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Description 

The  present  invention  relates  to  electric  dis- 
charge  machining  apparatus  comprising  a  tank 
having  one  or  more  compartments  containing  elec- 
tric  discharge  machining  dielectric; 
first  dielectric  filtering  means  disposed  in  a  liquid 
communication  path  connecting  said  tank  and  an 
electric  discharge  machining  tank  for  filtering  an 
electric  discharge  machining  dielectric  used  for 
roughing  operations;  and 
second  dielectric  filtering  means  for  filtering  elec- 
tric  discharge  machining  dielectric  used  for  finish- 
ing  operations; 

In  the  EDMing  arts,  it  is  well  known  to  perform 
melt  processing  or  heat  treatment  on  a  workpiece 
made  of  an  electrically  conductive  material,  e.  g., 
metal,  by  utilizing  the  high-temperature  energy 
generated  in  an  electridal  discharge  path.  The  dis- 
charge  gap  is  filled  with  dielectric  having  electrical 
insulation  characteristics  to  obtain  the  electrical  in- 
sulation  required  for  discharge.  Usually  an  oil  or 
oil/water  mixture  is  used  as  the  dielectric.  Besides 
obtaining  electrical  insulation,  the  dielectric  func- 
tions  to  remove  chips  produced  during  the  machin- 
ing  process  and  to  remove  the  resultant  heat  from 
the  machining  site,  thereby  acting  as  an  important 
factor  in  maintaining  stable  EDMing. 

Japanese  patent  application  No.  1990-15813, 
which  is  owned  by  the  assignee  of  the  present 
patent  application,  teaches  that  mixing  the  dielec- 
tric  with  certain  kinds  of  materials  in  the  form  of 
powders  of  approximately  10  to  40  urn  in  particle 
diameter,  to  a  mixing  density  of  around  20  g/liter, 
improves  the  stability  of  discharge.  Depending  on 
the  material,  the  powder  dielectric  acts  to  upgrade 
mechanical  characteristics,  e.g.,  corrosion  resis- 
tance  and  wear  resistance,  of  the  EDM  electrode 
and  the  workpiece  surface.  In  addition  to  the  re- 
moval  of  material  (e.g.,  metal)  from  the  workpiece, 
EDMing  allows  the  metal  to  be  surface-treated.  The 
powder  materials  used  include  semiconductor  ma- 
terials,  e.g.,  silicon  (Si),  zinc  oxide  (ZnO),  zinc 
dioxide  (ZnCfe),  silicon  dioxide  (SiCfe),  tungsten  car- 
bide  (WC)  and  zirconium  boride  (ZrB2),  and  fine 
ceramic  materials,  i.e.,  carbide  and  boride. 

It  has  been  proposed  to  machine  a  workpiece 
or  form  a  surface  layer  thereon  by  mixing  such 
materials  in  powder  form  into  the  dielectric.  This 
proposal  would  vastly  expand  the  application  range 
of  EDM.  The  problem  is  to  provide  for  practical 
implementation  of  the  proposal.  Specifically,  one 
goal  is  to  design  an  apparatus  for  efficiently  treat- 
ing  the  dielectric  used  in  EDMing. 

One  dielectric  treating  apparatus  for  an  EDM 
according  to  the  background  art  is  seen  in  Figure 
23.  There  an  electrode  1  and  a  workpiece  2  are 
submerged  in  a  dielectric  within  an  EDMing  tank  3. 

A  dielectric  tank  4  is  connected  to  tank  3  and 
receives  the  dielectric  drained  from  the  bottom  of 
tank  3  via  valve  10.  The  drained  dielectric  may 
contain  roughing  chips  5  generated  during  rough- 

5  ing  EDM  operations,  finishing  chips  6  generated 
during  finishing  EDM  operations  and  a  powdered 
semiconductor  material  7,  such  as  silicon,  as  men- 
tioned  above.  A  tank  8  contains  dielectric,  supplied 
from  tank  4  via  pump  14  and  filter  12,  and  receives 

io  raw  powder  from  powder  material  supplier  9.  A 
pump  13  operates  to  supply  dielectric  from  dielec- 
tric  tank  4  via  filter  11  to  the  EDMing  tank  3.  The 
filters  11  and  12  are  operative  to  remove  chips 
from  the  dielectric  pumped  by  pumps  13  and  14, 

75  respectively.  The  suspended  powder  is  removed  as 
well.  A  pump  15  supplies  dielectric  from  the  tank  8 
to  a  discharge  gap  between  the  workpiece  2  and 
electrode  1  in  tank  3. 

Operation  of  the  EDM  as  above  constructed 
20  can  be  understood  with  reference  to  Figure  23.  In 

an  ordinary  roughing  process,  the  workpiece  2  in- 
stalled  in  the  EDMing  tank  3  is  EDMed  by  elec- 
trical  discharges  in  a  discharge  gap  formed  be- 
tween  the  electrode  1  and  the  workpiece  2.  In  this 

25  process,  chips  5  will  be  produced  which  will  be 
suspended  in  the  dielectric  in  the  dielectric  tank  4. 
The  chips  5  so  formed  during  the  machining  pro- 
cess  will  be  carried  to  tank  4  via  valve  10  when  the 
dielectric  is  recirculated.  The  chip  and  dielectric 

30  suspension  is  then  pumped  by  pump  13  to  filter  11 
wherein  the  chips  and  any  powders  are  removed 
and  the  reclaimed  dielectric  is  circulated  back  into 
the  EDMing  tank  3.  When  surface  treatment,  and 
the  like,  is  to  be  carried  out  by  finishing  machining 

35  after  roughing,  clean  dielectric  mixed  with  the  pow- 
der  materials  7  from  supplier  9  in  tank  8  is  pumped 
by  the  pump  15  from  the  tank  8  to  the  discharge 
gap  formed  by  the  electrode  1  and  the  workpiece 
2.  At  the  same  time,  dielectric  in  tank  4,  having  a 

40  suspension  of  chips  and  powder  materials  7,  is 
pumped  from  the  dielectric  tank  4  into  the  tank  8 
via  filter  12,  in  order  to  remove  any  chips  and 
powder.  The  powder  materials  7  consumed  by 
EDMing  and  filtering  are  replaced  by  powder  from 

45  the  powder  material  supplier  9,  which  is  operated 
to  automatically  supply  the  powder  materials  7  to 
the  tank  8. 

As  mentioned  above,  the  powder  materials  and 
the  chips  are  treated  together  in  the  prior  art  EDM 

50  which  does  not  consider  the  separation  of  the  chips 
from  the  powder  materials.  In  addition,  when  finish- 
ing  is  performed,  especially  when  accompanied  by 
surface  treatment,  after  a  roughing  step  which  pro- 
duces  numerous  chips,  finishing  accuracy  is  great- 

55  ly  influenced  by  the  numerous  chips  contained  in 
the  finishing  dielectric.  It  is  therefore  necessary  to 
continuously  filter  out  the  chips  in  the  prior  art. 
Finally,  since  the  powder  materials  are  removed 
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from  the  dielectric  with  the  chips  by  the  filtering 
process  and  then  discarded,  a  large  quantity  of 
powder  materials  is  consumed,  which  results  in 
cost  disadvantages. 

From  EP  0  286  686  A1  a  processing  liquid 
supply  control  system  for  wire-cut  electric  dis- 
charge  machines  is  known  which  comprises  dielec- 
tric  containing  means  for  containing  electric  dis- 
charge  machining  dielectric;  first  dielectric  filtering 
means  disposed  in  a  liquid  communication  path 
and  a  tank  for  performing  the  electric  discharge 
machining;  first  dielectric  filtering  means  for  filter- 
ing  a  first  dielectric  on  the  roughing  operation  and 
second  dielectric  filtering  means  for  filtering  a  sec- 
ond  dieelectric  afterelectric  discharge  machining 
with  said  second  dielectric. 

It  is  the  object  of  the  present  invention,  to 
provide  an  electric  discharge  machining  apparatus 
which  allows  to  filter  and  store  powder  material  for 
re-use  with  a  simple  apparatus. 

In  order  to  solve  this  object,  according  to  the 
present  invention  it  is  proposed  that  said  second 
dielectric  filtering  means  comprises  bidirectional  fil- 
ter  means  operative  to  filter  particle  material  from 
said  dielectric  in  response  to  dielectric  flow  in  a 
first  direction,  and  operative  to  return  previously 
filtered  particle  material  to  said  dielectric  in  re- 
sponse  to  dielectric  flow  in  a  second  direction 
opposite  to  said  first  direction. 

The  present  invention  allows  to  reduce  the 
consumption  of  powder  materials  and  allows  the 
same  powder  materials  to  be  re-used  over  a  long 
period  of  time. 

One  or  more  dielectric  tanks,  each  having  one 
or  more  compartments,  are  connected  to  an  ED- 
Ming  tank  by  pipes,  defining  input  and  output  di- 
electric  paths  and  having  selectively  placed  therein 
pumps  and  control  valves.  Filters  also  may  be 
added  for  removel  of  particles  suspended  in  the 
dieelectric. 

In  one  embodiment,  a  roughing  tank  and  a 
finishing  tank  are  used  for  containing  dielectric 
during  respective  roughing  and  finishing  oper- 
ations.  The  roughing  tank  may  have  plural  compart- 
ments  for  storing  dielectric  from  the  EDMing  tank. 
The  waste  particles  in  the  dielectric  may  be  filtered 
before  being  discharged  into  the  roughing  tank  or 
may  be  directed  to  a  first  compartment  in  the 
roughing  tank  for  storage  prior  to  filtering  and  stor- 
age  in  a  second  compartment.  A  separate  tank  for 
storing  dielectric  used  during  finishing  operations 
may  be  preferred  in  order  to  minimize  chip  con- 
tamination.  The  dielectric  in  the  tank  may  be  fil- 
tered  to  remove  contaminants  and  deteriorated 
finishing  powders.  The  roughing  and  finishing  tanks 
may  be  combined  into  a  single  tank  having  plural 
compartments. 

A  single  tank,  having  a  single  compartment  is 
used  in  a  further  embodiment.  During  a  roughing 
operation,  filtering  of  contaminants  suspended  in 
the  discharge  from  the  EDMing  tank  occurs  prior  to 

5  storage  of  the  dielectric  in  the  tank.  A  filter  loop 
with  input  and  output  paths  containing  a  bidirec- 
tional  filter  also  can  be  used  to  filter  powders  that 
are  in  the  stored  dielectric.  During  a  finishing  op- 
eration,  the  EDMing  tank  is  discharged  directly  into 

io  the  single  tank.  At  the  end  of  the  finishing  opera- 
tion,  the  powder  may  be  removed  by  the  bidirec- 
tional  filter  and  stored  therein  while  the  dielectric  is 
reused  for  the  roughing  operation.  The  subsequent 
finishing  operation  is  conducted  by  backwashing 

is  the  filter  with  clean  dielectric  to  wash  the  powder 
back  into  the  dielectric. 

A  filter  may  be  selectively  connected  into  the 
dielectric  supply  path  between  the  dielectric  tank 
and  the  EDMing  tank  and  used  to  remove  con- 

20  taminants. 
Various  combinations  of  inputs,  discharge  and 

filter  paths  may  be  used  with  various  designs  of 
dielectric  tanks,  having  one  or  more  compartments, 
in  order  to  meet  particular  operational  require- 

25  ments. 
The  operation  of  valves  and  filters  in  the  dis- 

closed  invention  can  occur  automatically,  in  re- 
sponse  to  the  output  from  various  detectors,  posi- 
tioned  to  identify  respective  system  parameters. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  for  an  EDM  according  to  a 

35  first  embodiment  of  the  present  invention. 
Figures  2  to  4  illustrate  a  configuration  of  a 

dielectric  treating  apparatus  shown  in  Figure  1  . 
Figure  5  illustrates  a  configuration  of  a  dielec- 

tric  treating  apparatus  according  to  a  second  em- 
40  bodiment  of  the  present  invention. 

Figure  6  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  a  third  embodi- 
ment  of  the  present  invention. 

Figure  7  illustrates  a  configuration  of  a  dielec- 
45  trie  treating  apparatus  according  to  a  fourth  em- 

bodiment  of  the  present  invention. 
Figures  8  to  10  illustrate  operations  of  the 

dielectric  treating  apparatus  according  to  a  fifth 
embodiment  of  the  present  invention. 

50  Figure  1  1  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  the  fifth  em- 
bodiment  of  the  present  invention. 

Figure  12  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  a  sixth  embodi- 

55  ment  of  the  present  invention. 
Figure  13  illustrates  a  configuration  of  a  dielec- 

tric  treating  apparatus  according  to  a  seventh  em- 
bodiment  of  the  present  invention. 

3 
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Figures  14  to  16  illustrate  operations  of  the 
dielectric  treating  apparatus  shown  in  Figure  13. 

Figure  17  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  an  eighth  em- 
bodiment  of  the  present  invention. 

Figure  18  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  a  ninth  embodi- 
ment  of  the  present  invention. 

Figures  19  to  21  illustrate  operations  of  the 
dielectric  treating  apparatus  shown  in  Figure  18. 

Figure  22  illustrates  a  configuration  of  a  dielec- 
tric  treating  apparatus  according  to  a  tenth  embodi- 
ment  of  the  present  invention. 

Figure  23  illustrates  a  configuration  of  an  EDM 
equipped  with  a  conventional  dielectric  treating  ap- 
paratus. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Figure  1  illustrates  the  configuration  of  a  di- 
electric  treating  apparatus  for  an  EDM  according  to 
a  first  embodiment  of  the  present  invention.  Fig- 
ures  2  to  4  illustrate  operations  of  the  apparatus 
shown  in  Figure  1  .  Parts  in  these  drawings  identical 
to  or  corresponding  to  those  of  the  conventional 
apparatus  in  Figure  23  are  designated  by  identical 
reference  characters  and  the  explanation  of  their 
operation  will  not  be  repeated. 

In  Figure  1,  several  dielectric  containers  are 
used,  including  a  roughing  dielectric  tank  20  having 
a  dirty  dielectric  compartment  21  for  containing 
dirty  dielectric  recovered  from  the  EDMing  tank  3 
and  a  clean  dielectric  compartment  22  for  contain- 
ing  clean  dielectric  obtained  by  filtering  the  dirty 
dielectric  in  the  dirty  dielectric  compartment  21, 
and  a  finishing  dielectric  tank  23.  Several  control 
valves  10  and  24-26  are  used  in  the  apparatus, 
control  valves  10  and  26  being  employed  in  drains 
used  during  roughing  and  finishing  operations,  re- 
spectively.  The  roughing  and  finishing  drains  from 
the  EDMing  tank  3  recover  the  dielectric  and  direct 
it  into  the  tanks  20  and  23,  respectively.  A  pump 
27  is  provided  for  the  roughing  dielectric  tank  20 
and  connects  the  clean  dielectric  compartment  22 
of  tank  20  to  the  EDMing  tank  3  via  the  control 
valve  24.  A  pump  28  is  used  to  draw  dielectric 
having  a  suspension  of  roughing  chips  from  the 
dirty  dielectric  compartment  21  and  provide  the 
dielectric  to  the  clean  dielectric  compartment  22 
via  a  filter  29. 

A  pump  30  is  provided  for  the  finishing  dielec- 
tric  tank  23  and  connects  the  tank  23  to  the  ED- 
Ming  tank  3  via  the  control  valve  25.  A  pump  31  is 
employed  for  batch  treatment  of  the  dielectric  in 
the  finishing  dielectric  tank  23  so  as  to  remove  the 
powder  materials  and  chips  in  the  finishing  dielec- 
tric  tank  23  via  the  filter  12. 

Operation  of  the  first  embodiment  of  the 
present  invention  will  now  be  described  with  refer- 
ence  to  the  drawings.  Figure  2  illustrates  a  se- 
quence  of  the  dielectric  flow  during  roughing.  The 

5  dielectric  in  the  clean  dielectric  compartment  22  of 
the  roughing  dielectric  tank  20  is  drawn  by  the 
pump  27  and  introduced  into  the  EDMing  tank  3. 
The  dielectric  in  the  EDMing  tank  3  becomes  dirty 
due  to  chips  formed  during  the  roughing  operations 

io  and  is  returned  into  the  dirty  dielectric  compart- 
ment  21  of  the  roughing  dielectric  tank  20  by  the 
control  valve  10.  The  dielectric  with  roughing  chips 
5  is  drawn  by  the  pump  28  to  the  filter  29  and,  as  a 
result,  clean  dielectric  is  supplied  for  storage  in  the 

is  clean  dielectric  compartment  22.  The  roughing 
chips  5  are  filtered  during  roughing  continually  or 
intermittently  so  that  the  clean  dielectric  free  of  the 
roughing  chips  5  is  always  supplied  to  the  EDMing 
tank  3  during  a  roughing  operation. 

20  The  sequence  of  the  dielectric  flow  during 
finishing  will  now  be  described  according  to  Figure 
3.  The  finishing  dielectric  used  as  the  dielectric  in 
the  finishing  dielectric  tank  23  is  selected  to  have 
excellent  finishing  characteristics,  particularly  when 

25  mixed  with  the  powder  materials  7  by  an  operator 
or  by  the  powder  material  supplier  9.  This  dielectric 
is  drawn  from  tank  23  by  the  pump  30  and  is 
supplied  to  the  EDMing  tank  3  and  the  discharge 
gap.  The  dielectric  used  for  finishing  is  recovered 

30  from  the  EDMing  tank  3  to  the  finishing  dielectric 
tank  23  through  the  drain  control  valve  26. 

Generally,  the  powder  materials  7  thus  mixed 
in  the  dielectric  are  used  repeatedly  for  EDMing. 
However,  if  EDMing  is  repeated  for  a  long  period  of 

35  time,  the  chips  6  in  the  dielectric  increase  in  num- 
ber  and  the  powder  materials  deteriorate,  leading 
to  degraded  EDMing  characteristics.  To  prevent 
this,  the  pump  31  is  operated  periodically  during 
ordinary  finishing  as  shown  in  Figure  4  to  filter  out 

40  the  degraded  powder  materials  7  and  the  chips  6 
for  removal.  This  removal,  however,  need  be  car- 
ried  out  only  every  several  hundred  hours  on  a 
batch  treatment  basis  because  the  powder  materi- 
als  7  have  a  relatively  long  life  and  only  a  small 

45  amount  of  chips  6  are  generated  during  finishing. 
After  being  cleared  of  the  powder  materials  7,  the 
clean  dielectric  accumulated  in  the  finishing  dielec- 
tric  tank  23  is  supplied  with  new  powder  materials 
7  by  the  operator  or  the  powder  material  supplier  9 

50  for  use  as  new  finishing  dielectric. 
Figure  5  illustrates  a  configuration  of  a  second 

embodiment  of  the  present  invention  which  is  pro- 
vided  with  a  chip  density  sensor  32  in  the  finishing 
dielectric  container,  e.g.,  tank  23,  so  as  to  auto- 

55  matically  remove  the  chips  6  and  change  the  pow- 
der  materials  7.  The  second  embodiment  allows 
the  powder  materials  7  to  be  batch-changed  auto- 
matically  in  accordance  with  the  EDMing  amount. 

4 
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In  addition,  since  the  degree  of  deterioration  of  the 
powder  materials  7  is  inversely  related  to  particle 
diameter  of  the  powders  (the  particle  size  de- 
creases  with  use),  the  finishing  dielectric  tank  23 
may  be  provided  with  a  powder  particle  diameter 
sensor,  or  a  particle  size  distribution  measuring 
device  33  for  optically  measuring  the  number  of 
powder  particles  contained  per  unit  volume,  or  the 
like,  to  automatically  control  filtering  and/or  addition 
of  the  powder  materials  7. 

While  the  roughing  dielectric  tank  20  and  the 
finishing  dielectric  tank  23  are  provided  separately 
in  each  of  the  first  and  the  second  embodiments, 
the  same  effect  may  be  produced  by  providing  one 
dielectric  container  having  a  plurality  of  compart- 
ments,  instead  of  two  dielectric  containers.  Figure  6 
illustrates  a  configuration  of  a  third  embodiment  of 
the  present  invention,  using  a  single  tank  but  pro- 
viding  several  compartments  so  that  the  roughing 
and  finishing  dielectrics  are  not  mixed  with  each 
other. 

Figure  7  illustrates  the  configuration  of  a  fourth 
embodiment  of  the  present  invention,  and  Figures 
8  to  10  illustrate  operation  of  the  embodiment  in 
Figure  7.  The  parts  in  these  drawings  identical  or 
corresponding  to  those  of  the  art  in  Figure  23  are 
specified  by  identical  reference  characters  and  an 
explanation  thereof  will  not  be  repeated. 

In  Figures  7-10,  a  single  dielectric  container, 
e.g.,  a  tank,  is  connected  to  receive  dielectric 
drained  from  EDMing  tank  3.  A  pump  44  is  em- 
ployed  for  the  drained  dielectric  and  is  connected 
in  the  drainage  path  from  tank  3  to  the  dielectric 
tank  40  via  the  sludge  filter  45  and  the  drained 
dielectric  bypass  46.  Control  valves  41  and  42  are 
employed  in  the  drainage  path  during  roughing  and 
finishing,  respectively.  The  two  valves  are  used  to 
direct  the  dielectric  drained  from  the  EDMing  tank 
3  and  recovered  into  the  dielectric  tank  40  to  the 
EDMing  tank  3.  During  a  roughing  operation,  valve 
42  is  closed  and  valve  41  is  open,  thereby  direct- 
ing  the  dielectric  to  filter  45  where  it  is  cleaned  of 
debris  and  released  to  tank  40.  A  pump  43  is 
provided  to  direct  dielectric  in  the  dielectric  tank  40 
to  the  EDMing  tank  3. 

During  a  finishing  operation,  pump  44  directs 
dielectric  via  open  valve  42  into  tank  40  from  which 
it  is  pumped  by  pump  43  back  into  tank  3.  Pump 
47  may  be  used  to  draw  dielectric  from  tank  40  to 
bidirectional  filter  48.  Filter  48  can  remove  powder 
materials  when  they  are  present  in  the  finishing 
dielectric  tank. 

Further,  a  pump  49  is  employed  to  draw  di- 
electric  from  tank  40  and  backwash  the  powder 
materials  7  collected  in  filter  48.  This  process  will 
mix  the  powder  materials  7  collected  in  the  filter  48 
into  the  dielectric  in  the  dielectric  tank  40  by  flow- 
ing  the  dielectric  in  a  direction  opposite  to  that  of 

the  pump  47. 
Operation  of  the  fourth  embodiment  will  now  be 

described  in  reference  to  the  drawings.  Figure  8 
illustrates  the  sequence  of  the  dielectric  flow  during 

5  roughing.  The  dielectric  in  the  dielectric  tank  40  is 
drawn  by  the  pump  43  and  directed  into  the  ED- 
Ming  tank  3.  The  dielectric  in  the  EDMing  tank  3  is 
discharged  by  the  drain  pump  44,  delivered  via  the 
drain  control  valve  41  to  the  filter  45,  where  it  is 

io  cleared  of  the  roughing  chips  5,  and  recovered  into 
the  dielectric  tank  40.  The  roughing  chips  5  are 
filtered  off  during  roughing  either  at  all  times  or 
intermittently  so  that  the  drained  dielectric  is  al- 
ways  recovered  into  the  dielectric  tank  40  after  it 

is  has  been  cleaned  of  the  roughing  chips  5.  As  a 
result,  clean  dielectric  free  of  the  roughing  chips  5 
is  always  supplied  to  the  EDMing  tank  3  and  used 
for  roughing. 

A  sequence  of  the  dielectric  flow  during  finish- 
20  ing  will  now  be  described  according  to  Figure  9. 

Prior  to  the  finishing  operation,  the  pump  49  is 
operated  to  backwash  the  filter  48  and  mix  the 
powder  materials  7  accumulated  in  the  filter  48  into 
the  dielectric  tank  40.  Once  the  dielectric  is  fully 

25  mixed  with  the  powder  materials  7  it  is  drawn  by 
the  pump  43  and  supplied  to  the  EDMing  tank  3 
and  the  discharge  gap.  The  dielectric  used  for 
finishing  is  recovered  from  the  EDMing  tank  3  to 
the  dielectric  tank  40  via  the  drain  control  valve  42 

30  through  the  drained  dielectric  bypass  46.  Valve  41 
is  closed  at  this  time.  Accordingly,  the  drained 
dielectric  during  finishing  is  recovered  into  the  di- 
electric  tank  40  without  being  filtered,  but  this 
poses  no  practical  problem  because  the  amount  of 

35  chips  generated  during  finishing  is  extremely  small. 
After  finishing,  the  pump  47  is  operated  as 

shown  in  Figure  10  to  pass  the  dielectric  having 
the  powder  materials  7  and  the  small  quantity  of 
chips  6  in  the  dielectric  tank  40  through  the  filter 

40  48,  thereby  cleaning  the  dielectric  in  the  dielectric 
tank  40.  Particularly,  the  powder  7  is  stored  in  the 
filter  48  until  the  next  finishing  operation. 

Generally,  the  powder  materials  7  mixed  in  the 
dielectric  as  described  above  are  used  repeatedly 

45  for  EDMing.  However,  if  EDMing  is  repeated  for  a 
long  period  of  time,  the  chips  in  the  dielectric 
increase  in  number  and  the  powder  materials  are 
deteriorated,  resulting  in  degraded  EDMing  char- 
acteristics.  To  prevent  this,  the  powder  materials  7 

50  must  be  changed  periodically  during  ordinary 
finishing.  However,  since  the  powder  materials  7 
have  a  relatively  long  life  and  only  a  small  amount 
of  chips  6  are  generated  during  finishing,  the  filter 
48  only  may  be  changed  and  a  predetermined 

55  amount  of  new  powder  materials  7  supplied  every 
several  hundred  hours. 

Figure  11  illustrates  a  configuration  of  a  fifth 
embodiment  of  the  present  invention  which  is  pro- 

5 
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vided  with  a  chip  density  sensor  50  in  the  dielectric 
container,  e.g.,  tank  40,  so  as  to  identify  when  the 
chips  6  must  be  removed  and  the  powder  materials 
7  changed. 

Since  the  degree  with  which  the  powder  ma- 
terials  7  have  deteriorated  is  indicated  by  the  par- 
ticle  diameter  of  the  powders,  a  powder  particle 
diameter  sensor,  a  particle  size  distribution  mea- 
suring  device  51  for  optically  measuring  the  num- 
ber  of  particles  contained  per  unit  volume,  or  the 
like,  may  be  installed  in  the  dielectric  tank  40  to 
detect  and  identify  when  the  powder  materials  have 
passed  a  threshold  of  deterioration,  as  determined 
by  particle  size. 

While  the  drained  dielectric  bypass  46  is  in- 
stalled  in  series  with  the  pump  44  in  the  fifth 
embodiment,  it  may  be  installed  in  parallel  with  the 
drained  dielectric  line  without  connecting  the 
drained  dielectric  pump  44,  as  shown  in  Figure  12, 
which  illustrates  a  configuration  of  a  sixth  embodi- 
ment  of  the  present  invention. 

Figure  13  illustrates  the  configuration  of  a  sev- 
enth  the  embodiment  of  the  present  invention,  and 
Figures  14  to  16  illustrate  the  operation  of  the 
seventh  embodiment  in  Figure  13.  The  parts  in 
these  drawings  identical  or  corresponding  to  those 
of  the  art  in  Figure  23  are  specified  by  the  identical 
reference  characters  and  will  not  be  re-explained. 

In  Figure  13  a  dielectric  container  50,  e.g.,  a 
tank,  has  a  dirty  dielectric  compartment  51  for 
containing  dirty  dielectric  recovered  from  the  ED- 
Ming  tank  3,  and  a  clean  dielectric  compartment  52 
for  containing  clean  dielectric  obtained  by  filtering 
the  dirty  dielectric  in  the  dirty  dielectric  compart- 
ment  51  .  Control  valves  53  and  54  are  employed  to 
establish  drain  paths  from  tank  3  during  roughing 
and  finishing  operations,  respectively.  The  drain 
from  the  EDMing  tank  3  is  directed  into  the  com- 
partments  51  and  52,  respectively.  A  pump  43  is 
connected  between  the  dielectric  tank  52  and  the 
EDMing  tank  3.  A  pump  55  is  connected  between 
compartments  51  and  52  and  directs  dielectric 
through  filter  56  to  filter  out  the  roughing  chips  in 
the  dirty  dielectric.  A  pump  57  is  employed  to  draw 
dielectric  from  compartment  52  through  filter  58  in 
order  to  filter  the  powder  materials  7  and  provide 
clean  dielectric  to  compartment  52  via  a  filter  58.  A 
pump  59  is  employed  to  backwash  the  powder 
materials  7  in  filter  58  and  provide  clean  dielectric 
from  tank  52  so  as  to  mix  the  powder  materials  7  in 
the  filter  58  into  the  clean  dielectric  tank  52  by 
flowing  the  dielectric  in  the  opposite  direction. 

Operation  of  the  seventh  embodiment  of  the 
present  invention  will  now  be  described  with  refer- 
ence  to  the  drawings.  Figure  14  illustrates  the 
sequence  of  the  dielectric  flow  during  roughing. 
The  dielectric  in  the  clean  dielectric  compartment 
52  of  the  roughing  dielectric  tank  50  is  drawn  by 

the  pump  43  and  introduced  into  the  EDMing  tank 
3.  The  dielectric  in  the  EDMing  tank  3  is  returned 
to  the  dirty  dielectric  compartment  51  by  the  con- 
trol  valve  53,  then  pump  55  directs  the  dirty  dielec- 

5  trie  with  roughing  chips  5  through  the  filter  56,  and 
the  clean  dielectric  is  accumulated  in  the  clean 
dielectric  compartment  52.  The  roughing  chips  5 
are  filtered  off  during  roughing  at  all  times  or 
intermittently  so  that  the  clean  dielectric,  free  of 

io  roughing  chips  5,  is  supplied  to  the  EDMing  tank  3 
during  roughing. 

The  sequence  of  dielectric  flow  during  finishing 
will  now  be  described  according  to  Figure  15.  Prior 
to  the  finishing  operation,  the  pump  59  is  operated 

is  to  backwash  the  filter  58  and  mix  the  powder 
materials  7  accumulated  in  the  filter  58  into  the 
clean  dielectric  compartment  52.  The  dielectric  ful- 
ly  mixed  with  the  powder  materials  7  is  drawn  by 
the  pump  43  and  supplied  to  the  EDMing  tank  3 

20  and  the  discharge  gap.  The  dielectric  used  for 
finishing  is  recovered  from  the  EDMing  tank  3  to 
the  clean  dielectric  compartment  52  via  the  drain 
control  valve  54.  After  finishing,  the  pump  57  is 
operated  as  shown  in  Figure  16  to  have  the  powder 

25  materials  7  and  the  chips  6  in  the  clean  dielectric 
compartment  52  removed  by  the  filter  58,  thereby 
cleaning  the  dielectric  in  the  clean  dielectric  com- 
partment  52.  As  previously  noted,  since  the  powder 
materials  7  have  a  relatively  long  life  and  a  small 

30  amount  of  chips  6  are  generated  during  finishing, 
the  filter  58  may  be  changed  and  a  predetermined 
amount  of  new  powder  materials  7  supplied  every 
several  hundred  hours. 

Figure  17  illustrates  the  configuration  of  an 
35  eighth  embodiment  of  the  present  invention  which 

is  provided  with  a  chip  density  sensor  50  in  the 
clean  dielectric  compartment  52  so  as  to  identify 
when  the  chips  6  should  be  removed  and  the 
powder  materials  7  changed.  Further,  since  the 

40  deterioration  degree  of  the  powder  materials  7  is 
indicated  as  a  change  in  particle  diameter  of  the 
powders,  a  powder  particle  diameter  sensor,  a  par- 
ticle  size  distribution  measuring  device  61  for  opti- 
cally  measuring  the  powder  contained  per  unit  vol- 

45  ume,  or  the  like  may  be  installed  in  the  clean 
dielectric  compartment  52  to  identify  when  the 
powder  materials  should  be  changed. 

Figure  18  illustrates  the  configuration  of  a  ninth 
embodiment  of  the  present  invention,  and  Figures 

50  19  to  21  illustrate  the  operation  of  this  embodiment. 
Parts  in  these  drawings  identical  or  corresponding 
to  those  of  the  art  in  Figure  23  are  designated  by 
the  identical  reference  characters  and  will  not  be 
re-explained. 

55  A  dielectric  container  70,  e.g.,  a  tank,  and 
control  valves  71  and  72  are  employed  to  supply 
the  dielectric  during  roughing  and  finishing  oper- 
ations,  respectively.  The  dielectric  from  the  dielec- 

6 
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trie  tank  70  is  delivered  into  the  EDMing  tank  3 
directly.  A  pump  73  is  employed  to  supply  the 
dielectric  and  is  connected  between  the  dielectric 
tank  70  and  the  EDMing  tank  3  via  a  filter  74  and  a 
dielectric  supply  bypass  75.  The  control  valves  71 
and  72  function  to  switch  between  the  filter  74  and 
the  dielectric  supply  bypass  75.  After  a  finishing 
operation,  pump  76  is  used  to  direct  the  dielectric 
with  the  powder  materials  7  to  a  filter  77,  where  the 
powder  is  stored,  and  return  clean  dielectric  to  the 
dielectric  tank  70  for  use  during  a  subsequent 
roughing  operation,  as  described  above.  After  a 
roughing  operation,  when  another  finishing  opera- 
tion  is  to  be  conducted,  a  pump  78  is  employed  to 
backwash  the  powder  materials  7  with  clean  dielec- 
tric  and  provide  finishing  dielectric  to  tank  70.  The 
powder  materials  7  stored  in  the  filter  77  are 
placed  into  the  dielectric  and  stored  in  the  dielec- 
tric  tank  70  by  flowing  the  dielectric  in  the  opposite 
direction. 

Operation  of  the  ninth  embodiment  will  now  be 
described  the  reference  to  the  drawings.  Figure  19 
illustrates  with  sequence  of  dielectric  flow  during 
roughing.  The  dielectric  in  the  dielectric  tank  70  is 
delivered  by  the  dielectric  supplying  pump  73  to 
the  filter  74,  then  cleaned  of  roughing  chips  5,  and 
sent  to  the  EDMing  tank  3.  The  roughing  chips  5 
are  filtered  off  at  all  times  during  roughing  so  that 
clean  dielectric  without  roughing  chips  5  is  always 
supplied  to  the  EDMing  tank  3  and  used  for  rough- 
ing. 

The  sequence  of  dielectric  flow  during  finishing 
will  now  be  described  according  to  Figure  20.  Prior 
to  finishing,  the  pump  78  is  operated  to  backwash 
the  filter  77  and  mix  the  powder  materials  7  accu- 
mulated  in  the  filter  77  into  the  dielectric  tank  70. 
The  dielectric  fully  mixed  with  the  powder  materials 
7  is  drawn  by  the  pump  73  and  supplied  to  the 
EDMing  tank  3  through  the  dielectric  supply  by- 
pass  75  via  the  dielectric  supplying  control  valve 
72.  Although  the  dielectric  supplied  during  finishing 
is  supplied  to  the  EDMing  tank  3  without  being 
filtered,  this  poses  no  practical  problem  because 
the  amount  of  chips  generated  during  finishing  is 
extremely  small.  After  finishing,  the  pump  76  is 
operated  as  shown  in  Figure  21  to  have  the  powder 
materials  7  and  the  chips  6  in  the  dielectric  tank  70 
removed  by  the  filter  77,  whereby  the  dielectric  in 
the  dielectric  tank  70  is  cleaned.  The  filter  77  need 
only  be  changed,  and  the  predetermined  amount  of 
new  powder  materials  7  supplied,  every  several 
hundred  hours. 

Figure  22  illustrates  the  configuration  of  a  tenth 
embodiment  of  the  present  invention  which  is  pro- 
vided  with  a  chip  density  sensor  79  in  the  dielectric 
container,  e.g.,  tank  70,  so  as  to  identify  when  the 
chips  6  should  be  removed  and  the  powder  materi- 
als  7  changed. 

A  particle  size  distribution  measuring  device  80 
for  optically  measuring  the  powders  contained  per 
unit  volume,  or  the  like,  may  be  installed  in  the 
dielectric  tank  70  to  identify  when  the  powder  ma- 

5  terials  7  should  be  changed. 
It  will  be  apparent  that  the  invention,  as  de- 

scribed  above,  achieves  a  dielectric  treating  ap- 
paratus  which  allows  dielectric  including  powder 
materials  to  be  used  repeatedly  for  a  long  period  of 

io  time,  whereby  high-priced  powder  materials  can  be 
employed  efficiently  and  machining  or  surface 
treatment  utilizing  EDMing  may  be  conducted  ec- 
onomically. 

Therefore,  the  present  invention  can  present  an 
is  economical  EDM  which  is  excellent  in  machining 

accuracy  and  characteristics  and  low  in  operating 
costs. 

While  the  present  invention  has  been  de- 
scribed  in  connection  with  several  preferred  em- 

20  bodiments,  it  is  not  intended  to  be  limited  thereto 
and  the  full  scope  of  the  invention  is  to  be  defined 
by  the  appended  claims. 

Claims 
25 

1.  An  electric  discharge  machining  apparatus 
comprising 

-  a  tank  (40,  50,  70)  having  one  or  more 
compartments  (51  ,  52)  containing  electric 

30  discharge  machining  dielectric; 
-  first  dielectric  filtering  means  (45,  56, 

74)  disposed  in  a  liquid  communication 
path  connecting  said  tank  (40,  50,  70) 
and  an  electric  discharge  machining  tank 

35  (3)  for  filtering  an  electric  discharge  ma- 
chining  dielectric  used  for  roughing  oper- 
ations;  and 

-  second  dielectric  filtering  means  (48,  58, 
77)  for  filtering  electric  discharge  ma- 

40  chining  dielectric  used  for  finishing  oper- 
ations; 
characterized  in  that 

-  said  second  dielectric  filtering  means 
(48,  58,  77)  comprises  bidirectional  filter 

45  means  (47,  48,  49;  57,  58,  59;  76,  77,  78) 
operative  to  filter  particle  material  from 
said  dielectric  in  response  to  dielectric 
flow  in  a  first  direction,  and  operative  to 
return  previously  filtered  particle  material 

50  to  said  dielectric  in  response  to  dielectric 
flow  in  a  second  direction  opposite  to 
said  first  direction. 

2.  An  electric  discharge  machining  apparatus  ac- 
55  cording  to  claim  1  ,  characterized  in  that 

electric  discharge  machining  dielectric  used  for 
roughing  operation  and  electric  discharge  ma- 
chining  dielectric  used  for  finishing  operation 
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are  stored  in  two  separate  tanks  (20,  23). 

3.  An  electric  discharge  machining  apparatus  ac- 
cording  to  claim  1  , 
characterized  in  that 
said  tank  (40,  50,  70)  is  divided  into  two  com- 
partments  (51,  52)  containing  roughing  dielec- 
tric  and  finishing  dielectric,  respectively. 

4.  An  electric  discharge  machining  apparatus  ac- 
cording  to  claim  1  , 
characterized  in  that 
a  single  tank  is  provided  for  containing  electric 
discharge  maching  dielectric. 

5.  An  electric  discharge  machining  apparatus  ac- 
cording  to  any  of  the  preceding  claims, 
characterized  by  a  pump  (59)  for  back-washing 
powder  materials  (7)  in  said  bidirectional  filter 
means  (58),  and  for  providing  clean  dielectric 
from  said  tank  (52),  so  as  to  mix  said  powder 
material  (7)  in  the  bi-directional  filter  means 
(58)  into  said  tank  (52)  containing  clean  dielec- 
tric  by  flowing  the  dielectric  in  said  second 
direction. 

6.  An  electric  discharge  machining  apparatus  ac- 
cording  to  any  of  the  preceding  claims, 
characterized  in  that 
a  second  electric  discharge  machining  dielec- 
tric  is  prepared  by  mixing  powder  materials  to 
a  first  electric  discharge  machining  dielectric. 

Patentanspruche 

1.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 
Bearbeitung,  umfassend: 

-  einen  Behalter  (40,  50,  70)  mit  einer  oder 
mehreren  Kammern  (51,  52),  die  ein  Die- 
lektrikum  zur  elektrischen  Entladungs-Be- 
arbeitung  enthalten; 

-  eine  erste  Filtereinrichtung  fur  ein  Dielek- 
trikum  (45,  56,  74),  die  in  einem  Flussig- 
keitsverbindungsweg  angeordnet  ist,  der 
den  Behalter  (40,  50,  70)  und  einen  Be- 
halter  (3)  zur  elektrischen  Entladungs-Be- 
arbeitung  verbindet,  zur  Filterung  eines 
Dielektrikums  zur  elektrischen  Entla- 
dungs-Bearbeitung,  welches  fur  Grobbe- 
arbeitungs-Operationen  verwendet  wird; 
und 

-  eine  zweite  Filtereinrichtung  (48,  58,  77) 
fur  ein  Dielektrikum,  zur  Filterung  eines 
fur  Endbearbeitungs-Operationen  ver- 
wendeten  Dielektrikums  zur  elektrischen 
Entladungs-Bearbeitung; 

dadurch  gekennzeichnet,  dal3 

-  die  zweite  Filtereinrichtung  (48,  58,  77) 
fur  ein  Dielektrikum  eine  bidirektionale 
Filtereinrichtung  (47,  48,  49;  57,  58,  59; 
76,  77,  78)  umfaBt,  deren  Funktion  darin 

5  besteht,  im  Ansprechen  auf  einen  Dielek- 
trikumfluB  in  einer  ersten  Richtung  Parti- 
kelmaterial  aus  dem  Dielektrikum  zu  fil- 
tern  und  im  Ansprechen  auf  einen  Die- 
lektrikumfluB  in  einer  zweiten,  zu  der  er- 

io  sten  Richtung  entgegengesetzten  Rich- 
tung  an  das  Dielektrikum  vorher  gefilter- 
tes  Partikelmaterial  zuruckzufuhren. 

2.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 
15  Bearbeitung,  dadurch  gekennzeichnet,  dal3  das 

Dielektrikum  zur  elektrischen  Entladungsbear- 
beitung,  welches  fur  eine  Grobbearbeitungs- 
Operation  verwendet  wird  und  das  Dielektrikum 
zur  elektrischen  Entladungsverarbeitung,  wel- 

20  ches  fur  eine  Endbearbeitungs-Operation  ver- 
wendet  wird,  in  zwei  getrennten  Behaltern  (20, 
23)  gespeichert  werden. 

3.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 
25  Bearbeitung  nach  Anspruch  1,  dadurch  ge- 

kennzeichnet,  dal3  der  Behalter  (40,  50,  70)  in 
zwei  Kammern  (51,  52)  unterteilt  ist,  die  das 
Grobbearbeitungs-Dielektrikum  bzw.  das  End- 
bearbeitungs-Dielektrikum  enthalten. 

30 
4.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 

Bearbeitung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  ein  Einzelbehalter  zur  Auf- 
nahme  eines  Dielektrikums  zur  elektrischen 

35  Entladungs-Bearbeitung  vorgesehen  ist. 

5.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 
Bearbeitung  nach  einem  der  vorangehenden 
Anspruche,  gekennzeichnet  durch  eine  Pumpe 

40  (59)  zur  Ruckspulung  von  Pulvermaterialien  (7) 
in  der  bidirektionalen  Filtereinrichtung  (58)  und 
zur  Schaffung  von  sauberem  Dielektrikum  aus 
dem  Behalter  (52),  urn  so  das  Pulvermaterial 
(7)  in  der  bidirektionalen  Filtereinrichtung  (58) 

45  in  den  Behalter  (52),  der  das  saubere  Dielektri- 
kum  enthalt,  zu  mischen,  indem  ein  Flul3  des 
Dielektrikums  in  die  zweite  Richtung  bewirkt 
wird. 

50  6.  Eine  Vorrichtung  zur  elektrischen  Entladungs- 
Bearbeitung  nach  einem  der  vorangehenden 
Anspruche,  dadurch  gekennzeichnet,  dal3  ein 
zweites  Dielektrikum  zur  elektrischen  Entla- 
dungs-Bearbeitung  erstellt  wird,  indem  Pulver- 

55  materialien  mit  einem  ersten  Dielektrikum  zur 
elektrischen  Entladungs-Bearbeitung  gemischt 
werden. 

8 
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Revendicatlons 

1.  Dispositif  d'usinage  par  decharge  electrique 
comprenant  : 

-  un  reservoir  (40,  50,  70)  comportant  un 
ou  plusieurs  compartiments  (51,  52) 
contenant  un  dielectrique  d'usinage  par 
decharge  electrique; 

-  un  premier  moyen  de  filtrage  de  dielec- 
trique  (45,  56,  74)  dispose  dans  un  trajet 
de  communication  de  liquide  reliant  ledit 
reservoir  (40,  50,  70)  et  un  reservoir  (3) 
d'usinage  par  decharge  electrique  afin 
de  filtrer  un  dielectrique  d'usinage  par 
decharge  electrique  employe  dans  des 
operations  de  degrossissage;  et 

-  un  second  moyen  de  filtrage  de  dielectri- 
que  (48,  58,  77)  pour  filtrer  un  dielectri- 
que  d'usinage  par  decharge  electrique 
employe  dans  des  operations  de  finition; 
caracterise  en  ce  que  : 

-  ledit  second  moyen  de  filtrage  de  dielec- 
trique  (48,  58,  77)  comprend  un  moyen 
de  filtre  bidirectionnel  (47,  48,  49;  57,  58, 
59;  76,  77,  78)  servant  a  filtrer  une  ma- 
tiere  particulaire  dans  ledit  dielectrique 
en  reponse  a  un  ecoulement  du  dielectri- 
que  dans  une  premiere  direction,  et  ser- 
vant  a  renvoyer  la  matiere  particulaire 
precedemment  filtree  audit  dielectrique 
en  reponse  a  I'ecoulement  du  dielectri- 
que  dans  une  seconde  direction  opposee 
a  ladite  premiere  direction. 

2.  Dispositif  d'usinage  par  decharge  electrique 
selon  la  revendication  1  ,  caracterise  en  ce  que 

le  dielectrique  d'usinage  par  decharge  electri- 
que  employe  dans  I'operation  de  degrossissa- 
ge  et  le  dielectrique  d'usinage  par  decharge 
electrique  utilise  dans  I'operation  de  finition 
sont  stockes  dans  deux  reservoirs  separes  (20, 
23). 

3.  Dispositif  d'usinage  par  decharge  electrique 
selon  la  revendication  1  ,  caracterise  en  ce  que 

ledit  reservoir  (40,  50,  70)  est  divise  en  deux 
compartiments  (51,  52)  contenant,  respective- 
ment,  le  dielectrique  de  degrossissage  et  le 
dielectrique  de  finition. 

4.  Dispositif  d'usinage  par  decharge  electrique 
selon  la  revendication  1  ,  caracterise  en  ce  que 

un  seul  reservoir  est  prevu  pour  renfermer  un 
dielectrique  d'usinage  par  decharge  electrique. 

5.  Dispositif  d'usinage  par  decharge  electrique 
selon  I'une  quelconque  des  revendications  pre- 
cedentes, 
caracterise  par  une  pompe  (59)  pour  le  lavage 

5  a  contre-courant  de  matieres  en  poudre  (7) 
dans  ledit  moyen  de  filtre  bidirectionnel  (58),  et 
pour  la  fourniture  d'un  dielectrique  propre  a 
partir  dudit  reservoir  (52),  de  maniere  a  melan- 
ger  ladite  matiere  en  poudre  (7)  presente  dans 

io  ledit  moyen  de  filtre  bidirectionnel  (58)  dans 
ledit  reservoir  (52)  contenant  du  dielectrique 
propre  en  faisant  circuler  le  dielectrique  dans 
ladite  seconde  direction. 

is  6.  Dispositif  d'usinage  par  decharge  electrique 
selon  I'une  quelconque  des  revendications  pre- 
cedentes,  caracterise  en  ce  que  : 

-  un  second  dielectrique  d'usinage  par  de- 
charge  electrique  est  prepare  en  melan- 

20  geant  des  matieres  en  poudre  a  un  pre- 
mier  dielectrique  d'usinage  par  decharge 
electrique. 
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