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(54)  Relief  valve 

(57)  In  the  relief  valve  (R1  ),  a  piston  (4)  is  provided 
with  a  rearward  acting  face  (21)  and  a  forward  acting 
face  (31)  formed  behind  a  first  sliding  portion  (4a).  A 
third  liquid  chamber  (40)  and  a  first  liquid  chamber  (22) 
on  which  the  rearward  acting  face  (21  )  fronts  communi- 
cate  with  each  other  in  a  piston.  The  third  liquid  chamber 
(40)  and  a  second  liquid  chamber  (32)  on  which  the  for- 
ward  acting  face  (31)  fronts  communicate  with  each  oth- 
er  in  the  piston.  A  restriction  is  provided  in  a  communi- 
cating  hole  (1  1  ,  1  2)  for  causing  the  third  liquid  chamber 
(40)  and  the  first  liquid  chamber  (22)  or  the  third  liquid 
chamber  (40)  and  the  second  liquid  chamber  (32)  to 
communicate  with  each  other. 
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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  Invention 

[0001]  The  invention  relates  to  a  relief  valve  to  be  used  for  controlling  a  hydraulic  pressure  of  a  hydraulic  circuit. 

Description  of  Related  Art 
10 

[0002]  For  example,  a  hydraulic  motor  is  generally  used  for  a  turning  motor  and  a  traveling  motor  for  a  construction 
machine  vehicle,  and  is  driven  by  a  hydraulic  circuit.  A  relief  valve  is  used  for  controlling  a  hydraulic  pressure  of  the 
hydraulic  circuit. 
[0003]  Fig.  8  shows  an  example  of  a  hydraulic  circuit  using  a  relief  valve.  As  shown,  a  relief  valve  R1  0  communicates 

is  to  a  pressurized  liquid  supply  port  and  a  pressurized  liquid  exhaust  port  of  a  hydraulic  motor  M,  respectively.  An  escape 
side  of  the  relief  valve  R10  communicates  to  a  liquid  tank  T  through  a  boost  check  valve  B  for  keeping  a  suction  pressure 
of  the  motor.  P  denotes  a  hydraulic  pump  and  V  denotes  a  switching  valve. 
[0004]  Fig.  10  is  a  sectional  view  showing  a  relief  valve  disclosed  in  Japanese  Utility  Model  Publication  No.  Hei 
7-23663.  In  the  relief  valve,  a  plunger  103  is  pressed  forward  by  means  of  a  coiled  spring  105.  The  plunger  103  moves 

20  rearward  against  elastic  force  of  the  coiled  spring  105  to  make  an  inlet  102a  and  an  outlet  101a  communicate  with 
each  other  when  a  pressure  of  the  inlet  102a  is  raised.  A  rear  end  of  the  coiled  spring  105  is  pushed  forward  by  means 
of  a  piston  1  04  inserted  and  fitted  in  an  inner  bore  of  a  case  101  for  sliding.  The  piston  1  04  moves  forward  to  compress 
the  coiled  spring  105  when  the  pressure  of  the  inlet  102a  is  raised.  Thus,  a  relief  pressure  is  regulated.  The  plunger 
103  can  slide  along  a  central  axis  of  the  piston  104. 

25  [0005]  In  the  relief  valve  having  the  above-mentioned  structure,  however,  an  annular  sectional  area  having  a  diameter 
d104  as  an  outside  diameter  and  a  diameter  d103  as  an  inside  diameter  is  an  effective  pressure  receiving  area  for 
actuating  the  piston  104.  When  the  annular  sectional  area  is  excessively  large,  the  piston  104  is  actuated  at  a  low 
pressure.  Consequently,  the  actuation  of  the  piston  1  04  is  completed  before  the  pressure  of  the  inlet  1  02a  reaches  the 
relief  pressure.  As  a  result,  a  surge  pressure  is  generated  before  the  pressure  of  the  inlet  102a  reaches  the  relief 

30  pressure. 
[0006]  Fig.  11  A  shows  a  temporal  change  of  a  pressure  in  the  inlet  102a.  In  the  above-mentioned  relief  valve,  thus, 
there  is  a  possibility  that  a  surge  pressure  might  be  generated. 
[0007]  If  a  meter-out  pressure  of  a  control  valve  is  high,  the  piston  104  performs  full  stroke  at  the  same  pressure. 
As  a  result,  as  shown  in  Fig.  11  B,  pressure  rise  control  is  not  performed  at  all  in  some  cases. 

35  [0008]  It  is  sufficient  to  prevent  the  surge  pressure  from  being  generated  that  the  annular  sectional  area  is  reduced. 
In  such  a  manner,  however,  the  diameter  d104  should  be  caused  to  approximate  to  the  diameter  d103.  Consequently, 
thickness  of  an  annular  portion  of  the  piston  104  is  desired  to  be  reduced,  thereby  strength  of  the  annular  portion  is 
insufficient. 
[0009]  Even  if  a  pressure  rise  control  time  is  to  be  increased,  there  is  a  limit  because  a  volume  absorbed  by  the 

40  piston  1  04  is  small.  Although  the  pressure  rise  control  time  can  be  increased  by  means  of  giving  damping  to  the  piston 
104c,  there  is  also  a  limit. 

SUMMARY  OF  THE  INVENTION 

45  [0010]  In  order  to  solve  the  above-mentioned  problems,  the  invention  provides  a  relief  valve  in  which  a  plunger 
pressed  forward  by  a  spring  to  shut  off  between  an  inlet  and  an  outlet  moves  rearward  against  elastic  force  of  the 
spring  with  an  increase  in  a  pressure  of  the  inlet,  thereby  making  the  inlet  and  the  outlet  communicate  with  each  other, 
and  a  piston  for  pushing  forward  a  rear  end  of  the  spring  moves  forward  with  the  increase  in  the  pressure  of  the  inlet 
to  compress  the  spring,  thereby  regulating  a  relief  pressure.,  wherein  a  liquid  chamber  accommodating  the  spring 

so  therein  communicates  with  the  outlet,  the  piston  has  a  first  sliding  portion  for  sliding  with  liquidtightness  in  an  inner 
bore  of  a  case,  a  rear  portion  of  the  plunger  is  slidably  inserted  and  fitted  in  a  sliding  bore  formed  along  a  central  axis 
of  the  piston,  the  plunger  has  a  through  hole  for  feeding  a  pressurized  liquid  from  the  inlet  to  the  back  of  the  plunger, 
a  third  liquid  chamber  is  realized  by  a  space  of  a  rear  portion  of  the  sliding  bore  that  the  plunger  does  not  reach  and 
the  through  hole,  a  rearward  acting  face  and  a  forward  acting  face  are  provided  rearward  than  the  first  sliding  portion 

55  of  the  piston  respectively,  the  third  liquid  chamber  and  a  first  liquid  chamber  on  which  the  rearward  acting  face  fronts 
communicate  with  each  other  through  a  communicating  hole  formed  in  the  piston,  the  third  liquid  chamber  and  a  second 
liquid  chamber  on  which  the  forward  acting  face  fronts  communicate  with  each  other  through  a  communicating  hole 
formed  in  the  piston,  and  the  piston  moves  forward  by  a  difference  between  rearward  acting  force  given  to  a  bottom 
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face  of  the  sliding  bore  and  the  rearward  acting  face  by  the  pressurized  liquid  and  forward  acting  force  given  to  the 
forward  acting  face  by  the  pressurized  liquid. 
[0011]  The  relief  valve  may  be  constructed  in  such  a  manner  that  an  area  of  the  forward  acting  face  is  greater  than 
an  total  area  of  an  area  of  the  bottom  face  of  the  sliding  bore  and  an  area  of  the  rearward  acting  face,  and  the  difference 

5  between  the  rearward  acting  force  and  the  forward  acting  force  is  generated  by  a  difference  between  the  area  of  the 
forward  acting  face  and  the  total  area. 
[0012]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  a  second  sliding  portion  having  a  diameter 
larger  than  a  diameter  of  the  first  sliding  portion  and  a  third  sliding  portion  having  a  diameter  smaller  than  the  diameter 
of  the  first  sliding  portion  are  provided  to  be  positioned  rearward  than  the  first  sliding  portion  on  the  piston  respectively, 

10  the  second  sliding  portion  slides  with  liquidtightness  in  the  inner  bore  of  the  case,  the  third  sliding  portion  slides  with 
liquidtightness  in  an  inner  bore  formed  on  a  cap  fixed  to  the  case,  the  rearward  acting  face  is  provided  on  a  front  end 
face  of  the  second  sliding  portion  and  the  forward  acting  face  is  provided  on  a  rear  end  face  of  the  second  sliding 
portion,  and  a  liquid  chamber  on  which  a  rear  end  face  of  the  third  sliding  portion  fronts  communicates  with  the  outlet. 
[0013]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  a  second  sliding  portion  having  a  diameter 

is  larger  than  a  diameter  of  the  first  sliding  portion  and  a  third  sliding  portion  having  a  diameter  smaller  than  the  diameter 
of  the  first  sliding  portion  are  provided  to  be  positioned  rearward  than  the  first  sliding  portion  on  the  piston  respectively, 
the  second  sliding  portion  slides  with  liquidtightness  in  the  inner  bore  of  the  case,  the  third  sliding  portion  slides  with 
liquidtightness  in  an  inner  bore  formed  on  a  cap  fixed  to  the  case,  the  rearward  acting  face  is  provided  on  a  front  end 
face  of  the  second  sliding  portion  and  the  forward  acting  face  is  provided  on  a  rear  end  face  of  the  third  sliding  portion, 

20  and  a  liquid  chamber  on  which  a  rear  end  face  of  the  second  sliding  portion  fronts  communicates  with  the  outlet. 
[0014]  With  such  a  structure,  the  difference  between  the  area  of  the  bottom  face  of  the  sliding  bore  and  the  rearward 
acting  face  and  that  of  the  forward  acting  face  is  set  to  the  effective  pressure  receiving  area  of  the  piston.  Consequently, 
the  effective  pressure  receiving  area  is  set  irrespective  of  the  thickness  of  the  first  sliding  portion  of  the  piston.  Therefore, 
the  effective  pressure  receiving  area  can  be  reduced  without  generating  the  insufficient  strength  of  the  piston.  Accord- 

25  ingly,  the  piston  can  perform  stroke  until  the  pressure  of  the  inlet  reaches  the  relief  pressure,  thereby  a  surge  pressure 
can  be  prevented  from  being  generated. 
[0015]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  the  third  liquid  chamber  and  the  first  liquid 
chamber  communicate  with  each  other  through  a  communicating  hole  having  a  restriction,  and  the  third  liquid  chamber 
and  the  second  liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  no  restriction. 

30  [0016]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  the  third  liquid  chamber  and  the  second 
liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  no  restriction,  the  first  liquid  cham- 
ber  and  the  second  liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  a  restriction, 
and  the  third  liquid  chamber  and  the  first  liquid  chamber  communicate  with  each  other  through  the  second  liquid  cham- 
ber. 

35  [0017]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  the  third  liquid  chamber  and  the  second 
liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  a  restriction,  and  the  third  liquid 
chamber  and  the  first  liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  no  restriction. 
[0018]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  the  third  liquid  chamber  and  the  first  liquid 
chamber  communicate  with  each  other  through  a  communicating  hole  having  no  restriction,  the  first  liquid  chamber 

40  and  the  second  liquid  chamber  communicate  with  each  other  through  a  communicating  hole  having  a  restriction,  and 
the  third  liquid  chamber  and  the  second  liquid  chamber  communicate  with  each  other  through  the  first  liquid  chamber. 
[0019]  Further,  the  relief  valve  may  be  constructed  in  such  a  manner  that  a  pressure  difference  is  generated  between 
front  and  rear  of  the  restriction  by  a  difference  between  the  rearward  acting  force  and  the  forward  acting  force,  and  the 
piston  moves  forward  while  the  pressurized  liquid  passes  through  the  restriction. 

45  [0020]  With  such  a  structure,  the  first  liquid  chamber  has  a  pressure  higher  than  the  pressure  of  the  second  liquid 
chamber.  If  the  effective  pressure  receiving  area  is  reduced,  the  pressure  difference  between  front  and  rear  of  the 
restriction  is  reduced.  Consequently,  an  exhaust  flow  velocity  is  reduced  when  the  piston  moves  forward,  and  the  piston 
slowly  moves  forward.  As  a  result,  the  pressure  rise  buffer  time  is  increased.  Alternatively,  if  the  sectional  area  of  the 
restriction  is  increased,  the  pressure  rise  buffer  time  is  shortened.  Thus,  the  pressure  rise  buffer  time  can  be  set  freely. 

so  [0021]  This  object  as  well  as  other  objects,  features  and  advantages  of  the  invention  will  become  more  apparent  to 
those  skilled  in  the  art  from  the  following  description  with  reference  to  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  [0022] 

Figure  1  is  a  longitudinal  sectional  view  showing  a  relief  valve  according  to  an  embodiment  of  the  invention; 
Figure  2  is  a  graph  showing  a  temporal  change  of  a  pressure  in  an  inlet  of  the  relief  valve; 
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Figure  3  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  of  a  relief  valve  according  to  another 
embodiment  of  the  invention; 
Figure  4  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  of  a  relief  valve  according  to  yet  another 
embodiment  of  the  invention; 

5  Figure  5  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  of  a  relief  valve  according  to  a  further 
embodiment  of  the  invention; 
Figure  6  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  of  a  relief  valve  according  to  a  further 
embodiment  of  the  invention; 
Figure  7  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  of  a  relief  valve  according  to  a  further 

10  embodiment  of  the  invention; 
Figure  8  is  a  diagram  showing  an  example  of  a  hydraulic  circuit  using  a  relief  valve; 
Figure  9  is  a  diagram  showing  an  example  of  the  hydraulic  circuit  using  the  relief  valve; 
Figure  10  is  a  sectional  view  showing  a  relief  valve  according  to  the  prior  art;  and 
Figures  11  A  and  11  B  are  graphs  showing  a  temporal  change  of  a  pressure  of  an  inlet  in  the  relief  valve  according 

is  to  the  prior  art. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

[0023]  An  embodiment  of  the  invention  will  be  described  below  with  reference  to  the  drawings. 
20  [0024]  Fig.  1  is  a  longitudinal  sectional  view  showing  a  relief  valve  R1  according  to  an  embodiment  of  the  invention. 

The  relief  valve  R1  mainly  comprises  an  substantially  cylindrical  case  1  ,  a  valve  seat  2  fixed  to  a  tip  of  the  case  1  ,  a 
plunger  3  provided  in  the  case  1  ,  a  piston  4  provided  in  the  case  1  ,  a  coiled  spring  5  existing  between  the  plunger  3 
and  the  piston  4,  and  a  cap  6  fixed  to  a  rear  end  of  the  case  1  . 
[0025]  An  inner  bore  of  the  case  1  has  a  front  portion  formed  with  an  inside  diameter  d4  and  a  rear  portion  formed 

25  with  an  inside  diameter  d1  .  The  inside  diameter  d1  is  greater  than  the  inside  diameter  d4.  An  outlet  la  and  a  passage 
1b  are  formed  on  a  side  face  of  the  case  1.  The  valve  seat  2  is  formed  of  an  annular  member  and  a  central  portion 
thereof  functions  as  an  inlet  2a  for  a  pressurized  liquid.  A  tip  of  the  plunger  3  has  a  tapered  and  truncated  conical 
shape.  A  through  hole  3a  is  formed  in  the  center  of  the  plunger  3.  The  through  hole  3a  penetrates  from  the  tip  of  the 
plunger  3  to  a  rear  end  thereof,  thereby  feeding  the  pressurized  liquid  from  the  inlet  2a  toward  a  rear  portion  of  the 

30  plunger  3,  and  has  a  restriction  3b  formed  in  the  middle  thereof.  The  restriction  3b  is  provided  for  giving  damping  force 
to  the  actuation  of  the  plunger  3  and  for  preventing  hunting. 
[0026]  A  first  sliding  portion  4a  having  an  outside  diameter  d4  is  formed  in  a  front  portion  of  the  piston  4.  A  second 
sliding  portion  4b  having  an  outside  diameter  dl  which  acts  as  a  large  diameter  portion  is  formed  on  the  piston  4  to  be 
positioned  behind  the  first  sliding  portion  4a.  A  third  sliding  portion  4c,  which  slides  with  liquidtightness  in  inner  bore 

35  of  the  cap  6  fixedly  coupled  to  the  case  1  and  has  a  diameter  smaller  than  the  diameter  of  the  first  sliding  portion  4a, 
is  formed  on  the  piston  4  behind  the  second  sliding  portion  4b.  The  first  sliding  portion  4a  is  slidably  inserted  and  fitted 
with  liquidtightness  in  an  portion  having  inside  diameter  d4  of  the  inner  bore  of  the  case  1  .  The  second  sliding  portion 
4b  is  slidably  inserted  and  fitted  with  liquidtightness  in  an  portion  having  inside  diameter  dl  of  the  inner  bore  of  the  case 
1  .  The  third  sliding  portion  4c  has  an  outside  diameter  d2.  The  piston  4  has  a  sliding  bore  opened  on  a  front  face  thereof 

40  along  a  central  axis.  The  sliding  bore  has  an  inside  diameter  d3.  The  rear  portion  of  the  plunger  3  is  slidably  inserted 
and  fitted  in  the  sliding  bore.  A  third  liquid  chamber  40  is  realized  by  a  rear  space  4d  of  the  sliding  bore  and  a  through 
hole  3a  of  the  plunger  3.  The  rear  space  4d  of  the  sliding  bore  is  formed  in  such  a  manner  that  the  rear  end  of  the 
plunger  3  does  not  reach  thereto  even  if  the  plunger  3  slides  to  a  rearmost  portion  of  a  slidable  range.  The  state  that 
the  plunger  3  slides  to  a  rearmost  portion  of  a  slidable  range  means  a  state  that  the  coiled  spring  5  is  compressed 

45  completely.  The  piston  4  has  a  passage  4e  formed  thereon.  The  passage  4e  penetrates  from  a  front  end  face  of  the 
first  sliding  portion  4a  toward  a  rear  end  face  of  the  third  sliding  portion  4c.  A  communicating  hole  11  and  a  communi- 
cating  hole  12  are  formed  in  the  piston  4.  A  restriction  11a  is  formed  in  a  part  of  the  communicating  hole  11  .  A  restriction 
is  not  formed  in  the  communicating  hole  1  2.  A  front  end  face  of  the  large  diameter  portion  (second  sliding  portion)  4b 
functions  as  a  rearward  acting  face  21  on  which  a  pressurized  liquid  acts.  A  first  liquid  chamber  22  on  which  the 

so  rearward  acting  face  21  fronts  communicates  with  the  third  liquid  chamber  40  through  the  communicating  hole  11  .  A 
rear  end  face  of  the  large  diameter  portion  (second  sliding  portion)  4b  functions  as  a  forward  acting  face  31  on  which 
the  pressurized  liquid  acts.  A  second  liquid  chamber  32  on  which  the  forward  acting  face  31  fronts  communicates  with 
the  third  liquid  chamber  40  through  the  communicating  hole  12. 
[0027]  The  coiled  spring  5  is  accommodated  in  a  spring  chamber  8  (fifth  liquid  chamber)  formed  between  an  inner 

55  peripheral  face  of  the  case  1  and  an  outer  peripheral  face  of  the  plunger  3.  The  coiled  spring  5  is  provided  to  contract 
in  such  a  manner  that  a  tip  presses  a  bulky  portion  3c  of  the  plunger  3  forward  from  the  back  and  a  rear  end  presses 
the  front  end  face  of  the  first  sliding  portion  4a  of  the  piston  4  rearward  through  a  spring  seat  7. 
[0028]  The  cap  6  is  screwed  to  close  an  opening  on  a  rear  side  of  the  inner  hole  of  the  case  1  .  A  bore  6a  opened 
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forward  is  formed  on  the  cap  6  along  a  central  axis.  The  bore  6a  and  the  rear  end  portion  of  the  piston  4  form  a  fourth 
liquid  chamber.  The  bore  6a  has  an  inside  diameter  62,  and  the  third  sliding  portion  4c  of  the  piston  4  is  inserted  and 
fitted  to  be  slidable  in  the  bore  6a.  The  fourth  liquid  chamber  communicates  with  the  spring  chamber  8  (fifth  liquid 
chamber)  through  the  passage  4e.  Thereby,  the  fourth  liquid  chamber  communicates  with  the  outlet  la  through  the 

5  spring  chamber  8  (fifth  liquid  chamber)  and  passage  1b. 
[0029]  The  relief  valve  R1  has  a  structure  summarized  above,  and  acts  in  the  following  manner  with  a  rise  in  a 
hydraulic  pressure  of  the  inlet  2a.  More  specifically,  before  the  hydraulic  pressure  of  the  inlet  2a  is  raised,  the  tip  of  the 
plunger  3  covers  the  inlet  2a,  thereby  the  inlet  2a  is  shut  off  with  the  outlet  la.  When  the  hydraulic  pressure  of  the  inlet 
2a  is  started  to  be  raised,  the  plunger  3  starts  rearward  movement  by  the  hydraulic  pressure  against  the  elastic  force 

10  of  the  coiled  spring  5,  thereby  the  inlet  2a  and  the  outlet  la  communicate  with  each  other. 
[0030]  On  the  other  hand,  the  pressurized  liquid  in  the  inlet  2a  is  fed  to  the  third  liquid  chamber  40  through  the  through 
hole  3a,  then  acts  on  bottom  faces  23  and  24  of  the  sliding  bores.  The  pressurized  liquid  in  the  third  liquid  chamber 
40  is  fed  to  the  first  liquid  chamber  22  and  the  second  liquid  chamber  32  through  the  communicating  holes  11  and  12, 
then  acts  on  the  rearward  acting  face  21  and  the  forward  acting  face  31.  The  area  of  the  forward  acting  face  31  is 

is  greater  than  a  total  area  of  an  area  of  bottom  faces  23,24  and  that  of  the  rearward  acting  face  21  .  Therefore,  by  the 
operation  of  the  pressurized  liquid  flowing  into  the  third  liquid  chamber  40  through  the  communicating  hole  11  and  the 
restriction  11a,  the  piston  4  starts  forward  movement  while  pushing  the  rear  end  of  the  coiled  spring  5  forward.  The 
coiled  spring  5  is  compressed  by  the  movement  of  both  of  the  plunger  3  and  the  piston  4.  Thereby,  a  rapid  rise  in  a 
pressure  of  the  inlet  2a  is  relieved  and  subjected  to  relief  to  the  outlet  1a.  Thus,  a  relief  pressure  is  regulated. 

20  [0031]  The  spring  chamber  8  (fifth  liquid  chamber)  communicates  with  a  liquid  tank  T  through  a  boost  check  valve 
for  keeping  a  suction  pressure.  The  spring  chamber  8  has  a  hydraulic  pressure  which  almost  approximates  to  a  tank 
pressure.  Furthermore,  the  bore  6a  of  the  cap  6  communicates  with  the  tank  T  through  the  passage  4e,  the  spring 
chamber  8  and  the  boost  check  valve,  and  a  hydraulic  pressure  thereof  also  has  a  value  which  almost  approximates 
to  the  value  of  a  tank  pressure.  Accordingly,  the  effective  pressure  receiving  area  of  the  piston  4  is  obtained  by  sub- 

25  tracting  a  total  of  the  areas  of  the  bottom  faces  23  and  24  and  the  rearward  acting  face  21  from  the  area  of  the  forward 
acting  face  31  .  A  total  of  the  areas  of  the  bottom  faces  23  and  24  is  (d32X(7i/4)),  and  the  area  of  the  rearward  acting 
face  21  is  ((d12-d42)X(7t/4)).  The  area  of  the  forward  acting  face  31  is  ((d12-d22)X(7t/4)).  Accordingly,  an  effective 
pressure  receiving  area  A1  of  the  piston  is  expressed  by  the  following  equation  (a  pressure  of  the  spring  chamber  8 
approximates  to  0  in  the  following  equation). 

30 

A1  =  (d42-d32-d22)X(7i/4)  (Equation  1) 

[0032]  As  is  apparent  from  the  above-mentioned  equation,  the  effective  pressure  receiving  area  A1  can  be  set  freely 
35  by  setting  the  values  of  d2,  d3  and  d4. 

[0033]  As  is  apparent  from  the  above-mentioned  equation,  furthermore,  even  if  a  difference  between  d3  and  d4  is 
great,  the  value  of  A1  can  be  reduced  by  an  increase  in  the  value  of  d2.  More  specifically,  the  effective  pressure 
receiving  area  A1  of  the  piston  can  be  reduced  to  approximate  to  the  effective  pressure  receiving  area  of  the  plunger 
3  of  (7t/4)X(d52  -  d32)  without  reducing  the  thickness  of  the  first  sliding  portion  4a.  d5  represents  a  diameter  of  a  portion 

40  of  the  valve  seat  2  on  which  the  plunger  3  is  placed.  Accordingly,  it  is  possible  to  avoid  a  situation  that  the  piston  4 
completes  actuation  before  the  pressure  of  the  inlet  2a  reaches  the  relief  pressure  while  fully  keeping  the  strength  of 
the  piston  4.  Consequently,  it  is  also  possible  to  prevent  a  surge  pressure  from  being  generated. 
[0034]  On  the  other  hand,  the  effective  pressure  receiving  area  A1  can  be  reduced.  Therefore,  a  pressure  rise  buffer 
time,  that  continues  after  the  actuation  of  the  plunger  3  is  started  until  the  relief  pressure  is  reached,  can  also  be  set 

45  long.  More  specifically,  if  the  effective  pressure  receiving  area  Al  is  small,  the  force  for  actuating  the  piston  4  is  reduced. 
Consequently,  the  pressure  of  the  first  liquid  chamber  22  is  slightly  raised  with  the  movement  of  the  piston  4.  In  other 
words,  a  pressure  difference  Ap  is  reduced  between  front  and  rear  of  the  restriction  11a.  The  first  liquid  chamber  22 
has  a  pressure  higher  than  the  pressure  of  the  second  liquid  chamber  32.  An  amount  Q  of  liquid  exhausted  from  the 
first  liquid  chamber  22  into  the  sliding  bore  through  the  restriction  11a  per  unit  time  is  expressed  by  the  following 

50  equation. 

Q  =  C  •  A2  •  V  Ap 

55  Q  :  Amount  of  exhausted  liquid 

C  :  Coefficient  of  exhaust 
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A2  :  Restriction  sectional  area 

A  p  :  Pressure  difference  between  front  and  rear  of  restriction  (Equation  2) 
5 

[0035]  As  is  apparent  from  the  above-mentioned  equation,  if  the  pressure  difference  Ap  between  front  and  rear  of 
the  restriction  11a  is  small,  the  amount  Q  of  exhausted  liquid  is  reduced.  In  other  words,  a  moving  speed  of  the  piston 
4  is  decreased  and  the  pressure  rise  buffer  time  is  increased.  Consequently,  the  piston  4  can  perform  stroke  slowly 
until  the  pressure  of  the  inlet  2a  reaches  the  relief  pressure.  Thus,  a  surge  pressure  can  be  prevented  from  being 

10  generated. 
[0036]  Fig.  2  is  a  chart  showing  a  temporal  change  of  a  pressure  in  the  inlet  2a  of  the  relief  valve.  The  chart  shows 
a  state  in  which  the  surge  pressure  is  not  generated  because  the  pressure  rise  buffer  time  is  set  long  and  the  actuation 
of  the  piston  4  is  not  completed  before  the  pressure  of  the  inlet  2a  reaches  the  relief  pressure. 
[0037]  As  is  apparent  from  the  Equation  2,  if  the  sectional  area  A2  of  the  restriction  11a  is  increased,  the  amount  Q 

15  of  exhausted  liquid  can  be  increased  and  the  pressure  rise  buffer  time  can  also  be  shortened.  In  the  relief  valve  R1  , 
thus,  the  pressure  rise  buffer  time  can  be  set  freely. 
[0038]  Fig.  3  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  4  of  a  relief  valve  R2  according  to 
another  embodiment  of  the  invention.  The  relief  valve  R2  is  constructed  in  such  a  manner  that  the  piston  4  is  not 
provided  with  a  communicating  hole  for  directly  coupling  a  third  liquid  chamber  40  and  a  first  liquid  chamber  22  together 

20  but  is  provided  with  a  communicating  hole  1  3  for  causing  the  first  liquid  chamber  22  and  a  second  liquid  chamber  32 
to  communicate  with  each  other.  In  this  point,  the  relief  valve  R2  is  different  from  the  relief  valve  R1  shown  in  Fig.  1. 
In  other  words,  the  first  liquid  chamber  22  indirectly  communicates  with  the  third  liquid  chamber  40  through  a  commu- 
nicating  hole  1  2  and  the  communicating  hole  1  3.  A  restriction  is  not  formed  in  the  communicating  hole  1  2  but  a  restriction 
1  3a  is  formed  in  the  communicating  hole  1  3.  The  first  liquid  chamber  22  has  a  pressure  higher  than  the  pressure  of 

25  the  second  liquid  chamber  32  and  serves  to  regulate  a  pressure  rise  buffer  time.  Other  structures  are  the  same  as  in 
the  relief  valve  R1  shown  in  Fig.  1  .  The  action  of  the  relief  valve  R2  is  the  same  as  that  of  the  relief  valve  R1  shown 
in  Fig.  1  . 
[0039]  Fig.  4  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  4  of  a  relief  valve  R3  according  to  yet 
another  embodiment  of  the  invention.  The  relief  valve  R3  is  constructed  in  such  a  manner  that  a  restriction  is  not  formed 

30  in  a  communicating  hole  14  for  causing  a  third  liquid  chamber  40  and  a  first  liquid  chamber  22  to  communicate  with 
each  other  but  a  restriction  15a  is  formed  in  a  communicating  hole  15  for  causing  the  third  liquid  chamber  40  and  a 
second  liquid  chamber  32  to  communicate  with  each  other.  In  this  point,  the  relief  valve  R3  is  different  from  the  relief 
valve  R1  shown  in  Fig.  1  .  In  the  relief  valve  R3,  accordingly,  the  first  liquid  chamber  22  has  a  pressure  higher  than  the 
pressures  of  the  second  liquid  chamber  32  and  the  third  liquid  chamber  40.  Other  structures  are  the  same  as  in  the 

35  relief  valve  R1  shown  in  Fig.  1  .  The  pressure  of  the  first  liquid  chamber  22  is  raised  with  the  forward  movement  of  the 
piston  4.  A  pressure  difference  Ap  between  front  and  rear  of  the  restriction  1  5a  can  be  reduced  by  causing  the  pressure 
to  be  slightly  increased.  Consequently,  a  pressure  rise  buffer  time  can  also  be  set  long  in  the  same  manner  as  in  the 
relief  valve  R1  shown  in  Fig.  1  .  Further,  the  pressure  rise  buffer  time  can  be  set  short  by  increasing  a  sectional  area 
A2  of  the  restriction  1  5a.  The  action  of  the  relief  valve  R3  is  also  the  same  as  that  of  the  relief  valve  R1  shown  in  Fig.  1  . 

40  [0040]  Fig.  5  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  4  of  a  relief  valve  R4  according  to  a 
further  embodiment  of  the  invention.  The  relief  valve  R4  is  constructed  in  such  a  manner  that  the  piston  4  is  not  provided 
with  a  communicating  hole  for  directly  coupling  a  third  liquid  chamber  40  and  a  second  liquid  chamber  32  together  but 
is  provided  with  a  communicating  hole  1  3  for  causing  a  first  liquid  chamber  22  and  the  second  liquid  chamber  32  to 
communicate  with  each  other.  In  this  point,  the  relief  valve  R4  is  different  from  the  relief  valve  R3  shown  in  Fig.  4.  In 

45  other  words,  the  second  liquid  chamber  32  indirectly  communicates  with  the  third  liquid  chamber  40  through  a  com- 
municating  hole  14  and  the  communicating  hole  13.  A  restriction  is  not  formed  in  the  communicating  hole  14  but  a 
restriction  1  3a  is  formed  in  the  communicating  hole  1  3.  Other  structures  are  the  same  as  in  the  relief  valve  R3  shown 
in  Fig.  4.  Also  in  the  relief  valve  R4,  the  first  liquid  chamber  22  has  a  pressure  higher  than  the  pressure  of  the  second 
liquid  chamber  32  and  serves  to  regulate  a  pressure  rise  buffer  time.  The  action  of  the  relief  valve  R4  is  also  the  same 

50  as  that  of  the  relief  valve  R1  shown  in  Fig.  1  . 
[0041]  Fig.  6  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  4  of  a  relief  valve  R5  according  to  a 
further  embodiment  of  the  invention.  The  relief  valve  R5  is  constructed  in  such  a  manner  that  a  rear  end  face  of  a 
second  sliding  portion  4b  acting  as  a  large  diameter  portion  does  not  function  as  a  forward  acting  face  33  but  a  rear 
end  face  of  a  third  sliding  portion  4c  functions  as  the  forward  acting  face  33.  In  this  point,  the  relief  valve  R5  is  different 

55  from  the  relief  valve  R1  shown  in  Fig.  1  .  A  bore  formed  on  a  cap  6  acts  as  a  second  liquid  chamber  34  and  has  a  high 
pressure  to  function  as  a  liquid  chamber  for  generating  a  forward  acting  pressure.  The  piston  4  is  provided  with  a 
communicating  hole  16  for  causing  a  sliding  bore  and  a  first  liquid  chamber  22  to  communicate  with  each  other  and  a 
communicating  hole  1  7  for  causing  the  sliding  bore  and  the  second  liquid  chamber  34  to  communicate  with  each  other. 
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A  restriction  16a  is  formed  in  the  communicating  hole  16.  A  pressure  of  the  first  liquid  chamber  22  is  higher  than  that 
of  a  liquid  chamber  41  on  which  the  rear  end  face  of  the  second  sliding  portion  4b  fronts,  and  controls  an  outflow  time 
of  a  liquid.  The  pressure  of  the  liquid  chamber  41  is  caused  to  communicate  with  a  tank  pressure  through  a  passage 
4e  formed  in  the  piston  4  by  means  of  a  boost  check  valve  or  the  like  for  keeping  a  suction  pressure.  The  action  of  the 

5  relief  valve  R5  is  also  the  same  as  that  of  the  relief  valve  R1  shown  in  Fig.  1  . 
[0042]  Fig.  7  is  a  longitudinal  sectional  view  showing  the  periphery  of  a  piston  4  of  a  relief  valve  R6  according  to  a 
further  embodiment  of  the  invention.  The  relief  valve  R6  is  different  from  the  relief  valve  R5  shown  in  Fig.  6  in  that  a 
bottom  face  of  a  bore  opened  rearward  on  the  piston  4  functions  as  a  forward  acting  face  35.  The  bore  acts  as  a  second 
liquid  chamber  36,  and  has  a  high  pressure  to  function  as  a  liquid  chamber  for  generating  a  forward  acting  pressure. 

10  The  piston  4  is  provided  with  a  communicating  hole  1  6  for  causing  a  third  liquid  chamber  40  and  a  first  liquid  chamber 
22  to  communicate  with  each  other  and  a  communicating  hole  17  for  causing  the  third  liquid  chamber  40  and  the 
second  liquid  chamber  36  to  communicate  with  each  other.  The  first  liquid  chamber  22  functions  as  a  high  pressure 
chamber  in  which  a  pressure  is  higher  than  in  the  third  liquid  chamber  40.  The  action  of  the  relief  valve  R6  is  also  the 
same  as  that  of  the  relief  valve  R1  shown  in  Fig.  1  .  Numeral  4e  denotes  a  passage  for  causing  a  hydraulic  pressure 

is  of  a  liquid  chamber  42  to  communicate  with  a  tank  pressure  through  a  boost  check  valve.  A  pressure  of  a  spring 
chamber  8  (fifth  liquid  chamber)  has  a  value  which  almost  approximates  to  the  value  of  the  tank  pressure. 
[0043]  While  the  relief  valves  R1  to  R6  have  been  described  above,  they  can  be  applied  to  a  circuit  structure  shown 
in  Fig.  9  as  well  as  a  circuit  shown  in  Fig.  8  and  the  same  effects  can  be  obtained.  In  the  circuit  shown  in  Fig.  9,  an 
outflow  port  in  the  relief  actuation  does  not  communicate  with  a  tank  T.  However,  since  a  low-pressure  state  is  set  with 

20  the  same  level,  the  actuation  is  carried  out  by  the  same  acting  principle. 
[0044]  Numerous  modifications  and  alternative  embodiments  of  the  invention  will  be  apparent  to  those  skilled  in  the 
art  in  view  of  the  foregoing  description.  Accordingly,  this  description  is  to  be  construed  as  illustrative  only,  and  is  provided 
for  the  purpose  of  teaching  those  skilled  in  the  art  the  best  mode  of  carrying  out  the  invention.  The  details  of  the  structure 
and/or  function  may  be  varied  substantially  without  departing  from  the  spirit  of  the  invention. 

25 

Claims 

1.  A  relief  valve  in  which  a  plunger  pressed  forward  by  a  spring  to  shut  off  between  an  inlet  and  an  outlet  moves 
30  rearward  against  elastic  force  of  the  spring  with  an  increase  in  a  pressure  of  the  inlet,  thereby  making  the  inlet  and 

the  outlet  communicate  with  each  other,  and  a  piston  for  pushing  forward  a  rear  end  of  the  spring  moves  forward 
with  the  increase  in  the  pressure  of  the  inlet  to  compress  the  spring,  thereby  regulating  a  relief  pressure,  wherein 

a  liquid  chamber  accommodating  the  spring  therein  communicates  with  the  outlet, 
35  the  piston  has  a  first  sliding  portion  for  sliding  with  liquidtightness  in  an  inner  bore  of  a  case, 

a  rear  portion  of  the  plunger  is  slidably  inserted  and  fitted  in  a  sliding  bore  formed  along  a  central  axis  of  the 
piston, 
the  plunger  has  a  through  hole  for  feeding  a  pressurized  liquid  from  the  inlet  to  the  back  of  the  plunger, 
a  third  liquid  chamber  is  realized  by  a  space  of  a  rear  portion  of  the  sliding  bore  that  the  plunger  does  not 

40  reach  and  the  through  hole, 
a  rearward  acting  face  and  a  forward  acting  face  are  provided  rearward  than  the  first  sliding  portion  of  the 
piston  respectively, 
the  third  liquid  chamber  and  a  first  liquid  chamber  on  which  the  rearward  acting  face  fronts  communicate  with 
each  other  through  a  communicating  hole  formed  in  the  piston, 

45  the  third  liquid  chamber  and  a  second  liquid  chamber  on  which  the  forward  acting  face  fronts  communicate 
with  each  other  through  a  communicating  hole  formed  in  the  piston,  and 
the  piston  moves  forward  by  a  difference  between  rearward  acting  force  given  to  a  bottom  face  of  the  sliding 
bore  and  the  rearward  acting  face  by  the  pressurized  liquid  and  forward  acting  force  given  to  the  forward  acting 
face  by  the  pressurized  liquid. 

50 
2.  The  relief  valve  according  to  Claim  1  ,  wherein  an  area  of  the  forward  acting  face  is  greater  than  an  total  area  of 

an  area  of  the  bottom  face  of  the  sliding  bore  and  an  area  of  the  rearward  acting  face,  and 
the  difference  between  the  rearward  acting  force  and  the  forward  acting  force  is  generated  by  a  difference 

between  the  area  of  the  forward  acting  face  and  the  total  area. 
55 

3.  The  relief  valve  according  to  Claim  1  ,  wherein  a  second  sliding  portion  having  a  diameter  larger  than  a  diameter 
of  the  first  sliding  portion  and  a  third  sliding  portion  having  a  diameter  smaller  than  the  diameter  of  the  first  sliding 
portion  are  provided  to  be  positioned  rearward  than  the  first  sliding  portion  on  the  piston  respectively,  the  second 
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sliding  portion  slides  with  liquidtightness  in  the  inner  bore  of  the  case,  the  third  sliding  portion  slides  with  liquidtight- 
ness  in  an  inner  bore  formed  on  a  cap  fixed  to  the  case, 

the  rearward  acting  face  is  provided  on  a  front  end  face  of  the  second  sliding  portion  and  the  forward  acting 
5  face  is  provided  on  a  rear  end  face  of  the  second  sliding  portion,  and 

a  liquid  chamber  on  which  a  rear  end  face  of  the  third  sliding  portion  fronts  communicates  with  the  outlet. 

4.  The  relief  valve  according  to  Claim  1  ,  wherein  a  second  sliding  portion  having  a  diameter  larger  than  a  diameter 
of  the  first  sliding  portion  and  a  third  sliding  portion  having  a  diameter  smaller  than  the  diameter  of  the  first  sliding 

10  portion  are  provided  to  be  positioned  rearward  than  the  first  sliding  portion  on  the  piston  respectively,  the  second 
sliding  portion  slides  with  liquidtightness  in  the  inner  bore  of  the  case,  the  third  sliding  portion  slides  with  liquidtight- 
ness  in  an  inner  bore  formed  on  a  cap  fixed  to  the  case, 

the  rearward  acting  face  is  provided  on  a  front  end  face  of  the  second  sliding  portion  and  the  forward  acting 
is  face  is  provided  on  a  rear  end  face  of  the  third  sliding  portion,  and 

a  liquid  chamber  on  which  a  rear  end  face  of  the  second  sliding  portion  fronts  communicates  with  the  outlet. 

5.  The  relief  valve  according  to  Claims  1  ,  wherein  the  third  liquid  chamber  and  the  first  liquid  chamber  communicate 
with  each  other  through  a  communicating  hole  having  a  restriction,  and 

20  the  third  liquid  chamber  and  the  second  liquid  chamber  communicate  with  each  other  through  a  communi- 
cating  hole  having  no  restriction. 

6.  The  relief  valve  according  to  Claims  1  ,  wherein  the  third  liquid  chamber  and  the  second  liquid  chamber  commu- 
nicate  with  each  other  through  a  communicating  hole  having  no  restriction, 

25 
the  first  liquid  chamber  and  the  second  liquid  chamber  communicate  with  each  other  through  a  communicating 
hole  having  a  restriction,  and 
the  third  liquid  chamber  and  the  first  liquid  chamber  communicate  with  each  other  through  the  second  liquid 
chamber. 

30 
7.  The  relief  valve  according  to  Claims  1  ,  wherein  the  third  liquid  chamber  and  the  second  liquid  chamber  commu- 

nicate  with  each  other  through  a  communicating  hole  having  a  restriction,  and 
the  third  liquid  chamber  and  the  first  liquid  chamber  communicate  with  each  other  through  a  communicating 

hole  having  no  restriction. 
35 

8.  The  relief  valve  according  to  Claims  1  ,  wherein  the  third  liquid  chamber  and  the  first  liquid  chamber  communicate 
with  each  other  through  a  communicating  hole  having  no  restriction, 

the  first  liquid  chamber  and  the  second  liquid  chamber  communicate  with  each  other  through  a  communicating 
40  hole  having  a  restriction,  and 

the  third  liquid  chamber  and  the  second  liquid  chamber  communicate  with  each  other  through  the  first  liquid 
chamber. 

9.  The  relief  valve  according  to  Claim  5,  wherein  a  pressure  difference  is  generated  between  front  and  rear  of  the 
45  restriction  by  a  difference  between  the  rearward  acting  force  and  the  forward  acting  force,  and 

the  piston  moves  forward  while  the  pressurized  liquid  passages  through  the  restriction. 

10.  A  relief  valve  (R-,;  R2;  R3;  R4;  R5;  R6)  comprising: 

so  a  plunger  (3)  which  in  a  seated  position  restricts  fluid  communication  between  an  inlet  (2a)  and  an  outlet  (1a) 
and  which  in  an  unseated  position  allows  fluid  communication  between  said  inlet  and  said  outlet; 
biasing  means  (5)  for  providing  a  biasing  force  to  bias  the  plunger  towards  the  seated  position;  and 
a  piston  (4)  which  is  actuatable  to  increase  the  biasing  force  and  which  receives  an  end  portion  of  the  plunger 
allowing  said  inlet  to  be  in  fluid  communication  through  a  feed  hole  (3a)  in  the  plunger  with  a  first  surface  means 

55  (31  ;  33;  35)  and  a  second  surface  means  (21  ,  23,  24)  of  the  piston,  inlet  fluid  pressure  on  the  first  surface  means 
causing  a  force  in  a  first  direction  for  actuating  the  piston  and  inlet  fluid  pressure  on  the  second  surface  means 
causing  a  force  to  act  in  an  opposing  direction  to  the  first  direction,  wherein  an  area  of  the  first  surface  means 
and  an  area  of  the  second  surface  means  is  selected  to  regulate  a  relief  pressure  of  the  relief  valve. 
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