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Description 

The  present  invention  relates  to  a  fluid  level  ad- 
justing  apparatus  in  an  electric  discharge  machining 
tank. 

An  electric  discharge  machine  is  arranged  to  per- 
form  electric  discharge  machining,  with  a  workpiece 
immersed  in  machining  fluid  filled  in  an  electric  dis- 
charge  machining  tank,  or  while  jetting  the  machining 
fluid  from  a  nozzle  toward  the  workpiece.  In  the  case 
of  machining  the  workpiece  immersed  in  the  machin- 
ing  fluid,  it  is  undesirable  if  an  upper  wire  guide  or  the 
like  is  immersed  in  the  machining  fluid,  or  if  the  upper 
part  of  the  workpiece  is  exposed  above  the  machin- 
ing  fluid  level.  Conventionally,  therefore,  an  opening 
which  extends  vertically  is  formed  in  the  peripheral 
wall  of  the  electric  discharge  machining  tank,  and  a 
fluid  level  adjusting  plate  is  attached  to  the  opening- 
formed  portion  of  the  peripheral  wall  of  the  machining 
tank  in  a  manner  vertically  slidable  relative  to  the  per- 
ipheral  wall,  so  as  to  make  it  possible  to  manually  ad- 
just  the  height  of  the  top  edge  of  the  plate  for  adjust- 
ment  of  the  fluid  level  in  accordance  with  the  work- 
piece  thickness.  An  nc  version  of  this  device  is  dis- 
closed  in  JP-A-59-205222. 

However,  according  to  the  aforementioned  con- 
ventional  fluid  level  adjusting  device,  it  takes  time  to 
manually  adjust  the  height  of  the  top  edge  of  the  fluid 
level  adjusting  plate.  Also,  it  is  difficult  to  maintain  the 
watertightness  between  the  fluid  level  adjusting  plate 
and  the  peripheral  wall  of  the  machining  tank,  and 
hence  machining  fluid  tends  to  leak  through  a  gap  be- 
tween  the  peripheral  wall  and  the  plate.  For  this  rea- 
son,  conventionally,  in  order  to  compensate  for  the 
leakage  of  the  machining  fluid,  a  machining  fluid  sup- 
plying  pump  is  driven  to  discharge  a  little  more  vol- 
ume  of  machining  fluid  than  actually  required,  thus 
causing  the  machining  fluid  to  overflowing  at  all 
times.  Therefore,  the  fluid  level  must  be  adjusted  in 
dependence  on  the  leakage  of  the  machining  fluid  so 
as  to  assure  proper  overflow.  This  makes  it  difficult 
to  accurately  adjust  the  fluid  level.  In  addition,  extra 
energy  is  wasted  for  driving  the  pump,  leading  to  a 
shortened  service  life  of  the  pump. 

An  improvement  on  this  is  disclosed  in  JP-B-39- 
20495  wherein  the  fluid  level  adjusting  apparatus 
comprises  an  exhaust  pipe  communicated  with  a  ma- 
chining  fluid  exhaust  port  of  an  electric  discharge  ma- 
chining  tank,  and  an  adjustment  pipe  which  has  an 
upper  opening  end  and  a  lower  opening  end  which  is 
communicated  with  the  exhaust  pipe.  The  height  of 
the  upper  opening  end  of  the  adjustment  pipe  is  ad- 
justable,  and  the  machining  fluid  in  the  electric  dis- 
charge  machining  tank  is  drained  out  of  the  electric 
discharge  machining  tank  via  the  upper  opening  end 
of  the  adjustment  pipe,  so  that  the  fluid  level  of  the 
machining  fluid  is  maintained  at  the  height  of  the  up- 
per  opening  end. 

According  to  the  present  invention  there  is  pro- 
vided  a  fluid  level  adjusting  apparatus  in  an  electric 
discharge  machining  tank,  comprising  an  exhaust 
pipe  connected  to  a  machining  fluid  exhaust  port  of 

5  the  electric  discharge  machining  tank,  and  an  adjust- 
ment  pipe  which  has  an  upperopening  end,  and  a  low- 
er  opening  end  connected  to  said  exhaust  pipe,  the 
height  of  said  upper  opening  end  of  said  adjustment 
pipe  being  adjustable  by  a  height  adjusting  mecha- 

10  nism  so  that  machining  fluid  in  said  electric  discharge 
machining  tank  can  be  drained  out  of  said  electric  dis- 
charge  machining  tank  through  said  upper  opening 
end  of  said  adjustment  pipe,  thus  maintaining  the  flu- 
id  level  of  the  machining  fluid  at  the  height  of  said  up- 

15  per  opening  end,  the  height  adjusting  mechanism 
comprising  a  driving  section  for  generating  a  rotary 
driving  force,  and  a  converting  section  for  converting 
the  rotary  driving  force  into  a  linear  driving  force  for 
moving  the  adjustment  pipe  upper  end  up  and  down, 

20  characterised  in  that  the  converting  section 
comprises  a  driving  plate  coupled  to  the  upper  open- 
ing  end  of  the  adjustment  pipe,  and  also  mounted  on 
a  bottom  wall  of  the  discharge  machining  tank  via  a 
plurality  of  upright  threaded  shafts  by  means  of  a  plur- 

25  ality  of  rotary  members  which  are  rotatably  secured 
in  the  driving  plate  and  which  comprise  internal 
threads  fitted  onto  respective  ones  of  the  upright 
threaded  shafts,  the  driving  plate  carrying  a  rotary 
gear  which  is  coupled  to  be  driven  by  the  driving  sec- 

30  tion  and  thereby  to  drive  the  rotary  members  along 
the  upright  threaded  shafts,  thereby  to  adjust  the 
height  of  the  driving  plate  and  of  the  upper  opening 
end  of  the  adjustment  pipe. 

Preferably,  the  height  adjusting  mechanism  is  op- 
35  erable  to  automatically  adjust  the  height  of  the  upper 

opening  end  of  the  adjustment  pipe,  and  a  float  switch 
may  be  provided  for  detecting  an  overflow  of  the  ma- 
chining  fluid  through  the  upper  opening  end  of  the  ad- 
justment  pipe. 

40  As  described  above,  machining  fluid  is  drained 
out  of  an  electric  discharge  machining  tank  through 
the  upperopening  end  of  an  adjustment  pipe  which  is 
communicated  with  a  machining  fluid  exhaust  port  in 
the  electric  discharge  machining  tank  via  an  exhaust 

45  pipe,  the  height  of  the  upper  opening  end  being  ad- 
justable,  so  that  the  leakage  of  the  machining  fluid 
through  a  gap  between  the  fluid  level  adjusting  appa- 
ratus  and  the  electric  discharge  machining  tank  can 
be  easily  and  reliably  prevented  by  watertightly  con- 

50  necting  the  exhaust  pipe  and  the  adjustment  pipe. 
Thus,  unlike  the  prior  art  wherein  the  fluid  level  is  ad- 
justed  while  monitoring  the  degree  of  the  leakage  of 
machining  fluid  and  the  overflow  of  the  machining  flu- 
id  from  the  machining  tank  through  the  upper  edge  of 

55  a  fluid  level  adjusting  plate,  the  fluid  level  can  be  easi- 
ly  and  reliably  adjusted  by  simply  adjusting  the  height 
of  the  upperopening  end  of  the  adjustment  pipe.  Fur- 
thermore,  since  no  leakage  of  machining  fluid  occurs, 
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the  fluid  level  needs  to  be  adjusted  only  once  before 
starting  electric  discharge  machining.  Also,  since  the 
fluid  level  does  not  lower  even  if  a  machining  fluid 
supplying  pump  is  stopped  immediately  after  the  fluid 
level  adjustment,  no  energy  is  wasted  for  driving  the 
pump,  resulting  in  a  longer  service  life  of  the  pump. 

Preferably,  the  height  of  the  upperopening  end  of 
the  adjustment  pipe  is  automatically  adjusted,  and 
hence  automatic  adjustment  of  the  fluid  level  can  be 
achieved.  Further,  since  the  overflow  of  the  machin- 
ing  fluid  from  the  upper  opening  end  of  the  adjust- 
ment  pipe  may  be  detected  by  a  float  switch,  it  is  pos- 
sible  to  accurately  and  quickly  recognize  the  comple- 
tion  of  the  fluid  level  adjustment. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  fragmentary  front  sectional  view  of  a 
fluid  level  adjusting  apparatus  which  is  not  in  ac- 
cordance  with  the  present  invention,  but  is  shown 
for  explanation; 
Fig.  2  is  a  fragmentary  front  sectional  view  of  a 
fluid  level  adjusting  apparatus  according  to  a  first 
embodiment  of  the  present  invention,  with  a  con- 
verting  section  of  its  height  adjusting  mechanism 
omitted; 
Fig.  3  is  a  plan  view  showing  a  converting  section 
of  a  height  adjusting  mechanism  of  the  apparatus 
shown  in  Fig.  2,  together  with  a  float  switch; 
Fig.  4  is  a  front  view  showing  the  converting  sec- 
tion  of  the  height  adjusting  mechanism,  together 
with  the  float  switch; 
Fig.  5  is  a  fragmentary  longitudinal  sectional 
view,  taken  along  the  line  V-V  of  Fig.  3,  showing 
a  rotary  membermounted  on  a  driving  plate  of  the 
height  adjusting  mechanism,  together  with  a 
threaded  shaft; 
Fig.  6  is  a  fragmentary  longitudinal  sectional 
view,  taken  along  the  line  VI-VI  of  Fig.  3,  showing 
a  gear  mounted  on  the  driving  plate  of  the  height 
adjusting  mechanism,  together  with  a  bent  mem- 
ber; 
Fig.  7  is  a  fragmentary  enlarged  sectional  view 
depicting  an  end  portion  of  a  transmission  sec- 
tion  of  the  height  adjusting  mechanism; 
Fig.  8  is  a  fragmentary  enlarged  longitudinal  sec- 
tional  view,  taken  along  the  line  VIM-VIM  of  Fig.  3, 
showing  the  upper  end  portion  of  a  fluid  level  ad- 
justment  pipe  coupled  to  the  driving  plate  of  the 
height  adjusting  mechanism;  and 
Fig.  9  is  a  fragmentary  front  sectional  view  de- 
picting  a  variation  of  the  arrangement  of  the  ex- 
haust  and  adjustment  pipes. 
Referring  to  Fig.  1  ,  an  electric  discharge  machin- 

ing  tankl  for  storing  machining  fluid  has  a  bottom  wall 
2  which  is  formed  with  a  stepped  machining  fluid  ex- 
haust  port  3.  The  fluid  level  adjusting  apparatus  is 
provided  with  an  exhaust  pipe  10  having  at  its  upper 

end  a  flange  11  watertightly  fitted  and  fixed  to  the 
stepped  exhaust  port  3,  and  an  adjustment  pipe  20 
slidably  fitted  into  the  exhaust  pipe.  The  adjustment 

5  pipe  20  cooperates  with  the  exhaust  pipe  10  to  con- 
stitute  an  expansion/contraction  pipe  for  fluid  level 
adjustment.  The  exhaust  pipe  10  is  detachably  fixed 
to  the  machining  tank  1  ,  orf  ixed  to  the  machining  tank 
1,  by  welding  or  the  like,  to  prevent  leakage  of  ma- 

10  chining  fluid  through  a  gap  between  the  exhaust  pipe 
and  the  machining  tank. 

Fixed  to  the  adjustment  pipe  20  through  a  sup- 
port  member  (not  shown)  is  a  rod  30  which  extends 
upward  along  the  axis  of  the  adjustment  pipe  20.  An 

15  operator  is  permitted  to  slide  the  adjustment  pipe  20 
relative  to  the  exhaust  pipe  10  by  holding  the  rod  30 
and  moving  the  rod  30  vertically  of  the  machining  tank 
1,  whereby  the  operator  can  adjust  a  distance  be- 
tween  the  bottom  wall  2  of  the  machining  tank  and  an 

20  upperopening  end  21  of  the  adjustment  pipe  20,  i.e., 
a  fluid  level  D,  without  touching  the  machining  fluid. 

An  O-ring  40  is  disposed  in  an  annular  groove 
formed  in  the  lower  outer  peripheral  face  of  the  ad- 
justment  pipe  20  in  urged  contact  with  the  inner  per- 

25  ipheral  face  of  the  exhaust  pipe  10,  so  as  to  prevent 
the  leakage  of  the  machining  fluid  through  a  gap  be- 
tween  the  inner  peripheral  surface  of  the  exhaust 
pipe  10  and  the  outer  peripheral  surface  of  the  adjust- 
ment  pipe  20,  and  to  retain  the  adjustment  pipe  20  in 

30  the  exhaust  pipe  10  by  the  sliding  resistance  pro- 
duced  between  the  inner  peripheral  surface  of  the  ex- 
haust  pipe  10  and  the  O-ring  40. 

In  the  following,  the  operation  of  the  fluid  level  ad- 
justing  apparatus  shown  in  Fig.  1  will  be  explained. 

35  Prior  to  start  of  electric  discharge  machining, 
when  an  operator  causes  the  upper  opening  end  21 
of  the  adjustment  pipe  20  to  be  positioned  at  a  desired 
vertical  position  by  sliding  the  adjustment  pipe  rela- 
tive  to  the  exhaust  pipe  10,  the  adjustment  pipe  20  is 

40  retained  at  that  height  by  the  O-ring  40.  Then,  the  ma- 
chining  fluid  is  supplied  to  the  machining  tank  1  from 
a  machining  fluid  supplying  apparatus  (not  shown) 
via  a  quick  filling  nozzle  (not  shown).  Thereafter, 
when  the  machining  fluid  level  in  the  machining  tank 

45  1  reaches  the  height  of  the  upper  opening  end  21  of 
the  adjustment  pipe  20,  the  machining  fluid  overflows 
from  the  machining  tank  1  via  the  upperopening  end 
21,  and  flows  into  the  adjustment  pipe  20  to  be 
drained  out  of  the  machining  tank  via  the  exhaust  pipe 

so  10which  is  communicated  with  the  lower  opening  end 
22  of  the  adjustment  pipe  20.  Immediately  after  the 
overflow  of  the  machining  fluid,  the  supply  of  the  ma- 
chining  fluid  is  stopped,  to  complete  the  fluid  level  ad- 
justment.  After  the  fluid  level  adjustment,  the  leakage 

55  of  the  machining  fluid  from  the  machining  tank  1  is 
prevented  by  the  O-ring  40,  and  no  substantial  low- 
ering  of  the  fluid  level  occurs. 

Next,  with  reference  to  Figs.  2-8,  the  fluid  level 
adjusting  apparatus  according  to  a  first  embodiment 
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of  the  prevent  invention  will  be  explained. 
As  compared  with  the  embodiment  arranged  to 

manually  adjust  the  fluid  level  by  sliding  the  adjust- 
ment  pipe  in  the  exhaust  pipe,  the  apparatus  of  Fig.2 
differs  therefrom  in  that  it  uses  a  bellow-type  adjust- 
ment  pipe,  automatically  adjusts  the  height  (fluid  lev- 
el)  of  the  upper  opening  end  of  the  adjustment  pipe, 
and  automatically  detects  the  overflow  of  the  machin- 
ing  fluid  (completion  of  the  fluid  level  adjustment). 

Referring  to  Fig.  2,  the  fluid  level  adjusting  appa- 
ratus  is  provided  with  an  exhaust  pipe  100  similar  to 
the  exhaust  pipe  10  of  Fig.  1,  and  a  bellow-type  ad- 
justment  pipe  200  for  adjusting  the  fluid  level,  the  ad- 
justment  pipe  200  being  expandable  and  contract- 
ible,  and  capable  of  self-retaining  an  expanded  or 
contracted  state  once  set.  Af  lange  1  01  of  the  exhaust 
pipe  is  watertightly  fitted  and  fixed  to  the  stepped  ex- 
haust  port  3  formed  in  the  bottom  wall  2  of  the  electric 
discharge  machining  tank  1,  and  a  lower  opening  end 
202  of  the  adjustment  pipe  is  watertightly  fitted  and 
fixed  to  the  flange  101.  Both  the  pipes  100  and  200 
are  detachably  fixed  to  the  machining  tank  1,  or  per- 
manently  fixed  to  the  machining  tank. 

The  fluid  level  adjusting  apparatus  is  provided 
with  a  height  adjusting  mechanism  for  automatically 
adjusting  the  height  of  the  upper  end  201  of  the  ad- 
justment  pipe.  The  height  adjusting  mechanism  con- 
sists  of  a  driving  section  300  fixed  to  a  machining  fluid 
peripheral  wall  4  for  generating  a  rotary  driving  force, 
a  transmission  section  400  fortransmitting  the  rotary 
driving  force,  a  converting  section  500  for  converting 
the  transmitted  rotary  driving  force  into  a  linear  driv- 
ing  force  for  moving  the  adjustment  pipe  upper  end 
201  vertically,  and  a  controlling  section  600  for  deliv- 
ering  fluid  level  adjusting  command  data  to  the  driving 
section  300. 

The  controlling  section  600  consists  of,  e.g.,  a 
numerical  control  unit  of  a  type  accommodating 
therein  a  computer  and  having  conventional  func- 
tions  of  controlling  the  operation  of  an  electric  dis- 
charge  machine  in  accordance  with  a  program.  Ma- 
chining  data  including  the  thickness  of  a  workpiece, 
and  a  correction  value  used  for  calculating  a  target 
fluid  level  are  stored  in  a  computer  memory,  e.g.,  a 
non-volatile  random  access  memory.  Also  stored  as 
a  reference  value  of  the  vertical  position  of  the  upper 
end  201  of  the  adjustment  pipe  is  a  known  value 
which  indicates  the  distance  between  the  upper  end 
201  of  the  adjustment  pipe  and  the  inner  surface  of 
the  bottom  wall  4  of  the  machining  tank  when  the  ex- 
pandable  and  contractible  adjustment  pipe  200  is  in 
its  most  contracted  state.  In  case  that  the  height  of  the 
inner  surface  of  the  machining  tank  bottom  wall  4  is 
taken  as  the  origin  of  the  fluid  level,  the  above- 
mentioned  distance  between  the  upper  end  of  the 
pipe  and  the  inner  surface  of  the  bottom  wall  indicates 
the  fluid  level. 

The  controlling  section  600  is  arranged  to  calcu- 

late  the  target  fluid  level  D  which  is  equal  to  the  sum 
of  the  workpiece  thickness,  determined  based  on  the 
machining  data,  and  the  correction  value,  and  which 

5  ensures  optimum  immersion  of  a  workpiece  (not 
shown)  in  the  machining  fluid  in  the  machining  tank 
1  ,  is  arranged  to  cause  the  thus  calculated  value  D  to 
be  stored  in  the  memory  as  data  indicative  of  the 
present  position  moving  position  of  the  upper  end  201 

10  of  the  adjustment  pipe,  and  is  arranged  to  deliver,  to 
the  driving  section  300,  fluid  level  command  data 
which  consists  of  motor  rotation  amount  data,  corre- 
sponding  to  an  absolute  value  of  a  difference  be- 
tween  the  calculated  value  D  and  the  present  position 

15  data  (the  reference  value  for  the  first  workpiece),  and 
motor  rotation  direction  data  determined  in  depend- 
ence  on  the  sign  of  the  difference. 

The  driving  section  300  accommodates  therein  a 
motor  driving  circuit  (not  shown)  which  responds  to 

20  the  fluid  level  adjustment  command  data  supplied 
from  the  controlling  section  600,  a  motor  (not  shown) 
drivingly  controlled  by  the  driving  circuit,  and  a  reduc- 
tion  gear  (not  shown)  interposed  between  a  motor 
output  shaft  and  the  input  side  of  the  transmission 

25  section  400.  The  motor  driving  circuit  is  designed  to 
perform  open-loop  control,  so  as  to  drive  the  motor  in 
a  commanded  rotational  direction  represented  by  the 
motor  rotational  direction  data  for  a  time  period  cor- 
responding  to  the  motor  rotation  amount  data.  Fur- 

30  ther,  the  driving  section  300  has  a  pump  driving  circuit 
for  controlling  the  drive  of  the  pump  associated  with 
the  quick  filling  nozzle  of  the  machining  fluid  supply- 
ing  apparatus  (not  shown)  of  the  electric  discharge 
machine. 

35  As  shown  in  Fig.  7,  the  transmission  section  400 
consists  of  a  flexible  tube  41  0,  and  a  flexible  wire  420 
rotatably  disposed  in  the  interior  of  the  tube.  One  end 
of  the  wire  420  is  coupled  to  a  reduction  gear  output 
shaft  of  the  driving  section  300,  and  the  other  end  of 

40  the  wire  is  coupled  to  a  gear  530  (Figs.  3  and  4)  of  the 
converting  section  500,  so  that  a  rotational  force  gen- 
erated  at  the  driving  section  is  transmitted  to  the  gear 
530  via  the  wire  420.  More  specifically,  a  mouthpiece 
430  is  mounted  to  the  end  of  the  tube  410  at  the  gear 

45  530  side  in  a  manner  rotatable  relative  to  the  tube  but 
immovable  in  the  direction  of  the  tube  axis,  and  a 
male  thread  431  formed  on  the  outer  peripheral  sur- 
face  of  the  distal  end  portion  of  the  mouthpiece  is 
threadedly  engaged  with  a  female  thread  541  formed 

so  on  one  end  portion  of  a  bent  member  540  (Fig.  6) 
whose  other  end  is  fixed  to  a  driving  plate  501  (Figs. 
3  and  4)  of  the  converting  section  500  of  the  height 
converting  mechanism.  Further,  a  coupling  member 
421  which  is  hexagonal  in  its  diametric  cross  section 

55  is  fixed  on  the  end  of  the  wire  420  at  the  gear  530  side. 
The  coupling  member  is  fitted  into  a  hexagonal  sock- 
et  532  formed  in  the  top  surface  of  the  gear  530  in 
alignment  with  the  male  thread  431,  and  the  mouth- 
piece  430  is  threadedly  fixed  to  the  bent  member  540, 

4 
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so  that  the  wire  420  is  coupled  to  the  gear  530  in  a 
manner  prevented  from  being  removed  therefrom.  As 
shown  in  Fig.  6,  the  gear  530  is  rotatably  supported 
by  the  driving  plate  501  ,  and  is  arranged  to  be  pre- 
vented  from  being  removed  from  the  driving  plate  by 
means  of  a  C-shaped  ring  531. 

The  converting  section  500  has  the  aforemen- 
tioned  driving  plate  501  .  As  shown  in  Fig.  8,  a  tapered 
hole  502  is  provided  at  the  center  of  the  driving  plate 
501,  and  the  pipe  end  201  which  fits  in  the  tapered 
hole  is  fixed  to  the  driving  plate  501  with  a  fixing  ring 
503. 

The  converting  section  500  is  further  provided 
with  the  first  through  fourth  rotary  components  511 
through  514  which  fit  in  respective  through  holes  504 
provided  in  the  four  corners  of  the  driving  plate  501 
so  that  they  are  free  to  rotate.  As  shown  in  Fig.  5,  the 
diameter  of  the  first  rotary  member  511  is  larger  than 
the  diameter  of  the  through  holes  504,  and  it  consists 
of  a  large-diameter  portion  511a  with  a  annular 
groove  511a'  formed  in  its  outer  peripheral  surface 
and  a  small-diameter  portion  511b  which  fits  in  a 
through  hole  504.  The  first  rotary  member  is  made  ax- 
ially  inseparable  from  the  driving  plate  501  by  the 
large-diameter  portion  51  1b  and  a  C-shaped  ring  515 
fitted  in  a  annular  groove  511b'  formed  in  the  outer 
peripheral  surface  of  the  small-diameter  portion 
511b.  Also,  the  first  rotary  member  511  is  provided 
with  a  tapped  through  hole  511c  which  is  formed 
along  the  axial  center,  and  a  matching  one  among 
threaded  shafts  520  provided  upright  on  the  bottom 
wall  2  of  the  machining  tank  is  screwed  into  the  tap- 
ped  hole  511c.  The  threaded  shaft  520  is  screwed  into 
a  tapped  hole  with  a  bottom  (not  shown)  formed  in  the 
bottom  wall  2  of  the  machining  tank,  and  fixed  to  the 
machining  tank  1  with  a  fixing  nut  521. 

The  second  through  fourth  rotary  components 
512  through  514  are  configured  in  the  same  way  as 
that  of  the  first  rotary  member  511.  However,  the  out- 
er  peripheral  surface  of  the  large-diameter  portion  of 
the  second  rotary  member  has  gear  teeth  512d  to  be 
meshed  with  the  gear  530.  The  first  to  fourth  rotary 
components  511  through  514  are  all  interlocked 
through  a  timing  belt  540  engaged  with  the  annular 
grooves  in  the  respective  large-diameter  portions 
(one  of  them  is  depicted  by  a  symbol  511a'  in  Fig.  5). 
Thus,  when  the  second  rotary  member  512  rotates  as 
the  gear  530  rotates,  the  remaining  rotary  compo- 
nents  turn  in  the  same  direction.  This  causes  the  driv- 
ing  plate  501  to  move  along  the  threaded  shaft  520, 
thereby  changing  the  height  of  the  pipe  end  201,  i.e., 
the  fluid  level. 

The  fluid  level  adjusting  apparatus  is  further  pro- 
vided  with  a  float  switch  700  for  detecting  the  over- 
flow  of  the  machining  fluid  from  the  machining  tank  1 
into  the  exhaust  pipe  100  via  the  pipe  end  201.  The 
float  switch  700  is  provided  with  a  micro-switch  710 
mounted  on  one  side  surface  of  the  driving  plate  501  , 

and  a  float  720  which  is  fixed  on  the  end  of  a  lever  711 
of  said  micro-switch  and  which  floats  on  the  fluid  sur- 
face  of  the  machining  fluid  in  the  machining  tank  1. 

5  The  float  switch  is  designed  to  close  the  contact  of  the 
micro-switch  71  0  when  the  fluid  level  reaches  the  top 
surface  of  the  driving  plate  501  which  corresponds  to 
the  upperend  201  of  the  adjustment  pipe  and  the  ma- 
chining  fluid  begins  to  overflow  from  the  machining 

10  tank  1  to  the  adjustment  pipe  200  and  the  exhaust 
pipe  1  00  via  the  pipe  end  201  .  Further,  the  pump  driv- 
ing  circuit  of  the  driving  section  300  of  the  height  ad- 
justing  mechanism  is  connected  to  the  micro-switch 
710  so  that  when  the  micro-switch  contact  is  closed, 

15  the  pump  related  to  the  quick  filling  nozzle  is  stopped 
to  stop  the  machining  fluid  supply  to  the  machining 
tank  1  through  said  nozzle. 

The  following  describes  the  operation  of  the  fluid 
level  adjusting  apparatus. 

20  Prior  to  the  adjustment  of  the  fluid  level  for  the 
first  workpiece,  the  adjustment  pipe  200  which  is  free 
to  expand  and  contract  is  set  in  its  most  contracted 
state.  The  controlling  section  600  calculates  the  tar- 
get  fluid  level  D  by  adding  the  correction  value  to  the 

25  thickness  of  the  first  workpiece  determined  based  on 
the  machining  data  read  from  its  built-in  memory, 
then  stores  the  calculated  value  D  in  the  memory  as 
the  present  position  of  the  adjustment  pipe  upperend 
201  .  Then,  the  controlling  section  reads  the  reference 

30  value  of  the  height  of  the  adjustment  pipe  upper  end 
201  from  the  memory,  and  sends  out  the  fluid  level 
adjustment  command  data,  which  comprises  the  mo- 
tor  rotation  amount  data  corresponding  to  the  abso- 
lute  value  of  the  deviation  of  the  calculated  value  D 

35  from  the  reference  value  and  the  motor  rotational  di- 
rection  data  which  indicates  the  forward  rotation,  to 
the  driving  section  300  of  the  height  adjusting  mech- 
anism. 

According  to  the  data  transmitted,  the  motor  driv- 
40  ing  circuit  of  the  driving  section  300  runs  the  motor  in 

the  forward  direction  fora  period  of  time  based  on  the 
motor  rotation  amount  data.  The  rotational  force  of 
the  motor  is  transmitted  to  the  gear  530  of  the  con- 
verting  section  500  via  the  reduction  gear  of  the  driv- 

45  ing  section  300  and  the  wire  420  of  the  transmitting 
section  400.  As  the  gear  530  turns,  the  second  rotary 
member  512  of  the  converting  section  500  which  is 
turned  by  the  gear,  and  the  other  rotary  components 
511,  513  and  514  which  are  connected  to  and  driven 

so  by  the  second  rotary  member  rotate,  causing  the  driv- 
ing  plate  501  and  the  upper  opening  end  201  of  the 
adjustment  pipe  200  to  move  up  along  the  threaded 
shaft  520. 

When  the  motor  stops,  and  the  adjustment  pipe 
55  upperend  201  is  positioned  at  the  target  flu  id  level  D, 

the  pump  related  to  the  quick  filling  nozzle  is  actuated 
by  the  pump  driving  circuit  of  the  driving  section  300, 
and  the  machining  fluid  is  supplied  into  the  machining 
tankl  via  said  nozzle.  After  that,  when  the  actual  fluid 

5 
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level  reaches  the  pipe  upper  end  201,  and  the  ma- 
chining  fluid  begins  to  overflow  from  the  machining 
tank  1  through  the  pipe  end  into  the  adjustment  pipe 
200  and  the  exhaust  pipe  100,  the  contact  of  the  mi- 
cro-switch  710  closes,  and  a  filling  completion  signal 
is  sent  from  said  switch  to  the  pump  driving  circuit.  In 
response  to  the  signal,  the  pump  driving  circuit  stops 
the  pump  to  stop  the  machining  fluid  supply.  Thus  the 
fluid  level  adjustment  for  the  first  workpiece  is  com- 
pleted. 

The  fluid  level  adjustment  for  the  second  and  the 
subsequent  workpieces  is  performed  in  the  same 
manner  as  for  the  first  workpiece.  However,  the  con- 
trolling  section  600  uses  the  current  position  data  of 
the  upper  end  of  the  adjustment  pipe  read  from  the 
memory  in  place  of  the  reference  value  of  the  height 
of  the  adjustment  pipe  upper  end  201  to  calculate  the 
motor  rotation  amount  data.  Also,  it  determines  the 
motor  rotational  direction  data  depending  on  whether 
the  deviation  of  the  calculated  targetfluid  level  Dfrom 
the  current  position  data  is  positive  or  negative. 

The  present  invention  is  not  limited  to  the  em- 
bodiment  of  Fig.  2  described  above,  but  it  can  be  im- 
plemented  in  diverse  other  variations. 

For  instance,  in  the  embodiment  of  Fig.  1  and  2, 
the  fluid  level  adjusting  pipes  1  0  and  1  00  are  installed 
in  the  machining  tank  1  ,  but  they  may  be  provided  out- 
side  the  machining  tank.  As  shown  in  Fig.  9,  for  in- 
stance,  a  bellow-type  fluid  level  adjustment  pipe  200' 
is  formed  into  one  piece  on  one  end  of  a  U-shaped  ex- 
haust  pipe  100'  whose  other  end  is  connected  to  the 
machining  fluid  exhaust  port  3  in  the  bottom  wall  of 
the  machining  tank,  and  also  a  receiving  pan  110'  is 
provided  to  collect  the  machining  fluid  overflowing 
through  an  upper  opening  end  201'.  According  to  the 
example  of  a  variation,  the  leakage  of  the  machining 
fluid  can  be  completely  prevented  by  welding  the  ex- 
haust  pipe  to  the  part  where  the  machining  fluid  ex- 
haust  port  is  formed  in  the  machining  tank.  Further, 
when  installing  the  height  adjusting  mechanism  of  the 
Fig.  2  embodiment  to  the  apparatus  of  Fig.  9  which 
has  the  fluid  level  adjustment  pipe  200'  outside  the 
machining  tank  1  ,  the  transmitting  section  400  can  be 
easily  eliminated  by  directly  connecting  the  driving 
section  300  of  the  height  adjusting  mechanism  to  the 
converting  section  500. 

Claims 

1  .  Af  luid  level  adjusting  apparatus  in  an  electric  dis- 
charge  machining  tank  (1),  comprising  an  ex- 
haust  pipe  (100)  connected  to  a  machining  fluid 
exhaust  port  (3)  of  the  electric  discharge  machin- 
ing  tank  (1),  and  an  adjustment  pipe  (200)  which 
has  an  upper  opening  end  (201),  and  a  lower 
opening  end  (202)  connected  to  said  exhaust 
pipe  (100),  the  height  of  said  upperopening  end 

(201)  of  said  adjustment  pipe  (200)  being  adjust- 
able  by  a  height  adjusting  mechanism  (300,500) 
so  that  machining  fluid  in  said  electric  discharge 

5  machining  tank  (1)  can  be  drained  out  of  said 
electric  discharge  machining  tank  (1)  through 
said  upper  opening  end  (201)  of  said  adjustment 
pipe  (200),  thus  maintaining  the  fluid  level  of  the 
machining  fluid  at  the  height  of  said  upper  open- 

10  ing  end  (201),  the  height  adjusting  mechanism 
(300,500)  comprising  a  driving  section  (300)  for 
generating  a  rotary  driving  force,  and  a  convert- 
ing  section  (500)  for  converting  the  rotary  driving 
force  into  a  linear  driving  force  for  moving  the  ad- 

15  justment  pipe  upper  end  (201)  up  and  down, 
characterised  in  that  the  converting  sec- 

tion  (500)  comprises  a  driving  plate  (501  )  coupled 
to  the  upperopening  end  (201)  of  the  adjustment 
pipe  (200),  and  also  mounted  on  a  bottom  wall  (2) 

20  of  the  discharge  machining  tank  (1)  via  a  plurality 
of  upright  threaded  shafts  (520)  by  means  of  a 
plurality  of  rotary  members  (511,512,513,514) 
which  are  rotatably  secured  in  the  driving  plate 
(501)  and  which  comprise  internal  threads  fitted 

25  onto  respective  ones  of  the  upright  threaded 
shafts  (520),  the  driving  plate  (501)  carrying  a  ro- 
tary  gear  (530)  which  is  coupled  to  be  driven  by 
the  driving  section  (300)  and  thereby  to  drive  the 
rotary  members  (511,512,513,514)  along  the  up- 

30  right  threaded  shafts  (520),  thereby  to  adjust  the 
height  of  the  driving  plate  (501)  and  of  the  upper 
opening  end  (201)  of  the  adjustment  pipe  (200). 

2.  Af  luid  level  adjusting  apparatus  in  an  electric  dis- 
35  charge  machining  tank  (1)  according  to  claim  1, 

wherein  said  height  adjusting  mechanism 
(300,500)  is  operable  to  automatically  adjust  the 
height  of  said  upperopening  end  (201)  of  said  ad- 
justment  pipe  (200). 

40 
3.  Af  luid  level  adjusting  apparatus  in  an  electric  dis- 

charge  machining  tank(1)  according  to  claim  1  or 
claim  2,  which  still  further  comprises  a  float 
switch  (700)  located  at  the  upperend  (201)  of  the 

45  adjustment  pipe  (200)  for  detecting  overflow  of 
the  machining  fluid  through  the  upper  opening 
end  (201)  of  the  adjustment  pipe  (200). 

so  Patentanspruche 

1.  Fluidpegeleinstellvorrichtung  fur  einen  Tank  (1) 
zur  elektrischen  Entladungsbearbeitung,  beste- 
hend  auseinem  miteinerBearbeitungsfluid-Aus- 

55  lalioffnung  (3)  des  Tanks  (1)  zur  elektrischen  Ent- 
ladungsbearbeitung  verbundenen  Auslaftrohr 
(100)  und  einem  ein  oberes  Offnungsende  (201) 
und  ein  mit  dem  Auslalirohr  (100)  verbundenes 
unteres  Offnungsende  (202)  aufweisenden  Ein- 
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stellrohr  (200),  wobei  die  Hone  des  oberen  6ff- 
nungsendes  (201)  des  Einstellrohres  durch  einen 
Hoheneinstellmechanismus  (300,  500)  derart 
einstellbarist,  daBdas  Bearbeitungsfluid  imTank 
(1)  zurelekrischen  Entladungsbearbeitung  durch 
das  obere  Offnungsende  (201)  des  Einstellroh- 
res  (200)  aus  dem  Tank  (1)  zur  elektrischen  Ent- 
ladungsbearbeitung  ausflieften  und  dadurch  der 
Pegel  des  Bearbeitungsfluids  auf  der  Hohe  des 
oberen  Offnungsendes  (201)  gehalten  werden 
kann,  und  wobei  der  Hoheneinstellmechanismus 
(300,  500)  einen  Antriebsabschnitt  (300)  zur  Er- 
zeugung  einer  Drehantriebskraft  und  einen  Um- 
setzabschnitt  (500)  zur  Umsetzung  der  Drehan- 
triebskraft  in  eine  Linearantriebskraft  zur  Auf- 
und  Abbewegung  des  oberen  Offnungsendes 
(201)  des  Einstellrohres  aufweist, 
dadurch  gekennzeichnet, 
dali  der  Umsetzungsabschnitt  (500)  eine  an  das 
obere  Offnungsende  (201)  des  Einstellrohres 
(200)  gekuppelte  Antriebsplatte  (501)  aufweist, 
die  uber  mehrere  aufrechte  Gewindeschafte 
(520)  mittels  mehrerer  Drehteile  (511,  512,  513, 
514),  die  drehbar  in  der  Antriebsplatte  (501)  ge- 
halten  sind  und  jeweils  ein  auf  ein  Gewinde  der 
aufrechten  Gewindeschafte  (520)  passendes  In- 
nengewindeaufweisen,  auf  einer  Bodenplatte  (2) 
des  Tanks  (1)  zur  elektrischen  Entladungsbear- 
beitung  befestigt  ist,  wobei  die  Antriebsplatte 
(501)  eine  Drehubersetzung  (530)  tragt,  die  so 
gekuppelt  ist,  daft  sie  durch  den  Antriebsab- 
schnitt  (300)  betreibbar  ist  und  dadurch  die  Dreh- 
teile  (511,  512,  513,  514)  langs  der  aufrechten 
Gewindeschafte  (520)  bewegt,  wodurch  die  Ho- 
he  der  Antriebsplatte  (501)  und  des  oberen  Off- 
nungsendes  (201)  des  Einstellrohres  (200)  ein- 
stellbar  ist. 

2.  Fluidpegeleinstellvorrichtung  fur  einen  Tank  (1) 
zur  elektrischen  Entladungsbearbeitung  nach 
Anspruch  1,  wobei  mitdem  Hoheneinstellmecha- 
nismus  (300,  500)  die  Hohe  des  oberen  Off- 
nungsendes  (201)  des  Einstellrohres  (200)  auto- 
matisch  einstellbar  ist. 

3.  Fluidpegeleinstellvorrichtung  fur  einen  Tank  (1) 
zurelektrische  Entladungsbearbeitung  nach  An- 
spruch  1  oder  2  mit  einem  am  oberen  Offnungs- 
ende  (201)  des  Einstellrohres  (200)  befindlichen 
Schwimmschalter  (700)  zum  Feststellen  eines 
Auslaufens  des  Bearbeitungsfluids  durch  das 
obere  Offnungsende  (201)  des  Einstellrohres 
(200). 

Revendications 

1.  Appareil  de  reglage  du  niveau  de  fluide  dans  un 

reservoir  (1)  d'usinage  par  etincelage,  compre- 
nant  un  tuyau  d'evacuation  (100)  relie  a  un  orifi- 
ce  d'evacuation  (3)  de  fluide  d'usinage  du  reser- 

5  voir  (1)  d'usinage  par  etincelage,  et  un  tuyau  de 
reglage  (200)  qui  possede  une  extremite  d'ouver- 
ture  superieure  (201)  et  une  extremite  d'ouvertu- 
re  inferieure  (202)  reliee  audit  tuyau  d'evacuation 
(100),  la  hauteur  de  ladite  extremite  d'ouverture 

10  superieure  (201)  dudit  tuyau  de  reglage  (200) 
etant  reglable  a  I'intervention  d'un  mecanisme  de 
reglage  de  la  hauteur  (300,  500),  si  bien  que  le 
fluide  d'usinage  dans  ledit  reservoir  (1)  d'usinage 
par  etincelage  peut  etre  evacue  par  drainage  du- 

15  dit  reservoir  (1)  d'usinage  par  etincelage  a  tra- 
vers  ladite  extremite  d'ouverture  superieure 
(201)  dudit  tuyau  de  reglage  (200),  maintenant 
ainsi  le  niveau  du  fluide  d'usinage  a  la  hauteur  de 
ladite  extremite  d'ouverture  superieure  (201),  le 

20  mecanisme  de  reglage  de  la  hauteur  (300,  500) 
comprenant  une  section  d'entraTnement  (300) 
pour  generer  une  force  d'entraTnement  rotatif  et 
une  section  de  transformation  (500)  pour  trans- 
former  la  force  d'entraTnement  rotatif  en  une  for- 

25  ce  d'entraTnement  lineaire  dans  le  but  de  procurer 
a  I'extremite  d'ouverture  superieure  (201)  du 
tuyau  de  reglage  un  deplacement  ascendant  et 
descendant, 
caracterise  en  ce  que  la  section  de  transforma- 

30  tion  (500)  comprend  une  plaque  d'entraTnement 
(501)  couplee  a  I'extremite  d'ouverture  superieu- 
re  (201)  du  tuyau  de  reglage  (200),  tout  en  etant 
montee  sur  une  paroi  inferieure  (2)  du  reservoir 
(1)  d'usinage  par  etincelage  via  plusieurs  arbres 

35  f  Metes  verticaux  (520)  au  moyen  de  plusieurs 
elements  rotatifs  (511,  512,  513,  514)  qui  sont 
fixes  en  rotation  dans  la  plaque  d'entraTnement 
(501)etquicomprennent  des  filets  internes  inse- 
res  sur  les  filets  respectifs  des  arbres  f  Metes  ver- 

40  ticaux  (520),  la  plaque  d'entraTnement  (501)  por- 
tant  un  engrenage  rotatif  (530)  qui  est  couple 
pour  etre  entraTne  par  la  section  d'entraTnement 
(300)  et  pour  ainsi  entraTner  les  elements  rotatifs 
(51  1  ,  51  2,  51  3,  514)  le  long  des  arbres  f  i  letes  ver- 

45  ticaux  (520)  pour  regler  ainsi  la  hauteur  de  la  pla- 
que  d'entraTnement  (501)  et  de  I'extremite  d'ou- 
verture  superieure  (201)  du  tuyau  de  reglage 
(200). 

so  2.  Appareil  de  reglage  du  niveau  de  fluide  dans  un 
reservoir  (1)  d'usinage  par  etincelage  selon  la  re- 
vendication  1  ,  dans  lequel  ledit  mecanisme  de  re- 
glage  de  la  hauteur  (300,  500)  est  mis  en  service 
pour  regler  automat  iquement  la  hauteur  de  ladite 

55  extremite  d'ouverture  superieure  (201)  dudit 
tuyau  de  reglage  (200). 

3.  Appareil  de  reglage  du  niveau  de  fluide  dans  un 
reservoir  (1)  d'usinage  par  etincelage  selon  la  re- 
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vendication  1  ou  2,  qui  comprend  encore  un  in- 
terrupted  flottant  (700)  dispose  a  I'extremite  su- 
perieure  (201)  du  tuyau  de  reglage  (200)  pourde- 
tecter  un  trop-plein  du  fluide  d'usinage  passant  5 
par  I'extremite  d'ouverture  superieure  (201)  du 
tuyau  de  reglage  (200). 
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