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Description 

Background  of  the  invention 
The  present  invention  relates  to  an  improve- 

ment  in  a  hydraulic  reaction  force  apparatus  for 
providing  an  optimal  steering  force  corre- 
sponding  to  detected  vehicle  velocity  and  steer- 
ing  angle  in  a  power  steering  system. 

Power  steering  systems  have  been  widespread 
and  installed  in  various  types  of  vehicles 
including  small  cars  in  recent  years.  In  such  a 
conventional  power  steering  system,  an  auxiliary 
power  steering  force  can  reduce  the  driver's 
steering  force  to  achieve  smooth  operation  and 
reduce  driver's  fatigue.  There  have  been  provided 
various  types  of  conventional  power  steering 
systems. 

Demand  has  arisen  for  optimally  controlling  a 
conventional  power  steering  system  in  accord- 
ance  with  various  travelling  conditions,  let  alone  a 
steering  force  matching  with  steering  operation 
of  the  driver  and  a  steering  angle,  so  as  to  provide 
an  optimal  auxiliary  power  steering  force.  In  a 
vehicle  employing  a  power  steering  system  of 
this  type,  a  large  auxiliary  power  steering  force 
must  be  generated  for  steering  during  parking 
(i.e.,  a  stationary  swing)  or  steering  during  low- 
velocity  travelling  to  achieve  light  and  smooth 
steering.  However,  when  such  a  large  auxiliary 
power  steering  force  is  produced  during  high- 
velocity  travelling,  the  driver's  steering  force  of 
the  steering  wheel  is  excessively  decreased  to 
cause  anxiety  of  the  driver.  In  practice,  such  a 
power  steering  system  is  not  preferable  to 
optimize  driving  feelings.  Therefore,  while  the 
vehicle  is  travelling  at  a  high  velocity,  the  auxili- 
ary  power  steering  force  is  decreased  to  load  the 
steering  wheel,  i.e.,  to  increase  a  driver's  steering 
force,  thereby  guaranteering  stability  of  straight 
travelling  at  a  high  speed. 

For  this  purpose,  a  conventional  hydraulic  reac- 
tion  force  apparatus  is  adapted  to  apply  an  opti- 
mal  steering  reaction  force  to  the  steering  wheel 
and  control  stiffness  (i.e.,  steering  reaction  force) 
of  the  steering  wheel  at  high  and  low  vehicle 
velocities,  as  described  in  FR  —  A  —  2537936  (corre- 
sponding  to  JP  —  A  —  59-114159).  In  the  hydraulic 
reaction  force  apparatus,  a  pressure  control  valve 
is  disposed  midway  along  a  branch  path  which  is 
branched  from  a  hydraulic  path  for  connecting  a 
pump  and  a  selector  valve  and  which  is  con- 
nected  to  a  hydraulic  reaction  force  chamber  of 
the  selector  valve.  The  opening  of  the  pressure 
control  valve  is  controlled  by  a  pilot  pressure,  so 
that  one  end  of  a  pilot  pressure  control  valve  is 
connected  to  the  branch  path  through  an  orifice 
and  the  other  end  thereof  is  connected  to  a  low- 
pressure  path  connected  to  the  tank.  Such  a 
conventional  structure  is  effective  to  some  extent 
in  reaction  force  hydraulic  control  for  the 
hydraulic  reaction  force  chamber  to  perform 
steering  force  control  in  response  to  the  vehicle 
travelling  conditions. 

However,  in  the  conventional  hydraulic  reaction 
force  apparatus  as  described  above,  a  pressure  of 

the  oil  supplied  to  the  hydraulic  reaction  force 
chamber  must  be  controlled,  so  that  a  pressure 
control  valve  and  a  pilot  pressure  control  valve 
therefor  are  required.  The  number  of  constituting 

5  members  is  increased,  and  piping  is  cumber- 
some.  As  a  result,  the  overall  structure  is  compli- 
cated  and  the  apparatus  as  a  whole  is  bulky., 
Furthermore,  the  response  characteristics  of  the 
conventional  hydraulic  reaction  force  apparatus 

10  are  poor  in  the  above-mentioned  steering  force 
control.  In  particular,  in  order  to  perform  fine 
adjustment  and  improve  the  response  charac- 
teristics,  demand  has  arisen  for  a  simple 
implementation  which  provides  good  response 

15  characteristics  and  guarantees  optimal  steering 
force  control. 

In  the  hydraulic  reaction  force  apparatus,  there- 
fore,  the  steering  reaction  force  must  be  optimally 
controlled  in  accordance  with  the  vehicle  travel- 

20  ling  conditions  such  as  a  Vehicle  velocity  and  a 
steering  angle  so  as  to  provide  optimal  driving 
feelings. 

Summary  of  the  invention 
25  It  is  a  principal  object  of  the  present  invention  to 

provide  a  hydraulic  reaction  force  apparatus 
which  has  a  simple  structure  and  low  cost. 

It  is  another  object  of  the  present  invention  to 
provide  a  hydraulic  reaction  force  apparatus 

30  which  can  adjust  a  hydraulic  pressure  acting  on  a 
hydraulic  reaction  force  chamber  in  an  analog 
manner  to  achieve  steering  reaction  force  control 
matching  with  actual  travelling  conditions. 

It  is  still  another  object  of  the  present  invention 
35  to  provide  a  compact  hydraulic  reaction  force 

apparatus  which  has  a  small  number  of  constitut- 
ing  members  and  which  can  be  built  into  a  power 
steering  system. 

In  order  to  achieve  the  above  object  of  the 
40  present  invention,  there  is  provided  a  hydraulic 

reaction  force  apparatus  for  a  power  steering 
system,  comprising:  a  pump;  a  power  cylinder  for 
supplying  an  auxiliary  steering  force  to  a  steering 
wheel;  a  control  valve  for  switching  a  hydraulic 

45  path  from  the  pump  to  the  power  cylinder  in 
accordance  with  a  steering  direction  of  the  steer- 
ing  wheel;  a  first  variable  orifice  arranged 
between  the  pump  and  the  control  valve,  the  first 
variable  orifice  being  arranged  such  that  an  open- 

so  ing  thereof  is  controlled  by â  solenoid  driven  in 
response  to  a  current  supplied  to  the  solenoid  in 
accordance  with  operation  conditions  of  a 
vehicle;  a  hydraulic  reaction  force  chamber, 
formed  between  an  input  member  rotated  by  the 

55  steering  wheel  and  an  output  member  interlocked 
with  vehicle  wheels,  for  supplying  as  a  reaction 
force  a  pressure  corresponding  to  a  hydraulic 
pressure  applied  to  the  power  cylinder  so  as  to 
restrict  rotation  of  the  input  member;  and  a  spool 

60  valve  arranged  between  the  pump  and  the 
hydraulic  reaction  force  chamber  and  having  a 

*  spool  moved  in  accordance  with  a  pressure  differ- 
ence  caused  by  the  first  variable  orifice,  the  spool 
valve  being  provided  with  a  supply  port  con- 

65  nected  to  the  pump,  a  reaction  port  connected  to 
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he  hydraulic  reaction  force  chamber,  a  tank  port 
:onnected  to  a  tank  and  a  second  variable  orifice 
:ontrolled  by  the  spool,  the  second  variable 
irifice  being  adapted  such  that  an  opening 
hereof  is  changed  by  a  displacement  of  the  spool 
;aused  by  the  pressure  difference  between 
ipstream  and  downstream  pressures  of  the  first 
variable  orifice,  thereby  connecting  the  reaction 
>ort  to  the  supply  port  and  the  tank  port  and 
:ontrolling  a  magnitude  of  the  hydraulic  reaction 
orce. 

Brief  description  of  the  drawings 
Fig.  1  is  a  schematic  diagram  showing  an 

snlarged  main  part  of  a  hydraulic  reaction  force 
apparatus  for  a  power  steering  system  according 
:o  an  embodiment  of  the  present  invention; 

Figs.  2A  and  2B  are  respectively  schematic 
sectional  views  for  explaining  the  operation 
states  of  a  hydraulic  reaction  force  control  spool 
/alve  as  the  main  feature  of  the  apparatus  of  Fig. 
1; 

Fig.  3  is  a  graph  showing  the  steering  force  as  a 
xinction  of  steering  angle  so  as  to  explain  a 
lydraulic  reaction  force  control  state; 

Fig.  4  is  a  graph  showing  the  vehicle  velocity  as 
a  function  of  steering  angle  so  as  to  explain  the 
hydraulic  reaction  force  control  state; 

Fig.  5  is  a  schematic  longitudinal  sectional  view 
Df  the  spool  valve  in  tandem  with  a  flow  path 
selector  valve  steering  body; 

Figs.  6A  and  6B  are  sectional  views  showing  the 
structure  taken  along  the  lines  Via  —  Via  and  Vlb- 
—  Vlb  of  Fig.  5,  respectively; 

Fig.  7  is  a  sectional  view  of  the  structure  taken 
along  the  line  VII—  VII  of  Fig.  5;  and 

Figs.  8  and  9  are  sectional  views  showing  the 
structure  taken  along  the  lines  VIII  —  VIII  and  X  —  X 
of  Fig.  7,  respectively. 

Description  of  the  preferred  embodiment 
A  hydraulic  reaction  force  apparatus  according 

to  an  embodiment  of  the  present  invention  will  be 
described  in  detail  with  reference  to  the  accom- 
panying  drawings. 

Fig.  1  shows  the  hydraulic  reaction  force 
apparatus  for  a  power  steering  system  according 
to  the  embodiment  of  the  present  invention. 
Referring  to  Fig.  1,  reference  numeral  1  denotes  a 
rotary  flow  selector  valve  constituting  a  power 
steering  system;  and  2,  a  power  cylinder  for 
producing  an  auxiliary  power  steering  force  in  a 
forward  direction  for  supplying  compressed  oil. 
The  power  cylinder  2  has  right  and  left  chambers 
which  are  selectively  connected  to  a  hydraulic 
path  3  to  a  pump  P  upon  operation  of  the  flow 
selector  valve  1.  The  construction  of  the  power 
cylinder  is  known  to  those  skilled  in  the  art,  and  a 
detailed  description  thereof  will  be  omitted. 

Reference  numeral  4  denotes  a  hydraulic  reac- 
tion  force  chamber  constituting  the  hydraulic 
reaction  force  apparatus.  In  the  hydraulic  reaction 
chamber  4,  at  least  a  pair  of  plungers  7  inserted 
between  input  and  output  members  5  and  6 
constituting  the  flow  selector  valve  1  to  stop 

rotation  ot  the  input  memoer  o  ipins  oa  in  mis 
embodiment)  upon  urging  against  the  pins  5a. 
Part  of  compressed  oil  from  the  pump  P  is 
supplied  to  the  hydraulic  reaction  force  chamber 

5  4  through  a  hydraulic  reaction  force  control  spool 
valve  10  as  a  main  feature  of  the  present  inven- 
tion.  Reference  numeral  8  denotes  a  torsion  bar 
coupled  between  the  input  and  output  members  5 
and  6  of  the  flow  selector  valve  1  so  as  to  allow 

o  relative  movement  between  the  input  and  output 
members  5  and  6  within  a  predetermined  range. 

The  hydraulic  reaction  force  control  spool  valve 
10  as  the  main  feature  of  the  present  invention 
has  the  following  construction.  The  spool  valve  10 

'5  has  a  spool  13  arranged  in  the  hydraulic  path  3 
(i.e.,  3a  and  3b)  for  coupling  the  pump  P  to  the 
power  cylinder  2.  The  spool  13  is  slid  by  a 
different  between  upstream  and  downstream 
pressures  of  a  variable  orifice  12.  The  opening  of 

;o  the  variable  orifice  12  is  controlled  by  a  solenoid 
11  driven  by  a  supply  current  with  a  magnitude 
corresponding  to  the  travelling  conditions  of  the 
vehicle.  Upon  movement  of  the  spool  13,  a  supply 
port  14  for  receiving  compressed  oil  from  the 

is  hydraulic  path  3  communicates  with  a  reaction 
port  15  of  the  hydraulic  reaction  force  chamber  4. 
A  variable  orifice  portion  17  formed  between  a 
flow  path  between  the  ports  14  and  15  and  a 
return  port  16  connected  to  a  tank  T  is  controlled. 

30  More  particularly,  the  spool  valve  10  has  the 
spool  13  slidably  fitted  in  a  valve  hole  21  formed 
in  a  valve  body  20.  A  communication  hole  3a  is 
formed  at  a  portion  of  a  high-pressure  chamber 
22  formed  at  one  end  of  the  spool  13.  The 

35  hydraulic  path  3  is  selectively  coupled  from  the 
pump  P  constituting  the  power  steering  system  to 
the  right  or  left  chamber  of  the  power  cylinder  2 
through  the  flow  selector  valve  1.  The  high- 
pressure  chamber  22  in  the  valve  hole  21  supplies 

40  compressed  oil  from  the  pump  P  to  the  flow 
selector  valve  1  through  a  hole  12a  and  then  a 
communication  hole  3b.  The  hole  12a  is  axially 
formed  at  one  end  of  the  high-pressure  chamber 
22,  and  the  hole  3b  is  formed  in  a  lateral  relation- 

's  ship  with  the  hole  12a  constituting  part  of  the 
hydraulic  path  3.  The  solenoid  11  is  located 
outside  the  hole  12a  such  that  a  rod  11a  of  the 
solenoid  1  1  can  be  inserted  into  or  retracted  from 
the  hole  12a.  The  rod  11a  of  the  solenoid  11  and 

50  the  hole  12a  constitute  the  variable  orifice  12. 
A  return  spring  24  is  arranged  at  the  other  end 

of  the  spool  13  constituting  the  spool  valve  10  to 
always  bias  the  spool  13  toward  the  high- 
pressure  chamber  22.  Compressed  oil  at  the 

55  downstream  of  the  variable  orifice  12  is  supplied 
to  a  low-pressure  chamber  23  through  communi- 
cation  holes  25a  and  25b.  Reference  numeral  13a 
denotes  a  stopper  extending  on  the  spool  13. 
Reference  numerals  13b  and  13c  denote  com- 

60  munication  holes  formed  in  the  spool  13  to 
extend  in  the  axial  direction  and  a  direction 
perpendicular  thereto  from  the  high-pressure 
chamber  22.  The  communication  hole  13c  com- 
municates  with  an  annular  groove  13d  formed  on 

65  the  outer  surface  portion  of  the  spool  13  near  the 
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low-pressure  chamber  23.  The  hole  13c  is  also 
connected  to  a  communication  hole  serving  as 
the  supply  port  formed  extending  from  the  side  of 
the  body  20  through  the  valve  hole  21  ,  so  that  the 
compressed  oil  from  the  pump  P  can  be  supplied 
to  the  supply  port  14.  However,  the  compressed 
oil  may  be  supplied  to  the  supply  port  14  from  an 
open  end  of  the  communication  hole  13c  via 
another  pipe,  although  the  communication  hole 
13c  is  closed  by  a  blind  plug  in  this  embodiment). 
Other  modifications  may  also  be  employed. 

A  controller  27  is  connected  to  the  solenoid  11 
to  supply  a  current  with  a  magnitude  corre- 
sponding  to  the  travelling  conditions  determined 
by  detection  signals  from  a  vehicle  velocity  sen- 
sor  26a  and  a  steering  angle  sensor  26b.  The  rod 
11a  reciprocates  by  a  predetermined  distance 
with  respect  to  the  hole  12a  in  response  to  the 
current  from  the  controller  27.  Therefore,  the 
variable  orifice  12  is  controlled  to  have  a  desired 
opening. 

The  following  function  of  the  structure 
described  above  should  be  noted.  A  stepped 
annular  groove  28  is  constituted  by  a  central 
small-diameter  portion  28a  of  the  spool  1  and  end 
large-diameter  portions  28b  and  28c  of  the  spool 
13.  The  reaction  port  15  can  communicate 
through  the  stepped  annular  groove  28  with  the 
supply  port  14  or  the  return  port  16  which  is 
located  at  each  side  opposite  of  the  reaction  port 
15. 

In  the  spool  valve  10  having  the  structure 
described  above,  when  the  spool  13  is  moved  to 
the  left  within  the  valve  hole  21  due  to  a  pressure 
difference  defined  by  the  opening  of  the  variable 
orifice  12,  the  supply  port  14  is  coupled  to  the  left 
large-diameter  portion  28b  of  the  stepped  annular 
groove  28  through  a  land  13e,  as  shown  in  Fig. 
2A.  The  supply  port  14  supplies  a  predetermined 
amount  of  compressed  oil  from  the  reaction  port 
15  opposing  the  small-diameter  portion  28a  to  the 
hydraulic  reaction  force  chamber  4  through  a  flow 
path  defined  by  a  gap  between  the  large-diameter 
portion  28b  and  the  valve  hole  21.  Therefore,  a 
steering  reaction  force  proportional  to  a  displace- 
ment  of  the  spool  13  is  generated.  As  described 
above,  when  the  spool  13  is  moved,  the  return 
port  16  normally  opposing  the  right  large-dia- 
meter  portion  28c  of  the  stepped  annular  groove 
28  is  partitioned  by  the  land  13eof  the  spool  13  in 
proportion  to  the  displacement  of  the  spool  13, 
and  the  opening  of  the  variable  orifice  portion  17 
formed  in  the  partitioned  portion  is  gradually 
decreased.  The  hydraulic  pressure  from  the 
supply  port  14  to  the  reaction  port  15  is  gradually 
increased,  as  is  apparent  from  the  above  descrip- 
tion.  As  shown  in  Fig.  2B,  when  the  spool  13  is 
moved  to  the  left  by  a  maximum  displacement 
and  the  variable  orifice  portion  17  is  blocked,  a 
maximum  steering  reaction  force  can  be  obtained 
by  directly  coupling  the  supply  port  14  to  the 
reaction  port  15. 

The  reason  why  the  hydraulic  pressure  from  the 
supply  port  14  is  controlled  in  accordance  with 
the  degree  of  the  opening  of  the  variable  orifice 

portion  17  at  the  side  of  the  return  port  16  and  is 
supplied  to  the  reaction  port  15  can  be  readily 
understood  from  the  fact  that  the  gap  between 
the  valve  hole  21  and  the  large-diameter  portions 

5  28b  and  28c  of  the  stepped  annular  groove  28  is 
small  and  a  compressed  oil  flow  can  be  controlled 
by  the  length  of  these  portions  28b  and  28c.  , 

When  a  current  flowing  through  the  solenoid  1  1 
is  decreased  and  the  variable  orifice  12  is  opened 

10  to  decrease  a  difference  between  the  upstream 
pressure  and  the  downstream  pressure  of  the 
variable  orifice  12,  the  spool  13  is  moved  to  the 
right  by  a  biasing  force  of  the  spring  24  to  a 
degree  corresponding  to  the  pressure  difference, 

15  thereby  controlling  the  hydraulic  reaction  force. 
When  the  pressure  difference  is  substantially 
minimized,  the  spool  13  returns  to  the  initial 
position. 

According  to  the  hydraulic  reaction  force 
20  apparatus  for  the  power  steering  system,  as 

described  above,  a  current  corresponding  to  the 
vehicle  velocity  and  the  steering  angle  flows  in 
the  solenoid  11  to  obtain  the  steering  force 
characteristics  shown  in  Fig.  3.  Characteristic 

25  curve  a  represents  steering  reaction  force  control 
in  accordance  with  vehicle  velocity  and  steering 
angle  when  the  vehicle  velocity  is  given  as  80  km/ 
h;  characteristic  curve  6  represents  steering  reac- 
tion  force  control  in  accordance  with  only  vehicle 

30  velocity;  and  characteristic  curve  c  represents  the 
case  without  steering  reaction  force  control.  The 
effect  of  steering  reaction  force  control  according 
to  this  embodiment  can  be  apparent  from  these 
characteristic  curves. 

35  Fig.  4  is  a  graph  showing  supply  current  mag- 
nitudes  as  a  function  of  steering  angles  when 
vehicle  velocity  is  used  as  a  parameter.  Steering 
reaction  force  control  can  be  optimally  performed 
by  the  controller  27. 

40  Figs.  5  to  10  show  a  structure  wherein  a 
hydraulic  reaction  force  control  spool  valve  10  as 
a  main  feature  of  the  hydraulic  reaction  force 
apparatus  described  above  is  integrally  mounted 
with  a  steering  body  30  constituting  a  rotary  flow 

45  path  selector  valve  1  in  the  power  steering 
system.  The  same  reference  numerals  used 
throughout  Figs.  5  to  10  denote  the  same  parts. 
The  same  reference  numerals  as  in  Fig.  1  denote 
the  same  parts  as  in  Figs.  5  to  10,  and  a  detailed 

so  description  thereof  will  be  omitted. 
The  construction  of  the  power  steering  system 

will  be  briefly  described.  Reference  numeral  31 
denotes  a  valve  output  pinion  shaft  with  a  pinion 
31  a  meshed  with  a  rack  32,  which  together  consti- 

55  tute  a  steering  link  mechanism;  33,  an  input  shaft 
which  is  coaxially  mounted  to  the  right  end  of  the 
pinion  shaft  3  through  a  torsion  bar  8  and  the 
right  end  of  which  is  coupled  to  a  steering  wheel 
(not  shown).  The  shafts  31  and  33  can  be  properly 

60  rotated  in  accordance  with  the  steering  angle.  A 
rotor  34  and  a  sleeve  35  which  constitute  the  flow 
path  selector  valve  1  are  integrally  mounted  with 
the  shafts  31  and  33  inside  the  body  30.  The  rotor 
34  and  the  sleeve  35  change  the  flow  path 

65  between  the  side  of  a  pump  P  and  a  tank  T  and  the 
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ide  between  right  and  left  cylinder  chambers  Cn 
nd  CL  of  the  power  cylinder  2.  A  fail  safe 
lechanism  is  arranged  between  the  input  rotor 
4  and  the  output  sleeve  35  to  swing  by  a 
redetermined  angle.  Reference  numerals  36  and 
7  denote  a  suction  port  for  receiving  compressed 
oil  from  the  pump  P  and  a  return  port  for 
eturning  the  compressed  oil  to  the  oil  tank  T. 
teference  numerals  38A  and  38B  denote  left  and 
ight  drain  ports  connected  to  the  left  and  right 
ylinder  chambers  CL  and  CR  of  the  power 
ylinder  2,  respectively.  The  construction  and 
iperation  of  the  power  steering  system  with  such 
i  rotary  flow  path  selector  valve  1  are  known  to 
hose  skilled  in  the  art,  and  a  detailed  description 
hereof  will  be  omitted. 

The  spool  valve  10  is  mounted  together  with 
he  steering  body  30  in  a  direction  substantially 
>erpendicularto  the  flow  path  selector  valve  1.  At 
he  same  time,  the  solenoid  1  1  is  perpendicular  to 
he  spool  valve  10  and  is  parallel  to  the  flow  path 
lelector  valve  1  .  Therefore,  the  spool  valve  1  0  can 
>e  easily  and  properly  coupled  to  the  flow  path 
@elector  valve  1,  and  a  compact  structure  can  be 
ibtained.  Details  of  the  structure  can  be  readily 
inderstood. 

According  to  the  hydraulic  reaction  force 
apparatus  for  the  power  steering  system  accord- 
ng  to  the  present  invention,  the  simple  and 
nexpensive  hydraulic  reaction  force  spool  valve 
10  is  used  to  easily  and  properly  control  the 
lydraulic  pressure  of  the  hydraulic  reaction  force 
chamber  4,  thereby  providing  an  optimal  steering 
•eaction  force.  When  the  vehicle  is  travelling  at  a 
ow  velocity,  compressed  oil  is  not  supplied  to  the 
lydraulic  reaction  force  chamber  4.  In  this  case, 
:he  steering  force  is  the  same  (small)  as  that  of  the 
conventional  power  steering  system  for  torsion 
Force  of  the  torsion  bar  8.  However,  when  the 
vehicle  is  travelling  at  a  high  velocity,  com- 
pressed  oil  is  adjusted  in  accordance  with 
detected  vehicle  velocity  and  steering  angle, 
thereby  guaranteeing  stable  steering  with  an 
optimal  steering  reaction  force. 

The  present  invention  is  not  limited  to  the 
embodiment  described  above.  Various  changes 
and  modification  for  the  shape  of  respective 
members  and  structure  can  be  made  within  the 
spirit  and  scope  of  the  present  invention.  In  the 
above  embodiment,  the  basic  structure  of  the 
spool  valve  10  is  exemplified  in  Fig.  1.  However, 
its  structure  is  not  limited  to  the  illustrated  one. 
For  example,  the  positional  relationship  between 
the  ports,  the  stepped  annular  groove  and  the 
land  may  be  modified  as  needed. 

Furthermore,  in  the  above  embodiment,  the 
hydraulic  reaction  force  apparatus  is  of  a  type 
which  has  a  plunger  type  reaction  force  chamber 
4,  and  the  power  steering  system  is  of  a  rack-and- 
pinion  type.  However,  the  reaction  chamber  can 
be  constituted  by  a  chamber  utilizing  a  ball  or  the 
like.  The  power  steering  system  is  not  limited  to 
the  rack-and-pinion  type,  but  can  be  extended  to  a 
system  using  a  ballscrew  or  the  like. 

According  to  the  hydraulic  reaction  force 

apparatus  ror  ine  power  steering  system  m  mo 
present  invention,  the  hydraulic  reaction  force 
control  spool  valve  is  arranged  in  the  hydraulic 
path  extending  from  the  pump  to  the  power 

>  cylinder.  The  spool  valve  is  slidably  operated  by  a 
pressure  difference  between  the  upstream  side 
and  the  downstream  side  of  the  variable  orifice 
the  opening  of  which  is  controlled  by  a  solenoid 
driven  by  a  current  corresponding  to  the  vehicle 

o  travelling  conditions.  Upon  slidable  action,  the 
supply  port  for  receiving  compressed  oil  from  the 
hydraulic  path  is  coupled  to  the  reaction  port 
extending  to  the  hydraulic  reaction  force 
chamber.  At  the  same  time,  the  variable  orifice 

5  portion  formed  between  the  flow  path  between 
the  supply  port  and  the  reaction  port  and  the 
return  port  connected  to  the  tank  is  controlled. 
Therefore,  pressure  of  compressed  oil  supplied  to 
the  hydraulic  reaction  force  chamber  can  be 

o  adjusted  with  a  simple  and  inexpensive  structure 
in  an  analog  manner.  As  a  result,  steering  reac- 
tion  force  control  can  be  properly  and  accurately 
performed  in  accordance  with  various  travelling 
conditions.  Furthermore,  the  hydraulic  reaction 

<5  force  apparatus  is  simple  as  a  whole,  has  only  a 
small  number  of  components,  and  can  be 
integrally  mounted  with  the  power  steering 
system,  thereby  decreasing  the  cost  and  the 
overall  size. 

Claims 

1.  A  hydraulic  reaction  force  apparatus  for  a 
power  steering  system,  comprising: 

is  a  pump  (P); 
a  power  cylinder  (2)  for  supplying  an  auxiliary 

steering  force  to  a  steering  wheel; 
a  control  valve  (1)  for  switching  a  hydraulic  path 

from  said  pump  (P)  to  said  power  cylinder  (2)  in 
io  accordance  with  a  steering  direction  of  said  steer- 

ing  wheel; 
a  first  variable  orifice  (12;  11a,  12a)  arranged 

between  said  pump  (P)  and  said  control  valve  (1), 
said  first  variable  orifice  (12;  11a,  12a)  being 

45  arranged  such  that  an  opening  thereof  is  con- 
trolled  by  a  solenoid  (11)  driven  in  response  to  a 
current  supplied  to  said  solenoid  (11)  in  accord- 
ance  with  operating  conditions  of  a  vehicle; 

a  hydraulic  reaction  force  chamber  (4),  formed 
50  between  an  input  member  (5,  33)  rotated  by  said 

steering  wheel  and  an  output  member  (6,  31) 
interlocked  with  vehicle  wheels,  for  supplying  as 
a  reaction  force  a  pressure  corresponding  to  a 
hydraulic  pressure  applied  to  said  power  cylinder 

55  (2)  so  as  to  restrict  rotation  of  said  input  member 
(5,  33);  and 

a  spool  valve  arranged  between  said  pump  (P) 
and  said  hydraulic  reaction  force  chamber  (4)  and 
having  a  spool  (13)  moved  in  accordance  with  a 

60  pressure  difference  caused  by  said  first  variable 
orifice  (12;  11a,  12a),  said  spool  valve  being 
provided  with  a  supply  port  (14)  connected  to  said 
pump  (P),  a  reaction  port  (15)  connected  to  said 
hydraulic  reaction  force  chamber  (4),  a  tank  port 

65  (16)  connected  to  a  tank  (T)  and  a  second  variable 
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orifice  (17)  controlled  by  said  spool  (13),  said 
second  variable  orifice  (17)  being  adapted  such 
that  an  opening  thereof  is  changed  by  a  displace- 
ment  of  said  spool  (13)  caused  by  the  pressure 
difference  between  upstream  and  downstream 
pressures  of  said  first  variable  orifice  (12;  11a, 
12a),  thereby  connecting  said  reaction  port  (15)  to 
said  supply  port  (14)  and  said  tank  port  (16)  and 
controlling  a  magnitude  of  the  hydraulic  reaction 
force. 

2.  An  apparatus  according  to  claim  1,  wherein 
said  spool  valve  is  formed  integrally  with  said  first 
variable  orifice  (12;  11a,  12a)  to  constitute  an 
integral  assembly. 

3.  An  apparatus  according  to  claim  2,  wherein 
said  hydraulic  reaction  force  chamber  (4)  and  said 
control  valve  (1)  are  formed  integrally  with  said 
integral  assembly. 

4.  An  apparatus  according  to  claim  1,  wherein 
said  control  valve  (1)  is  of  a  rotary  type. 

5.  An  apparatus  according  to  claim  1,  wherein  a 
rod  controlled  by  said  solenoid  (11)  is  sub- 
stantially  perpendicular  to  said  spool  (13)  of  said 
spool  valve. 

Patentanspruche 

1.  Hydraulisches  Kraftgerat  fur  Servolenkanla- 
gen,  bestehend  aus 

einer  Pumpe  (P), 
einem  Leistungszylinder  (2)  zur  Abgabe  einer 

Hilfslenkkraft  an  das  Lenkrad, 
einem  Steuerventil  (1)  zur  Umschaltung  eines 

hydraulischen  Kanais  von  der  Pumpe  (P)  an  den 
Leistungszylinder  (2)  in  Ubereinstimmung  mit 
dem  Lenkeinschlag  des  Lenkrades, 

einer  ersten  veranderlichen  Offnung  (12,  11a, 
12a)  zwischen  der  Pumpe  (P)  und  dem  Steuerven- 
til  (1),  wobei  diese  erste  veranderliche  Offnung 
(12,  11a,  12a)  derart  angeordnet  ist,  date  eine 
Offnung  derselben  mit  Hilfe  einer  Magnetspule 
(11)  in  Abhangigkeit  eines  der  Magnetspule  (11) 
zugefiihrten  Stromes  entsprechend  den  Betriebs- 
bedingungen  des  Fahrzeugs  gesteuert  ist, 

einer  hydraulischen  Kraftkammer  (4),  welche 
zwischen  einem  von  dem  Lenkrad  gedrehten 
Eingangselement  (5,  33)  und  einem  mit  den  Fahr- 
zeugradern  verbundenen  Ausgangselement  (6, 
31)  angeordnet  ist,  und  welche  als  Kraft  einen 
Druck  abgibt,  welcher  dem  von  dem  Leistungszy- 
linder  (2)  abgegebenen  Hydraulikdruck  ent- 
spricht,  um  auf  diese  Weise  die  Rotation  des 
Eingangselementes  (5,  33)  zu  begrenzen,  und 

einem  Schieberventil,  welches  zwischen  der 
Pumpe  (P)  und  der  hydraulischen  Kraftkammer 
(4)  angeordnet  ist,  und  welche  einen  Schieber  (13) 
aufweist,  der  in  Ubereinstimmung  mit  der  durch 
die  erste  veranderliche  Offnung  (12,  11a,  12a) 
hervorgerufen  wird,  wobei  das  Schieberventil  mit 
einer  mit  der  Pumpe  (P)  verbundenen  Abgabeoff- 
nung  (14),  einer  mit  der  hydraulischen  Kraftkam- 
mer  (4)  verbundenen  Gegenkraftoffnung  (15), 
einer  mit  einem  Behalter  (T)  verbundenen  Behal- 
teroffnung  (16)  und  einer  durch  den  Schieber  (13) 
gesteuerten  zweiten  veranderlichen  Offnung  (17) 

versehen  ist,  und  wobei  die  zweite  veranderliche 
Offnung  (17)  derart  ausgebildet  ist,  da(5  dieselbe 
durch  Verschiebung  des  Schiebers  (13)  in  Abhan- 
gigkeit  der  Druckdifferenz  des  stromaufwartigen 

5  und  stromabwartigen  Druckes  der  ersten  veran- 
derlichen  Offnung  (12,  11a,  12a)  verandert  wird, 
wodurch  die  Gegenkraftoffnung  (15)  mit  dem, 
Abgabeoffnung  (14)  und  der  Behalteroffnung  (16) 
verbunden  wird  und  die  GroGe  der  hydraulischen 

70  Gegenkraft  beeinflulibar  ist. 
2.  Gerat  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  daB  das  Schieberventil  einstuckig  mit 
der  ersten  veranderlichen  Offnung  (12,  11a,  12a) 
unter  Ausbildung  einer  einstiickigen  Anordnung 

15  ausgebildet  ist. 
3.  Gerat  nach  Anspruch  2,  dadurch  gekenn- 

zeichnet,  daft  die  hydraulische  Gegenkraftkam- 
mer  (4)  und  das  Steuerventil  (1)  einstuckig  mit  der 
einstiickigen  Anordnung  ausgebildet  sind. 

20  4.  Gerat  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  das  Steuerventil  (1)  ein  Drehventil 
ist. 

5.  Gerat  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(5  die  Aktivierungsstange  der  Tauch- 

25  spule  (11)  im  wesentlichen  senkrecht  zu  dem 
Schieber  (13)  des  Schieberventils  angeordnet  ist. 

Revendications 

30  1.  Appareil  a  force  de  reaction  hydraulique  pour 
systeme  de  direction  assistee  comprenant: 

une  pompe  (P); 
un  verin  (2)  pourfournir  une  force  de  braquage 

auxiliaire  a  un  volant  de  direction; 
35  une  valve  de  commande  (1  )  pour  commuter  un 

circuit  hydraulique  provenant  de  ladite  pompe  (P) 
audit  verin  (2)  en  fonction  de  la  direction  de 
braquage  dudit  volant; 

un  premier  orifice  variable  (12;  11a,  12a)  dis- 
40  pose  entre  ladite  pompe  (P)  et  ladite  valve  de 

commande  (1),  ledit  premier  orifice  variable  (12; 
11a,  12a)  etant  dispose  de  telle  facon  qu'une 
ouverture  de  ce  dernier  est  commandee  par  un 
soleno'ide  (11)  entratne  en  fonction  d'un  courant 

45  fourni  audit  soleno'ide  (11)  conformement  aux 
conditions  de  fonctionnement  d'un  vehicule; 

une  chambre  de  force  de  reaction  hydraulique 
(4),  formee  entre  un  element  d'entree  (5,  33) 
entratne  en  rotation  par  ledit  volant  et  un  element 

so  de  sortie  (6,  31)  associe  aux  roues  du  vehicule, 
pour  fournir  en  tant  que  force  de  reaction  une 
pression  correspondant  a  une  pression 
hydraulique  appliquee  audit  verin  (2)  de  facon  a 
limiter  la  rotation  dudit  element  d'entree  (5,  33); 

55  et 
une  valve  a  tiroir  disposee  entre  ladite  pompe 

(P)  et  ladite  chambre  de  force  de  reaction 
hydraulique  (4)  et  ayant  un  tiroir  (13)  deplace 
conformement  a  la  difference  de  pression  pro- 

60  voquee  par  ledit  premier  orifice  variable  (12;  11a, 
12a),  ladite  valve  a  tiroir  comportant  un  orifice 
d'alimentation  (14)  relie  a  ladite  pompe  (P),  un 
orifice  de  reaction  (15)  connecte  a  ladite  chambre 
de  force  de  reaction  hydraulique  (4),  un  orifice  de 

65  reservoir  (16)  relie  a  un  reservoir  (T)  et  un  second 
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rifice  variable  (17)  commande  par  ledit  tiroir  (13), 
sdit  second  orifice  variable  (17)  etant  concu  de 
3lle  sorte  qu'une  ouverture  de  ce  dernier  a  pour 
esultat  un  deplacement  dudit  tiroir  (13)  provoque 
iar  la  difference  de  pression  entre  les  pressions  5 
mont  et  aval  dudit  premier  orifice  variable  (12; 
1a,  12a),  ce  qui  a  pour  resultat  la  connexion  dudit 
irifice  de  reaction  (15)  audit  orifice  d'alimentation 
14)  et  audit  orifice  de  reservoir  (16)  et  la  com- 
nande  de  I'importance  de  la  force  de  reaction  10 
ivdraulique. 

2.  Appareil  selon  la  revendication  1  dans  lequel 
adite  valve  a  tiroir  est  realisee  en  tant  que  partie 
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itegrante  auait  premier  ormce  vanaoie  \  \t,  i  id, 
2a)  pour  constituer  un  ensemble  monobloc. 
3.  Appareil  selon  la  revendication  2  dans  lequel 

adite  chambre  de  force  de  reaction  hydraulique 
X)  et  ladite  valve  de  commande  (1)  sont  realisees 
ie  facon  integrante  avec  ledit  ensemble  mono- 
iloc.  ' 
4.  Appareil  selon  la  revendication  1  dans  lequel 

adite  valve  de  commande  1  est  du  type  tournant. 
5.  Appareil  selon  la  revendication  1  dans  lequel 

ine  tige  commandee  par  ledit  soleno'ide  (11)  est 
ensiblement  perpendiculaire  audit  tiroir  (13)  de 
adite  valve  a  tiroir. 
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