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Description 

This  invention  relates  to  electromagnetic  variable 
force  motors,  and  more  particularly  to  a  solenoid 
valve  embodying  such  a  motor  for  variably  controlling 
pressure  and/or  flow  of  fluid. 

Background  and  Summary  of  the  Invention 

Electromagnetic  variable  force  motors  of  the  sub- 
ject  type  include  a  pole  piece  having  a  central  struc- 
ture  surrounded  by  a  coil,  an  armature  positioned  for 
motion  toward  and  away  from  the  pole  piece,  and  a 
spring  for  urging  the  armature  away  from  the  pole 
piece.  The  pole  piece  and  armature  are  of  ferromag- 
netic  construction  so  that  current  in  the  coil  estab- 
lishes  a  magnetic  field  in  the  pole  piece,  attracting  the 
armature  toward  the  pole  against  the  force  of  the 
spring.  Sliding  friction  between  the  armature  and  sur- 
rounding  structure,  only  partially  reduced  by  arma- 
ture  guide  and  bushing  structures,  results  in  energy 
loss  and  position  hysteresis  between  the  armature 
and  pole  piece.  Furthermore,  armature  and  pole 
piece  structures  contoured  to  obtain  a  desired  force 
characteristic  relative  to  coil  current  are  often  com- 
plex  and  expensive  to  manufacture.  One  exemplary 
solenoid  valve  embodying  a  linear  force  motor  of  the 
described  character  is  disclosed  in  U.S.  Patent  No. 
4,579,145. 

FR-A-2,577,701  discloses  a  solenoid  valve  ap- 
peratus  being  similar  to  that  known  from  US-P- 
4,579,145. 

US-P-4,753,263  discloses  a  electrohydraulic 
regularing  valve  comprising  a  valve  seat  in  an  inlet 
passageway,  a  dual  headed  valve,  one  head  of  which 
coacts  with  the  valve  seat  to  contol  the  inlet. 

U.S.  Patent  Nos.  4,570,904  and  4,595,035,  both 
assigned  to  the  assignee  hereof,  disclose  solenoid- 
operatd  modulating  valves  in  which  a  ball  of  ferromag- 
netic  construction  serves  as  both  the  solenoid  arma- 
ture  and  the  on/off  valve  element.  Acoil  spring  is  cap- 
tured  within  a  central  cavity  in  the  pole  piece  and  has 
an  end  tine  which  extends  through  a  passage  in  the 
pole  face  to  engage  the  ball  and  position  the  ball  in 
normally-closing  engagement  with  an  opposing  fluid 
passage  valve  seat  spaced  from  the  pole  piece.  The 
face  of  the  pole  tapers  narrowingly  in  the  direction  of 
the  ball  for  enhanced  magnetic  coupling  therebetw- 
een.  Fluid  flow  through  the  valve  is  controlled  by 
pulse  width  modulation  of  the  coil  drive  signal.  Al- 
though  the  modulating  valves  so  disclosed  have  en- 
joyed  substantial  acceptance  and  success,  they  often 
cannot  substitute  or  satisfy  requirements  for  variable 
force  motor  type  solenoid  valves. 

In  U.  S.  Patent  No.  4,863,142  and  application 
Serial  No.  324,312  filed  March  16,  1989,  having  a 
common  assignee  with  the  present  application,  a  sol- 
enoid  valve  with  a  force  motor  is  disclosed  and 

claimed.  The  electromagnetic  variable  force  motor 
comprises  a  pole  piece  of  ferromagnetic  construction 
and  an  electrical  coil  coaxially  surrounding  the  pole. 
The  motor  armature  comprises  a  ball  of  ferromagnetic 

5  construction  positioned  coaxially  with  the  pole.  The 
ball-armature  and  pole  have  a  preselected  character- 
istic  (typically  empirically  preselected)  of  magnetic  at- 
tractive  force  between  the  armature  and  pole  that  is 
a  function  of  ball  armature  size  and  armature  travel 

10  or  gap  between  the  ball  armature  and  opposing  pole 
face  when  current  is  applied  to  the  coil.  Ball  size  and 
armature  travel  are  selected  in  a  manner  such  that 
the  magnetic  attractive  force  is  compatible  with  the 
desired  management  characteristic  for  the  flow  and 

15  pressure  requirements.  A  spring  engages  the  ball- 
armature  and  urges  the  same  away  from  the  oppos- 
ing  pole  face.  The  spring  has  a  spring  rate  which  is 
substantially  identical  to  the  magnetic-force/generat- 
ed  between  the  pole  piece  and  ball-armature.  That  is, 

20  magnetic  attractive  force  caused  by  a  given  current 
in  the  coil  and  a  corresponding  reduction  in  the  arma- 
ture/pole  piece  air  gap  is  substantially  identically  bal- 
anced  by  a  change  in  compression  and  correspond- 
ing  force  in  the  spring.  Most  preferably,  such  arma- 

25  ture/pole  piece  force  characteristic  and  spring  rate 
are  both  substantially  linear,  such  that  displacement 
of  the  ball-armature  with  respect  to  the  pole  piece 
against  force  of  the  spring  varies  substantially  linearly 
with  current  to  the  coil. 

30  In  the  aforementioned  patents  and  applications, 
a  housing  encloses  the  pole  piece  and  armature  and 
has  journalling  surfaces  which  surround  the  ball- 
armature,  guiding  axial  motion  thereof  while  limiting 
motion  transversely  of  the  pole  piece  axis.  The  struc- 

35  ture  which  transmits  the  spring  force  to  the  ball- 
armature  is  configured  so  as  to  limit  contact  with  the 
surrounding  pole  piece  and  housing.  There  is  thus 
limited  contact  and  friction  between  the  moving  ele- 
ments  of  the  force  motor  -  i.e.,  the  ball-armature  and 

40  spring  force-transmitting  element  -  and  the  surround- 
ing  housing.  As  a  result,  hysteresis  in  ball-armature 
position  versus  current  is  substantially  eliminated. 

These  solenoid  valves  comprise  a  valve  body 
having  a  bore  with  a  central  axis  and  fluid  passages 

45  extending  radially  or  transversely  therefrom.  A  valve 
element  is  axially  slidably  captured  within  the  bore 
and  cooperates  with  the  valve  body  passages  for 
varying  flow  of  fluid  therethrough.  A  housing  of  ferro- 
magnetic  material  is  mounted  on  the  valve  body,  and 

so  includes  a  ferromagnetic  pole  piece  coaxially  with  the 
bore  and  an  electrical  coil  circumferentially  surround- 
ing  the  pole  piece.  A  ball-armature  is  positioned  in  co- 
axial  opposition  to  the  pole  in  engagement  with  the 
valve  element,  and  a  spring  is  positioned  to  engage 

55  the  ball-armature  to  urge  the  same  away  from  the  op- 
posing  face  of  the  pole  piece.  The  valve  element, 
which  is  preferably  constructed  separately  from  the 
ball-armature,  comprises  a  valve  spool  in  the  prefer- 
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red  embodiments  of  the  invention  having  axially 
spaced  lands  which  cooperate  with  the  valve  body 
passages  extending  from  the  central  bore.  The  sole- 
noid  valve  is  constructed  and  arranged  so  the  air  gap 
can  be  readily  adjusted  and  the  calibration  can  be 
readily  achieved. 

Although  these  devices  operate  satisfactorily, 
they  function  in  a  different  manner,  namely,  inas- 
much  as  the  force  motor  has  the  ball  armature  in  con- 
tact  with  the  spool,  spool  position  is  dependent  upon 
ball  position.  Such  a  control  is  effective  but  is  subject 
to  the  limitations  of  dimensional  variations  that  cause 
stack-up  or  accumulation  of  tolerances,  making  the 
manufacture  more  critical.  In  addition,  the  provision  of 
a  spring  acting  on  the  spool  to  counteract  opposing 
spool  forces  causes  friction  in  the  spool  movement  re- 
sulting  in  hysteresis.  Thus,  where  a  spring  is  utilized 
to  urge  the  ball  and  the  spool  to  a  predetermined  pos- 
ition,  the  extent  of  compression  of  the  spring  varies 
the  force  on  the  ball.  Another  potential  problem  with 
such  prior  devices  is  that  inasmuch  as  there  is  mini- 
mal  flow  about  the  ball,  there  is  risk  of  contamination 
which  will  adversely  affect  operation  and  durability, 
as  might  occur  in  hydraulic  fluid,  for  example,  in  an 
autmotive  transmission. 

Among  the  objectives  of  the  present  invention  are 
to  provide  an  electromagnetic  solenoid  valve  with  va- 
riable  force  hydraulic  motor  which  has  less  inertia  and 
hysteresis;  wherein  provision  is  made  for  metering  the 
exhaust  from  the  valve  to  lower  the  cavity  pressure 
under  which  the  spool  of  the  valve  is  operating,  there- 
by  making  the  valve  more  responsive  and  less  subject 
to  inertia;  wherein  the  operation  will  not  be  adversely 
affected  by  force  of  any  spring  on  the  ball;  wherein 
higher  hydraulic  forces  can  be  provided  to  minimize 
hysterisis  from  friction;  and  wherein  operation  is  not 
adversely  affected  by  contaminants  in  the  hydraulic 
fluid. 

In  accordance  with  the  invention,  the  electromag- 
netic  solenoid  valve  with  variable  force  motor  the 
spool  position  is  controlled  hydraulically  and  indepen- 
dently  of  the  ball  position  on  the  variable  bleed  force 
solenoid  without  the  need  for  a  spring  acting  on  the 
spool. 

Further  in  accordance  with  the  invention,  a  ball 
armature  is  yieldingly  urged  against  an  orifice  seat 
and  is  adapted  to  be  moved  away  from  the  orifice  seat 
against  the  action  of  a  spring.  A  valve  spool  is  asso- 
ciated  with  the  orifice  controlled  by  the  ball  and  is 
adapted  to  be  moved  by  the  differential  pressure 
caused  by  the  lowering  of  pressure  when  the  ball  ar- 
mature  is  moved  away  from  the  exhaust  seat  due  to 
energization  of  the  solenoid. 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  partly  schematic  longitudinal  sectional 
view  diametrically  bisecting  a  solenoid  valve  con- 

figured  as  a  pressure  control  valve  in  accordance 
with  one  presently  preferred  embodiment  of  the 
invention; 
FIG.  2  is  an  end  elevational  view  of  the  solenoid 

5  valve  of  FIG.  1  ,  taken  along  the  line  2-2  in  FIG.  2; 
FIG.  3  is  an  end  view  taken  along  the  line  3-3  in 
FIG.  1; 
FIG.  4  is  a  sectional  view  taken  along  the  line  4- 
4  in  FIG.  1; 

10  FIG.  5  is  a  sectional  view  taken  along  the  line  5- 
5  in  FIG.  1; 
FIG.  6  is  a  sectional  view  taken  along  the  line  6- 
6  in  FIG.  1; 
FIG.  7  is  a  partially  schematic  longitudinal  see- 

rs  tion  view  of  a  modified  form  of  solenoid  vavle; 
FIG.  8  is  a  sectional  view  taken  along  the  line  8- 
8  in  FIG.  7; 
FIG.  9  is  a  sectional  veiw  taken  along  the  line  9- 
9  in  FIG.  7; 

20  FIG.  10  is  a  schematic  of  the  electromagnetic  va- 
riable  force  motor  and  hydraulic  valve  system. 
FIG.  11  is  a  schematic  diagram  of  the  system 
shown  in  FIG.  7. 
FIG.  12  is  a  longitudinal  sectional  view  of  a  fur- 

25  ther  modified  form  of  the  invention. 

Detailed  Description  of  the  Preferred 
Embodiments 

30  FIGS.  1-6  illustrate  an  electromagnetic  variable 
force  motor  system  10  in  accordance  with  a  presently 
preferred  embodiment  of  the  invention  as  comprising 
an  electromagnetic  variable  force  motor  12  and  a 
valve  device  14.  Force  motor  12  includes  a  pole  piece 

35  assembly  16  having  a  base  18  of  ferromagnetic  ma- 
terial.  A  substantially  cylindrical  pole  piece  20  of  fer- 
romagnetic  material  is  adjustably  threaded  into  base 
1  8  of  pole  piece  assembly  16  and  extends  from  base 
18  and  is  circumferentially  surrounded  by  an  electri- 

40  cal  coil  assembly  22,  including  electrical  wire  wound 
on  a  suitable  bobbin  24.  A  housing  26  of  ferromagnet- 
ic  material  has  a  peripheral  wall  28  which  encloses 
coil  assembly  22.  Wall  28  engages  a  shoulder  29  on 
housing  26  and  the  free  edge  of  housing  26  is  crimp- 

45  ed  or  otherwise  formed  over  the  periphery  of  base  18. 
Housing  26  includes  a  flat  base  wall  30  at  its  other 
end  which  is  parallel  to  base  18.  The  other  end  of 
housing  26  is  also  formed  with  a  shoulder.  The  axial 
length  of  pole  20  is  less  than  the  axial  length  of  coil 

so  assembly  22  and  side  wall  28,  so  that  pole  piece  20 
is  separated  and  spaced  from  opposing  base  30  by 
an  air  gap.  Base  wall  30  is  integral  with  peripheral  wall 
28  intermediate  the  ends  of  wall  28  and  extends 
transversely.  Base  wall  30  includes  a  central  opening 

55  31  and  radial  slots  32  extending  from  opening  31 
(FIG.  4). 

An  armature  34,  preferably  consisting  of  a  solid 
spherical  ball  of  ferromagnetic  construction,  is  slid- 
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ably  captured  within  a  central  opening  31  In  base  wall 
30  coaxially  with  pole  piece  20.  There  is  thus  formed 
a  magnetic  flux  generated  by  coil  22  in  a  closed  mag- 
netic  path  through  pole  piece  20,  pole  piece  base  18, 
peripheral  wall  28,  base  wall  30,  ball  armature  34  and  5 
the  air  gap  between  ball-armature  34  and  pole  piece 
20.  The  axially  oriented  frustoconical  face  36  of  pole 
20  tapers  narrowingly  toward  ball  34  to  focus  the  mag- 
netic  flux  at  pole  face  37.  The  preferred  angle  of  taper 
of  outer  face  36  is  about  45°  on  a  cone  of  revolution  10 
centered  on  the  pole  axis.  Inner  pole  face  37  imme- 
diately  opposite  ball-armature  34  approaches  the 
pole  face  37.  Ball  armature  34  is  of  a  size  such  that 
at  least  half  of  the  ball  volume  remains  within  opening 
32.  Stated  differently,  axial  separation  between  pole  15 
face  37  and  housing  base  30  is  less  than  one-half  of 
the  diameter  of  ball  armature  34.  In  this  way,  the  mag- 
netic  discontinuity  between  ball-armature  34  and 
housing  base  30  remains  substantially  constant 
throughout  motion  of  the  ball-armature,  and  does  not  20 
affect  linearity  of  such  motion  as  a  function  of  mag- 
netic  force  and  stator  current. 

Acoil  spring  38  is  captured  in  compression  within 
a  central  axially-extending  cavity  40  in  pole  piece  20 
between  a  member  42  threaded  into  pole  piece  20  25 
and  a  pintle  46  for  transmitting  force  from  spring  38 
to  ball-armature  34.  A  central  boss  48  extends  from 
the  base  of  the  pintle  body  into  the  coils  of  spring  38 
in  close-fitting  relationship  therewith  for  maintaining 
position  of  the  pintle  46  centrally  of  the  spring  38.  A  30 
finger  or  pin  50  extends  from  the  opposing  end  of  pin- 
tle  46  through  a  central  passage  52  in  end  of  the  pole 
piece  20  into  opposed  abutting  engagement  with  ball- 
armature  34  coaxially  with  pole  20  and  ball  armature 
34.  The  outside  diameter  of  pintle  46  is  less  than  the  35 
inside  diameter  of  cavity  40,  and  the  pintle  pin  50  is 
slidably  positioned  in  passage  52.  Pintle  46  is  prefer- 
ably  of  non-magnetic  construction,  but  not  restricted 
to  non-magnetic  materials.  An  adjustment  screw  43 
limits  the  axially  outward  movement  of  pintle  46.  40 

Although  the  pole  piece  assembly  is  shown  as 
comprising  a  base  18  and  an  adjustable  pole  piece 
20,  the  pole  piece  can  be  made  in  one  piece. 

Valve  body  14  is  preferably  made  of  non-magnet- 
ic  construction  but  is  not  restricted  to  non-magnetic  45 
materials  and  has  an  outer  end  flange  56  engaging  a 
shoulder  29  on  other  end  of  the  housing  26.  An  en- 
compassing  flange  57  on  housing  26  surrounds  and 
is  crimped  or  otherwise  formed  over  the  periphery  of 
valve  body  flange  56  to  form  the  unitary  valve  assem-  50 
bly  10.  Body  14  supports  an  integral  transverse  ori- 
fice  wall  60  of  non-magnetic  material  which  has  a  cen- 
tral  opening  62  aligned  with  opening  31  ,  circumferen- 
tially  spaced  axial  openings  64  spaced  from  opening 
62  and  an  annular  groove  66  connecting  openings  64  55 
(FIG.  5)  and  facing  slots  32  in  wall  30.  Wall  60  in- 
cludes  a  frustoconical  seat  68  which  is  normally  en- 
gaged  by  ball  armature  34. 

Valve  body  14  includes  an  integral  axial  portion 
70  extending  axially  outwardly  from  wall  60  and  hav- 
ing  a  bore  72.  Axial  portion  70  includes  an  intermedi- 
ate  radial  wall  73  defining  a  peripheral  annular  groove 
74  which  communicates  with  the  axial  openings  64. 
Circumferentially  spaced  passages  76  (FIG.  6)  ex- 
tend  from  bore  72  to  groove  74.  Additional  circumfer- 
entially  spaced  radial  passages  78  in  body  14  extend 
from  bore  72  to  an  intermediate  annular  peripheral 
groove  80  and  circumferentially  spaced  passages  82 
extend  from  bore  72  to  an  annular  groove  84.  The  end 
of  bore  72  is  closed  by  a  plate  86  having  an  orifice  88 
therein. 

A  spool  90  is  provided  in  bore  72  and  includes 
spaced  lands  92,  94  defining  an  annular  peripheral 
groove  96  in  the  spool  90.  Spool  90  also  includes  an 
axial  passage  98  which  communicates  with  an  orifice 
100  at  the  end  92  thereof  adjacent  passage  62.  The 
other  end  of  passage  98  is  closed  by  a  press  fitted  ball 
102  adjacent  plate  86.  The  volumeric  space  defined 
by  passage  62  and  the  space  adjacent  the  end  92  of 
spool  90  comprises  a  chamber  C. 

Referring  to  FIG.  1,  the  valve  may  be  provided  in 
a  manifold  or  other  configuration  of  housing  wherein 
the  passages  76  extend  to  exhaust  or  tank,  the  pas- 
sages  82  provide  for  supply  feed  and  the  passages  78 
and  88  are  connected  to  provide  a  control  feedback 
loop. 

The  electromagnetic  solenoid  device  thus  has  a 
ball  armature  34  that  varies  in  position  about  the  ex- 
haust  orifice  between  the  ball  armature  and  seat  68 
in  proportion  to  the  current  being  applied.  As  the  cur- 
rent  to  the  coil  is  increased,  the  ball  armature  34  is 
pulled  further  off  the  seat  68  increasing  the  annular 
orifice  between  opening  62  and  slots  32,  increasing 
the  effective  flow  area;,  and  resulting  in  a  lower 
chamber  pressure  in  chamber  C  acting  against  the 
spool  90.  The  chamber  pressure  is  inversely  propor- 
tional  to  the  current  applied.  As  the  current  increases 
and  chamber  pressure  in  chamber  C  decreases,  the 
spool  90  will  shift  in  a  direction  to  cause  land  94  to 
close  the  metering  edge  of  the  supply  port  82  until  the 
control  feedback  pressure  from  passages  76  and  or- 
ifice  88  balances  with  chamber  pressure.  The  control 
presure  from  the  spool  valve  90  is  thus  inversely  pro- 
portional  to  the  current  applied. 

As  the  supply  pressure  varies,  the  control  feed- 
back  pressure  changes  to  balance  the  chamber  pres- 
sure  at  the  opposite  end  of  the  spool  90  maintaining 
a  force  balance  for  a  desired  control  pressure.  By  def- 
inition,  the  control  pressure  and  control  feedback 
pressure  always  equal  the  chamber  pressure  in 
chamber  C. 

Pressure  Balance  Relationship 

If  the  chamber  pressure  falls  below  the  feedback 
pressure  (control  pressure)  due  to  a  reduction  in  sup- 
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ply  pressure  or  the  ball  armature  34  being  pulled  fur- 
ther  off  the  exhaust  seat,  then  the  spool  90  will  shift 
in  a  direction  toward  the  lower  pressure,  causing  land 
94  to  thus  close  the  annular  supply  opening  82  that 
feeds  the  control  passages  80.  The  spool  90  will  con- 
tinue  to  shut  down  until  the  control  feedback  pressure 
again  equals  the  chamber  pressure. 

If  the  chamber  pressure  exceeds  the  calibrated 
feedback  pressure  (control  pressure)  due  to  supply 
pressure  increasing,  the  ball  armature  34  will  move 
further  off  the  exhaust  seat  68  to  reduce  the  excess 
pressure  and  maintain  the  calibrated  control  pres- 
sure. 

If  a  large  flow  demand  occurs,  such  as  during  a 
transmission  clutch  fill  command,  with  supply  con- 
stant  there  will  be  a  reduction  in  control  pressure  due 
to  the  demand.  The  same  pressure  reduction  is  felt  in 
the  control  feedback  pressure  line  due  to  the  inter-re- 
lationship  with  the  design.  The  reduction  creates  an 
unbalance  between  the  feedback  and  chamber  end  of 
the  spool  90.  The  spool  90  will  move  in  the  direction 
of  low  pressure  which  is  toward  the  feedback  end  of 
the  spool.  As  the  spool  shifts,  it  will  open  the  supply 
enough  to  bring  the  feedback  pressure  back  to  a  bal- 
ance  point  with  the  chamber  pressure. 

The  spool  90  is  thus  constantly  seeking  a  position 
of  pressure  balance  between  the  feedback  end  and 
chamber  end  of  the  spool  to  maintain  a  regulated  con- 
trol  pressure. 

Initial  Calibration 

Initial  calibration  for  a  specific  control  pressure  is 
obtained  by  adjusting  the  initial  spring  preload  of 
spring  38.  For  example,  in  a  device  calibrated  at  90  psi 
control  pressure  when  supplied  with  120  psi,  control 
pressure  is  regulated  at  90  psi  for  any  increase  in  sup- 
ply  pressure  above  the  120  psi.  In  otherwords,  supply 
pressure  increases  up  to  250  psi  will  have  relatively 
no  effect  on  the  90  psi  control  pressure.  This  insen- 
sitivity  to  supply  pressure  fluctuations  exists  for  all 
operating  current  levels. 

Operation 

With  no  current  applied  to  the  coil  and  a  device 
having  initial  calibration  of,  for  example,  90  psi  control 
and  120  psi  supply,  as  the  supply  pressure  increases, 
the  flow  into  the  chamber  C  will  increase,  creating  a 
pressure  rise  at  the  chamber  end  of  the  spool.  This 
pressure  rise  exerts  a  higher  force  on  the  ball  arma- 
ture  forcing  it  farther  off  the  exhaust  seat  orifice. 
When  the  armature  moves  off  the  seat,  it  exhausts 
the  additional  flow  coming  through  the  small  orifice 
1  00  of  the  spool  90.  Thus,  it  maintains  a  relatively  con- 
stant  chamber  pressure  in  chamber  C.  The  respon- 
siveness  of  the  spool  90  to  maintaining  a  constant 
chamber  pressure  is  associated  with  the  short  effec- 

tive  ball  armature  34  travel  and  low  spring  rate. 
A  supply  increase  creates  a  momentary  control 

pressure  and  control  feedback  pressure  increase. 
The  latter  causes  the  spool  90  to  shift  and  close  down 

5  the  metering  edge  of  land  94  of  the  supply  port  82  until 
the  control  pressure  and  feedback  pressure  balance 
with  the  chamber  pressure.  The  end  result  is  a  smaller 
supply  opening  to  counteract  the  supply  pressure  in- 
crease. 

10  With  a  current  change  to  the  coil  and  a  device 
having  initial  calibration  of,  for  example,  90  psi  control 
and  120  psi  supply,  after  initial  calibration  has  been 
made,  as  the  current  to  the  coil  is  increased,  the  ball 
armature  34  is  pulled  further  off  the  exhaust  seat  68. 

15  This  increases  the  effective  flow  area  and  with  small 
cavity  feed  orifice  100  in  the  spool  90  being  fixed,  the 
combination  results  in  lowering  the  chamber  pres- 
sure.  The  lower  chamber  pressure  creates  a  force  in- 
balance  on  the  spool  90  causing  the  spool  90  to  shift 

20  in  the  direction  of  lower  pressure.  Thus,  the  metering 
edge  of  land  94  of  the  supply  port  82  closes  down  until 
the  control  pressure  and  feedback  pressure  balance 
with  cavity  pressure. 

Referring  to  FIGS.  7-9,  there  is  shown  a  modified 
25  electrohydraulic  solenoid  valve  which  is  adapted  to 

be  used  with  a  valve,  not  shown,  which  functions  in  a 
manner  similar  to  that  of  the  aforementioned  valve 
14.  In  this  form,  corresponding  parts  are  referred  to 
with  a  suffix  "a".  The  electrohydraulic  solenoid  is  as- 

30  sociated  with  an  axially  extending  member  70a  that 
has  a  central  passage  110  terminating  in  an  orifice 
62a  adjacent  the  ball  armature  34a.  The  member  70a 
includes  a  frustoconical  seat  112  that  defines  a  cham- 
ber  C1  which  communicates  through  passages  114 

35  which  extend  axially  to  radial  passages  116  that  in 
turn  pass  to  exhaust.  The  passage  110  is  adapted  to 
extend  to  one  end  of  a  spool  of  a  spool  valve  that  func- 
tions  in  a  controlled  manner  comparable  to  that  of  the 
previously  described  valve  14.  In  this  form,  the  orifice 

40  100a  is  not  in  the  spool  but  is  provided  externally  of 
the  valve  device. 

Thus,  referring  to  the  schematic  diagram  shown 
in  FIG.  10,  which  is  a  simplified  diagram  of  the  system 
of  FIG.  1  ,  the  orifice  1  00  is  internally  provided  in  spool 

45  90.  In  the  diagram  shown  in  FIG.  11  ,  which  is  a  sche- 
matic  diagram  of  the  system  shown  in  FIG.  7,  the  or- 
ifice  100a  is  external  of  the  spool  90a. 

It  has  been  found  that  in  some  systems,  the 
spring  force  of  spring  38  or  38a  opposing  the  move- 

so  ment  of  the  ball  armature  34,  34a  may  be  insufficient 
to  insure  proper  fluid  pressure  as  the  ball  armature  is 
lifted  from  its  seat  and  will  therefore  not  provide  a 
proper  performance  curve  of  fluid  pressure  in  its 
movement  such  that  it  has  high  hysteresis  or  the  ball 

55  armature  may  move  in  an  erratic  vibration  or  chatter- 
ing  manner.  It  has  been  found  that  if  an  increasing 
spring  force  is  provided,  as  the  ball  moves  away  from 
the  seat,  the  proper  performance  may  be  achieved. 

5 
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As  shown  in  FIG.  7,  this  may  be  achieved  by  a  second 
spring  38b  which  is  stronger  than  spring  38a  and  be- 
comes  effective  after  a  predetermined  movement  of 
the  ball  armature  34a  away  from  its  seat.  A  similar 
spring  may  also  be  used  in  the  form  shown  in  FIG.  1  .  5 

The  form  shown  in  FIG.  12  is  identical  to  that 
shown  in  FIG.  1  except  that  the  passage  78,  orifice 
88  and  the  feedback  loop  are  eliminated  and  replaced 
by  internal  passages  88a  in  land  94  of  spool  90  be- 
tween  the  groove  96  and  the  outer  end  of  spool  90.  10 

It  can  thus  be  seen  that  there  has  been  provided 
an  electromagnetic  solenoid  valve  with  variable  force 
motor  which  has  less  inertia  and  hysteresis;  wherein 
provision  is  made  for  metering  the  exhaust  from  the 
valve  to  lower  the  cavity  pressure  under  which  the  15 
spool  of  the  valve  is  operating,  thereby  making  the 
valve  more  responsive  and  less  subject  to  interia; 
wherein  the  operation  will  not  be  adversely  affected 
by  force  of  any  spring  in  the  ball;  wherein  higher  hy- 
draulic  forces  can  be  provided  to  minimize  hysteresis  20 
from  friction;  and  wherein  operation  is  not  adversely 
affected  by  contaminants  in  the  hydraulic  fluid. 

Claims  25 

1.  An  electromagnetic  variable  force  motor  circuit 
comprising: 

a  solenoid  including 
a  coil,  30 
a  pole  piece  associated  with  said  coil, 
a  ball  armature, 

characterized  in  that  said  electromagnetic  vari- 
able  force  motor  is  comprising: 

means  defining  a  first  seat,  35 
spring  means  urging  said  ball  armature  to- 

ward  said  first  seat  and  away  from  said  pole 
piece, 

means  defining  a  fluid  chamber  adjacent 
said  first  seat, 

said  ball  armature  and  said  first  seat  defin- 
ing  a  first  orifice  extending  between  said  ball  ar- 
mature  and  said  fluid  chamber, 

first  passage  means  for  providing  supply 
pressure  to  said  fluid  chamber, 

means  defining  a  fixed  second  orifice  as- 
sociated  with  said  first  passage  means, 

a  valve  device  including  a  movable  mem- 
ber  spaced  from  and  out  of  contact  with  said  ball 
armature  at  all  times  and  positioned  adjacent  the 
fluid  chamber  so  that  it  is  responsive  to  fluid  pres- 
sure  in  said  fluid  chamber, 

second  passage  means  for  providing  sup- 
ply  pressure  to  said  valve  device  urging  said  mov- 
able  member  toward  said  fluid  chamber, 

third  passage  means  for  providing  control 
flow  from  said  valve  device, 

fourth  passage  means  for  providing  ex- 

haust  flowfrom  said  fluid  chamber  when  said  ball 
armature  is  moved  away  from  said  first  seat  such 
that  said  ball  armature  controls  flow  through  said 
first  orifice  to  said  fourth  passage  means  upon 

5  excitation  of  said  coil, 
said  device  being  operable  to  variably  re- 

strict  flow  in  said  second  and  third  passage 
means. 

10  2.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  1  wherein  said  valve  device 
comprises  a  spool  valve  having  a  spool,  said  first 
passage  means  being  provided  in  said  spool  and 
extending  axially  to  one  end,  said  second  orifice 

15  being  positioned  in  said  one  end  of  said  spool. 

3.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  2  wherein  said  spool  includes  ra- 
dial  openings  which  are  selectively  moved  into 

20  communication  with  said  second  passage  means 
supplying  supply  pressure  to  said  valve. 

4.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  3  wherein  said  second  passage 

25  means,  third  passage  means  and  fourth  passage 
means  are  provided  in  said  body  of  said  valve, 
said  fourth  passage  means  communicating  with 
the  area  surrounding  said  ball  armature. 

30  5.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  4  wherein  said  solenoid  includes 
radial  passages  extending  from  about  the  ball  ar- 
mature  outwardly,  said  valve  body  including  axial 
passages  communicating  with  said  radial  pas- 

35  sages  and  defining  said  fourth  passage  means. 

6.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  5  including  an  annular  passage 
providing  communication  between  said  axial  pas- 

40  sages. 

7.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  1  wherein  said  valve  device 
comprises  a  spool  valve  having  a  spool,  said 

45  means  for  providing  fluid  to  said  second  orifice 
means  is  external  of  said  spool. 

8.  The  electromagnetic  variable  force  motor  circuit 
set  forth  in  claim  1  wherein  said  valve  device 

50  comprises  a  spool  valve  having  a  spool,  said 
means  for  providing  fluid  to  said  second  orifice 
means  is  internal  of  said  spool. 

1.  Elektromagnetische  Motoranordnung  mitvariab- 
ler  Kraft  umfassend: 

6 

55  Patentanspruche 
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ein  Solenoid  mit 
einer  Wicklung, 
einem  der  Wicklung  zugeordneten  Polschuh, 
einem  Kugelanker, 
dadurch  gekennzeichnet,  dali  der  elektromagne-  5 
tische  Motor  mit  variabler  Kraft  folgende  Merk- 
male  aufweist: 
eine  Einrichtung,  die  einen  ersten  Sitz  festlegt, 
eine  Federeinrichtung,  die  den  Kugelanker  in 
Richtung  des  ersten  Sitzes  und  von  dem  Pol-  10 
schuh  weg  drangt, 
eine  Einrichtung,  die  in  der  Nahe  des  ersten  Sit- 
zes  eine  Fluidkammer  festlegt, 
wobei  der  Kugelanker  und  der  erste  Sitz  eine  er- 
ste  Offnung  definieren,  die  sich  zwischen  dem  15 
Kugelanker  und  der  Fluidkammer  erstreckt, 
eine  erste  Durchgangseinrichtung  zum  Liefern 
eines  Eingangsdrucks  an  die  Fluidkammer, 
eine  Einrichtung,  die  eine  feste  zweite  Offnung 
definiert,  die  der  ersten  Durchgangseinrichtung  20 
zugeordnet  ist, 
eine  Ventileinrichtung  mit  einem  beweglichen 
Element,  das  zu  alien  Zeiten  im  Abstand  von  dem 
Kugelanker  und  ohne  Beruhrung  mit  dem  Kugel- 
anker  angeordnet  ist  sowie  in  der  Nahe  der  Flu-  25 
idkammer  derart  angeordnet  ist,  dali  es  auf  den 
Fluiddruck  in  der  Fluidkammer  anspricht,  eine 
zweite  Durchgangseinrichtung  zum  Liefern  eines 
Eingangsdrucks  an  die  Ventileinrichtung,  die  das 
bewegliche  Element  in  Richtung  der  Fluidkam-  30 
mer  drangt, 
eine  dritte  Durchgangseinrichtung  zum  Liefern 
einer  Steuerstromung  von  der  Ventileinrichtung, 
eine  vierte  Durchgangseinrichtung  zur  Bereit- 
stellung  einer  Ausstromung  aus  der  Fluidkam-  35 
mer,  wenn  der  Kugelanker  aus  dem  ersten  Sitz 
derart  wegbewegt  wird,  dali  der  Kugelanker  die 
Stromung  durch  die  erste  Offnung  zu  der  vierten 
Durchgangseinrichtung  bei  Anregung  der  Wick- 
lung  steuert,  40 
wobei  diese  Einrichtung  die  Stromung  in  der 
zweiten  und  dritten  Durchgangseinrichtung  va- 
riabel  begrenzen  kann. 

2.  Elektromagnetische  Motoranordnung  mit  variab-  45 
ler  Kraft  nach  Anspruch  1  , 
bei  der  die  Ventileinrichtung  ein  Schieberventil 
mit  einem  Schieberkolben  aufweist,  wobei  die  er- 
ste  Durchgangseinrichtung  in  dem  Schieberkol- 
ben  vorgesehen  ist  und  axial  zu  einem  Ende  ver-  50 
lauft,  wobei  die  zweite  Offnung  in  dem  einen  En- 
de  des  Schieberkolbens  angeordnet  ist. 

3.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  2,  55 
bei  der  der  Schieberkolben  radiale  Offnungen 
aufweist,  die  selektiv  in  Verbindung  mit  der  zwei- 
ten  Durchgangseinrichtung  gebracht  werden,  die 

einen  Eingangsdruck  an  das  Ventil  liefert. 

4.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  3, 
bei  der  die  zweite  Durchgangseinrichtung,  die 
dritte  und  vierte  Durchgangseinrichtung  in  dem 
Ventilkorper  vorgesehen  sind,  wobei  die  vierte 
Durchgangseinrichtung  mit  dem  Bereich  in  Ver- 
bindung  steht,  der  den  Kugelanker  umgibt. 

5.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  4, 
bei  der  das  Solenoid  radiale  Durchgange  auf- 
weist,  die  sich  urn  den  Kugelanker  herum  von  die- 
sem  nach  aulien  erstrecken,  wobei  der  Ventilkor- 
per  axiale  Durchgange  aufweist,  die  mit  den  ra- 
dialen  Durchgangen  in  Verbindung  stehen  und  ei- 
ne  vierte  Durchgangseinrichtung  festlegt. 

6.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  5, 
mit  einem  ringformigen  Durchgang,  der  fur  eine 
Verbindung  zwischen  den  axialen  Durchgangen 
sorgt. 

7.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  1  , 
bei  der  die  Ventileinrichtung  ein  Schieberventil 
mit  einem  Schieberkolben  aufweist,  wobei  die 
Einrichtung  zum  Liefern  eines  Fluids  an  die  zwei- 
te  Offnung  aulierhalb  des  Schieberkolbens  an- 
geordnet  ist. 

8.  Elektromagnetische  Motoranordnung  mit  variab- 
ler  Kraft  nach  Anspruch  1  , 
bei  der  die  Ventileinrichtung  ein  Schieberventil 
mit  einem  Schieberkolben  aufweist,  wobei  die 
Einrichtung  zur  Liefern  eines  Fluids  an  die  zweite 
Offnung  sich  innerhalb  des  Schieberkolbens  be- 
findet. 

Revendications 

1.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  comprenant  : 

un  solenoide  incluant  : 
une  bobine  ; 
une  piece  polaire  associee  a  ladite 

bobine  ; 
une  bille  armature  ; 

caracterise  en  ce  que  ledit  moteur  electro- 
magnetique  a  force  variable  est  constitue  : 

d'un  moyen  definissant  un  premier  siege  ; 
d'un  moyen  formant  ressort  poussant  ladi- 

te  bille  armature  en  direction  dudit  premier  siege 
et  en  I'eloignant  de  ladite  piece  polaire  ; 

un  moyen  definissant  une  chambre  de  f  lui- 

7 
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de  adjacente  audit  premier  siege  ; 
ladite  bille  armature  et  ledit  premier  siege 

definissant  un  premier  orifice  s'etendantentre  la- 
dite  bille  armature  et  ladite  chambre  de  fluide  ; 

un  premier  moyen  formant  conduit  pour  5 
delivrer  une  pression  d'alimentation  a  ladite 
chambre  de  fluide  ; 

un  moyen  definissant  un  second  orifice 
fixe  associe  audit  premier  moyen  formant 
conduit  ;  10 

un  dispositif  de  soupape  incluant  un  ele- 
ment  mobile  espace  et  tout  le  temps  hors  de 
contact  avec  ladite  bille  armature  et  place  adja- 
cent  a  la  chambre  de  fluide,  de  sorte  qu'il  est  sen- 
sible  a  la  pression  de  fluide  dans  ladite  chambre  15 
de  fluide  ; 

un  deuxieme  moyen  formant  conduit  pour 
delivrer  la  pression  d'alimentation  audit  dispositif 
de  soupape  en  poussant  ledit  element  mobile 
vers  ladite  chambre  de  fluide  ;  20 

un  troisieme  moyen  formant  conduit  pour 
delivrer  un  debit  de  commande  issu  dudit  dispo- 
sitif  de  soupape  ; 

un  quatrieme  moyen  formant  conduit  pour 
delivrer  le  debit  de  decharge  provenant  de  ladite  25 
chambre  de  fluide  lorsque  ladite  bille  armature 
est  ecartee  dudit  premier  siege  de  sorte  que  la- 
dite  bille  armature  commande  I'ecoulement  a  tra- 
vers  ledit  premier  orifice,  vers  ledit  quatrieme 
moyen  formant  conduit  lors  de  I'excitation  de  la-  30 
dite  bobine  ; 

ledit  dispositif  servant  a  limiter  de  facon 
variable,  le  debit  dans  lesdits  deuxieme  et  troisie- 
me  moyens  formant  conduit. 

35 
2.  Circuit  de  moteur  electromagnetique  a  force  va- 

riable  selon  la  revendication  1  ,  dans  lequel  ledit 
dispositif  de  soupape  comprend  une  soupape  a 
tiroir  possedant  un  tiroir  ;  ledit  premier  moyen  for- 
mant  conduit  etant  situe  dans  ledit  tiroir  et  s'eten-  40 
dant  axialement  jusqu'a  une  extremite,  ledit  se- 
cond  orifice  etant  place  dans  ladite  une  extremite 
dudit  tiroir. 

3.  Circuit  de  moteur  electromagnetique  a  force  va-  45 
riable  selon  la  revendication  2,  dans  lequel  ledit 
tiroir  comprend  des  ouvertures  radiales  qui  sont 
amenees  de  maniere  selective  en  communica- 
tion  avec  ledit  deuxieme  moyen  formant  conduit 
en  delivrant  la  pression  d'alimentation  a  ladite  50 
soupape. 

4.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  selon  la  revendication  3,  dans  lequel  les- 
dits  deuxieme  moyen  formant  conduit,  troisieme  55 
moyen  formant  conduit  et  quatrieme  moyen  for- 
mant  conduit  sont  prevus  dans  ledit  corps  de  la- 
dite  soupape  ;  ledit  quatrieme  moyen  formant 

conduit  communiquant  avec  la  zone  entourant  la- 
dite  bille  armature. 

5.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  selon  la  revendication  4,  dans  lequel  ledit 
solenoide  comprend  des  conduits  radiaux, 
s'etendant  a  partir  du  voisinage  de  I'armature  a 
bille  vers  I'exterieur,  ledit  corps  de  soupape  in- 
cluant  des  conduits  axiaux  communiquant  avec 
lesdits  conduits  radiaux  et  definissant  ledit  qua- 
trieme  moyen  formant  conduit. 

6.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  selon  la  revendication  5,  comprenant  un 
conduit  annulaire  realisant  une  communication 
entre  lesdits  conduits  axiaux. 

7.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  selon  la  revendication  1,  dans  lequel  ledit 
dispositif  de  soupape  comprend  une  soupape  a 
tiroir  possedant  un  tiroir,  ledit  moyen  pourdelivrer 
le  fluide  audit  second  orifice  est  externe  audit  ti- 
roir. 

8.  Circuit  de  moteur  electromagnetique  a  force  va- 
riable  selon  la  revendication  1,  dans  lequel  ledit 
dispositif  de  soupape  comprend  une  soupape  a 
tiroir  possedant  un  tiroir,  ledit  moyen  pourdelivrer 
le  fluide  audit  second  orifice  est  interne  audit  ti- 
roir. 

8 



EP  0  467  128  B1 



EP  0  467  128  B1 



EP  0  467  128  B1 

F l   G . 7  

11 



EP  0  467  128  B1 

LLI / Q O  
I 

W I K X =   c  

F I G .   I 0  

m l  c  

'  —   1 

/ o / a  

F I G .   I  I 

( f t £ P A £ S £ M T S   F / G .   7 )  

12 



EP  0  467  128  B1 


	bibliography
	description
	claims
	drawings

