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Description 

The  present  invention  relates  to  a  dosed  loop 
type  proportional  electromagnetic  valve  for  hydrau- 
lic  control,  and  more  particularly  to  a  closed  loop  5 
type  proportional  electromagnetic  valve  for  hydrau- 
lic  control  of  the  kind  as  disclosed  in  JP-A  2 
217/1974.  Such  a  closed  loop  type  proportional  elec- 
tromagnetic  valve  for  hydraulic  control  serves  for 
use  in  an  automatic  transmission  system  and  a  pow-  10 
er  steering-unit  or  the  like  of  a  motor  vehicle. 

Closed  loop  type  proportional  electromagnetic 
valves  for  hydraulic  control  include  a  hydraulic 
control  solenoid  valve.  Tha  hydraulic  control  sole- 
noid  valve  is  the  most  important  device  in  the  hy-  15 
draulic  control  system  for  motor  vehicles.  The  hy- 
draulic  control  solenoid  valve  is  adapted  for  use  in 
the  automatic  transmission  and  the  power  steering- 
unit  or  the  like  in  the  motor  vehicle. 

In  an  automatic  transmission  system  of  a  motor  20 
vehicle,  taken  as  example,  a  throttle  sensor  detects 
the  opening  degree  of  the  accelerator,  and  the  sig- 
nals  from  the  various  sensors  are  processed  by  a 
microprocessor.  The  hydraulic  control  solenoid 
valve  receives  an  appropriate  signal  from  the  driv-  25 
er.  The  hydraulic  control  solenoid  valve  controls 
the  main  regulator  and  varies  the  line  pressure  flu- 
id.  The  line  pressure  fluid  is  transmitted  to  the  fric- 
tion  element  by  the  solenoid.  By  this  regulated  line 
pressure  fluid,  the  torque  to  the  wheels  can  be  30 
transmitted  smoothly. 

In  for  example,  US-A  4  250  922  a  conventional 
closed  loop  type  proportional  electromagnetic  valve 
for  hydraulic  control  for  use  in  connection  with  an 
automatic  transmission  system  of  a  motor  vehicle  is  35 
proposed. 

The  electromagnetically  operated  control  valve 
assembly  of  the  hydraulic  control  solenoid  valve  in- 
cludes  an  electromagnet  and  a  valve  unit.  The  end 
portion  of  a  plunger  which  projects  into  a  valve  40 
sleeve  forms  a  sliding  spool  of  the  valve  unit.  The 
inlet  port  is  connected  to  the  main  line  pressure  fluid 
of  the  control  system  of  a  motor  vehicle,  whereas 
the  outlet  port  leads  to  the  conduit  supplying  a  regu- 
lated  line  pressure  fluid  to  the  coupling  members  of  45 
the  automatic  transmission.  The  exhaust  port  opens 
in  a  pressure  free  space. 

However,  the  above  mentioned  prior  art  has 
some  disadvantages.  As  the  flow  of  the  line  pres- 
sure  fluid  is  switched  by  the  sliding  spool  valve,  the  50 
force  of  the  line  pressure  fluid  is  applied  to  the  slid- 
ing  spool  valve  in  its  axial  direction  so  that  the  bal- 
ance  of  forces  becomes  unstable  and  therefore  a 
resonance  phenomenon  of  the  movable  parts  is  gen- 
erated.  This  resonance  phenomenon  occurs  over  55 
the  whole  stroke  of  movement  of  the  sliding  spool 
valve.  The  self-excited  vibration  or  the  resonance 
phenomenon  of  the  sliding  spool  valve  leads  to  a 
number  of  problems. 

The  resonance  phenomenon  occurs  in  the  small  60 
control  current  domain,  namely  in  the  relatively  high 
output-pressure  domain.  Then  the  value  of  the  out- 
put-pressure  varies  largely  and  a  good  line  pres- 
sure  fluid  control  is  difficult  to  achieve. 

The  resonance  frequency  of  the  hydraulic  con-  65 

trol  solenoid  valve  is  governed  by  the  specific  fre- 
quency  of  a  system  having  a  single  degree  of  free- 
dom  and  is  determined  by  the  weight  of  the  movable 
parts  and  the  spring  constant  of  the  spring,  usually 
30-100  Hz.  It  is  functionally  difficult  to  change  the 
weight  of  the  movable  parts  and  the  spring  constant 
of  the  spring  substantially. 

In  order  to  solve  the  unstable  balance  of  forces 
and  the  resonance  phenomenon  of  the  movable 
parts  of  the  hydraulic  control  solenoid  valve  for  a 
motor  vehicle  for  example,  in  JP-A  2  217/1974  a 
method  for  the  provision  of  a  damping  action  is  pro- 
posed. 

In  above  JP-A  2  217/1974,  an  electromagnetically 
operated  control  sliding  spool  valve  or  the  hydrau- 
lic  control  solenoid  valve  includes  a  movable  arma- 
ture  having  a  hole  therethrough.  The  through  hole 
provided  in  the  movable  armature  gives  the  damping 
effect  to  the  movable  armature  of  the  plunger. 

However,  to  realize  this  method,  a  chamber  for  a 
movable  armature  must  be  fully  filled  with  line  pres- 
sure  fluid.  Further  because  the  damping  effect  is 
obtained  by  a  clearance  between  the  electromagnet- 
ic  coil  portion  and  the  periphery  of  the  movable  ar- 
mature  and  the  dimensions  of  the  through  hole  in  the 
movable  armature,  the  structure  of  the  plunger  be- 
comes  complicated  and  further  the  design  possibili- 
ties  of  the  plunger  which  are  necessary  to  deter- 
mine  an  attraction  force  are  restricted. 

The  object  of  the  present  invention  resides  in  the 
provision  of  a  closed  loop  type  proportional  electro- 
magnetic  valve  for  hydraulic  control  wherein  the 
resonance  phenomenon  of  the  sliding  spool  valves 
can  be  prevented  and  wherein  the  design  possi- 
bilites  of  the  plunger  are  not  restricted. 

In  accordance  with  the  present  invention  a 
closed  loop  type  proportional  electromagnetic  valve 
for  hydraulic  control  comprises:  a  coil  case;  a  body 
fixed  to  the  coil  case;  a  coil  provided  in  the  coil 
case;  a  plunger  provided  in  the  coil  case;  the  coil 
provided  in  such  a  manner  that  the  coil  attracts  the 
plunger  against  the  tension  of  the  spring  upon  exci- 
tation.  A  shaft  is  provided  in  the  body  in  such  a  man- 
ner  that  the  shaft  slides  freely  in  the  body.  A  first 
spool  portion  and  a  second  spool  portion  are  con- 
nected  with  said  shaft,  a  sliding  valve  spool  com- 
prising  said  shaft,  said  first  spool  portion  and  said 
second  spool  portion.  An  inlet  port,  an  exhaust  port 
and  an  outlet  port  are  provided  in  said  body;  the 
first  spool  portion  and  the  second  portion  are  clos- 
ing  and  opening  the  inlet  port  and  the  exhaust  port; 
the  outlet  port  is  communicated  with  the  shaft  be- 
tween  the  first  spool  portion  and  the  second  spool 
portion;  a  feedback  chamber  is  provided  in  the  body 
and  is  communicated  with  the  shaft  through  a  feed- 
back  channel;  and  the  feedback  chamber  has  a  larg- 
er  diameter  than  the  diameter  of  the  first  spool  por- 
tion  and  an  end  portion  of  the  first  spool  portion  op- 
posite  the  second  spool  portion  is  protruded  into  the 
feedback  chamber. 

To  achieve  the  above  object  a  thin  plate  is  fixed 
to  the  end  portion  of  the  first  spool  portion  and  is 
positioned  in  the  feedback  chamber  so  as  to  form  a 
constricted  part  of  a  flow  passage  formed  between 
the  inside  wall  of  the  feedback  chamber  and  the  pe- 
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rimeter  of  said  thin  plate. 
The  ration  of  areas  of  a  cross-sectional  area  of 

the  constricted  part  of  the  flow  passage  and  the 
cross-sectional  surface  area  of  the  thin  plate  is  de- 
fined  so  as  to  be  between  a  ration  of  areas  of  an  up-  5 
per  limit  of  a  practical  response  time  and  a  ratio  of 
areas  of  less  than  a  resonance  domain. 

A  closed  loop  type  of  proportional  electromagnet- 
ic  valve  for  hydraulic  control  of  the  present  inven- 
tion  facilitates  prevention  of  the  resonance  phe-  10 
nomenon  of  sliding  spool  valves  and  at  the  same 
time  removes  restrictions  on  the  design  as  to  the  di- 
mensions  of  the  plunger. 

To  increase  the  damping  coeifficient  (Cd)  it  is  pos- 
sible  to  provide  a  damping  mechanism  or  a  damping  15 
means  at  the  end  portion  of  one  of  the  spool  por- 
tions  which  is  positioned  in  the  feedback  chamber 
which  is  filled  with  the  line  pressure  fluid  or  pres- 
sure  oil.  The  damping  mechanism  or  the  damping 
means  gives  the  effect  to  the  sliding  spool  valve  20 
and  also  functions  as  the  stabilization  of  the  behav- 
ior  of  the  sliding  spool  valve. 

Brief  Description  of  the  Drawings: 

Fig.  1  is  a  vertical  sectional  view  of  an  embodi-  25 
ment  of  a  closed  loop  type  proportional  electromag- 
netic  valve  for  hydraulic  control  of  the  present  in- 
vention; 

Fig.  2  is  a  sectional  view  of  taken  along  line  il-ll 
of  Fig.  1  ;  30 

Fig.  3  is  a  diagram  showing  the  relationship  be- 
tween  the  ratio  of  a  sectional  area  of  a  constricted 
part  surrounding  a  thin  plate  and  the  cross-section- 
al  surface  area  of  the  thin  plate  and  the  response 
time  of  the  closed  loop  type  proportional  electromag-  35 
netic  valve  for  hydraulic  control  shown  in  Fig.  1  ; 

Fig.  4  is  a  view  of  the  damping  mechanism  provid- 
ed  in  the  closed  loop  type  proportional  electromag- 
netic  valve  for  hydraulic  control; 

Fig.  5  shows  a  graph  illustrating  relationship  be-  40 
tween  the  clearance  (e)  and  the  thickness  (£)  of  the 
thin  plate;  and 

Fig.  6  shows  a  graph  illustrating  relationship  be- 
tween  the  damping  coefficient  (Cd),  and  the  sliding 
spool  valve  amplitude  and  the  resonance  frequen-  45 
cy. 

Detailed  Description  of  Preferred  Embodiments: 
One  embodiment  of  a  closed  loop  type  proportion- 

al  electromagnetic  valve  for  hydraulic  control  of  50 
the  present  invention  will  be  hereinunder  described 
with  reference  to  Fig.  1  and  Fig.  2. 

An  electromagnetic  valve  shown  in  Fig.  1  and  Fig. 
2  is  a  closed  type  proportional  electromagnetic 
valve  and  also  is  a  hydraulic  control  solenoid  valve  55 
for  a  motor  vehicle. 

In  the  drawings,  a  body  2  is  fixed  to  a  coil  case  1  . A  coil  6,  a  spring  7  and  a  plunger  5  are  provided  in 
the  coil  case  1.  The  plunger  5  is  formed  so  as  to  be 
attracted  by  the  excitation  of  the  coil  6  against  the  60 
tension  of  the  spring  7  at  the  time  of  excitation.  A 
sliding  spool  valve  comprises  a  shaft  12,  a  first  and 
a  second  spool  portion  4a  and  4b,  respectively. 

The  first  spool  portion  4a  and  the  second  spool 
65 

portion  4b  are  fixed  to  both  ends  of  the  shaft  12,  re- 
spectively.  The  first  spool  portion  4a  and  the  sec- 
ond  spool  portion  4b  open  and  dose  an  inlet  port  13 
and  an  exhaust  port  3,  respectively.  The  inlet  port 
13  and  the  exhaust  port  3  are  provided  in  the  body  2. 

An  outlet  port  1  1  is  also  provided  in  the  body  2  and 
is  communicated  with  the  peripheral  portion  of  the 
shaft  12  between  the  first  spool  portion  4a  and  the 
second  spool  portion  4b.  The  diameter  of  the  periph- 
eral  portion  of  the  shaft  12  is  smaller  than  the  diame- 
ters  of  the  first  spool  portion  4a  and  the  second 
spool  portion  4b. 

A  feedback  chamber  9  is  provided  in  the  end  por- 
tion  of  the  body  2.  The  end  portion  of  the  first  spool 
portion  4a  opposite  to  the  second  spool  portion  4b 
is  protruded  into  the  feedback  chamber  9. 

A  round  shape  thin  metal  plate  10  acting  as  a 
damping  means  is  fixed  to  the  protruded  end  portion 
of  the  first  spool  portion  4a  and  is  positioned  in  the 
feedback  chamber  9. 

The  feedback  chamber  9  has  a  larger  diameter 
than  the  diameter  of  the  first  spool  portion  4a  and  is 
communicated  with  the  peripheral  portion  of  the 
shaft  12  through  a  feedback  channel  8.  The  feed- 
back  channel  8  is  provided  in  the  body  2  and  is  also 
communicated  with  the  peripheral  portion  of  the 
shaft.  The  shaft  12  may  be  formed  integrally  with  a 
shaft  15  holding  the  plunger  5. 

A  thrust  bearing  14  supports  the  shaft  15  so  as  to 
make  it  slide  freely  in  axial  direction.  The  shaft  15  is 
formed  with  a  large  diameter  shaft  portion  and  a 
small  diameter  shaft  portion  is  solidly  inserted  in  the 
plunger  5  in  a  central  portion  thereof.  The  end  por- 
tion  of  the  small  diameter  shaft  portion  of  the  shaft 
15  contacts  the  end  portion  of  the  second  spool  por- 
tion  4b. 

A  constricted  part  16  of  the  flow  passage  for  the 
line  pressure  fluid  in  the  feedback  chamber  9  is  de- 
fined  by  the  peripheral  surface  of  the  round  thin 
plate  10  and  a  cylindrical  interior  wall  of  the  feed- 
back  chamber  9.  A  cross-sectional  area  (S2)  of  the 
constricted  part  16  of  the  flow  passage  is  so  de- 
fined  as  to  be  not  larger  than  0.04  of  the  cross-sec- 
tional  surface  area  (Si)  of  the  thin  plate  10. 

With  this  construction,  the  input  flow  of  the  line 
pressure  fluid  or  the  pressure  oil  from  the  inlet  port 
13  is  determined  by  the  position  of  the  first  spool 
portion  4a  which  slides  in  the  body  2.  A  backflow 
through  the  exhaust  port  3  is  determined  by  the  posi- 
tion  of  the  second  spool  portion  4b  which  slides  in 
the  body  2.  A  predetermined  reduced  line  pressure 
fluid  is  supplied  to  the  outlet  port  11.  The  predeter- 
mined  reduced  line  pressure  fluid  is  supplied  to  the 
feedback  chamber  9  through  the  feedback  channel 
8. 

The  first  spool  portion  4a  is  pushed  in  the  direc- 
tion  of  an  arrow  mark  A  by  the  line  pressure  fluid 
supplied  to  the  feedback  chamber  9.  The  shaft  12  is 
attracted  in  the  direction  of  the  arrow  mark  A  by  the 
plunger  5  attracted  by  the  coil  6.  The  first  spool  por- 
tion  4a  and  the  shaft  12  slide  until  the  resultant 
force  of  above  two  forces  is  balanced  with  the  re- 
active  force  of  the  spring  7  in  the  direction  of  an  ar- 
row  mark  B. 

If  the  output  flow  of  the  line  pressure  fluid  is  re- 
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duced  due  to  the  increase  of  the  flow  at  the  outlet 
port  11  or  for  any  other  reason,  the  line  pressure 
sluid  supplied  to  the  feedback  chamber  9  is  also  re- 
duced  and  the  balance  is  iost  so  that  the  first  spool 
portion  4a  and  the  second  spool  portion  4b  slide  in  5 
the  direction  of  the  arrow  mark  B. 

Therefore,  the  input  value  of  the  line  pressure 
fluid  from  the  inlet  port  13  is  increased  and  the  back- 
flow  through  the  exhaust  port  3  is  reduced.  As  a  re- 
sult,  the  first  spool  portion  4a  and  the  second  spool  10 
portion  4b  slide  until  the  value  of  the  line  pressure 
fluid  in  the  feedback  chamber  9  becomes  the  prede- 
termined  value. 

In  this  case,  the  movement  of  the  line  pressure 
fluid  in  the  feedback  chamber  9  is  restricted  by  the  15 
narrow  flow  passage  part  16  between  the  peripheral 
surface  of  the  thin  plate  10  and  the  interior  wall  of 
the  feedback  chamber  9  and  thereby  the  damping 
action  is  effected. 

The  resonance  frequency  is  governed  by  the  20 
specific  frequency  of  a  system  having  a  single  de- 
gree  of  freedom  and  is  determined  by  the  weight  of 
the  plunger  5  and  the  spring  constant  of  the  spring 
7.  Although  it  is  functionally  difficult  to  change  the 
weight  of  the  plunger  5  and  the  spring  constant  of  25 
the  spring  7  substantially. 

In  this  embodiment  of  the  present  invention,  the 
damping  action  is  applied  to  the  first  spool  portion 
4a  by  the  constricted  part  16  defined  by  the  periph- 
eral  surface  of  the  thin  plate  10  and  the  inside  wall  30 
of  the  feedback  chamber  9  and  the  resonance  fre- 
quency  does  not  reach  the  specific  frequency  of 
the  system  having  the  single  degree  of  freedom, 
therefore,  the  resonance  phenomenon  is  avoided. 

Fig.  3  shows  the  response  time  (t)  of  the  output  35 
line  pressure  which  reaches  the  predetermined  line 
pressure  from  the  optional  output  line  pressure  in 
this  embodiment  with  the  ratio  of  areas  (S2/S1)  of 
the  cross-sectional  area  (S2)  of  the  constricted 
part  16  and  the  cross-sectional  area  (Si)  of  the  thin  40 
plate  10  as  an  abscissa  and  the  response  time  as  an 
ordinate. 

In  Fig.  3,  the  hatched  area  represents  the  reso- 
nance  domain  and  the  upper  limit  of  the  response 
time  (t)  is  0.3  second.  The  response  time  (t)  longer  45 
than  0.3  second  is  not  practical.  A  curve  C  repre- 
sents  a  response  time  curve.  The  response  time 
curve  C  is  the  result  of  experiments  and  if  the  ratio 
of  the  areas(S2/Si)  is  more  than  0.04,  the  response 
time  curve  C  enters  the  resonance  domain  and  the  50 
hydraulic  control  solenoid  valve  cannot  be  operat- 
ed.  Thus,  the  ratio  of  the  areas  (S2/S1)  must  not  ex- 
ceed  0.04. 

However,  if  the  ratio  of  areas  (S2/S1)  is  too  much 
smaller  than  0.04,  the  response  time  curve  C  cross-  55 
es  over  the  upper  limit  of  the  practical  response 
time  (0.3  second).  Therefore,  if  a  value  is  used  lying 
within  a  portion  D  shown  in  Fig.  3  of  the  response 
time  curve  C  below  the  response  time  (0.3  second) 
with  the  ratio  of  the  areas  (S2/S1)  less  than  that  of  60 
the  resonance  domain,  the  output  line  pressure  can 
be  controlled  from  the  optional  output  line  pressure 
to  the  predetermined  line  pressure  steadily  without 
producing  the  resonance  phenomenon  and  the  de- 
sign  possibilities  of  the  plunger  5  are  not  restricted.  65 

As  in  the  closed  loop  type  proportional  electro- 
magnetic  valve  for  hydraulic  control  of  the  present 
invention,  the  thin  plate  10  is  fixed  to  an  end  portion 
of  the  first  sliding  spool  valve  4a  in  the  feedback 
chamber  9  and  the  construction  part  of  the  line 
pressure  fluid  is  provided  in  the  feedback  chamber 
9  by  making  the  ratio  of  areas  (S2/S1)  not  more  than 
0.04  to  give  the  first  spool  sliding  valve  4a  the 
damping  action. 

The  provision  of  the  damping  mechanism  such  as 
a  round  shape  thin  plate  10  attached  to  a  sliding 
spool  valve  4a  is  shown  schematically  in  Fig.  4.  In 
the  hydraulic  control  solenoid  valve  having  the 
round  shape  thin  plate  1  0  or  the  damping  plate  1  0,  the 
damping  coefficient  (Cd)  is  defined  as  follows. 

6  ii£A" 

jx:  coefficient  of  viscosity 
£:  thickness  of  the  thin  plate  1  0 
A:  the  cross-sectional  surface  area  of  the  thin 

plate  10 
R:  radius  of  the  round  thin  plate  1  0 
e:  clearance  between  the  inside  wall  of  the  body  2 

and  the  perimeter  of  the  thin  plate  10. 

Fig.  6  shows  the  relationship  between  the  damp- 
ing  coefficient  (Cd),  and  the  spool  portion  amplitude 
and  the  resonance  frequency. 

According  to  the  increase  of  the  damping  coeffi- 
cient  (Cd),  the  resonance  frequency  increases  and 
on  the  other  hand  the  sliding  spool  valve  amplitude 
decreases.  When  the  value  of  the  damping  coeffi- 
cient  (Cd)  becomes  larger  than  18  N-sec/m,  the  self- 
excited  vibration  or  the  resonance  phenomenon  of 
the  hydraulic  control  solenoid  valve  disappear  en- 
tirely  therefrom. 

Fig.  5  shows  the  relationship  of  the  clearance  (e) 
which  is  a  gap  between  the  inside  wall  of  the  body  2 
and  the  perimeter  of  the  round  shape  thin  plate  10, 
and  the  thickness  (£)  of  the  thin  plate  10.  The  curve 
Y  indicates  the  frontier  between  the  stability  and 
the  resonance  domain  according  to  the  results  of 
the  calculation. 

The  empirical  results  are  substantially  consistent 
with  the  results  of  calculation.  When  the  clearance 
of  the  gap  (e)  is  0.1  mm,  and  further  the  thickness 
(£)  of  the  thin  plate  10  is  more  than  2  mm,  the  reso- 
nance  phenomenon  disappears. 

A  large  clearance  (e)  is  desirable  from  the  stand- 
point  of  manufacturing  of  the  hydraulic  control  sole- 
noid  valve,  but  a  larger  clearance  (e)  needs  a  larg- 
er  thickness  (£)  of  the  thin  plate  10.  However,  the 
larger  thickness  {£)  of  the  thin  plate  10  is  apt  to  influ- 
ence  the  viscosity  of  the  line  pressure  fluid,  so  that 
a  small  thickness  (£)  of  the  thin  plate  10  is  desirable. 

Accordingly,  in  the  above  damping  mechanism  for 
the  hydraulic  control  solenoid  valve  of  the  present 
invention,  the  dimension  of  the  clearance  (e)  is  de- 
fined  as  to  be  0.1  mm  and  the  dimension  of  the  thick- 
ness  (£)  of  the  thin  plate  1  0  is  defined  as  to  be  2  mm. 
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characterized  in  that  the  interior  wail  of  said  feed- 
back  chamber  (9)  is  formed  cylindrical^,  and  the 
thin  plate  (10)  is  formed  in  a  round  shape. 

Patentanspriiche 

1.  Proportional-Elektromagnetventil  mit  Ruckfuh- 
rung  fur  hydraulische  Steuerung,  umfassend: 
ein  Spulengehause  (1);  einen  am  Spulengehause  (1) 
befestigten  Kdrper  (2);  eine  im  Spulengehause  (1) 
angeordnete  Spule  (6);  eine  im  Spulengehause  (1) 
vorgesehene  Feder  (7);  einen  im  Spulengehause  (1) 
vorgesehenen  Kolben  (5);  wobei  die  Spule  (6)  derart 
vorgesehen  ist,  daS  sie  den  Kolben  (5)  gegen  die 
Zugkraft  der  Feder  (7)  bei  Erregung  der  Spule  (6) 
anzieht;  eine  im  Kdrper  (2)  in  solcher  Weise  vorge- 
sehene  Spindel  (12),  daB  diese  in  dem  Kdrper  (2)  frei 
verschiebbar  ist;  einen  ersten  Schieberabschnitt 
(4a),  und  einem  zweiten  Schieberabschnitt  (4b),  die 
mit  der  Spindei  (12)  verbunden  sind;  einen  ver- 
schiebbaren  Ventilschieber,  bestehend  aus  der 
Spindel  (12),  dem  ersten  Schieberabschnitt  (4a)  und 
dem  zweiten  Schieberabschnitt  (4b);  eine  im  dem 
Kfirper  (2)  vorgesehene  EinlaBdffnung  (13);  eine  in 
dem  Kfirper  (2)  vorgesehene  Ausstr6m6ffnung  (3); 
eine  in  dem  Kdrper  (2)  vorgesehene  AuslaBdffnung 
(11);  wobei  der  erste  Schieberabschnitt  (4a)  und  der 
zweite  Schieberabschnitt  (4b)  die  EinlaBdffnung 
(13)  und  die  Ausstrdmdffnung  (3)  schlieBen  und  dff- 
nen;  wobei  die  AuslaBdffnung  (11)  mit  der  Spindel 
(12)  zwischen  dem  ersten  Schieberabschnitt  (4a) 
und  dem  zweiten  Schieberabschnitt  (4b)  in  Verbin- 
dung  steht;  eine  in  dem  Kdrper  (2)  vorgesehene 
Ruckfuhrungskammer  (9),  die  mit  der  Spindel  (12) 
uber  einen  Ruckfuhrungskanal  (8)  verbunden  ist; 
wobei  der  Durchmesser  der  Ruckfuhrungskammer 
(9)  grdBer  als  der  Durchmesser  des  ersten  Schie- 
berabschnittes  (4a)  ist  und  ein  dem  zweiten  Schie- 
berabschnitt  (4b)  ferner  Endabschnitt  des  ersten 
Schieberabschnitts  (4a)  in  die  Ruckfuhrungskam- 
mer  (9)  ragt,  dadurch  gekennzeichnet,  daB  an  dem 
Endabschnitt  des  ersten  Schieberabschnittes  (4a) 
eine  dunne  Platte  (10)  befestigt  und  in  der  Ruckfuh- 
rungskammer  (9)  so  positioniert  ist,  daB  sie  einen 
Drosselabschnitt  (16)  eines  Strdmungskanals  bildet, 
der  zwischen  der  Innenwand  der  Ruckfuhrungskam- 
mer  (9)  und  dem  AuBenumfang  der  dunnen  Platte 
(10)  ausgebildet  ist,  so  daB  ein  Dampfungselement 
gebildet  ist. 

2.  Proportional-Elektromagnetventil  mit  Ruckfuh- 
rung  fur  hydraulische  Steuerung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daB  das  Flachenverhalt- 
nis  (S2/S1)  der  Querschnittsflache  (S2)  des  Oros- 
selabschnitts  (16)  des  Strdmungskanals  und  der 
Querschnittsflache  (Si)  der  dunnen  Platte  (10)  zwi- 
schen  einem  Flachenverhaltnis  (S2/S1)  einer  Ober- 
grenze  einer  praktikablen  Ansprechzeit  und  einem 
Flachenverhaltnis  (S1/S2),  das  kleiner  als  ein  Fteso- 
nanzbereich  ist,  vorliegt. 

3.  Proportional-Elektromagnetventil  mit  RuckfOh- 
rung  fur  hydraulische  Steuerung  nach  Anspruch  2, 
dadurch  gekennzeichnet,  daB  der  Querschnittsbe- 
reich  (S2)  des  Drosselabschnitts  (16)  des  Strd- 
mungskanals  nicht  meht  als  0,04  der  Querschnitts- 
flache  (Si)  der  dunnen  Platte  (10)  betragt. 

The  hydraulic  control  solenoid  valve  having  the 
above  damping  mechanism  generates  no  resonance 
phenomenon,  and  also  satisfies  the  requirements  of 
other  various  characteristics. 

Accordingly,  the  resonance  phenomenon  caused  5 
by  the  vibration  of  the  second  spool  portion  4b  due 
to  the  force  of  line  pressure  fluid  flowing  in  from  the 
inlet  port  13  is  avoided,  and  the  design  possibilities 
of  the  plunger  5  are  not  restricted. 

10 
Claims 

1  .  A  closed  loop  type  proportional  electromagnet- 
ic  valve  for  hydraulic  control  comprising: 
a  coil  case  (1);  a  body  (2)  fixed  to  said  coil  case  (1);  a  15 
coil  (6)  provided  in  said  coil  case  (1);  a  spring  (7) 
provided  in  said  coil  case  (1);  a  plunger  (5)  provided 
in  said  coii  case  (1);  said  coil  (6)  provided  in  such 
manner  that  said  coil  (6)  attracts  said  plunger  (5) 
against  the  tension  of  said  spring  (7)  upon  excitation  20 
of  said  coil  (6);  a  shaft  (12)  provided  in  said  body  (2) 
in  such  manner  that  said  shaft  (12)  slides  freely  in 
said  body  (2);  a  first  spool  portion  (4a)  and  a  sec- 
ond  spool  portion  (4b)  connected  with  said  shaft 
(12);  a  sliding  valve  spool  comprising  said  shaft  (12),  25 
said  first  spool  portion  (4a)  and  said  second  spool 
portion  (4b);  an  inlet  port  (13)  provided  in  said  body 
(2);  an  exhaust  port  (3)  provided  in  said  body  (2);  an 
outlet  port  (11)  provided  in  said  body  (2);  said  first 
spool  portion  (4a)  and  said  second  spool  portion  30 
(4b)  closing  and  opening  said  inlet  port  (13)  and  said 
exhaust  port  (3);  said  outlet  port  (11)  communicates 
with  said  shaft  (12)  between  said  first  spool  portion 
(4a)  and  said  second  spool  portion  (4b);  a  feedback 
chamber  (9)  provided  in  said  body  (2)  and  in  commu-  35 
nication  with  said  shaft  (12)  through  a  feedback 
channel  (8);  said  feedback  chamber  (9)  has  a  larger 
diameter  than  the  diameter  of  said  first  spool  por- 
tion  (4a)  and  an  end  portion  of  said  first  spool  por- 
tion  (4a)  opposite  said  second  spool  portion  (4b)  40 
protrudes  into  said  feedback  chamber  (9),  charac- 
terized  in  that  a  thin  plate  (10)  is  fixed  to  the  end  por- 
tion  of  said  first  spool  portion  (4a)  and  is  positioned 
in  said  feedback  chamber  (9)  so  as  to  form  a  con- 
stricted  part  (16)  of  a  flow  passage  formed  between  45 
the  inner  wall  of  said  feedback  chamber  (9)  and  the 
perimeter  of  said  thin  plate  (10),  forming  a  damping 
member. 

2.  A  closed  loop  type  proportional  electromagnet- 
ic  valve  for  hydraulic  control  according  to  claim  1,  50 
characterized  in  that  the  ratio  of  areas  (S2/S1)  of 
the  cross-sectional  area  (S2)  of  said  constricted 
part  (16)  of  the  flow  passage  and  the  cross-section- 
al  surface  area  (Si)  of  said  thin  plate  (10)  is  between 
a  ratio  of  areas  (S2/S1)  of  an  upper  limit  of  a  practi-  55 
cal  response  time  and  a  ratio  of  areas  (S2/S1)  of 
less  than  a  resonance  domain. 

3.  A  closed  loop  type  proportional  electromagnet- 
ic  valve  for  hydraulic  control  according  to  claim  2, 
characterized  in  that  the  cross-sectional  area  (S2)  60 
of  said  constricted  part  (16)  of  the  flow  passage  is 
not  greater  than  0.04  of  the  cross-sectional  sur- 
face  area  (Si)  of  said  thin  plate  (10). 

4.  A  closed  loop  type  proportional  electromagnet- 
ic  valve  for  hydraulic  control  according  to  claim  3,  65 
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4.  Proportional-Elektromagnetventil  mit  ROckfuh- 
rung  fur  hydraulische  Steuerung  nach  Anspruch  3, 
dadurch  gekennzeichnet,  daS  die  Innenwand  der 
RuckfGhrungskammer  (9)  zylindrisch  und  die  dunne 
Platte(10)rundist.  5 

Revendications 

1.  Soupape  electromagn&ique  a  action  propor- 
tionneile,  du  type  a  boucle  fermee,  pour  une  com-  10 
mande  hydraulique,  comprenant: 
un  logement  de  bobine  (1);  un  corps  (2)  fixe  audit  lo- 
gement  de  bobine  (1);  une  bobine  (6)  disposee  dans 
iedit  logement  de  bobine  (1);  un  ressort  (7)  prevu 
dans  Iedit  logement  de  bobine  (1  );  un  noyau  plongeur  15 
(5)  prevu  dans  iedit  logement  de  bobine  (1);  ladite  bo- 
bine  (6)  etant  disposes  de  maniere  a  attirer  Iedit 
noyau  plongeur  (5)  a  I'encontre  de  la  traction  dudit 
ressort  (7)  lors  de  I'excitation  de  ladite  bobine  (6); 
une  tige  (1  2)  instance  dans  Iedit  corps  (2)  de  maniere  20 
que  ladite  tige  (12)  glisse  librement  dans  Iedit  corps 
(2);  une  premiere  partie  formant  tiroir  (4a)  et  une  se- 
conde  partie  formant  tiroir  (4b),  raccordees  a  ladite 
tige  (12);  un  tiroir  coulissant  de  soupape  comprenant 
ladite  tige  (12),  ladite  premiere  partie  formant  tiroir  25 
(4a)  et  ladite  seconde  partie  formant  tiroir  (4b);  un 
orifice  d'entree  (13)  menage  dans  Iedit  corps  (2);  un 
orifice  d'6chappement  (3)  menage  dans  Iedit  corps 
(2);  un  orifice  de  sortie  (11)  menage  dans  Iedit  corps 
(2);  ladite  premiere  partie  formant  tiroir  (4a)  et  ladite  30 
seconde  partie  formant  tiroir  (4b)  fermant  et 
ouvrant  Iedit  orifice  d'echappement  (13)  et  Iedit  orifi- 
ce  de  sortie  (3);  Iedit  orifice  de  sortie  (11)  communi- 
quant  avec  ladite  tige  (12)  entre  ladite  premiere  par- tie  formant  tiroir  (4a)  et  ladite  seconde  partie  for-  35 
mant  tiroir  (4b);  une  chambre  de  retroaction  (9) 
menagee  dans  Iedit  corps  (2)  et  placed  en  communi- 
cation  avec  ladite  tige  (12)  par  I'intermecliaire  d'un 
conduit  de  retroaction  (8);  ladite  chambre  de  re- 
troaction  (9)  possedant  un  diametre  superieur  au  40 
diametre  de  ladite  premiere  partie  formant  tiroir 
(4a),  et  un  element  d'extremiti  de  ladite  premiere 
partie  formant  tiroir  (4a),  situ§  a  I'oppose  de  ladite 
seconde  partie  formant  tiroir  (4b),  penetrant  dans 
ladite  chambre  de  retroaction  (9),  caracteris§  en  ce  45 
qu'une  plaque  mince  (1  0)  est  fixee  a  lament  d'extre- 
mite  de  ladite  premiere  partie  formant  tiroir  (4a)  et 
est  positionnee  dans  ladite  chambre  de  retroaction 
(9)  de  maniere  a  former  une  zone  etrangiee  (16)  d'un 
passage  d'ecoulement  forme  entre  la  paroi  interieu-  50 
re  de  ladite  chambre  de  retroaction  (9)  et  le  pour- 
tour  de  ladite  plaque  mince  (10),  en  formant  un  ele- 
ment  d'amortissement. 

2.  Soupape  eiectromagnetique  a  action  propor- 
tionnelle,  du  type  a  boucle  fermee,  pour  une  com-  55 
mande  hydraulique  selon  la  revendication  1,  carac- 
t6risee  en  ce  que  le  rapport  (S2/S1)  de  la  surface  en 
coupe  transversale  (S2)  de  ladite  zone  etrangiee 
(16)  du  passage  d'ecoulement  a  la  surface  en  coupe 
transversale  (Si)  de  ladite  plaque  mince  (10)  est  60 
compris  entre  un  rapport  de  surfaces  (S2/S1)  cor- 
respondant  a  une  limite  superieure  d'un  temps  de  re- 
ponse  admissible  et  un  rapport  de  surfaces  (S2/S1) 
situe  au-dessous  d'un  domaine  de  resonance. 

3.  Soupape  eiectromagnetique  a  action  propor-  65 

tionnelle,  du  type  a  boucle  fermee,  pour  une  com- 
mands  hydraulique  selon  la  revendication  2,  carac- 
terise  en  ce  que  la  surface  en  coupe  transversale 
(S2)  de  ladite  zone  etrangiee  (16)  du  passage 
d'ecoulement  n'est  pas  superieure  a  0,04  fois  la 
surface  en  coupe  transversale  (Si)  de  ladite  plaque 
mince  (10). 

4.  Soupape  eiectromagnetique  a  action  propor- 
tionnelle,  du  type  a  boucle  fermee,  pour  une  com- 
mande  hydraulique  selon  la  revendication  3,  carac- 
terisee  en  ce  que  la  paroi  interieure  de  ladite  cham- 
bre  de  retroaction  (9)  possede  une  forme 
cylindrique  et  que  la  plaque  mince  (10)  possede  une 
forme  circulate. 
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