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©  In  a  die  cushion  pin  pressure  equalizing  system 
wherein  a  plurality  of  die  cushion  pins  are  vertically 
movably  provided  in  the  bolster  of  a  press  machine, 
pressure  equalizing  hydraulic  cylinders  supported  by 
die  cushions  are  respectively  provided  downwardly 
of  the  plurality  of  die  cushion  pins  and  the  plurality 
of  pressure  equalizing  hydraulic  cylinders  are  con- 
nected  to  one  another  through  hydraulic  paths,  so 
that  oil  pressure  is  applied  to  the  pressure  equalizing 
hydraulic  cylinders  and  the  hydraulic  paths,  preload 
oil  pressure  acting  on  the  plurality  of  pressure  equal- 
izing  cylinders  is  raised  to  thereby  prevent  plungers 
of  the  plurality  of  pressure  equalizing  cylinders  from 
bottoming. 

Pd  (STABLE  OIL  PRESSURE) 
OIL  PRESSURE  IN PRESSURE  EQUALIZING  SYSTEM 
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TECHNICAL  FIELD 

The  present  invention  relates  to  a  method  of 
preventing  plungers  of  pressure  equalizing  hydrau- 
lic  cylinders  provided  in  a  die  cushion  pin  pressure 
equalizing  system  used  for  press  drawing  from 
bottoming. 

BACKGROUND  ART 

To  prevent  wrinkles  from  arising  over  a  work 
piece  during  a  press-drawing  operation,  a  press 
machine  is  usually  equipped  with  a  die  cushion 
below  a  lower  die  half. 

Fig.  6  shows  the  structure  of  a  press  machine 
equipped  with  a  die  cushion.  In  the  drawing,  refer- 
ence  numeral  1  designates  a  crown,  reference  nu- 
meral  2  designates  an  upright,  reference  numeral  3 
designates  a  bed,  a  reference  numeral  4  des- 
ignates  a  slide,  reference  numeral  5  designates  an 
upper  die  half,  reference  numeral  6  designates  a 
lower  die  half,  reference  numeral  7  designates  a 
bolster,  reference  numeral  8  designates  a  moving 
bolster,  reference  numeral  9  designates  a  die  cush- 
ion  pin,  reference  numeral  10  designates  a  pres- 
sure  equalizing  plate,  reference  numeral  11  des- 
ignates  a  pressure  equalizing  cylinder,  reference 
numeral  12  designates  a  die  cushion  pad,  refer- 
ence  numeral  13  designates  a  die  cushion  leg, 
reference  numeral  14  designates  a  die  cushion  air 
cylinder,  reference  numeral  15  designates  a  die 
cushion  rod,  and  reference  numeral  16  designates 
a  damper  filled  with  hydraulic  oil. 

As  shown  in  Fig.  6,  the  bolster  7  is  mounted  on 
the  bet  3  with  the  moving  bolsters  8  interposed 
therebetween  and  the  die  cushion  pad  12  is  re- 
ceived  in  the  bed  3.  The  die  cushion  pad  12  is 
supported  by  the  die  cushion  cylinder  14  mounted 
on  the  die  cushion  leg  13.  A  compressed  air  sup- 
ply  source  is  pneumatically  connected  to  the  die 
cushion  cylinders  14  via  an  air  pressure  regulating 
unit  (not  shown). 

The  lower  die  half  6  is  mounted  on  the  bolster 
7  which  is  formed  with  pin  holes  through  which  a 
plurality  of  die  cushion  pins  9  are  inserted.  The  die 
cushion  pins  9  serve  to  support  a  die  pad  (not 
shown)  received  in  the  lower  die  half  6. 

A  plurality  of  pressure  equalizing  hydraulic  cyl- 
inders  11  are  mounted  on  the  plate  10  at  positions 
corresponding  to  the  cushion  pins  9.  As  shown  in 
Fig.  7,  the  pressure  equalizing  cylinders  11  are 
arranged  in  such  a  manner  that  the  lower  end  of 
die  cushion  pins  9  come  in  contact  with  plungers 
18.  The  flange  portion  17  of  the  plungers  18  is 
received  in  a  cylinder  hydraulic  chamber  and 
serves  as  stoppers  for  preventing  the  cylinders  11 
from  moving  upward  out  of  the  cylinder  hydraulic 
chambers. 

The  cylinder  hydraulic  chambers  of  the  pres- 
sure  equalizing  hydraulic  cylinders  11  are  hydrauli- 
cally  connected  to  a  hydraulic  pressure  supply 
source  (not  shown)  via  a  hydraulic  path  19  such  as 

5  a  drilled  hole,  a  pipe,  etc.  formed  in  the  plate  10.  A 
check  valve  is  provided  at  the  hydraulic  path  19  so 
as  to  supply  hydraulic  oil  with  a  high  pressure 
enough  to  cancel  an  error  in  the  length  of  each  die 
cushion  pin  into  the  hydraulic  path  19  and  the 

io  respective  cylinder  chambers. 
In  performing  a  press-drawing  operation,  die 

cushion  pins  9  are  selected  corresponding  to  a  die 
assembly  and  then  the  press  machine  is  driven. 
Since  the  outflow  of  the  pressurized  oil  supplied 

75  into  the  respective  pressure  equalizing  hydraulic 
cylinders  11  is  blocked,  when  the  slide  4  and  the 
upper  die  half  5  are  lowered  and  the  selected  die 
cushion  pins  9  receive  a  pressing  power,  the 
pressing  power  is  transmitted  to  the  die  cushion 

20  pad  12  via  the  die  cushion  pins  9  and  the  hydraulic 
cylinders  11  and  is  absorbed  in  the  die  cushion 
cylinders  14.  At  this  time,  uneven  distribution  of  the 
pressing  power  due  to  the  unequal  length  of  die 
cushion  pins  9  as  well  as  assembling  error  of  the 

25  parts  of  the  press  machine  is  absorbed  in  the 
cushioning  pressure  of  each  pressure  equalizing 
cylinder  1  1  . 

When  a  die  cushion  pin  9  is  displaced  in 
excess  of  a  maximum  displacement  in  the  die 

30  cushion  pin  pressure  equalizing  system  including  a 
plurality  of  the  hydraulic  cylinders  11,  there  ap- 
pears  a  problem  that  the  die  cushion  pin  pressure 
equalizing  system  cannot  perform  a  pressure 
equalizing  function.  This  is  because  the  plunger  18 

35  of  the  hydraulic  cylinder  11  in  the  die  cushion  pin 
pressure  equalizing  system  bottoms  on  the  lower 
surface  of  the  oil  chamber  for  the  hydraulic  cyl- 
inder  11  as  shown  in  the  righthand  part  of  Fig.  9. 

To  solve  the  problem  of  the  bottoming,  the 
40  following  measures  have  conventionally  been  tak- 

en. 
(1)  Increasing  the  number  of  die  cushion  pins 
(2)  Reducing  air  pressure  in  die  cushion  cyl- 
inders  (i.e.,  die  cushion  air  pressure)  to  an  ulti- 

45  mate  extent 
(3)  Reducing  the  number  of  continuous  strokes 
(i.e.,  the  number  of  strokes  per  one  minute, 
SPM) 

However,  (1)  is  difficult  to  conduct  considering 
50  the  fact  that  the  number  of  die  cushion  pins  should 

correspond  to  a  die  assembly,  (2)  is  not  suited  to 
conduct  because  defective  pressing  is  likely  to 
occur  and  (3)  is  hardly  acceptable  to  manufactures 
since  a  production  rate  per  hour  becomes  reduced. 

55  In  the  conventional  die  cushion  pin  pressure 
equalizing  system,  press-drawing  operations  have 
been  conducted  without  taking  consideration  var- 
ious  working  conditions  such  as  diameter  of  the 

2 
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plunger  18  of  each  pressure  equalizing  hydraulic 
cylinder  11,  the  number  of  die  cushion  pins  9  to  be 
used,  a  pin  touch  speed,  i.e.,  speed  at  which  the 
upper  die  half  5  comes  in  contact  with  the  die 
cushion  pins  9,  total  quantity  of  hydraulic  oil  filled 
in  the  die  cushion  pin  pressure  equalizing  system 
and  die  cushion  air  pressure.  As  a  result,  excessive 
peak  pressure  is  generated  in  the  pressure  equaliz- 
ing  system  and  crack  or  breakage  by  fatigue  oc- 
curs  at  the  flange  portion  of  the  plunger  18  of 
unused  pressure  equalizing  hydraulic  cylinders  11. 
These  problems  are  considered  to  occur  because 
an  excessively  high  intensity  of  peak  oil  pressure  is 
generated  when  the  die  assembly  comes  in  contact 
with  the  die  cushion  pins  9. 

In  view  of  the  circumstances  as  mentioned 
above,  it  is  preferable  not  to  take  the  measures  (1) 
to  (3)  and  not  to  change  the  peak  hydraulic  pres- 
sure. 

The  present  invention  has  been  made  in  con- 
sideration  of  the  aforementioned  background  and 
its  object  is  to  provide  a  method  of  preventing  the 
plungers  of  the  pressure  equalizing  hydraulic  cyl- 
inders  provided  in  a  die  cushion  pin  pressure 
equalizing  system  from  the  bottoming  without  the 
generation  of  an  excessively  high  peak  pressure 
and  without  the  reduction  of  productivity  and  accu- 
racy  in  press-drawing  operations. 

DISCLOSURE  OF  THE  INVENTION 

In  a  die  cushion  pin  pressure  equalizing  sys- 
tem  of  the  present  invention  wherein  a  plurality  of 
die  cushion  pins  are  vertically  movably  disposed  in 
the  bolster  of  a  press  machine,  the  pressure  equal- 
izing  hydraulic  cylinders  are  disposed  below  the 
die  cushion  pins  while  they  are  supported  by  a  die 
cushion,  and  the  pressure  equalizing  hydraulic  cyl- 
inders  are  hydraulically  connected  to  each  other 
via  an  oil  path  so  as  to  allow  an  oil  pressure  to  be 
acted  on  the  pressure  equalizing  hydraulic  cyl- 
inders,  the  plungers  of  the  pressure  equalizing  hy- 
draulic  cylinders  are  prevented  from  bottoming  by 
increasing  a  preload  oil  pressure  exerted  on  the 
pressure  equalizing  hydraulic  cylinders. 

According  to  the  present  invention,  since  the 
plungers  of  the  pressure  equalizing  hydraulic  cyl- 
inders  are  prevented  from  bottoming  by  simply 
increasing  a  preload  oil  pressure  exerted  on  the 
pressure  equalizing  hydraulic  cylinders,  the  bot- 
toming  of  the  plungers  can  be  prevented  without 
generating  an  excessively  high  peak  oil  pressure 
and  without  reducing  productivity  and  accuracy  of 
the  press-drawing  operation. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  graph  illustrating  relationship  between 
total  absorption  stroke  and  an  oil  pressure  in  a 

5  die  cushion  pin  pressure  equalizing  system  with 
two  preloads  as  parameters; 
Fig.  2  illustrates  the  oil  pressure  in  the  die 
cushion  pin  pressure  equalizing  system; 
Fig.  3  is  a  view  schematically  illustrating  the 

io  structure  of  an  apparatus  used  in  experiments; 
Fig.  4  shows  a  result  of  the  experiments; 
Fig.  5  shows  another  result  of  the  experiments; 
Fig.  6  shows  a  result  of  the  experiments  by  a 
graph  illustrating  the  relationship  between  total 

is  absorption  stroke  and  oil  pressure  in  the  die 
cushion  pin  pressure  equalizing  system  with  two 
preload  pressure  as  parameters; 
Fig.  7  is  a  graph  illustrating  the  relationship 
between  primary  peak  pressure  and  preload  oil 

20  pressure; 
Fig.  8  schematically  illustrates  a  press  machine 
equipped  with  a  die  cushion  and  a  die  cushion 
pin  pressure  equalizing  system;  and 
Fig.  9  schematically  illustrates  the  bottoming  in 

25  the  pressure  equalizing  hydraulic  cylinders. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

30  The  present  invention  will  now  be  described  in 
detail  with  reference  to  the  accompanying  drawings 
which  illustrate  a  preferred  embodiment  thereof. 

Fig.  2  shows  oil  pressure  in  the  die  cushion  pin 
pressure  equalizing  system  described  above  with 

35  reference  to  Fig.  8  and  Fig.  9  in  which  reference 
character  PO  designates  a  preload  oil  pressure, 
reference  character  Pmax  designates  a  peak  oil 
pressure  (which  appears  at  the  time  when  an  upper 
die  half  comes  in  contact  with  die  cushion  pins) 

40  and  reference  character  PD  designates  a  stable  oil 
pressure.  The  inventor  of  the  present  invention 
discovered  based  on  results  of  an  experiment  that 
bottoming  of  the  plunger  of  the  pressure  equalizing 
hydraulic  cylinder  11  in  the  die  cushion  pin  pres- 

45  sure  equalizing  system  can  reliably  be  prevented 
by  raising  the  preload  oil  pressure  PO  even  when 
the  die  cushion  pin  is  displaced  in  excess  of  the 
maximum  displacement. 

In  the  experiment,  an  apparatus  as  shown  in 
50  Fig.  3  was  prepared.  The  apparatus  includes  about 

30  to  40  die  cushion  pins  9  each  having  a  diameter 
of  60  mm  and  a  length  of  675  mm.  While  driving  a 
slide  4  on  which  an  upper  die  half  5  is  mounted  by 
micro-inching  so  as  to  apply  pressure  to  a  die 

55  cushion,  relative  stroke  between  the  pressure  ap- 
plied  die  cushion  pin  and  an  unpressured  die  cush- 
ion  pin  was  measured  by  a  dial  gauge  20.  At  this 
time,  an  oil  pressure  appearing  in  the  oil  path  19  of 

3 
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the  die  cushion  pin  pressure  equalizing  system 
was  also  measured  by  a  pressure  meter  21.  In  Fig. 
3,  reference  numeral  11  designates  a  pressure 
equalizing  hydraulic  cylinder,  reference  numeral  22 
designates  a  pressure  head,  reference  numeral  23 
designates  a  check  valve  and  reference  numeral 
designates  a  recorder. 

The  total  absorption  stroke  S  is  calculated  in 
accordance  with  the  following  equation  (1). 

total  absorption  stroke  S  =  (reading  of  the  dial 
gauge) 
X  (the  number  of  pressured  die  cushion  pins) 
(1) 

Fig.  4  is  a  table  in  which  die  cushion  ability, 
the  number  of  pressured  die  cushion  pins,  oil  pres- 
sure  in  the  die  cushion  pin  pressure  equalizing 
system,  and  absorption  stroke  are  shown  when  the 
preload  oil  pressure  PO  is  25  kg/cm2.  Fig.  5  shows 
the  above  items  are  shown  when  the  preload  oil 
pressure  PO  is  75  kg/cm2.  Fig.  6  is  a  graph  pre- 
pared  by  plotting  the  relationship  between  the  total 
die  cushion  pin  absorption  stroke  S  and  oil  pressure 
P  in  the  die  cushion  pin  pressure  equalizing  sys- 
tem  when  the  preload  oil  pressure  PO  is  25  kg/cm2 
and  75  kg/cm2. 

When  the  plotted  points  are  approximated  by  a 
linear  line,  the  relationship  of  P  =  1.14  S  +  25  is 
obtained  when  the  preload  PO  is  set  to  25kg/cm2 
and  the  relationship  represented  by  an  equation  of 
P  =  1.14  S  +  75  is  obtained  when  the  preload  PO 
is  set  to  75  kg/cm2. 

From  the  graph  shown  in  Fig.  6,  the  relation- 
ship  between  the  total  absorption  stroke  and  the  oil 
pressure  in  the  die  cushion  pin  pressure  equalizing 
system  is  obtained  for  the  preload  oil  pressure  PO 
is  P01  and  P02  as  shown  in  Fig.  1.  In  Fig.  1, 
reference  character  PD  designates  a  stable  oil 
pressure  value  shown  in  Fig.  2.  As  is  apparent  from 
Fig.  1,  when  the  preload  oil  pressure  is  raised  from 
P01  to  P02,  the  total  absorption  stroke  at  the  stable 
oil  pressure  PD  is  shifted  from  L2  to  L1  .  Thus,  the 
total  absorption  stroke  is  shortened  by  L2  -  L1. 
This  makes  it  possible  to  prevent  the  bottoming  of 
the  plunger  of  the  pressure  equalizing  hydraulic 
cylinder  11.  In  short,  according  to  the  present  in- 
vention,  the  total  absorption  stroke  of  the  die  cush- 
ion  pin  pressure  equalizing  system  at  the  stable  oil 
pressure  PD  is  shortened  by  raising  the  preload  oil 
pressure  by  an  adequate  quantity,  whereby  the 
bottoming  of  the  plunger  is  prevented. 

Fig.  7  shows  a  result  of  an  experiment  and 
illustrates  the  relationship  between  the  preload  oil 
pressure  PO  and  the  primary  peak  pressure  Pmax 
for  the  total  quantity  of  hydraulic  oil  in  the  die 
cushion  pin  pressure  equalizing  system  of  6  liters 
and  the  pin  touch  speed  of  0.757  m/sec  under  the 

conditions  that  the  number  of  used  die  cushion 
pins  is  20  and  the  air  pressure  is  2.0  kg/cm2,  and 
the  number  of  die  cushion  pins  is  40  and  the  air 
pressure  is  6.2  kg/cm2.  In  Fig.  7,  the  primary  peak 

5  pressure  Pmax  is  plotted  substantially  in  parallel 
with  the  abscissa  of  the  graph,  which  shows  that 
the  primary  peak  pressure  Pmax  is  not  affected  by 
the  change  in  the  preload  pressure. 

Since  the  primary  peak  pressure  does  not  in- 
io  crease  by  the  increase  of  the  preload  oil  pressure, 

the  method  of  the  present  invention  can  be  prac- 
ticed  without  incurring  the  fatigue  crack  or  break- 
age  at  the  stopper  portion  of  the  plunger  in  the 
pressure  equalizing  hydraulic  cylinder  11  which  will 

is  occur  due  to  the  raising  of  the  preload  oil  pressure 
as  mentioned  above. 

INDUSTRIAL  APPLICABILITY 

20  The  present  invention  is  advantageously  em- 
ployable  for  press-drawing  by  using  a  press  ma- 
chine  equipped  with  a  die  cushion  pin  pressure 
equalizing  system.  By  the  present  invention,  bot- 
toming  of  the  plungers  of  the  hydraulic  cylinders 

25  arranged  in  the  die  cushion  pin  equalizing  system 
can  reliably  be  prevented. 

Claims 

30  1.  In  a  die  cushion  pin  pressure  equalizing  sys- 
tem  wherein  a  plurality  of  die  cushion  pins  are 
vertically  movably  provided  in  a  bolster  of  a 
press  machine,  pressure  equalizing  hydraulic 
cylinders  supported  by  die  cushions  are  re- 

35  spectively  provided  downwardly  of  the  plurality 
of  die  cushion  pins  and  the  plurality  of  pres- 
sure  equalizing  hydraulic  cylinders  are  con- 
nected  to  one  another  through  hydraulic  paths 
so  that  oil  pressure  is  applied  to  the  pressure 

40  equalizing  hydraulic  cylinders  and  the  hydrau- 
lic  paths, 

a  method  of  preventing  plungers  of  the 
plurality  of  pressure  equalizing  hydraulic  cyl- 
inders  from  bottoming  characterized  in  that 

45  preload  oil  pressure  acting  on  the  plurality  of 
pressure  equalizing  cylinders  is  raised  to 
thereby  prevent  the  plungers  from  bottoming. 

50 

55 
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PRELOAD  OIL  PRESSURE  :  25  Kg/cm2 

DIE  PRESSURE  ABSORPTION  STROKE 
CUSHIONING  NUMBER  EQUALIZING  ,  (MEASURED  VALUE) 

(PRESET)  
°FPIN  SYSTEM  (Kg/cm2)  (mm) 

(ton)  LATED"  MEASURED  PER  DIE  TOTAL 
PRESSURE  PRESSURE  CUSHION  PIN  ABSOPTION 

4  0  3 6   52  62  0 . 9 3   3 3  

6 0   f  85   82  1 . 4 3   5 1  

8 0   f  1 1 3   1 0 8   2 . 1 0   7 6  

1 0 0   f  14  2  1 3 4   2 - 7 3   9 8  

1 2 0   f  1 5 6   1 5 5   3 . 2 4   1 1 7  

1 4 0   f  1 9 8   1 7 9   3 . 8 0   1 3 7  

1 6 0   f  2 2 6   2 0 5   4 . 3 6   1 5 7  

1 8 0   )  2  55  2 2 8   4 . 7 3   1  7 0  

2 0 0   f  2 8 3   2 3 5   4 . 9 2   1 7 7  

f  3  4  22  5  4 . 9 4   1 6 8  

f  3  0  2 3 8   5 . 0 0   1 5 0  
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