-electrode  detector  16  gives 
out  almost  entirely  no  signal;  then,  machining  is 
carried  out  while  maintaining  the  condition  of  Fig. 
7. 

20  Then  even  in  machining  under  normal  settings 
as  described  above,  in  the  cases,  for  example 
where  machining  was  extend  for  a  long  time,  a 
problem  in  some  control  system  or  a  change  in 
conditions  occurred,  or  there  was  an  unsuitable 

25  subject  in  predetermined  working  conditions  or  fur- 
ther  their  balance  and  the  like,  various  machining 
phenomena  will  be  resulted,  however,  said  Fig.  8 
shows  one  example  of  time  (abscissa)  distributed 
condition  of  digital  data  PD  for  sparking  positions 

30  under  considerably  unusual  conditions  where  con- 
centrated  sparks  and  short-circuited  relation  of 
some  extent  or  more  than  that  were  already  more 
liable  to  intermittently  and  frequently  occur  in  the 
machining  gap  at  random.  It  is  to  be  noted  that  the 

35  length  of  the  axis  of  abscissae  (time)  is  a  time 
within  about  5ms  or  thereabouts  at  the  longest.  In 
Fig.  8,  from  the  digital  data  PD  every  sparking 
pulse  and  their  plotted  conditions,  the  machining 
gap  seems  to  be  already  in  a  serious  condition, 

40  frequently  involving  the  foregoing  concentration  of 
sparks  and  occurrence  of  short-circuits  from  the 
beginning,  and  it  appears  to  be  in  a  condition 
wherein  it  is  no  wander  even  if  a  break  to  the  wire 
electrode  is  involved  in  no  time.  Indeed,  with  this 

45  type  of  wire  cut  electrical-discharge  machine,  it  is 
arranged  so  that  if  detected  that  it  is  involved  in  a 
so-called  unsteady-state  sparking  condition  inter- 
mittently  frequently  causing  a  spark  concentration 
and  short-circuiting,  as  shown  above  in  Fig.  8, 

50  immediately,  or  such  as  that  being  in  a  prodromal 
condition  proceeding  to  such  unsteady-state  ma- 
chining  condition,  is  detected  by  assorted  detecting 
means,  circuits,  etc.,  and  the  control  of  more  than 
one  of  several  working  conditions,  for  example,  a 

55  varying  control  of  the  mean  working  current  to  half 
or  less  (also  including  to  temporarily  zero)  through 
the  so-called  OFF  delay  between  voltage  pulses,  a 
control  of  the  machining  feed  by  reducing  and 
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stopping  the  feedrate  or  backward  feeding,  or  a 
varying  control  of  the  working  fluid  supplying,  par- 
ticularly  jetting  conditions  and  situation  permits  in- 
tending  for  maintenance  and  achieving  fulfillment  of 
the  highly  efficient  machining  performance,  intend- 
ing  to  return  the  machining  condition  to  the  normal 
by  dissolving  the  spark  concentration  and  short- 
circuiting,  and  preventing  the  occurrence  of  wire 
electrode  breaking  accidents. 

Usually,  a  breaking  accident  to  the  wire  elec- 
trode  is  seldom  involved,  however,  if  this  should 
occur,  the  necessity  for  a  quickest  possible  detec- 
tion  to  provide  means,  as  stopping  the  machine, 
will  be  imposed.  But,  according  to  the  invention, 
the  matter  is  that  the  spark-generating  position  of  a 
sparking  pulse  generated  by  impressing  across  the 
wire  electrode  1  and  the  workpiece  2  from  a  pair  of 
feeder  members  3  and  4  are  detected  with  accu- 
racy,  it  is  converted  into  digital  data  PD  =  A  by  the 
arithmetic  unit  12  to  enter  into  the  workpiece  thick- 
ness  inward/outward  detector  15  for  sparking  posi- 
tions  and  compared  with  the  digital  data  B  of  upper 
limiting  value  on  the  upper  side  of  the  thickness  set 
in  the  comparator  36  of  said  detector  15  and  the 
digital  data  B'  of  lower  limiting  value  on  the  lower 
side  set  in  comparator  37,  logically  discriminate  as 
to  whether  the  spark-generating  position  of  said 
sparking  pulse  appertains  to  the  inward  area  IN  of 
the  workpiece  thickness  complying  with  the  con- 
dition:  B>A>B',  or  to  the  outward  area  OUT  con- 
ditioning:  A>B  and/or  A<B',  to  be  able  to  give  out  a 
signal,  and  if  said  detector  15  gives  out  the  thick- 
ness  outward  signal  OUT,  said  signal  OUT  is 
counted  by  the  counter  43  of  the  broken-wire- 
electrode  discriminator  16,  the  thickness  outward 
signal  OUT  count  of  said  counter  43  is  integrally 
counted  until  the  thickness  inward  signal  IN  is 
delivered  from  the  detector  15,  integrally  counting 
the  predetermined  number  of  counts,  e.g.,  10, 
gives  out  a  signal,  the  flip-flop  44  is  set  to  supply 
the  broken-wire-electrode  signal  DANSEN  to  the 
wire  spark  machining  control  device  7,  and  control 
action  functions  for:  at  least  stopping  or  clamping 
the  wire  electrode  travel  and  movement,  or  machin- 
ing  stop  or  at  least  abeyance  for  machining  to  the 
machining  power  system  74,  machining  feed  driv- 
ing  circuit  7B,  working  fluid  supplying  circuit  7C 
and  the  like,  are  made  active.  With  this  embodi- 
ment,  in  the  case  od  the  shortest  time  until  the 
broken-wire-electrode  signal  DANSEN  is  delivered 
to  initiate  the  control  action  after  the  output  of  the 
first  thickness  outward  signal  OUT,  it  is  a  velocity 
of  after  fairly  shorter  time  than  about  100u.s,  for 
example,  even  for  detecting  the  wire  breakage  by 
the  sparking  position  detection,  controlling  and  the 
like,  e.g.,  after  such  as  the  pause  (OFF  10  times 
delay)  control  between  voltage  pulses,  it  can  be 
taken  to  be  a  short  time,  e.g.,  within  about  1ms  or 

thereabouts  at  longest,  and  therefore,  it  is  possible 
to  give  out  said  broken-wire-electrode  signal  in 
relatively  early  stage  where  the  digital  data  PD  of 
sparking  positions  mentioned  as  the  broken-wire 

5  area  of  the  wire  electrode  in  Fig.  8  have  entered  in 
the  area  V  vertically  scattering  at  random  beyond 
the  thickness.  Attention  is  now  directed  to  consid- 
eration  of  such  as  detected  data  of  sparking  posi- 
tions  at  the  time  of  the  break  of  the  wire  electrode 

io  or  thereabouts,  it  is  a  fact  that  when  a  break  to  the 
wire  electrode  is  involved,  its  end  segments  gam- 
bol  and  do  such,  so  that,  they  were  in  contact  with 
the  workpiece  2  and  adjacencies  of  portion  to  be 
machined,  and  other  parts  -  individual  parts  of  such 

is  as  the  inside  of  the  water-supply  and  guide  blocks 
which  usually,  a  water  supply  block  retained  a 
nozzle  whereby  the  wire  electrode  is  inserted 
through  in  coaxial  relation  and  a  working  fluid  is 
jetted  and  a  guide  block  retaining  a  guide  member 

20  for  positioning  the  wire  electrode  are  combinedly 
arranged  in  a  single  unit  -  and  the  like,  strike 
sparks  and  cause  such,  while,  the  portion  to  be 
machined,  i.e.,  the  wire  electrode  between  a  pair  of 
upper  and  lower  water-supply  and  guide  blocks  are 

25  being  slack  with  those,  and  also  the  interspace 
between  the  wire  electrode  and  each  feed  member 
is  in  relation  contacting  and  breaking  at  random 
from  a  steadyingly,  slidingly  contacted  running 
condition  of  that  before  its  break,  and  therefore,  the 

30  sparking  position  where  is  detected  as  the  position 
beyond  the  workpiece  thickness  in  such  condition 
may  be  optionally  an  opposingly  contacted  or  as- 
sociated  portion  of  the  wire  electrode  with  respect 
to  the  feeder  member  and  its  positional  data.  How- 

35  ever,  usually,  as  described  above,  when  the  upper 
or  lower  feeder  member  3  or  4  is  wearingly  de- 
formed  due  to  the  passage  of  machining  time,  and 
then  most  of  sparking  currents  of  sparking  pulses 
generated  at  the  portion  to  be  machined  flowed 

40  into  the  wire  electrode  through  the  feeder  member 
being  not  wearingly  deformed,  digital  data  of  spark- 
ing  thereat  are  detected  and  discriminated  as  the 
position  beyond  the  workpiece  thickness,  and  this 
is  a  matter  having  the  connection  to  the  principles 

45  of  the  invention  permitting  the  wear  detection  on 
involving  a  wear  to  the  feeder  members,  which  will 
be  disclosed  hereinafter. 

Fig.  10  is  a  longitudinal  section  showing  one 
example  of  the  upper  and  lower  water-supply  and 

50  guide  blocks  attached  to  said  upper  and  lower 
arms  or  to  the  work  head,  wherein  45  and  45'  are 
upper  and  lower  guide  blocks  having  an  inserting 
through  hole  in  the  traveling-axis  part  of  the  ma- 
chining  portion  of  the  wire  electrode,  46  and  46' 

55  are  upper  and  lower  water-supply  blocks  com- 
binedly  defining  a  passageway  with  said  guide 
blocks  45  and  45'  for  working  fluid  in  a  single  unit, 
47  and  47'  are  upper  and  lower  nozzles,  48  and  48' 
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are  upper  and  lower  nozzle  holders,  49  and  49'  are 
leading-in  and  leading-out  members  having  a 
water-cut  guide  whereinto  the  wire  electrode  is 
inserted  through  and  forming  inlet  and  outlet  pas- 
sages  for  the  wire  electrode,  50  and  50'  are  die- 
shaped  upper  and  lower  positioning  guide  mem- 
bers  arranged  at  the  end  parts  of  the  insertion 
through  holes  in  the  upper  and  lower  guide  blocks 
45  and  45',  3  and  4  are  upper  and  lower  feeder 
members  arranged  so  as  to  face  to  said  insertion 
through  holes,  51  and  51'  regulate  the  projecting 
condition  of  said  feeder  members  with  respect  to 
said  insertion  through  holes  in  said  feeder  mem- 
bers  3  and  4,  and  the  one  terminal  of  the  power 
system  7A  for  wire  spark  machining:  upper  and 
lower  current  carrying  members  jointly  used  as  the 
brushes  which  are  usually  connected  to  the  minus 
terminals,  and  52  and  52'  are  working  fluid  inlet 
ports  to  the  upper  and  lower  water  supply  and 
guide  blocks.  In  addition,  said  feeder  members  3 
and  4  are  formed  from  a  very  hard  and  wear- 
resisting  material  with  good  conductivity  usually 
compromising  powder  particles  of  tungsten  carbide 
pressurized,  compacted  and  sintered  using  cobalt 
and  the  like  as  a  binder,  and  as  their  shapes,  there 
are  different  kinds,  for  example,  of  so-called  pin- 
shaped  members  of  round  bar  and  the  like  and 
plate  or  block-shaped  members  of  triangle,  square 
and  the  like.  However,  in  this  embodiment,  there 
includes  the  arrangement  disposed  the  members 
formed  in  all  but  semicylinder  were  disposed  by 
inserting  in  such  a  manner  that  in  Fig.  10,  their  top 
part  sides  are  oriented  toward  the  insertion  through 
hole  side  and  intersect  the  space  at  right  angles, 
and  the  position  in  the  right-angled  direction  can  be 
adjusted  so  that  the  slidingly  contacted  contacting 
length  with  the  wire  electrode  1  can  be  made 
greater,  and  also  the  contacted  portion  with  the 
wire  electrode  1  can  be  changed  by  varyingly 
regulating  the  feeder  members  3  and  4  on  their 
wearing  and  the  like. 

Fig.  11  shows  each  one  example  of  structures 
of  the  parts  placed  in  the  block  compartments  45 
and  45'  of  said  upper  and  lower  feeder  members  3 
and  4,  and  is  a  figure  represented  the  portion 
perpendicular  to  the  wire  electrode  1  as  a  cross- 
sectional  view.  In  this  figure,  53  and  53'  are  pres- 
sure  members  for  positioning  and  receiving  the 
feeder  members  3  and  4,  besides  the  upper  mem- 
ber  53  has  a  cylinder  54  driven  system,  while,  the 
lower  pressure  members  53'  has  a  screw  and 
spring  driving  mechanism  54',  locating  the  receiv- 
ing  positions  for  the  feeder  members  3  and  4,  and 
on  automatically  inserting  to  tie  the  wire  electrode 
1,  the  pressure  member  53  is  automatically  con- 
trolled  in  such  manner  as  to  be  actuated  backward 
by  the  cylinder  54.  55  and  55'  are  energizing  on-off 
cylinders,  besides  the  feeder  members  3  and  4  are 

drivingly  regulated  as  cylinders  by  energizing 
members  51  and  51'  to  maintain  the  required 
slidingly  contacted  contacting  condition  with  the 
wire  electrode  1.  56  and  56'  are  feed  actuating 

5  bars  disposed  in  a  manner  as  to  be  opposingly 
contacted  so  that  upper  and  lower  feeder  member 
3  and  4  can  be  driven  in  the  axial  direction  of  the 
wire  electrode  1  and  in  the  right-angled  direction, 
besides  ratchet  gear  teeth  for  step  feeding  in  the 

io  axial  direction  and  engaging  are  formed  at  the 
predetermined  pitch,  and  feeding  pawls  58  and  58' 
actuated  by  feeding  cylinders  57  and  57'  and  back- 
ward  stopper  pawls  59  and  59'  are  being  engaged. 
Also  in  this  figure,  68/68'  and  66/60'  are  swinging 

is  fulcrums  for  feeding  cylinder  57  and  57'  and  back- 
ward  stopper  pawls  59  and  69'  respectively,  and 
61/61'  and  62/62'  are  pressure  springs  for  each.  In 
addition,  63,  64,  65,  66  and  67  are  directional 
control  valves  for  said  cylinders  57,  54,  55,  55'  and 

20  57'. 
Then  in  illustrated  relation,  in  the  case,  for 

example  where  the  contacted  portion  with  the  wire 
electrode  1  was  concluded  to  be  movingly  changed 
to  the  part  having  a  new  surface  in  response  to  the 

25  wear  detection  of  the  upper  and  lower  feeder  mem- 
bers  3  and  4,  activating  signals  are  entered  into 
valves  63  and  67  of  a  feeder  member  driver  7D 
from  the  wire  spark  machining  control  device  7,  the 
valves  63  and  67  are  switched  inversely  as  against 

30  the  illustrated  condition  to  actuate  cylinders  57  and 
57',  and  then,  in  the  case  of  an  illustration:  when 
pawls  58  and  58'  are  sent  off,  the  backward  stop- 
per  pawls  59  and  59'  rotatively  move  around  the 
fulcrums  60  and  60'  and  at  the  point  where  climbed 

35  over  crests  of  the  ratchet,  go  into  its  bottoms  due 
to  springs  62  and  62',  then,  while  the  feeding  pawls 
58  and  58'  allowing  the  cylinder  57  and  57'  to 
rotatively  move  around  the  fulcrums  68  and  68'  by 
switching  the  valves  63  and  67,  move  backward  by 

40  a  ratchet  tooth  to  go  into  the  next  bottoms,  and 
then  can  get  ready  for  a  next  feeding  drive  of  the 
actuating  bars  56  and  56'.  In  addition,  the  diameter 
of  the  wire  electrode  1  used  for  wire  spark  machin- 
ing  is  about  0.  2mm0  or  thereabouts,  and 

45  scratches  and  the  like  on  the  feeder  members  3 
and  4  damaged  and  worn  by  slidingly  contacted 
energizing  with  respect  to  said  wire  electrode  can 
be  accepted  by  moving  the  feeder  members  3  and 
4  about  1  mm  or  thereabouts  per  time  to  update  the 

50  slidingly  contacted  surface  portion,  and  the  ar- 
rangement  in  above  Fig.  11  permits  the  remedy  for 
wearing  of  the  feeder  member  of  several  times  or 
thereabouts. 

Fig.  12  is  a  block  diagram  showing  a  general 
55  arrangement  of  an  embodiment  of  the  second  de- 

vice  of  this  invention  added  the  arrangement  fur- 
ther  carrying  out  the  detection  and  discrimination 
for  the  case  measuring  as  a  wire  electrode  break- 
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ing  and  for  the  existence  of  a  cause  other  than  that; 
namely,  whether  attributing  to  wear  of  the  feeder 
member  or  not,  in  the  event  the  said  workpiece 
thickness  inward/outward  detector  15  for  spark- 
generating  positions  produced  a  sparking  pulse 
discriminated  as  the  position  beyond  the  thickness. 

This  will  be  disclosed:  with  respect  to  the  em- 
bodiment  arrangement  of  the  first  device  in  above 
Fig.  1,  when  the  first  thickness  outward  detected 
signal  OUT  after  a  thickness  inward  detected  signal 
IN  was  delivered  from  the  part  of  second  device, 
i.e.,  said  workpiece  thickness  inward/outward  de- 
tector  15  for  spark-generating  positions,  with  the 
feeder  member  wear  detector  70  wherein  the  out- 
put  from  the  output  terminal  QA  of  the  counter  43 
of  the  broken-wire-electrode  discriminator  16,  the 
output  signal  of  the  compared  result  from  the  up- 
per  and  lower  limit  comparators  36  and  37  for 
sparking  positions  of  said  thickness  inward/outward 
detector  15  are  entered,  and  as  well  as  a  wear 
detected  signal  MA  and  upper  and  lower  wear 
discriminating  signal  U/D  MAMO  delivered  by  said 
wear  detector  70,  the  feeder  wear  discriminating 
signal  MAMO  and  further  the  upper  and  lower 
discriminating  signal  are  given  out  in  the  event  said 
broken-wire-electrode  discriminator  16  does  not 
output  the  broken-wire-electrode  discriminating  sig- 
nal  DANSEN,  even  if  the  predetermined  period  of 
time  has  passed  after  the  output  of  said  thickness 
outward  detected  signal  OUT,  and  then  these  dis- 
criminating  signals  are  entered  into  the  wire  spark 
machining  control  device  7  to  display,  inform,  and 
if  further  necessary,  to  output  signals  to  the  feeder 
member  driver  7D  to  move  the  feeder  members  3 
and  4  by  a  very  small  distance  so  that  the  slidingly 
contacted  portions  of  said  feeder  members  3  and  4 
wherein  slidingly  contacting  with  the  wire  electrode 
1  are  renewed. 

Fig.  13  is  a  block  diagram  of  an  embodiment 
representing  details  of  compartments  of  said  feeder 
member  wear  detector  70  and  wear  discriminator 
80,  besides  the  compartment  of  said  wear  detector 
70  consists  of  two  RS  flip-flop  circuits  71  and  72, 
one-shot  pulse  circuit  73,  two  invertor  circuits  74 
and  75  and  four  AND-circuits  76,  77,  78  and  79, 
while,  the  wear  discriminator  80  consists  of  a  signal 
conditioner  81  for  feeder  member  wear  discrimina- 
tion  and  an  upper  and  lower  wear  discriminator  82. 

Then,  the  wear  detection  of  feeder  members  3 
and  4  is  carried  out  when  said  thickness 
inward/outward  detector  15  measured  the  digital 
data  A  on  detected  sparking  positions  of  generated 
sparking  pulses  as  over  the  data  B  on  the  upper 
limiting  position  of  the  set  thickness  through  the 
first  comparator  36,  or  as  below  the  data  B'  on  the 
lower  limiting  position  of  the  thickness  set  in  the 
second  comparator  7,  besides  a  signal  is  delivered 
from  either  one  of  said  first  and  second  compara- 

tors  36  and  37  and  signal  is  delivered  from  the 
other,  so  that,  the  AND-circuit  39  gives  out  no 
signal,  the  AND-circuit  41  gives  out  the  thickness 
outward  detected  signal  OUT  for  the  output  of  the 

5  delay  timing  pulse  CP2  from  the  pulse  generator 
38  at  this  time,  said  signal  OUT  is  counted  by  the 
counter  43  of  the  discriminator  16,  said  counter  43 
gives  out  a  signal  from  its  terminal  QA,  said  signal 
enters  into  the  flip-flop  71  of  the  wear  detector  70, 

io  and  the  wear  detected  signal  MA  is  delivered  from 
the  terminal  QA  to  the  signal  conditioner  81  of  said 
wear  discriminator  80  and  to  said  one-shot  pulse 
generator  73.  Said  one-shot  pulse  generator  73 
then  give  out  a  one-shot  pulse  signal  CP3  to  the 

75  AND-circuits  78  and  79  in  response  to  the  input 
tuning  on  said  wear  detected  signal  MA,  however, 
if  digital  data  A  on  the  detected  position  of  the 
generated  pulse  at  this  time  are  over  data  B  of  the 
upper  limiting  value  of  the  thickness  set  in  the  first 

20  comparator  36,  it  is  more  than  the  data  B'  on  the 
lower  limiting  position  in  the  second  comparator  37, 
so  that,  a  signal  of  over  the  limit  is  delivered  from 
the  AND-circuit  76  at  this  time,  and  an  upper  and 
lower  wear  (lower  wear)  signal  is  delivered  to  set 

25  the  flip-flop  72.  Therefore,  on  the  contrary,  when 
said  digital  data  A  is  below  data  B'  of  the  lower 
limit  of  the  thickness  set  in  the  second  comparator 
37,  it  will  be  below  the  data  B  of  the  upper  position 
in  the  first  comparator  36,  and  then,  at  this  time, 

30  the  AND-circuit  77  gives  out  a  signal  below  the 
limit,  giving  out  the  upper  and  lower  wear  (upper 
wear)  signal  from  the  AND-circuit  79  along  with 
said  pulse  signal  CP3  to  reset  the  flip-flop  72. 

Besides,  when  the  broken-wire  discriminating 
35  signal  DANSEN  is  delivered  from  the  broken-wire- 

electrode  discriminator  16  as  above  and  then  en- 
tered  after  the  wear  detected  signal  MA  is  entered 
from  the  flip-flop  71  of  said  wear  detector  70,  said 
signal  conditioner  81  for  feeder  member  wear  dis- 

40  crimination  gives  out  a  reset  signal  to  the  RS  flip- 
flop  circuit  71  of  said  wear  detector  70  without 
forming  a  discriminating  signal  on  wearing  and  the 
like  of  the  feeder  member  because  of  a  wire  elec- 
trode  break,  and  the  action  for  wear  detecting  is 

45  then  stopped  once  and  reset,  however,  in  the  event 
said  broken-wire  discriminating  signal  DANSEN  is 
not  delivered,  even  if  the  preset  desired  period  of 
time  (usually,  several  millimeter  seconds  or  there- 
abouts)  has  passed  after  the  output  of  said  wear 

50  detected  signal  MA  from  the  flip-flop  71  ,  the  signal 
conditioner  81  forms  a  wear  discriminating  signal 
MAMO,  measuring  that  the  wear  detected  signal 
MA  entered  in  advance  was  a  signal  based  on  the 
wear  detection  of  both  or  at  least  either  one  of 

55  feeder  members  3  and  4,  and  then,  gives  out  said 
wear  discriminating  signal  MAMO  to  sai  wire  spark 
machining  control  device  7  and  also  to  said  upper 
and  lower  wear  discriminator  82.  In  this  upper  and 
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lower  wear  discriminator  82,  a  detecting  signal  car- 
ried  out  the  upper  and  lower  wear  detection  by 
said  wear  detector  70  has  been  entered  from  the 
RS  flip-flop  72  when  said  wear  detected  signal  MA 
was  detected,  and  said  upper  and  lower  discrimina- 
tor  82  will  deliver  the  upper  and  lower  wear  dis- 
criminating  signal  taken  to  be  wearing  of  the  upper 
or  lower  feeder  member  to  the  control  device  as 
the  above  in  response  to  said  wear  discriminating 
signal  MAMO.  Then,  in  response  to  the  input  of  at 
least  either  one  of  two  signals  delivered  from  said 
feeder  member  wear  discriminator  80,  this  wire 
spark  machining  control  device  7  carries  out  both 
or  either  one  of  alarming  and  displaying,  or  de- 
pending  on  settings,  through  the  automatic  control 
or  operator  and  the  like  control  operations  after 
checking  the  display,  the  feeder  member  driver  7D 
is  activated  to  change  or  renew  slidingly  contacted 
feeding  portions  to  the  wire  electrode,  or  for  renew- 
ing  action  for  said  feeder  members,  for  example, 
after  stopping  once,  the  adaptive  control,  as  for 
gradually  returning  to  normal  machining,  is  carried 
out  by  the  program  and  like  preset  the  machining 
power  system  and  machining  action  functions. 

It  is  to  be  noted  that  for  the  wear  detection  and 
upper  and  lower  wear  discrimination  for  feeder 
members  3  and  4  described  hereabove,  the  work- 
piece  thickness  outward  detected  signal  OUT  caus- 
ed  the  output  of  the  terminal  QA  is  not  really 
contacted  energizing  or  a  nearby  spark  across  the 
broken  ends  and  the  like  of  the  wire  electrode  1 
and  parts  beyond  the  portion  to  be  machined  at  the 
location  far  from  the  workpiece  2  based  on  its 
complete  break,  for  example,  due  to  the  wearing 
deformation  exceeding  a  certain  limit  of  the  upper 
feeder  member  3,  a  sliding  contact  between  the 
upper  feeder  member  3  and  the  wire  electrode  1 
did  fail,  the  sparking  current  of  said  sparking 
pulses  was  conducted  almost  only  from  the  lower 
feeder  member  4,  and  then  digital  data  of  the 
sparking  position  were  progressed  like  they  have 
been  detected  and  measured  as  the  position  be- 
yond  the  workpiece  thickness  lower  limit,  and  in 
this  case,  there  is  measured  that  caused  wear  to 
the  feeder  member  and  the  wear  is  being  involved 
to  the  upper  feeder  member  3. 

Industrial  Applicability:  As  above,  according 
to  the  wire  cut  electrical-discharge  machining  ap- 
paratus  of  the  invention,  it  was  arranged  so  that  for 
the  sparking  position  of  generated  sparking  pulses 
in  the  axial  direction  of  the  wire  electrode,  whereto 
they  appertain,  workpiece  thickness  inward  or  out- 
ward,  is  detected,  and  when  the  number  of  spark- 
ing  pulses  generated  beyond  the  thickness  or  the 
frequency  of  occurrence  has  exceeded  the  pre- 
determined  level,  discrimination  against  wire  elec- 
trode  breaking  is  carried  out,  so  that,  the  quick  and 
reliable  detection  and  discrimination  of  wire  elec- 

trode  breaking  allows  the  prevention  of  the  work- 
piece,  working  fluid  nozzle,  and  feeder  and  travel- 
ing  systems  for  the  wire  electrode  against  doing 
malfunction  and  damage. 

5  In  addition,  according  to  the  wire  cut  electrical- 
discharge  machining  apparatus  of  the  invention,  it 
was  arranged  so  that  when  said  sparking  pulses 
were  generated  at  the  position  beyond  the  work- 
piece  thickness,  it  is  detected  to  logically  measure, 

io  and  besides,  the  detection  and  discrimination  of 
the  wear  of  the  feeder  member  is  carried  out  in  the 
case  wherein  causing  no  accident  in  wire  electrode 
breaking,  so  that,  this  permits  the  wear  detection 
with  reliability,  and  also  discrimination  against  to 

is  which  feeder  member  the  wear  appertain,  upper  or 
lower,  and  then,  it  is  possible  to  provide  measures 
and  improve  the  machining  performance. 

20 
Claims 

1.  A  wire  cut  electrical-discharge  machining  ap- 
paratus  comprising:  in  wire  cut  electrical-dis- 
charge  machining  wherein  the  wire  electrode  is 
renewedly  moved  in  the  axial  direction  in  con- 

25  ditions  contacted  with  the  upper  and  lower 
feeder  members  and  guide  members  dispos- 
ing  on  both  sides  of  the  workpiece,  machining 
is  carried  out  by  sparking  pulses  generated  by 
impressing  intermittent  voltage  pulses  in  con- 

30  ditions  intervened  a  working  fluid  in  the  ma- 
chining  gap  formed  by  mutually  opposing  the 
wire  electrode  between  said  guide  members  to 
the  workpiece;  and  the  sparking  position  of 
said  sparking  pulses  or  predeterminately  sam- 

35  pled  sparking  pulses  is  detected,  current  com- 
parators  detecting  the  current  value  flowing 
into  both  or  either  one  of  said  feeder  members 
due  to  sparking  pulses  generated  on  an  im- 
pressed  basis  of  said  voltage  pulses,  a  spark- 

40  position  detecting  means  amplifying  output 
signals  from  said  current  comparators  and  giv- 
ing  out  signals  corresponded  to  the  sparking 
position  in  the  axial  direction  of  the  wire  elec- 
trode  between  said  a  pair  of  feeder  members, 

45  a  spark-generating  position  digital  data 
arithmetic  unit  converting  output  signals  from 
said  spark-position  detecting  means  into  digital 
data  as  the  information  about  spark-generating 
positions  in  the  axis  direction  of  said  wire 

50  electrode  to  give  out,  adjusters  setting  the  digi- 
tal  data  values  equivalent  to  upper  and  lower 
thicknesses  as  the  upper  and  lower  limiting 
values,  taking  the  output  digital  data  value  of 
said  spark-generating  position  digital  data 

55  arithmetic  unit  when  a  spark  pulse  was  gen- 
erated  at  the  almost  central  position  of  a  thick- 
ness  in  the  axial  direction  of  the  wire  electrode 
of  the  workpiece  provided  the  object  for  said 
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machining  as  reference,  and  further  a  work- 
piece  thickness  inward/outward  detector  for 
sparking  positions  giving  out  said  workpiece 
thickness  outward  spark  positional  signal  when 
digital  data  of  the  spark-generating  position  5 
delivered  from  said  arithmetic  unit  with  the 
generation  of  said  sparking  pulse  in  said  ma- 
chining  gap  with  machining  are  out  of  digital 
data  values  of  less  than  the  upper  limit  and  of 
more  than  the  lower  limit  predetermined  by  10 
said  upper  and  lower  limiting  value  adjusters, 
and  a  broken-wire-electrode  discriminator  giv- 
ing  out  a  broken-wire-electrode  signal  when 
said  workpiece  thickness  outward  spark  posi- 
tional  signal  delivered  by  said  detector  ex-  is 
ceeded  the  predetermined  amount. 

The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  claim  1  comprising 
upper  and  lower  peak  holding  circuits  detect-  20 
ing  and  holding  the  peak-current  values  de- 
tected  by  the  upper  and  lower  current  com- 
parators  every  time  a  sparking  pulse  is  cre- 
ated,  a  difference  amplifier  as  a  spark-position 
detecting  means  extracting  the  difference  of  25 
peak-current  values  held  by  said  peak  holding 
circuits  to  deliver  a  signal  corresponded  to  the 
sparking  position,  and  a  delay  timing  circuit  for 
a  gate  termination  signal  which  is  additionally 
disposed  to  said  spark-generating  position  30 
digital  data  arithmetic  unit  to  be  in  back  of  a 
very  short  time  after  the  termination  of  the  gate 
signal  of  said  sparking  pulse  when  converting 
the  output  value  of  said  difference  amplifier  to 
digital  data  as  the  information  about  the  spark-  35 
generating  positional  signal  every  time  a  spark- 
ing  pulse  is  created. 

The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  claim  2  comprising:  40 
when  the  spark  positional  signal  obtained  by 
said  difference  amplification  is  supplied  to  said 
arithmetic  unit  to  convert  to  digital  data  of  the 
spark-generating  position,  an  amplification  fac- 
tor  of  the  inversed  amplification  circuit  where-  45 
by  said  spark  positional  signal  is  amplified 
according  to  predetermined  working  conditions 
concerning  a  magnitude  of  the  sparking  pulse 
width  is  arranged  in  a  manner  as  to  be  re- 
newedly  set.  so 

The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  one  of  claims  1  -  3 
comprising:  said  workpiece  thickness 
inward/outward  detector  for  sparking  positions  55 
is  arranged  in  a  manner  as  to  be  able  to  give 
out  the  workpiece  thickness  inward  spark  posi- 
tional  signal  when  digital  data  of  the  spark- 

generating  position  delivered  from  said 
arithmetic  unit  is  within  the  digital  data  value  of 
less  than  the  upper  limit  and  of  more  than 
lower  limit  predetermined  by  said  upper  and 
lower  limiting  value  adjusters,  and  further  said 
broken-wire-electrode  discriminator  possesses 
a  counter  whereby  said  thickness  inward  spark 
positional  signals  and  thickness  outward  spark 
positional  signal  are  entered,  said  counter  is 
arranged  so  that  it  integrally  counts  said  thick- 
ness  outward  spark  positional  signal,  while 
clears  the  count  of  said  integrated  thickness 
outward  spark  positional  signals  in  response  to 
the  input  of  said  thickness  inward  spark  posi- 
tional  signal,  and  when  the  number  of  inte- 
grated  counts  of  said  thickness  outward  spark 
positional  signals  reached  the  predetermined 
amount,  a  broken-wire-electrode  signal  is  given 
out  to  the  wire  cut  electrical-discharge  machin- 
ing  control  unit. 

5.  The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  one  of  claims  1  -  4 
comprising  a  device  giving  out  a  feeder  mem- 
ber  wear  detecting  signal  in  response  to  the 
detected  output  of  said  workpiece  thickness 
outward  spark  positional  signal,  or  when  the 
detected  output  amount  reached  the  predeter- 
mined  amount  of  a  fairly  smaller  value  than 
that  in  said  broken-wire-electrode  discrimina- 
tor,  and  a  unit  carrying  out  feeder  member 
wear  discrimination  in  response  to  the  input  of 
a  wear  detected  signal  from  said  device,  which 
gives  out  the  feeder  member  wear  discriminat- 
ing  signal  when  no  broken-wire-electrode  sig- 
nal  is  delivered  from  said  broke-wire-electrode 
discriminator,  even  if  the  predetermined  time 
has  passed  after  the  input  of  said  wear  de- 
tected  signal. 

6.  The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  claim  5  comprising: 
said  feeder  member  wear  detector  possesses 
a  logic  circuit  giving  out  the  upper  or  lower 
wear  detected  signal  in  response  to  two  thick- 
ness  outward  spark  positional  signal  and  said 
feeder  member  wear  detected  signal  delivered 
by  said  workpiece  thickness  inward/outward 
detector,  and  further  said  feeder  member  wear 
discriminator  possesses  a  unit  giving  out  the 
upper  or  lower  wear  discriminating  signal  to  a 
displaying  or  informing  means  of  the  wire  cut 
electrical-discharge  machining  control  unit  in 
response  to  said  wear  discrimination  signal 
and  said  logic  circuit  signal. 

7.  The  wire  cut  electrical-discharge  machining 
apparatus  as  set  forth  in  one  of  claims  1  -  6 
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comprising:  a  feeder  member  driver  whereby 
the  slidingly  contacted  energizing  position  of 
feeder  members  to  the  wire  electrode  is  re- 
newed  through  the  movements  of  feeder  mem- 
bers,  delivering  said  feeder  member  wear  dis-  5 
criminating  signal  or  further  said  upper  or  low- 
er  wear  discriminating  signals  to  said  wire  cut 
electrical-discharge  control,  which  is  arranged 
in  a  manner  as  to  be  actuated. 
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