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Description 

This  invention  relates  to  a  solenoid  valve  in 
accordance  with  the  pre-characterising  portion  of 
claim  1. 

Recent  developments  in  the  field  of  computer 
controlled  automated  hydraulic  and  pneumatic 
equipment  have  resulted  in  a  requirement  for 
smaller  more  efficient  solenoid  valves  which  exhibit 
high  reliability  characteristics. 

The  prior  art  related  to  solenoid  valves  for 
control  of  fluids  and  gases  includes  numerous  ex- 
amples  of  devices  each  of  which  is  characterised 
by  the  following  construction.  Conventional  sole- 
noid  valves  include  a  coil  housing  within  which  a 
solenoid  coil  is  arranged  so  that  when  current  is 
applied,  a  plunger,  or  armature  is  moved  thereby 
opening  or  sealing  an  orifice.  In  order  to  prevent 
the  fluid  or  gas  from  entering  the  solenoid  housing, 
conventional  solenoid  valves  utilize  a  flexible  dia- 
phragm  which  seals  the  cavity  in  which  the  sole- 
noid  coil  and  the  plunger  are  mounted.  During 
operation,  when  the  solenoid  coil  is  energized,  the 
plunger  bears  against  the  diaphragm  which,  in  turn, 
bears  against  a  poppet  member  which  seals  the 
orifice.  This  poppet  member  usually  has  a  conical 
portion,  the  larger  base  of  which  is  larger  than  the 
orifice  which  is  to  be  sealed  and  a  cylindrical 
portion  which  slides  within  the  orifice.  In  use  the 
conical  surface  of  the  poppet  member  bears 
against  the  edge  of  the  orifice  thereby  sealing  the 
orifice. 

The  construction  of  conventional  solenoid 
valves  is  subject  to  numerous  deficiencies  included 
among  which  is  a  need  for  careful  alignment  of  the 
component  parts  in  order  to  ensure  that  the  line  of 
action  of  the  plunger  is  aligned  with  the  poppet 
member  in  order  to  effect  an  adequate  seal.  This 
requirement  leads  to  a  need  for  close  manufactur- 
ing  tolerances  on  the  various  component  parts  and 
careful  assembly  procedures  resulting  in  a  rela- 
tively  high  unit  cost.  Even  with  close  tolerance 
manufacture  of  the  various  components  and  careful 
assembly  procedures,  misalignment  of  the  poppet 
member  can  occur,  thereby  resulting  in  leakage  of 
the  fluid  and  relatively  low  overall  realiability.  Even 
slight  misalignment  of  the  poppet  member  and  the 
orifice  results  in  an  elliptical  line  of  contact  between 
the  conical  surface  of  the  poppet  member  and  the 
circular  edge  of  the  orifice  requiring  substantial 
force  on  the  poppet  member  in  order  to  deform  the 
poppet  member  and  the  orifice  seat  to  create  a 
seal.  This  requirement  for  high  seating  force  results 
in  a  need  for  a  relatively  large  amount  of  electrical 
power  resulting  in  a  relatively  low  overall  efficiency 
of  the  valve. 

In  a  conventional  solenoid  valve  the  fluid  which 
is  controlled  by  the  valve  acts  on  virtually  the  entire 

diaphragm.  In  order  to  actuate  the  valve  the  sole- 
noid  coil  and  the  armature  or  plunger  must  provide 
sufficient  force  to  overcome  the  force  of  the  fluid. 
This  leads  to  a  relatively  high  rate  of  power  con- 

5  sumption. 
Another  source  of  malfunction  in  conventional 

solenoid  valves  is  related  to  the  conventional  two 
piece  construction  of  the  diaphragm  and  poppet 
assembly.  Because  of  the  motion  of  these  two 

io  components,  the  possibility  of  wear  and  degrada- 
tion  of  the  interface  between  the  diaphragm  and 
the  poppet  member  exists.  This  wear  can  lead  to 
misalignment,  and  ultimately  failure  of  the  dia- 
phragm  or  the  poppet  member  with  the  consequent 

75  failure  of  the  entire  solenoid  valve. 
A  solenoid  valve  in  accordance  with  the  pre- 

characterising  portion  of  claim  1  is  known  from  DE- 
A-3  208  316. 

In  accordance  with  the  present  invention,  in  a 
20  solenoid  valve  in  accordance  with  the  pre-charac- 

terising  portion  of  claim  1  ,  said  armature  means  is 
in  free  abutting  engagement  with  said  poppet 
means,  and  pressure  plate  means  is  mounted  on 
the  outer  surface  of  said  valve  body  and  supports 

25  said  flexible  membrane  portion  of  said  diaphragm 
means  thereby  enhancing  the  ability  of  said  dia- 
phragm  means  to  withstand  fluid  pressure  and  with 
said  solenoid  means  capable  of  biasing  said  dia- 
phragm  and  poppet  means  in  a  second  direction 

30  which  is  opposite  to  said  first  direction. 
In  a  preferred  embodiment,  a  portion  of  the 

poppet  which  is  adjacent  to  the  diaphragm  is  un- 
dercut,  thereby  increasing  the  flexibility  of  the  dia- 
phragm  assembly,  reducing  the  effect  of  back 

35  pressure  and  reducing  the  power  required  by  the 
solenoid. 

In  an  additional  embodiment  a  conical  valve 
seat  is  provided  which  reduces  the  internal  volume 
of  the  valve.  In  this  embodiment,  the  force  ball  is 

40  eliminated  and  the  armature  is  connected  to  a  non- 
metalic  shaft  which  forms  part  of  the  diaphragm 
assembly. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
45 

Additional  objects  and  advantages  of  the 
present  invention  will  become  apparent  during  the 
course  of  the  following  specification  when  taken  in 
connection  with  the  accompanying  drawings  in 

50  which: 
FIG.  1  is  an  exploded  view  of  a  solenoid  valve 
assembly  according  to  the  present  invention; 
FIG.  2  is  an  overall  perspective  view  of  the 
solenoid  valve  assembly  of  FIG.  1; 

55  FIG.  3  is  a  cross-sectional  view,  taken  along  the 
line  3-3  of  FIG.  2,  showing  the  solenoid  valve 
assembly  in  the  actuated  state  with  the  left  port 
closed  and  the  right  port  open; 
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FIG.  4  is  a  cross-sectional  view  similar  to  FIG.  3 
showing  the  solenoid  valve  assembly  in  the  un- 
actuated  state  with  the  left  port  open  and  the 
right  port  closed; 
FIG.  5  is  an  exploded  view  of  an  alternative 
embodiment  of  the  diaphragm  assembly  of  FIG. 
1; 
FIG.  6  is  a  cross-sectional  view  similar  to  FIG.  3 
showing  the  solenoid  valve  assembly  utilizing 
the  embodiment  of  the  diaphragm  assembly  of 
FIG.  5  and  showing  the  solenoid  valve  assembly 
in  the  actuated  state  with  the  upper  orifice  open 
and  the  lower  orifice  closed,  and  with  free  pas- 
sage  of  fluid  between  the  left  port  and  the  right 
port; 
FIG.  7  is  a  cross-sectional  view  similar  to  FIG.  6 
showing  the  solenoid  valve  assembly  in  the  un- 
activated  state,  with  the  passage  of  fluid  be- 
tween  the  left  and  right  ports  blocked; 
FIG.  8  is  an  exploded  view  of  a  second  alter- 
native  embodiment  of  the  invention  incorporating 
a  pair  of  valve  cavities  and  a  pair  of  diaphragm 
assemblies; 
FIG.  9  is  an  overall  perspective  view  of  the 
solenoid  valve  of  FIG.  8; 
FIG.  10  is  a  cross-sectional  view  taken  along  the 
line  10-10  in  FIG.  9; 
FIG.  10A  is  a  schematic  flow  diagram  of  an 
alternative  version  of  the  solenoid  valve  of  FIG. 
8  shown  in  the  non-energized  state; 
FIG.  1  0B  is  a  schematic  flow  diagram  similar  to 
FIG.  10A  with  the  solenoid  valve  shown  in  the 
energized  state; 
FIG.  11  is  an  exploded  view  of  a  third  alternative 
embodiment  of  the  invention  incorporating  three 
valve  cavities  and  three  diaphragm  assemblies; 
FIG.  12  is  a  bottom  view  of  another  embodiment 
of  the  invention  showing  a  normally  closed 
valve; 
FIG.  13  is  a  cross-sectional  view,  taken  along 
the  line  13-13  of  FIG.  12; 
FIG.  14  is  a  top  view  of  the  embodiment  of  FIG. 
12; 
FIG.  15  is  a  fragmentary  cross-sectional  view 
similar  to  FIG.  13  drawn  to  an  enlarged  scale, 
showing  details  of  internal  construction  with  the 
valve  shown  in  the  open  position; 
FIG.  16  is  a  view  similar  to  FIG.  15  with  the 
valve  shown  in  the  closed  position,  and 
FIG.  17  is  a  cross-sectional  view  of  still  another 
embodiment  of  the  invention  showing  a  normally 
open  valve. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

With  reference  to  the  drawings,  there  is  shown 
in  FIGS.  1  and  2  a  solenoid  valve  assembly  10  in 
accordance  with  the  present  invention  which  com- 

prises  a  hollow  solenoid  housing  12  within  which 
there  is  mounted  a  circular  armature  plate  14,  an 
armature  shaft  16  made  of  non-magnetic  material, 
and  a  solenoid  coil  18.  The  solenoid  housing  12 

5  has  a  housing  cover  20  and  is  mounted  on  the 
upper  surface  22  of  a  valve  body  24  by  means  of 
four  machine  screws  26,  28,  30,  32,  which  pass 
through  clearance  holes  34,  36,  38,  40  in  the  bot- 
tom  plate  42,  clearance  holes  44,  46,  48,  50  in  the 

io  valve  body  24,  and  engage  four  tapped  holes  in  the 
pressure  plate  52,  which  are  indicated  by  the  refer- 
ence  numerals  54,  56,  58,  one  hole  not  being 
shown. 

The  valve  body  24  has  a  valve  cavity  60  within 
is  which  there  is  mounted  the  diaphragm  assembly 

62  which  forms  a  major  novel  feature  of  the 
present  invention.  The  diaphragm  assembly  62  in- 
cludes  a  spherical  force  ball  64  which  is  seated  in 
a  centrally  disposed  semi-spherical  seat  66  which 

20  is  formed  in  the  upper  surface  68  of  the  upper 
diaphragm  member  70.  The  end  72  of  the  shaft 
portion  74  of  the  upper  diaphragm  member  70  has 
a  recess  76,  shown  in  FIG.  3,  which  engages  a 
stepped-down  portion  78  located  on  the  end  80  of 

25  the  shaft  portion  82  which  is  formed  on  the  lower 
diaphragm  member  84.  The  upper  and  lower  dia- 
phragm  members  70,  84  each  have  semi-spherical 
poppet  surfaces  86,  88,  the  operation  of  which  will 
be  described  presently. 

30  As  is  best  shown  in  FIG.  3,  the  lower  surface 
90  of  the  lower  diaphragm  member  84  is  urged  in 
an  upward  direction  by  a  helical  compression 
spring  92  which  is  lodged  in  a  cavity  94  formed  in 
the  bottom  plate  42.  The  upper  end  96  of  the 

35  spring  92  bears  against  a  spring  seat  98  which  has 
a  cavity  100  which  engages  the  upper  end  96  of 
the  spring  92.  The  upper  surface  102  of  the  spring 
seat  98  has  a  semi-spherical  configuration  which 
lodges  in  a  centrally  located  semi-spherical  seat 

40  104  which  is  formed  in  the  lower  surface  90  of  the 
lower  diaphragm  member  84.  The  lower  surface 
106  of  the  bottom  plate  42  has  a  relatively  small 
hole  108  which  communicates  with  the  cavity  94 
and  enables  prevailing  atmospheric  pressure  to 

45  enter  the  cavity  94  and  act  on  the  lower  surface  90 
of  the  diaphragm  member  84.  Hole  108  also  per- 
mits  direct  measurement  of  the  movement  of  the 
diaphragm  assembly  62  in  the  assembled  position 
to  thereby  determine  whether  the  proper  valve 

50  opening  exists. 
The  outer  edges  110,  112  of  the  lower  and 

upper  diaphragm  members  each  have  integrally 
formed  V  shaped  lip  portions  114,  116  which  fit 
into  complementary  shaped  grooves  120;  118  re- 

55  spectively  formed  in  the  upper  surface  122  and  the 
bottom  of  cylindrical  recess  125  formed  in  lower 
surface  124  of  the  valve  body  24,  respectively. 
Cylindrical  recess  125  allows  cylindrical  projection 

3 
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43  of  bottom  plate  42  to  ensure  centrally  aligned 
application  of  the  force  of  spring  92.  The  V  shaped 
lip  portions  114,  116  act  as  sealing  rings  and 
prevent  any  leakage  of  fluid  from  the  valve  cavity 
60.  The  lip  portions  114,  116  are  formed  concen- 
trically  with  respect  to  the  shaft  portions  74,  82  and 
the  poppet  surfaces  86,  88  and  thus  ensure  the 
accurate  positioning  of  the  diaphragm  members  70, 
84  with  respect  to  the  valve  body  24. 

The  upper  end  126  of  the  armature  shaft  16  is 
connected  to  the  armature  plate  14  by  means  of 
the  threaded  portion  128  which  includes  a  screw 
driver  slot  130.  The  housing  cover  20  has  a  cen- 
trally  located  hole  132  which  permits  access  to 
screw  driver  slot  130  enabling  assembly  personnel 
to  correlate  the  movement  of  diaphragm  assembly 
62  and  circular  armature  plate  14  by  adjusting  the 
position  of  the  non-magnetic  armature  shaft  16  with 
respect  to  the  armature  plate  14  thereby  adjusting 
the  vertical  position  of  the  armature  shaft  16  and 
adjusting  the  force  on  the  force  ball  64.  Accord- 
ingly,  in  the  actuated  position,  spherical  portion  86 
of  upper  diaphragm  70  will  form  a  seal  with  upper 
orifice  174  and  open  lower  orifice  176.  The  housing 
cover  is  force  fit  into  the  upper  end  134  of  the 
solenoid  housing  12.  In  order  to  make  this  adjust- 
ment  it  is  necessary  to  actuate  coil  18  to  thereby 
lock  armature  plate  14  to  solenoid  housing  12  by 
means  of  the  magnetic  force,  otherwise  armature 
plate  14  will  be  free  moving,  thus  making  proper 
adjustment  impossible. 

The  lower  surface  136  of  the  solenoid  bobbin 
133  on  which  the  solenoid  coil  18  is  wound  rests 
on  the  upper  surface  of  the  pressure  plate  52.  The 
pressure  plate  52  has  a  central  hub  140  portion 
with  a  central  hole  142  in  which  the  armature  shaft 
16  slides.  The  leads  144,  146  of  the  solenoid  coil 
18  leave  the  solenoid  housing  12  through  a  slot 
148  formed  in  the  wall  150  of  the  housing  12, 
which  is  best  shown  in  FIG.  1. 

The  valve  body  24  has  a  normally  open  (N/O) 
left  port  152  and  a  normally  closed  (N/C)  right  port 
154  which  have  threaded  portions  156,  158,  re- 
spectively,  and  a  common  central  port  160  which  is 
shown  in  broken  lines  in  FIG.  3.  It  is  understood 
that  means  other  than  threaded  portions  156,  158 
may  be  employed  to  connect  the  valve  to  a  par- 
ticular  system.  The  designations  left  port,  right  port 
and  central  port  relate  to  the  orientation  of  the 
solenoid  valve  assembly  10  as  shown  in  FIGS.  3 
and  4  and  these  designations  hake  been  made 
only  as  a  matter  of  convenience.  As  is  shown  in 
FIGS.  1  and  2,  the  central  port  160  has  a  threaded 
portion  162  which  is  similar  to  the  threaded  potions 
156,  158.  The  left  port  152  leads  to  an  upwardly 
angled  passage  164  which  communicates  with  an 
upper  portion  166  of  the  valve  cavity  60  and  the 
right  port  154  leads  to  a  downwardly  angled  pas- 

sage  168  which  communicates  with  a  lower  170 
portion  of  the  valve  cavity  60.  The  upper  and  lower 
portions  166,  170  of  the  valve  cavity  60  are  con- 
nected  by  a  central  passage  172  which  also  com- 

5  municates  with  the  central  port  160.  The  diameter 
of  the  central  passage  172  is  somewhat  greater 
than  the  diameter  of  the  upper  and  lower  shaft 
portions  74,  82.  The  upper  edge  of  the  central 
passage  172  defines  an  upper  orifice  174  and  the 

io  lower  edge  of  the  central  passage  defines  a  lower 
orifice  176.  The  poppet  surface  86  is  proportioned 
to  be  capable  of  easily  seating  in  and  sealing  the 
upper  orifice  174  and  the  poppet  surface  88  is 
proportioned  to  be  capable  of  easily  seating  in  and 

is  sealing  the  lower  orifice  176. 
During  operation  of  the  solenoid  valve  assem- 

bly  10,  when  the  solenoid  coil  18  is  energized,  as 
shown  in  Figure  3,  the  armature  plate  14  is  drawn 
downward  against  the  action  of  the  spring  92,  until 

20  it  bears  against  the  top  portion  141  of  central  hub 
140.  The  lower  end  180  of  the  armature  shaft  16 
bears  against  the  force  ball  64  which,  in  turn,  urges 
the  poppet  surface  86  to  seal  the  upper  orifice  174. 
In  this  state  the  left  port  152  is  closed  while  fluid 

25  can  either  enter  or  leave  the  right  port  154  and 
pass  through  the  passage  168,  the  lower  portion 
170  of  the  valve  cavity  60,  the  central  passage  172, 
and  the  central  port  160. 

When  the  solenoid  coil  10  is  de-energized,  as 
30  is  shown  in  FIG.  4,  the  spring  92  urges  the  lower 

diaphragm  member  84  in  a  vertically  upward  direc- 
tion  and  causes  the  poppet  surface  88  to  seal  the 
lower  orifice  176.  In  this  state  the  right  port  154  is 
effectively  closed  while  fluid  can  either  enter  or 

35  leave  the  left  port  152,  and  pass  through  the  pas- 
sage  164,  the  upper  portion  166  of  the  valve  cavity 
60,  the  central  passage  172,  and  the  central  port 
160. 

The  semi-spherical  poppet  surfaces  86,  88  en- 
40  sure  the  formation  of  a  circular  line  of  contact 

between  the  poppet  surfaces  86,  88  and  the  upper 
and  lower  orifices  174,  176,  even  if  there  is  some 
misalignment  of  the  various  components  of  the 
solenoid  valve  assembly  10.  The  possibility  of  mis- 

45  alignment  is  minimized  by  integrally  forming  the 
diaphragm  surfaces  70,  84,  the  lips  114,  116  and 
the  poppet  surfaces  86,  88,  respectively.  The  need 
for  separate  sealing  rings  to  seal  the  diaphragm 
members  to  the  valve  body,  as  in  conventional 

50  solenoid  valves  is  eliminated,  thereby  eliminating  a 
potential  source  of  misalignment  and  leakage.  The 
force  ball  64  seats  in  the  cavity  66  in  the  upper 
diaphragm  member  70  and  ensures  the  application 
of  a  central  sealing  force  even  if  there  is  some 

55  misalignment  of  the  armature  shaft  16. 
During  operation,  back  pressure  in  the  fluid 

being  controlled  by  the  solenoid  valve  assembly  10 
will  be  applied  by  the  diaphgram  70  against  the 

4 
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pressure  plate  52  and  not  entirely  against  the  ar- 
mature  shaft  16  as  in  a  conventional  solenoid  valve. 
This  reduces  the  force  required  to  be  developed  by 
the  solenoid  coil  18  and  increases  the  overall  effi- 
ciency  of  the  assembly  10.  When,  for  example,  the 
solenoid  coil  18  is  energized  and  the  upper  dia- 
phragm  member  70  is  flexed  downward,  away  from 
the  pressure  plate  52,  as  is  shown  in  FIG.  3,  the 
back  pressure,  if  any,  will  act  only  on  the  portion  of 
the  diaphragm  70  which  leaves  the  pressure  plate 
52.  In  contrast,  in  conventional  solenoid  valves,  the 
back  pressure  acts  against  the  entire  diaphragm 
area,  requiring  substantial  actuator  force  to  over- 
come  the  back  pressure. 

In  order  to  overcome  a  potential  problem  which 
would  exist  if  the  size  of  the  poppet  surfaces  86, 
88  were  made  relatively  large,  to  accommodate  a 
large  flow  rate,  and  consequently  the  radius  of  the 
portion  of  the  diaphragm  70  which  leaves  the  pres- 
sure  plate  52  would  become  relatively  large,  an 
undercut  portion  182,  184  is  formed  at  the  intersec- 
tion  of  the  poppet  surfaces  86,  88  and  the  dia- 
phragm  members  70,  84.  These  undercut  portions 
182,  184  are  best  shown  in  FIGS.  3  and  4. 

As  is  shown  in  Fig.  3,  in  the  unflexed  state  the 
undercut  portions  182,  184  comprise  inwardly  di- 
rected  extensions  of  the  diaphragm  members  70, 
84.  When,  for  example,  the  diaphragm  member  70 
is  flexed,  the  central  seat  portion  66  is  forced 
downward  as  is  shown  in  FIG.  3.  The  undercut  182 
thus  reduces  the  overall  radius  of  the  portion  of  the 
diaphragm  70  which  flexes  away  from  the  pressure 
plate  52  and  reduces  the  effect  of  the  back  pres- 
sure  in  the  fluid  which  is  being  controlled.  The 
undercut  182  and  the  orifice  diameter  174  may  be 
proportioned  so  that  the  effective  area  of  the  dia- 
phragm  70  on  which  the  fluid  back  pressure  acts  is 
approximately  equal  to  the  area  of  the  orifice  174. 
This  results  in  the  performance  of  the  solenoid 
valve  assembly  10  being  the  same  whether  or  not 
the  fluid  being  controlled  is  under  pressure  on  a 
side  or  center  port. 

An  alternative  embodiment  200  of  the  invention 
is  shown  in  FIGS.  5,  6  and  7  and  includes  a 
solenoid  housing  202  within  which  there  is  moun- 
ted  an  armature  plate  204,  an  armature  shaft  206 
and  a  solenoid  coil  208.  The  solenoid  housing  202 
has  an  integrally  formed  cover  210  and  is  mounted 
on  a  valve  body  211  in  a  manner  similar  to  the 
solenoid  housing  52  of  the  primary  embodiment  10 
of  the  invention,  shown  in  FIG.  1.  The  cover  210 
includes  an  integrally  formed  hub  portion  214 
which  projects  into  the  hollow  portion  of  the  sole- 
noid  coil  bobbin  216.  The  hub  214  has  a  central 
aperture  218  within  which  the  armature  shaft  206 
slides.  The  cover  210  has  a  centrally  located 
threaded  hole  220  in  which  an  adjustment  screw 
222  is  mounted.  The  bottom  224  of  the  adjustment 

screw  222  bears  on  the  top  226  of  a  helical  com- 
pression  spring  228,  the  bottom  230  of  which  rests 
on  the  top  232  of  the  armature  shaft  206.  The  lower 
portion  234  of  the  armature  shaft  206  is  threaded 

5  and  is  connected  to  the  armature  plate  204.  The 
lower  end  236  of  the  armature  shaft  206  projects 
through  a  hole  238  in  a  pressure  plate  240  and 
bears  on  a  force  ball  244  which  rests  in  a  conical 
depression  242  formed  in  the  center  of  the  upper 

io  surface  246  of  the  diaphragm  assembly  248. 
The  diaphragm  assembly  248  is  generally  simi- 

lar  to  the  diaphragm  assembly  62  which  was  pre- 
viously  described,  with  the  exception  that  the  dia- 
phragm  assembly  248  comprises  an  upper  dia- 

15  phragm  member  250,  a  lower  diaphragm  member 
252,  and  a  central  shaft  254.  The  upper  and  lower 
ends  256,  258  of  the  shaft  254  fit  into  holes  260, 
262  formed  in  the  upper  and  lower  semi-spherical 
poppet  surfaces  264,  266,  respectively.  The  upper 

20  and  lower  diaphragm  members  250,  252  include 
sealing  lips  268,  270  which  are  similar  to  the  seal- 
ing  lips  114,  116  which  have  been  previously  de- 
scribed.  The  undercut  portions  182,  184  previously 
described  on  diaphragm  assembly  62  are  elimi- 

25  nated  on  the  diaphragm  assembly  248. 
The  valve  body  21  1  is  generally  similar  to  the 

valve  body  24  and  includes  grooves  272,  274 
which  are  complementary  in  shape  to  the  sealing 
lips  268,  270.  A  valve  cavity  276  is  formed  in  the 

30  valve  body  211  and  includes  an  upper  cavity  por- 
tion  278,  a  lower  cavity  portion  280  and  a  control 
passage  282  which  communicates  with  the  upper 
and  lower  cavity  portions  278,  280  and  which  has  a 
diameter  which  is  larger  than  the  shaft  254.  The 

35  intersections  between  the  central  passage  282  and 
the  upper  and  lower  cavity  portions  276,  280  form 
upper  and  lower  orifices  respectively  284,  286.  The 
poppet  surfaces  264,  266  are  proportioned  so  that 
they  are  capable  of  easily  seating  in  and  sealing 

40  the  orifices  284,  286  respectively,  in  the  manner 
which  has  been  previously  described.  The  valve 
body  21  1  has  a  left  port  298  and  a  right  port  290 
which  have  threaded  portions  292,  294.  The  des- 
ignations  left  port  and  right  port  relate  to  the  ori- 

45  entation  of  the  solenoid  valve  assembly  200  shown 
in  FIGS.  6  and  7  and  these  designations  have  been 
made  only  as  a  matter  of  convenience.  The  left 
port  288  has  a  straight  passage  295  which  commu- 
nicates  with  the  central  passage  28,  and  the  right 

50  port  290  has  a  right  angle  passage  298  which 
communicates  with  the  new  upper  cavity  portion 
278. 

In  a  manner  similar  to  that  which  has  been 
previously  described,  the  lower  surface  300  of  the 

55  lower  diaphragm  member  252  is  urged  in  an  up- 
ward  direction  by  a  helical  compression  spring  302 
which  is  lodged  in  a  cavity  304  formed  in  the 
bottom  plate  212.  The  upper  end  306  of  the  spring 

5 
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302  bears  against  a  spring  seat  308  which  is  simi- 
lar  to  the  spring  seat  98  and  which  has  a  cavity 
310  which  engages  the  upper  end  306  of  the 
spring  302.  The  upper  surface  312  of  the  spring 
seat  309  has  a  semi-spherical  configuration  which 
lodges  in  a  centrally  located  semi-spherical  seat 
314  which  is  formed  in  the  lower  surface  300  of  the 
lower  diaphragm  member  252.  The  lower  surface 
316  of  the  bottom  plate  212  has  a  small  hole  318, 
similar  to  the  hole  108,  which  communicates  with 
the  cavity  304  and  which  enables  atmospheric 
pressure  to  enter  the  cavity  304  and  act  on  the 
lower  surface  300  of  the  lower  diaphragm  member 
252  and  permit  direct  measurement  of  the  move- 
ment  of  the  diaphragm  assembly  249  in  the  as- 
sembled  position. 

When  the  solenoid  coil  208  is  energized,  the 
armature  plate  204  is  drawn  upward,  against  the 
action  of  the  spring  228  until  it  bears  against  the 
step  320  in  the  solenoid  housing  202,  and  the  hub 
214  as  is  shown  in  FIG.  6.  The  spring  302  urges 
the  lower  diaphragm  member  252  in  a  vertically 
upward  direction  and  causes  the  poppet  surface 
266  to  seal  the  lower  orifice  286.  In  this  state  fluid 
can  flow  into  or  out  of  the  left  port  288  through  the 
passage  296,  through  the  central  passage  282, 
through  the  upper  cavity  portion  278,  through  the 
passage  298,  and  then  through  the  right  port  290. 

When  the  solenoid  coil  208  is  deenergized,  the 
spring  228  forces  the  armature  shaft  206  downward 
and  the  lower  end  236  of  the  armature  shaft  206 
urges  the  force  ball  244  to  flex  the  upper  dia- 
phragm  member  250  in  a  downward  direction  and 
causes  the  poppet  surface  264  to  seal  the  upper 
orifice  284.  In  this  state  the  fluid  cannot  flow  be- 
tween  the  right  and  left  ports  288,  290. 

A  second  alternative  embodiment  of  the  inven- 
tion  400  is  shown  in  FIGS.  8  through  10  and 
includes  a  solenoid  housing  402  which  is  mounted 
on  a  valve  body  404  by  means  of  a  pair  of  screws 
406,  408  which  pass  through  a  top  plate  410.  As  is 
best  shown  in  FIG.  10,  the  valve  body  404  includes 
a  pair  of  valve  cavities  412,  414  which  have  upper 
orifices  416,  418  and  lower  orifices  420,  422,  re- 
spectively.  The  valve  cavities  412,  414  are  con- 
nected  to  the  exterior  of  the  valve  body  404  via  the 
ports  424,  426,  428  and  430.  Mounted,  one  each, 
within  the  valve  cavities  412,  414  there  are  a  pair  of 
diaphragm  assemblies  432,  434  each  of  which  is 
generally  similar  to  the  diaphragm  assembly  62  of 
the  primary  embodiment  of  the  invention  10,  which 
is  shown  in  FIG.  1.  The  diaphragm  assemblies  432, 
434  each  include  a  spherical  force  ball  436,  438 
which  is  seated  in  a  centrally  located  semi-spheri- 
cal  seat  440,  442  formed  in  the  lower  surfaces  444, 
446  of  the  lower  diaphragm  members  448,  450. 
The  support  means  for  the  force  balls  436,  438  will 
be  described  presently.  The  ends  452,  454  of  the 

shaft  portions  456,  458  of  the  lower  diaphragm 
members  have  recesses  460,  462  which  engage 
stepped  down  portions  464,  460  located  on  the 
shaft  portions  468,  470  of  the  upper  diaphragm 

5  members  472,  474.  The  upper  and  lower  dia- 
phragm  members  448,  450,  472,  474  each  have 
semi-spherical  poppet  surfaces  476,  478,  480,  482, 
the  operation  of  which  are  similar  to  the  operation 
of  the  poppet  surfaces  86,  88,  which  has  been 

io  previously  described. 
As  is  best  shown  in  FIG.  10,  the  upper  surfaces 

484,  486  of  the  upper  diaphragm  members  472, 
474  are  urged  in  a  downward  direction  by  helical 
compression  springs  488,  490.  The  springs  488, 

is  490  are  lodged  in  cavities  492,  494  which  are 
formed  discs  496,  498  which  fit  into  holes  500,  510 
in  the  top  plate  410.  The  springs  488,  490  bear 
against  spring  seats  504,  506  each  of  which  has  a 
cavity  508,  511  which  engages  the  lower  ends  512, 

20  514  of  the  springs  488,  490.  The  lower  surfaces 
516,  518  of  the  spring  seats  504,  506  each  have  a 
semi-spherical  configuration  which  lodge  in  cen- 
trally  located  semi-spherical  seats  520,  522  which 
are  formed  in  the  upper  surfaces  484,  486  of  the 

25  upper  diaphragm  members  472,  474.  The  discs 
496,  498  each  have  a  relatively  small  hole  524,  526 
which  communicate  with  the  cavities  492,  494  and 
which  permit  prevailing  atmospheric  pressure  to 
act  on  the  upper  surfaces  484,  486  of  the  dia- 

30  phragm  members  472,  474  and  permit  direct  mea- 
surement  of  the  movement  of  the  diaphragm  as- 
semblies  432  and  434. 

As  previously  described,  the  outer  edges  of  the 
upper  and  lower  diaphragm  members  448,  450, 

35  472,  474  each  have  integrally  formed  V  shaped  lip 
portions  528,  530,  532,  534  which  fit  into  com- 
plementary  shaped  grooves  536,  538,  540,  542 
formed  in  the  valve  body.  The  V  shaped  lip  por- 
tions  528,  530,  532,  534  act  as  sealing  rings  and 

40  prevent  any  leakage  of  fluid  from  the  valve  cavities 
412,  414.  The  lip  portions  528,  530,  532,  534  are 
formed  concentrically  with  respect  to  the  shaft  por- 
tions  468,  470  and  the  poppet  surfaces  476,  478, 
480,  482  and  thus  ensure  the  accurate  positioning 

45  of  the  diaphragm  assemblies  432,  434  with  respect 
to  the  valve  body  404. 

The  lower  end  544  of  the  armature  shaft  546  is 
connected  to  the  armature  plate  548  by  means  of 
the  threaded  portion  550  which  includes  a 

50  screwdriver  slot  552.  The  solenoid  housing  402  has 
a  central  hole  554  which  enables  an  operator  to 
insert  a  screwdriver  blade  in  the  slot  552  to  rotate 
the  armature  shaft  546  with  respect  to  the  armature 
plate  548,  thereby  adjusting  the  vertical  position  of 

55  the  armature  shaft  546  and  the  force  on  the  force 
balls  436,  438  in  a  manner  similar  to  that  which  has 
been  previously  described. 

The  upper  end  556  of  the  armature  shaft  546 
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bears  against  a  rectangular  actuating  bar  558  on 
which  the  spherical  force  436,  438  balls  are  at- 
tached.  The  actuating  bar  553  slides  within  a  slot 
560  formed  in  the  upper  portion  562  of  the  sole- 
noid  housing  402.  The  force  balls  436,  438  each  fit 
through  a  centrally  disposed  hole  564,  566  in  a 
circular  force  plate  568,  570  and  act  upon  the  lower 
surfaces  444,  446  of  the  diaphragm  assemblies 
432,  434. 

As  is  best  shown  in  FIG.  10,  the  port  430 
communicates  with  the  port  426  via  the  passage 
572,  the  upper  portion  574  of  the  valve  cavity  412 
and  the  central  passage  576.  The  central  passage 
576  also  leads  to  the  lower  portion  578  of  the  valve 
cavity  412.  The  port  424  communicates  with  the 
port  428  via  the  passage  580,  the  lower  portion  582 
of  the  valve  cavity  414  and  the  central  passage 
584.  The  central  passage  584  also  communicates 
with  the  upper  portion  586  of  the  valve  cavity  414. 

When  the  solenoid  coil  588  is  non-actuated,  as 
is  shown  in  FIG.  10,  the  compression  springs  488, 
490  urge  the  spring  seats  504,  506  in  a  downward 
direction  and  cause  the  poppet  portions  476,  480 
to  close  the  orifices  416,  418.  The  poppet  portions 
478,  482  are  also  urged  in  a  downward  direction 
thereby  opening  the  orifices  420,  422.  In  the  non- 
actuated  state  the  solenoid  valve  permits  flow  be- 
tween  the  ports  424,  428  and  prevents  flow  be- 
tween  the  ports  430,  426.  In  the  actuated  state,  the 
solenoid  coil  588  is  energized  and  the  armature 
plate  548  is  drawn  upward  against  the  action  of  the 
springs  488,  490.  The  actuating  bar  558  urges  the 
force  balls  436,  438  against  the  diaphragm  mem- 
bers  448,  450  and  the  poppet  surfaces  478,  482 
close  the  orifices  420,  422,  respectively,  and  the 
poppet  surfaces  476,  480  are  lifted  away  from,  and 
thereby  open,  the  orifices  416,  418,  respectively.  In 
the  actuated  state,  the  solenoid  valve  400  permits 
flow  between  the  ports  430,  426  and  prevents  flow 
between  the  ports  424,  428. 

FIG.  11  shows  a  third  embodiment  of  the  in- 
vention  600  which  incorporates  three  diaphragm 
assemblies  602,  604,  606  each  of  which  is  similar 
to  the  diaphragm  assemblies  432,  434  of  FIG.  10 
and  which  are  not  shown  in  FIG.  11.  The  solenoid 
valve  600  of  FIG.  11  is  characterized  by  having  an 
upper  member  608  which  has  a  total  of  nine  ports 
610,  612,  614,  616,  618,  620,  622,  624,  626 
grouped  in  three  groups  of  three  each.  Each  group 
of  ports  leads  to  internal  passages  and  valve  cav- 
ities  which  are  substantially  identical  to  the  internal 
passages  and  valve  cavities  of  FIG.  1  and  which 
are  not  shown.  In  FIG.  11,  the  rectangular  actuating 
bar  558  of  FIG.  10  is  replaced  by  a  circular  actuat- 
ing  plate  628  on  which  three  force  balls  630,  632, 
634  are  mounted,  one  for  each  diaphragm  assem- 
bly  602,  604,  606.  When  the  solenoid  coil  (not 
shown)  which  is  mounted  in  the  solenoid  housing 

636  is  actuated,  the  pressure  plate  628  is  acted 
upon  by  an  armature  member  638  which  is  shown 
in  broken  lines  and  the  force  balls  630,  632,  634 
act  upon  the  diaphragm  assemblies  602,  604,  606 

5  to  open  and  close  the  various  orifices  in  the  man- 
ner  which  has  been  previously  described.  When 
the  solenoid  is  non-actuated  compression  spring 
members  act  on  the  diaphragm  assemblies 
602,604,  608  also  as  been  previously  described. 

io  The  solenoid  housing  636  is  mounted  on  the  upper 
member  608  by  means  of  the  screws  640  and  642. 

In  the  non-actuated  state,  the  solenoid  valve 
600  permits  flow  between  ports  610,  612,  between 
ports  616,  618,  and  between  ports  622,  626  and 

is  prevents  flow  between  all  other  ports.  In  the  ac- 
tuated  state,  the  solenoid  valve  600  permits  flow 
between  ports  612,  614,  between  ports  618,  620 
and  between  ports  622,  624  and  prevents  flow 
between  all  other  ports. 

20  In  another  version  700  of  the  second  embodi- 
ment  of  the  invention,  a  second  pair  of  ports  is 
formed  in  the  valve  body  404  as  is  indicated  by 
702,  704  in  FIG.  9.  The  internal  connection  of  the 
ports  424,  430,  426,  428,  702,  704  in  this  version  of 

25  the  second  embodiment  of  the  invention  will  be 
explained  with  reference  to  FIG.  10  and  schematic 
valve  flow  diagrams  FIGS.  10A  and  10B.  The  port 
424  communicates  with  the  central  passage  584. 
The  port  428  communicates  with  the  upper  portion 

30  586  of  the  valve  cavity  414,  and  the  port  704 
communicates  with  the  lower  portion  582  of  the 
valve  cavity  414.  In  a  similar  manner,  the  port  430 
communicates  with  the  central  passage  570.  The 
port  426  communicates  with  the  upper  portion  574 

35  of  the  valve  cavity  414  and  the  port  702  commu- 
nicate  with  the  lower  portion  578  of  the  valve  cavity 
412.  The  ports  430,  702  and  the  ports  424,  704 
form  two  independent  normally  open  flow  paths  as 
indicated  in  FIG.  10A.  The  ports  430,  and  426,  and 

40  424,  428,  form  two  independent  normally  closed 
flow  paths. 

Another  embodiment  of  the  invention  800  is 
shown  in  FIGS.  12-17.  The  embodiment  800  is  a 
normally  closed  solenoid  valve  which  comprises  a 

45  valve  body  802  which  is  mounted  between  a  top 
plate  804  and  a  bottom  plate  806  by  means  of  two 
machine  screws  808,  810  which  engage  tapped 
holes  in  the  top  plate  804.  The  bottom  plate  806 
also  includes  two  tapped  holes  812,  814  which  may 

50  be  used  to  mount  the  solenoid  valve  800  in  a 
desired  location.  The  valve  body  802  and  the  top 
804  and  bottom  plates  806  are  each  generally 
cylindrical  in  configuration. 

The  valve  body  802  includes  a  left  port  816 
55  and  a  right  port  818.  The  designations  left  port  816 

and  right  port  818  relate  to  the  orientation  of  the 
solenoid  valve  assembly  800  as  shown  in  FIG.  13 
and  these  designations  have  been  made  only  as  a 

7 
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matter  of  convenience.  The  left  port  816  commu- 
nicates  with  a  central  bore  820  via  a  conduit  822. 
The  central  bore  820  communicates  with  a  valve 
cavity  870  which  is  formed  in  the  upper  portion  826 
of  the  valve  body  802  and  which  forms  a  novel 
feature  of  the  invention. 

The  right  port  818  communicates  with  the  valve 
cavity  870  by  means  of  an  angled  conduit  828 
which  leads  to  a  horizontal  conduit  830.  Valve  seat 
824  is  formed  by  the  intersection  of  tapered  portion 
825  of  valve  cavity  870  and  central  bore  820. 

A  unitary  diaphragm  member  832  is  provided 
which  includes  a  diaphragm  portion  834,  a  poppet 
portion  836,  and  a  shaft  portion  838.  The  shaft 
portion  838  is  connected  to  an  armature  disk  840  in 
a  manner  which  will  be  presently  described  and 
which  forms  a  novel  feature  of  the  invention.  The 
armature  disk  840  is  urged  downward  by  a  helical 
spring  842  which  is  lodged  in  a  cavity  844  formed 
in  a  solenoid  housing  846  which  is  mounted  on  the 
top  plate  804.  The  lower  end  849  of  the  helical 
spring  842  bears  on  a  spring  seat  member  850 
which  in  turn  bears  on  one  top  832  of  the  armature 
disk  840.  The  downward  motion  of  the  armature 
disk  840  causes  the  poppet  portion  836  to  come 
into  contact  with  the  valve  seat  824  thereby  pre- 
venting  flow  between  the  left  816  and  right  818 
ports  and  closing  the  solenoid  valve  800.  The  sole- 
noid  valve  800  remains  in  the  closed  position  until 
a  solenoid  coil  854  which  is  lodged  in  a  cavity  856 
in  the  solenoid  housing  846  is  electrically  ener- 
gized  via  the  leads  858,  860,  thereby  drawing  the 
armature  disk  840  upward  and  moving  the  poppet 
portion  836  away  from  the  valve  seat  824.  The 
solenoid  coil  854  is  held  in  place  by  a  retaining 
ring  855  which  is  lodged  in  a  groove  853  formed  in 
the  solenoid  housing  836.  The  leads  858,  860  pass 
through  an  aperture  861  which  is  formed  in  the 
solenoid  housing  846.  The  solenoid  housing  846 
also  includes  four  tapped  holes  857  shown  in  FIG. 
14  which  may  be  used  to  mount  the  solenoid  valve 
800  in  a  desired  location  to  facilitate  heat  transfer 
from  the  solenoid  to  the  chassis. 

The  valve  seat  824  and  the  diaphragm  member 
832  are  best  shown  in  FIG.  15  and  the  valve  cavity 
870  comprises  a  conical  portion  862  which  commu- 
nicates  with  the  central  bore  820.  The  outer  edge 
864  of  the  conical  portion  862  leads  to  a  V-shaped 
groove  866  which  is  formed  in  the  valve  body  802. 
The  groove  866  accepts  a  V-shaped  lip  868  which 
is  formed  on  the  diaphragm  portion  834.  The  shape 
of  the  valve  cavity  870  in  combination  with  the 
diaphragm  member  832,  which  will  be  presently 
described  in  detail,  reduces  the  internal  volume  of 
the  cavity  870  of  the  solenoid  valve  800  and  in- 
creases  the  reliability  of  the  valve  by  increasing  the 
contact  area  between  the  poppet  portion  836  and 
the  valve  seat  824,  thereby  reducing  the  contact 

stress  and  improving  the  useful  life  of  the  unit. 
Furthermore,  this  design  serves  to  reduce  the  de- 
gree  of  deformation  of  valve  seat  824  during  opera- 
tion  of  the  valve. 

5  As  is  best  shown  in  FIGS.  15  add  16,  the  shaft 
portion  838  of  the  diaphragm  member  832  projects 
upward  from  the  diaphragm  portion  834  and  in- 
cludes  an  inwardly  tapered  portion  872.  The  shaft 
portion  838  passes  through  a  clearance  hole  874 

io  formed  in  the  top  plate  804  and  the  upper  portion 
876  of  the  shaft  is  connected  to  the  armature  840. 
The  poppet  portion  936  projects  downward  from 
the  lower  surface  878  of  the  diaphragm  disk  834 
and  includes  a  spherical  portion  880.  The  poppet 

is  portion  836  also  includes  a  conical  undercut  882 
formed  at  the  interesection  between  the  poppet 
portion  836  and  the  diapraghm  disk  834. 

The  diaphragm  member  832  is  made  of  a 
plastic  material  having  the  required  properties  of 

20  strength,  flexibility,  and  toughness.  A  plastic  ma- 
terial  which  has  been  found  to  possess  the  re- 
quired  combination  of  physical  properties  is  sold 
under  the  tradename  Teflon.  Other  materials  having 
these  required  properties  may  also  be  used. 

25  As  is  shown  in  FIG.  16,  the  diaphragm  portion 
834  is  deformed  in  the  closed  position  and  the 
diaphragm  portion  834  leaves  the  top  plate  804  to 
the  extent  of  the  movement  of  the  poppet  portion 
836.  FIG.  15  also  shows  the  solenoid  valve  800  in 

30  the  open  position.  In  the  open  position,  the  dia- 
phragm  portion  834  is  undeformed  and  is  fully  in 
contact  with  the  top  plate  804. 

The  armature  840  has  a  central  bore  884  which 
includes  an  inwardly  tapered  portion  886  and  a 

35  counterbored  portion  888.  The  inwardly  tapered 
portion  886  of  the  bore  884  and  the  tapered  portion 
of  the  shaft  838  are  proportioned  so  that,  when 
assembled,  During  assembly,  the  tapered  upper 
end  876  of  the  shaft  838  is  introduced  into  the 

40  inwardly  tapered  portion  of  the  bore  884  and  the 
armature  840  is  pressed  downward  onto  the  shaft 
838  until  a  critical  height  is  reached.  This  critical 
height  is  a  preselected  precise  dimension  as  de- 
scribed  below  between  the  diaphragm  portion  834 

45  to  the  top  of  the  armature  840.  This  dimensional 
relationship  is  shown  as  the  reference  letter  A  in 
FIG.  15.  As  the  armature  840  is  pressed  onto  the 
shaft  838,  the  shaft  portion  876  is  compressed.  The 
shaft  portion  876  which  is  in  the  area  of  the  coun- 

50  terbored  portion  888,  having  been  compressed  by 
the  tapered  portion  of  the  armature  840,  expands 
into  the  counterbored  portion  888,  thereby  locking 
the  shaft  portion  838  and  the  armature  840  to- 
gether.  The  top  of  the  shaft  is  then  cut  off  flush 

55  with  the  top  890  of  the  armature  840.  Although 
formed  of  dissimilar  materials,  the  armature  840 
and  the  diaphragm  member  832  thus  form  a  simple 
and  reliably  connected  assembly  which  is  easily 
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assembled  to  form  a  preselected  precise  dimen- 
sional  relationship  between  the  diaphragm  portion 
834  and  the  top  890  of  the  armature.  The  dimen- 
sion  A  in  FIG.  15  is  set  during  assembly  to  be 
identical  to  the  distance  between  the  surface  891 
on  the  solenoid  housing  846  and  the  surface  893 
on  the  top  plate  804.  This  allows  the  full  amount  of 
travel  of  the  diaphragm  member  832  and  the  pop- 
pet  portion  836. 

The  precise  dimensional  relationship  between 
the  diaphragm  portion  834  and  the  top  890  of  the 
armature  840  facilitates  operation  of  the  solenoid 
valve  800  with  limited  travel  of  the  diaphragm 
member  832.  This  limited  travel  of  the  diaphragm 
member  832  allows  the  solenoid  valve  800  to  op- 
erate  at  relatively  high  pressures  without  the  dan- 
ger  of  rupturing  the  diaphragm  portion  834.  This  is 
accomplished  through  the  use  of  the  top  plate  804 
which  supports  a  part  of  the  diaphragm  portion  334 
and  permits  the  diaphragm  portion  834  to  see  the 
pressure  only  on  the  unsupported  portion.  The 
need  to  limit  the  travel  of  the  diaphragm  member 
832  in  order  to  minimize  the  extent  of  the  unsup- 
ported  portion  of  the  diaphragm  portion  834  re- 
quires  a  precise  relationship  between  the  dia- 
phragm  portion  834  and  the  solenoid  housing  854. 
This  is  readily  accomplished  through  the  precise 
assembly  of  the  diaphragm  member  832  and  the 
armature  840  as  previously  described. 

The  operation  of  the  solenoid  valve  800  is  thus 
relatively  insensitive  to  pressure  on  the  diaphragm 
portion  834  as  a  result  of  the  small  movement  of 
the  diaphragm  member  832. 

FIG.  17  shows  an  additional  embodiment  900 
of  the  invention.  The  embodiment  900  is  a  normally 
open  solenoid  valve  which  comprises  a  valve  body 
902  which  is  mounted  between  a  bottom  plate  904 
and  a  core  member  906  by  means  of  a  plurality  of 
machine  screws  two  of  which  are  shown  by  way  of 
example  by  the  broken  lines  908,  910  in  FIG.  17. 
The  valve  body  902,  the  bottom  plate  904,  and  the 
core  member  906,  are  each  generally  cylindrical  in 
configuration. 

The  valve  body  902  includes  a  left  port  912 
and  a  right  port  914.  The  designations  left  port  912 
and  right  port  914  relate  to  the  orientation  of  the 
solenoid  valve  assembly  900  as  shown  in  FIG.  17 
and  these  designations  have  been  made  only  by 
way  of  example.  The  left  port  912  communicates 
with  a  central  bore  916  via  a  horizontal  conduit  918. 
The  central  bore  916  communicates  with  a  valve 
cavity  920,  the  configuration  of  which  has  been 
previously  shown  in  FIG.  15,  and  the  valve  cavity 
920  communicates  with  the  right  port  914  by 
means  of  an  angled  conduit  922.  Valve  seat  921  is 
formed  by  the  intersection  of  the  tapered  portion  of 
valve  cavity  920  and  central  bore  916. 

A  diaphragm  member  924  is  provided  which  is 

generally  similar  to  the  diaphragm  member  832 
which  was  previously  described.  The  diaphragm 
member  924  has  an  integrally  formed  poppet  por- 
tion  926  and  an  integrally  formed  shaft  portion  928. 

5  The  shaft  portion  928  is  connected  to  an  extension 
shaft  930  by  being  force  fit  into  a  bore  932  in  the 
extension  shaft.  The  extension  shaft  930  projects 
upward  through  a  bore  934  which  is  formed  in  the 
core  906  member  and  is  connected  to  an  armature 

io  disk  936  by  means  of  a  shaft  end  938  which  is 
force  fit  into  a  central  bore  940  in  the  armature  disk 
936. 

The  upper  portion  942  of  the  bore  934  has  an 
enlarged  diameter  which  accommodates  a  helical 

is  spring  944.  The  helical  spring  944  urges  the  ar- 
mature  disk  936  upward  until  the  armature  disk 
bears  against  a  mounting  plate  946  which  is  con- 
nected  to  the  core  member  906  in  a  conventional 
manner.  The  mounting  plate  946  includes  an  in- 

20  spection  aperture  947.  In  the  upper  position  of  the 
armature  disk  936,  which  is  shown  in  FIG.  17,  the 
poppet  portion  926  of  the  diaphragm  member  924 
is  held  away  from  the  valve  seat  921  thereby 
permitting  communication  between  the  left  port  912 

25  and  the  right  port  914  of  the  valve  body  902. 
The  solenoid  valve  900  includes  a  solenoid  coil 

948  which  is  disposed  in  a  cavity  951  formed  in  the 
core  member  906.  When  the  solenoid  coil  is  en- 
ergized  via  the  leads  950,  952  the  armature  disk 

30  936  is  drawn  toward  the  solenoid  coil  948  overcom- 
ing  the  force  of  the  helical  spring  944  and  causing 
the  poppet  portion  926  to  come  into  contact  with 
the  valve  seat  921,  thereby  closing  the  solenoid 
valve  900.  The  leads  950,  952  pass  through  an 

35  aperture  953  which  is  formed  in  the  core  member 
906. 

In  the  embodiment  900  the  extension  shaft  is 
made  of  non-magnetic  material  and  the  diaphragm 
member  924  is  made  of  material  having  suitable 

40  flexibility  such  as  a  plastic  material,  e.g.  Delrin. 
It  is  noted  that  the  valve  body  and  diaphragm 

may  be  made  of  various  materials  depending  on 
the  application.  Thus,  the  valve  body  and  dia- 
phragm  may  be  made  of  Teflon  or  KEL-F  material 

45  where  harsh  chemicals  are  to  be  handled.  How- 
ever,  in  less  demanding  applications  the  valve 
body  can  be  made  of  metal  such  as  stainless  steel, 
brass  or  aluminum,  and  the  diaphragm  may  be 
made  of  rubber. 

50  Although  the  solenoid  valves  according  to  the 
present  invention  have  been  described  as  control- 
ling  fluids  it  should  be  understood  that  these  valves 
may  also  be  used  for  controlling  gases. 

55  Claims 

1.  A  solenoid  valve  (10)  comprising  a  valve  body 
(24)  having  a  valve  cavity  (60),  first  port  means 
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(152)  disposed  on  said  valve  body  (24)  and 
communicating  with  said  valve  cavity  (60),  sec- 
ond  port  means  (154)  disposed  on  said  valve 
body  (24)  and  communicating  with  said  valve 
cavity  (60),  an  orifice  member  (172)  having  an  5 
orifice  (176),  with  said  orifice  member  (172) 
mounted  in  said  valve  cavity  (60)  and  disposed 
separating  said  first  and  second  ports  (152, 
154),  electrically  operated  solenoid  means 
mounted  on  said  valve  body  (24)  and  including  10 
a  solenoid  coil  (18)  and  armature  means  (16) 
disposed  for  actuation  by  said  solenoid  coil 
(18),  diaphragm  means  (62)  comprising  a  flexi- 
ble  disk  shaped  membrane  portion  (70)  moun- 
ted  in  said  valve  cavity,  said  diaphragm  means  is 
acting  as  a  seal  against  leakage  of  fluid  from 
the  valve  cavity,  poppet  means  (86)  formed  as 
part  of  said  diaphragm  means  (62)  with  said 
poppet  means  (86)  operative  to  close  said  ori- 
fice  (176),  with  said  diaphragm  means  (62)  and  20 
said  poppet  means  (86)  comprising  an  integ- 
rally  formed  unitary  member,  with  said  poppet 
means  (86)  centrally  located  on  said  dia- 
phragm  means  (62),  and  resilient  means  (92) 
mounted  on  said  valve  body  (24)  and  disposed  25 
to  bear  on  said  diaphragm  means  (62)  and 
bias  said  diaphragm  means  (62)  and  said  pop- 
pet  means  (86)  in  a  first  direction,  thus  closing 
the  orifice  (176)  while  said  solenoid  means  (18) 
urge  the  poppet  means  (86)  in  a  second  direc-  30 
tion,  thus  opening  the  orifice  (176),  charac- 
terised  in  that  said  armature  means  (16)  is  in 
free  abutting  engagement  with  said  poppet 
means  (86),  and  pressure  plate  means  (52)  is 
mounted  on  the  outer  surface  of  said  valve  35 
body  (24)  and  supports  said  flexible  membrane 
portion  of  said  diaphragm  means  (62)  thereby 
enhancing  the  ability  of  said  diaphragm  means 
(62)  to  withstand  fluid  pressure  and  with  said 
solenoid  means  (18)  capable  of  biasing  said  40 
diaphragm  and  poppet  means  (62,  86)  in  a 
second  direction  which  is  opposite  to  said  first 
direction. 

2.  A  solenoid  valve  according  to  Claim  1  charac-  45 
terised  in  that  said  resilient  means  (92)  are 
disposed  to  bias  said  diaphragm  means  (62) 
and  said  poppet  means  (86)  toward  a  normally 
closed  position  and  in  which  said  armature 
means  (16)  are  actuated  by  said  solenoid  so 
means  to  force  said  diaphragm  and  said  pop- 
pet  means  toward  an  open  position. 

3.  A  solenoid  valve  according  to  Claim  1  charac- 
terised  in  that  the  intersection  of  said  poppet  55 
means  (86)  and  said  diaphragm  means  (62) 
comprises  an  undercut  portion  (182)  with  said 
undercut  directed  inwardly  of  said  poppet 

means. 

4.  A  solenoid  valve  according  to  Claim  1  charac- 
terised  by  comprising  a  second  orifice  mem- 
ber  having  an  orifice  (176),  second  diaphragm 
means  (84)  and  second  poppet  means  (88) 
with  said  second  diaphragm  means  and  said 
second  poppet  means  disposed  to  close  said 
orifice  on  said  second  orifice  member,  and 
connecting  means  (74,  82)  connecting  said 
first  and  said  second  poppet  means. 

5.  A  solenoid  valve  according  to  Claim  4  charac- 
terised  by  including  a  third  port  (160)  and 
internal  passages  disposed  to  permit  flow  be- 
tween  said  first  port  and  said  third  port,  while 
preventing  flow  through  said  second  port  while 
said  poppet  means  are  in  a  first  position,  and 
to  permit  flow  between  said  third  port  and 
second  port  and  to  prevent  flow  through  said 
first  port  when  said  poppet  means  are  in  a 
second  position. 

6.  A  solenoid  valve  according  to  Claim  4  charac- 
terised  by  including  a  third  port  and  a  fourth 
port,  second  diaphragm  means  and  second 
poppet  means,  a  second  orifice  member,  each 
of  said  orifice  members  having  an  orifice,  an 
actuating  bar  (558)  disposed  below  two  of  said 
diaphragm  means  (432,  434)  and  a  pair  of 
force  balls  (436,  438)  bearing  on  said  two 
diaphragm  means  and  activator  means  (546) 
bearing  on  a  central  portion  of  said  actuating 
bar  to  cause  said  force  balls  to  bear  against 
said  diaphragm  means  for  the  purpose  of  op- 
erating  said  poppet  means  to  simultaneous 
control  flow  between  said  first  and  second 
ports  (424,  426)  and  between  said  third  and 
fourth  ports  (428,  430). 

7.  A  solenoid  valve  according  to  Claim  1  charac- 
terised  by  comprising  a  second  valve  cavity 
and  a  third  valve  cavity,  a  total  of  three  dia- 
phragm  assemblies  (602,  604,  606)  disposed 
on  each  in  said  valve  cavities,  and  pressure 
plate  means  (628)  disposed  between  said  dia- 
phragm  means  and  said  diaphragm  assem- 
blies  for  simultaneous  operation  of  said  three 
diaphragm  assemblies. 

8.  A  solenoid  valve  according  to  Claim  1  in  which 
said  diaphragm  means  (63)  has  an  upper  sur- 
face  and  a  lower  surface,  said  poppet  means 
(86)  are  disposed  on  said  lower  surface  of  said 
diaphragm  means  with  said  poppet  means  op- 
erative  to  close  said  orifice  (176),  shaft  means 
(16)  disposed  on  said  upper  surface  of  said 
diaphragm  means  with  said  shaft  means  hav- 
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ing  connecting  means  for  connecting  said  shaft 
means  to  said  armature  means  (14),  resilient 
means  (842)  disposed  to  bear  on  said  ar- 
mature  means  and  bias  said  armature  means 
in  a  first  direction,  away  from  said  solenoid 
means  and  with  said  poppet  means  closing 
said  orifice  means,  and  with  said  solenoid 
means  capable  of  biasing  said  armature  means 
in  a  second  direction  which  is  opposite  said 
first  direction,  thereby  opening  said  orifice. 

9.  A  solenoid  valve  according  to  Claim  8  charac- 
terised  in  that  said  diaphragm  means  (924), 
said  poppet  means  (926),  and  said  shaft 
means  (928)  comprise  a  unitary  member. 

10.  A  solenoid  valve  according  to  Claim  8  charac- 
terised  in  that  said  poppet  means  comprises  a 
semi-spherical  end  portion  (836)  and  a  conical 
portion  (882)  having  a  larger  diameter  and  a 
smaller  diameter  with  said  larger  diameter  dis- 
posed  adjacent  said  semi-spherical  end  portion 
and  said  smaller  diameter  disposed  adjacent 
said  diaphragm  means. 

11.  A  solenoid  valve  according  to  Claim  8  charac- 
terised  in  that  said  armature  means  (840)  has  a 
first  face  and  a  second  face  and  includes  a 
centrally  located  tapered  bore  (884)  with  the 
larger  diameter  of  said  tapered  bore  adjacent 
said  first  face  of  said  armature  means. 

12.  A  solenoid  valve  according  to  Claim  11  charac- 
terised  in  that  connecting  means  (838)  for  con- 
necting  said  shaft  means  to  said  armature 
means  comprising  a  tapered  portion  (872) 
formed  on  said  shaft  means  and  proportioned 
to  form  an  interference  fit  with  said  tapered 
bore  (884)  on  said  armature  means. 

13.  A  solenoid  valve  according  to  Claim  8  charac- 
terised  in  that  said  spring  means  (944)  is  dis- 
posed  to  bias  said  armature  means  in  said 
second  direction,  thereby  urging  said  poppet 
means  away  from  said  orifice  means,  and  with 
said  solenoid  means  capable  of  biasing  said 
armature  in  said  first  direction  closing  said 
orifice. 

Revendicatlons 

1.  Vanne  electromagnetique  (10)  comprenant  un 
corps  de  vanne  (24)  possedant  une  cavite  de 
vanne  (60),  des  premiers  moyens  en  forme 
d'ouverture  de  raccordement  (152)  prevus  sur 
ledit  corps  de  vanne  (24)  et  communiquant 
avec  ladite  cavite  de  vanne  (60),  des  seconds 
moyens  en  forme  d'ouverture  de  raccordement 

(154)  prevus  sur  ledit  corps  de  vanne  (24)  et 
communiquant  avec  ladite  cavite  de  vanne 
(60),  un  element  a  orifice  (172)  possedant  un 
orifice  (176),  ledit  element  a  orifice  (172)  etant 

5  monte  dans  ladite  cavite  de  vanne  (60)  et 
dispose  separement  desdites  premiere  et  se- 
conde  ouvertures  de  raccordement  (152,154), 
des  moyens  formant  electroaimant  actionnes 
electriquement  et  montes  sur  ledit  corps  de 

io  vanne  (24)  et  comprenant  un  soleno'fde  (18)  et 
des  moyens  formant  armature  (16)  disposes 
de  maniere  a  etre  actionnes  par  ledit  soleno'fde 
(18),  des  moyens  formant  diaphragme  (62) 
comprenant  une  partie  de  membrane  (70)  en 

is  forme'  de  disque  flexible,  montee  dans  ladite 
cavite  de  vanne,  lesdits  moyens  formant  diaph- 
ragme  agissant  en  tant  qu'element  d'etanchei- 
te  contre  une  fuite  du  fluide  a  partir  de  la 
cavite  de  vanne,  des  moyens  formant  soupape 

20  (86)  realises  en  tant  que  partie  desdits  moyens 
formant  diaphragme  (62),  lesdits  moyens  for- 
mant  soupape  (86)  etant  actifs  pour  fermer 
ledit  orifice  (176),  et  lesdits  moyens  formant 
diaphragme  (62)  et  lesdits  moyens  formant 

25  soupape  (86)  comprenant  un  element  unitaire 
forme  d'un  seul  tenant,  lesdits  moyens  formant 
soupape  (86)  etant  disposes  d'une  maniere 
centree  sur  lesdits  moyens  formant  diaphrag- 
me  (62),  et  des  moyens  elastiques  (92)  montes 

30  sur  ledit  corps  de  vanne  (24)  et  disposes  de 
maniere  a  s'appliquer  sur  lesdits  moyens  for- 
mant  diaphragme  (62)  et  a  solliciter  lesdits 
moyens  formant  diaphragme  (62)  et  lesdits 
moyens  formant  soupape  (86)  dans  une  pre- 

35  miere  direction,  de  maniere  a  fermer  I'orifice 
(176),  tandis  que  lesdits  moyens  formant  sole- 
no'fde  (18)  repoussent  les  moyens  formant 
soupape  (86)  dans  une  seconde  direction,  de 
maniere  a  ouvrir  I'orifice  (176),  caracterisee  en 

40  ce  que  lesdits  moyens  formant  armature  (16) 
sont  appliques  librement  en  butee  contre  les- 
dits  moyens  formant  soupape  (86),  et  des 
moyens  en  forme  de  plaque  de  pression  (52) 
sont  montes  sur  la  surface  exterieure  dudit 

45  corps  de  vanne  (24)  et  supportent  ladite  partie 
de  membrane  flexible  desdits  moyens  formant 
diaphragme  (62)  de  maniere  a  ameliorer  la 
capacite  desdits  moyens  formant  diaphragme 
(62)  a  resister  a  une  pression  d'un  fluide, 

50  lesdits  moyens  formant  soleno'fde  (18)  pouvant 
solliciter  lesdits  moyens  formant  diaphragme 
et  lesdits  moyens  formant  soupape  (62,86) 
dans  une  seconde  direction  dirigee  a  I'oppose 
de  ladite  premiere  direction. 

55 
2.  Vanne  electromagnetique  selon  la  revendica- 

tion  1,  caracterisee  en  ce  que  lesdits  moyens 
elastiques  (92)  sont  disposes  de  maniere  a 

11 
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solliciter  lesdits  moyens  formant  diaphragme 
(62)  et  lesdits  moyens  formant  soupape  (86) 
en  direction  d'une  position  normalement  fer- 
mee,  et  dans  laquelle  lesdits  moyens  formant 
armature  (16)  sont  actionnes  par  lesdits  5 
moyens  formant  soleno'fde  pour  repousser  ledit 
diaphragme  et  lesdits  moyens  formant  soupa- 
pe  dans  une  position  ouverte. 

3.  Vanne  electromagnetique  selon  la  revendica-  10 
tion  1,  caracterisee  en  ce  que  I'intersection 
desdits  moyens  formant  soupape  (86)  et  des- 
dits  moyens  formant  diaphragme  (62)  com- 
prend  une  partie  en  depouille  (182),  qui  est 
dirigee  vers  I'interieur  desdits  moyens  formant  is 
soupape. 

4.  Vanne  electromagnetique  selon  la  revendica- 
tion  1  ,  caracterisee  en  ce  qu'elle  comprend  un 
second  element  a  orifice  comportant  un  orifice  20 
(176),  des  seconds  moyens  formant  diaphrag- 
me  (84)  et  des  seconds  moyens  formant  sou- 
pape  (88),  lesdits  seconds  moyens  formant 
diaphragme  et  lesdits  seconds  moyens  for- 
mant  soupape  etant  disposes  de  maniere  a  25 
fermer  ledit  orifice  present  dans  ledit  second 
element  a  orifice,  et  des  moyens  de  raccorde- 
ment  (74,  82)  raccordant  lesdits  premiers  et 
seconds  moyens  formant  soupapes. 

30 
5.  Vanne  electromagnetique  selon  la  revendica- 

tion  4,  caracterisee  en  ce  qu'elle  comprend 
une  troisieme  ouverture  de  raccordement  (160) 
et  des  passages  internes  disposes  de  maniere 
a  permettre  un  ecoulement  entre  ladite  pre-  35 
miere  ouverture  de  raccordement  et  ladite  troi- 
sieme  ouverture  de  raccordement,  tout  en  em- 
pechant  un  ecoulement  par  ladite  seconde  ou- 
verture  de  raccordement,  lorsque  lesdits 
moyens  formant  soupape  sont  dans  la  premie-  40 
re  position,  et  a  permettre  un  ecoulement  entre 
ladite  troisieme  ouverture  de  raccordement  et 
ladite  seconde  ouverture  de  raccordement  et 
empecher  un  ecoulement  par  ladite  premiere 
ouverture  de  raccordement,  lorsque  lesdits  45 
moyens  formant  soupape  sont  dans  une  se- 
conde  position. 

6.  Vanne  electromagnetique  selon  la  revendica- 
tion  4,  caracterisee  en  ce  qu'elle  comprend 
une  troisieme  ouverture  de  raccordement  et 
une  quatrieme  ouverture  de  raccordement,  des 
seconds  moyens  formant  diaphragme  et  des 
seconds  moyens  formant  soupape,  un  second 
element  a  orifice,  chacun  desdits  elements  a 
orifice  comportant  un  orifice,  une  barre  d'ac- 
tionnement  (558)  disposee  au-dessous  de 
deux  desdits  moyens  formant  diaphragmes 

(432,434)  et  un  couple  de  billes  de  force 
(436,438)  qui  prennent  appui  sur  lesdits  deux 
moyens  formant  diaphragmes,  et  des  moyens 
d'activation  (546)  places  en  appui  sur  une  par- 

5  tie  centrale  de  ladite  barre  d'actionnement 
pour  amener  lesdites  billes  de  force  a  s'appli- 
quer  contre  lesdits  moyens  formant  diaphrag- 
me  pour  actionner  lesdits  moyens  formant  sou- 
pape  de  maniere  a  commander  simultanement 

io  I'ecoulement  entre  lesdites  premiere  et  secon- 
de  ouvertures  de  raccordement  (424,426)  et 
entre  lesditestroisieme  et  quatrieme  ouvertures 
de  raccordement  (428,430). 

is  7.  Vanne  electromagnetique  selon  la  revendica- 
tion  1  ,  caracterisee  en  ce  qu'elle  comporte  une 
seconde  cavite  de  vanne  et  une  troisieme  cavi- 
te  de  vanne,  un  total  de  trois  ensembles  a 
diaphragmes  (602,604,606)  disposes  respecti- 

20  vement  dans  lesdites  cavites  de  vanne,  et  des 
moyens  formant  plaque  de  pression  (628)  dis- 
poses  entre  lesdits  moyens  formant  diaphrag- 
mes  et  lesdits  ensembles  a  diaphragmes  pour 
actionner  simultanement  lesdits  trois  ensem- 

25  bles  a  diaphragmes. 

8.  Vanne  electromagnetique  selon  la  revendica- 
tion  1,  dans  laquelle  lesdits  moyens  formant 
diaphragme  (63)  possedent  une  surface  supe- 

30  rieure  et  une  surface  inferieure,  lesdits  moyens 
formant  soupape  (86)  sont  disposes  sur  ladite 
surface  inferieure  desdits  moyens  formant 
diaphragme  et  sont  actifs  pour  fermer  ledit 
orifice  (176),  des  moyens  en  forme  d'arbre 

35  (16)  disposes  sur  ladite  surface  superieure 
desdits  moyens  formant  diaphragme  et  posse- 
dant  des  moyens  servant  a  raccorder  lesdits 
moyens  en  forme  d'arbre  auxdits  moyens  for- 
mant  armature  (14),  des  moyens  elastiques 

40  (842)  disposes  de  maniere  a  prendre  appui  sur 
lesdits  moyens  formant  armature  et  solliciter 
lesdits  moyens  formant  armature  dans  une 
premiere  direction,  en  les  ecartant  desdits 
moyens  formant  soleno'fde,  et  lesdits  moyens 

45  formant  soupape  fermant  lesdits  moyens  a  ori- 
fices,  et  lesdits  moyens  formant  soleno'fde 
etant  aptes  a  solliciter  lesdits  moyens  formant 
armature  dans  une  seconde  direction  qui  est 
opposee  a  ladite  premiere  direction,  de  manie- 

50  re  a  ouvrir  ledit  orifice. 

9.  Vanne  electromagnetique  selon  la  revendica- 
tion  8,  caracterisee  en  ce  que  lesdits  moyens 
formant  diaphragme  (924),  lesdits  moyens  for- 

55  mant  soupape  (926)  et  lesdits  moyens  en  for- 
me  d'arbre  (928)  forment  un  element  mono- 
bloc. 

12 
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10.  Vanne  electromagnetique  selon  la  revendica- 
tion  8,  caracterise  en  ce  que  lesdits  moyens 
formant  soupape  comprennent  une  partie  d'ex- 
tremite  hemispherique  (836)  et  une  partie  coni- 
que  (882)  possedant  un  diametre  plus  impor- 
tant  et  un  diametre  plus  faible,  ledit  diametre 
plus  important  etant  situe  au  voisinage  de  ladi- 
te  partie  d'extremite  hemispherique  et  ledit 
diametre  plus  faible  etant  situe  au  voisinage 
desdits  moyens  formant  diaphragme. 

11.  Vanne  electromagnetique  selon  la  revendica- 
tion  8,  caracterisee  en  ce  que  lesdits  moyens 
formant  armature  (840)  possedent  une  premie- 
re  face  et  une  seconde  face  et  comprennent 
un  pergage  retreci  (884)  en  position  centree, 
dont  le  plus  grand  diametre  est  situe  au  voisi- 
nage  de  ladite  premiere  face  desdits  moyens 
formant  armature. 

12.  Vanne  electromagnetique  selon  la  revendica- 
tion  1  1  ,  caracterisee  en  ce  que  lesdits  moyens 
de  raccordement  (838)  pour  le  raccordement 
desdits  moyens  en  forme  d'arbre  auxdits 
moyens  formant  armature  comprennent  une 
partie  retrecie  (872)  formee  sur  lesdits  moyens 
en  forme  d'arbre  et  proportionnes  de  maniere 
a  etablir  une  liaison  a  ajustement  serre  avec 
ledit  pergage  retreci  (884)  prevu  dans  lesdits 
moyens  formant  armature. 

13.  Vanne  electromagnetique  selon  la  revendica- 
tion  8,  caracterise  en  ce  que  lesdits  moyens 
formant  ressort  (944)  sont  disposes  de  manie- 
re  a  solliciter  lesdits  moyens  formant  armature 
dans  ladite  seconde  direction,  de  maniere  a 
repousser  lesdits  moyens  formant  soupape  en 
les  ecartant  desdits  moyens  a  orifice,  lesdits 
moyens  formant  soleno'fde  etant  apte  a  sollici- 
ter  ladite  armature  dans  ladite  premiere  direc- 
tion  en  fermant  ledit  orifice. 

Patentanspruche 

1.  Magnetventil  (10),  mit: 
Einem  Ventilkorper  (24)  mit  einem  Ventil-Hohl- 
raum  (60),  einem  ersten  Kanal  (152),  welcher 
in  dem  Ventilkorper  (24)  angeordnet  ist  und 
mit  dem  Ventil-Hohlraum  (60)  in  Verbindung 
steht,  einem  zweiten  Kanal  (154),  der  in  dem 
Ventilkorper  (24)  angeordnet  und  mit  dem 
Ventil-Hohlraum  (60)  in  Verbindung  steht,  ei- 
nem  Ausmundungs-Element  (172)  mit  einer 
Austrittsoffnung  (176),  wobei  das  Ausmun- 
dungselement  (172)  in  dem  Ventil-Hohlraum 
(60)  eingebaut  und  so  angeordnet  ist,  da/S  es 
den  ersten  Kanal  (152)  und  den  zweiten  Kanal 
(154)  voneinander  trennt,  einer  elektrisch  beta- 

tigten  Magnetspulenvorrichtung,  die  auf  dem 
Ventilkorper  (24)  montiert  ist  und  die  eine  Ma- 
gnetspule  (18)  sowie  einen  Anker  (16)  aufweist, 
der  zum  Zwecke  einer  Betatigung  durch  die 

5  Magnetspule  (18)  angeordnet  ist,  einer 
Membran-Einrichtung  (62),  welche  einen  flexi- 
blen,  scheibenformig  ausgebildeten  Membran- 
teil  (70)  aufweist,  der  in  dem  Ventil-Hohlraum 
angeordnet  ist,  wobei  die  Membran-Einrichtung 

io  als  eine  Dichtung  gegenuber  einer  Flussig- 
keitsleckage  aus  dem  Ventil-Hohlraum  wirkt, 
einem  Ventilkegel  (86),  welcher  als  ein  Teil  der 
Membran-Einrichtung  (62)  ausgebildet  ist,  wo- 
bei  dieser  Ventilkegel  (86)  in  der  Weise  be- 

15  triebsfahig  ist,  da/S  er  die  Austrittsoffnung 
(176)  verschlie/St,  die  Membran-Einrichtung 
(62)  und  der  Ventilkegel  (86)  ein  einstuckig 
geformtes,  einheitliches  Element  aufweisen 
und  wobei  der  Ventilkegel  (86)  sich  auf  der 

20  Membran-Einrichtung  (62)  in  einer  zentrierten 
Anordnung  befindet,  sowie  mit  einer  Federvor- 
richtung  (92),  welche  an  dem  Ventilkorper  (24) 
angebracht  und  so  angeordnet  ist,  urn  die 
Membran-Einrichtung  (62)  zu  stutzen  und  die 

25  Membran-Einrichung  (62)  und  den  Ventilkegel 
(86)  in  einer  ersten  Richtung  vorzuspannen, 
urn  hierdurch  die  Austrittsoffnung  (176)  zu  ver- 
schlie/Sen,  wahrend  die  Magnetspulen-Vorrich- 
tung  (18)  den  Ventilkegel  (86)  in  einer  zweiten 

30  Richtung  antreibt,  urn  hierdurch  die  Austritts- 
offnung  (176)  zu  offnen, 
dadurch  gekennzeichnet,  da/S  der  Anker  (16) 
sich  in  einer  frei  ansto/Senden  Angriffsposition 
in  bezug  auf  den  Ventilkegel  (86)  befindet  und 

35  eine  Druckplatte  (52)  an  der  au/Seren  Oberfla- 
che  des  Ventilkorpers  (24)  angebracht  ist  und 
den  flexiblen  Membranteil  der  Membran-Ein- 
richtung  (62)  tragt,  urn  hierdurch  die  Fahigkeit 
der  Membran-Einrichtung  (62)  zu  erhohen, 

40  dem  Flussigkeitsdruck  standzuhalten,  wobei 
die  Magnetspulen-Vorrichtung  (18)  dazu  befa- 
higt  ist,  die  Membran-Einrichtung  (62)  sowie 
den  Ventilkegel  (86)  in  einer  zweiten  Richtung 
vorzuspannen,  welche  zu  der  ersten  Richtung 

45  entgegengesetzt  gerichtet  ist. 

2.  Magnetspule  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Federvor- 
richtung  (92)  so  angeordnet  ist,  urn  die 

50  Membran-Einrichtung  (62)  und  den  Ventilkegel 
(86)  zu  einer  normalerweise  geschlossenen 
Position  hin  vorzuspannen,  und  da/S  der  Anker 
(16)  durch  die  Magnetspulen-Vorrichtung  beta- 
tigt  wird,  urn  die  Membran-Einrichtung  sowie 

55  den  Ventilkegel  in  eine  geoffnete  Position  zu 
treiben. 

3.  Magnetventil  nach  Anspruch  1  , 
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dadurch  gekennzeichnet,  da/S  im  Bereich 
der  Sto/Sstelle  zwischen  dem  Ventilkegel  (86) 
und  der  Membran-Einrichtung  (62)  ein  hinter- 
schnittener  Abschnitt  (182)  vorgesehen  ist,  wo- 
bei  diese  Hinterschneidung  nach  einwarts  in 
bezug  auf  den  Ventilkegel  gerichtet  ist. 

4.  Magnetventil  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  es  ein  zweites 
Ausmundungs-Element  mit  einer  Austrittsoff- 
nung  (176),  eine  zweite  Membraneinrichtung 
84),  sowie  einen  zweiten  Ventilkegel  (86)  auf- 
weist,  wobei  die  zweite  Membran-Einrichtung 
und  der  zweite  Ventilkegel  so  angeordnet  sind, 
urn  die  vorgenannte  Austrittsoffnung  an  dem 
zweiten  Ausmundungs-Element  zu  verschlie- 
lien,  und  da/S  eine  Verbindungsvorrichtung  (74, 
82)  zum  Verbinden  des  ersten  Ventilkegels  mit 
dem  zweiten  Ventilkegel  vorgesehen  ist. 

5.  Magnetventil  nach  Anspruch  4, 
dadurch  gekennzeichnet,  da/S  es  einen  drit- 
ten  Kanal  (160)  und  innere  Durchgange  auf- 
weist,  welche  so  angeordnet  sind,  da/S  sie  den 
Flu/S  zwischen  dem  ersten  Kanal  und  dem  drit- 
ten  Kanal  erlauben,  wahrend  der  Flu/S  durch 
den  zweiten  Kanal  unterbunden  ist,  solange 
der  Ventilkegel  sich  in  einer  ersten  Position 
befindet,  und  den  Flu/S  zwischen  dem  dritten 
Kanal  und  dem  zweiten  Kanal  erlauben  und 
den  Flu/S  durch  den  ersten  Kanal  unterbinden, 
wenn  der  genannte  Ventilkegel  sich  in  einer 
zweiten  Position  befindet. 

6.  Magnetventil  nach  Anspruch  4, 
dadurch  gekennzeichnet,  da/S  es  aufweist: 
Einen  dritten  Kanal  und  einen  vierten  Kanal, 
eine  zweite  Membran-Einrichtung  und  einen 
zweiten  Ventilkegel,  ein  zweites  Ausmundungs- 
Element,  wobei  ein  jedes  der  Ausmundungs- 
Elemente  eine  Austrittsoffnung  besitzt,  eine 
unterhalb  von  beiden  Membran-Einrichtungen 
(432,  434)  angeordnete  Betatigungsstange 
(558)  und  ein  Paar  von  Druck-Kugeln  (436, 
438),  welche  sich  auf  den  beiden  Membran- 
Einrichtungen  abstutzen,  sowie  eine  Betati- 
gungsvorrichtung  (546),  welche  an  einem  mitt- 
leren  Abschnitt  der  Betatigungsstange  abge- 
stutzt  ist,  urn  zu  verursachen,  da/S  die  Druck- 
Kugeln  auf  die  Membran-Einrichtungen  zum 
Zwecke  der  Betatigung  der  Vantilkegel  einwir- 
ken,  urn  die  Stromung  zwischen  dem  ersten 
Kanal  (424)  und  dem  zweiten  Kanal  (426)  und 
zwischen  dem  dritten  Kanal  (428)  und  dem 
vierten  Kanal  (430)  gleichzeitig  zu  steuern. 

7.  Magnetventil  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  es  aufweist: 

Einen  zweiten  Ventil-Hohlraum  und  einen  drit- 
ten  Ventil-Hohlraum,  eine  Gesamtheit  von  drei, 
in  einem  jeden  der  Ventil-Hohlraume  jeweils 
angeordneten  Membran-Einheiten  (602,  604, 

5  606)  und  eins  Druck-Platte  (628),  welche  zwi- 
schen  der  Membran-Einrichtung  und  den 
Membran-Einheiten  zum  Zwecke  einer  gleich- 
zeitigen  Betatigung  dieser  drei  Membran-Ein- 
heiten  angeordnet  ist. 

10 
8.  Magnetventil  nach  Anspruch  1,  bei  dem  die 

Membran-Einrichtung  (62)  eine  obere  Oberfla- 
che  und  eine  untere  Oberflache  aufweist,  der 
Ventilkegel  (86)  auf  der  unteren  Oberflache  der 

is  Membran-Einrichtung  angeordnet  ist,  wobei 
dieser  Ventilkegel  zum  Zwecke  des  Schlie/Sens 
der  Austrittsoffnung  (176)  wirksam  ist,  ein 
Schaft  (16)  auf  der  oberen  Oberflache  der 
Membran-Einrichtung  angeordnet  ist,  wobei 

20  dieser  Schaft  ein  Verbindungselement  zum 
Verbinden  des  Schaftes  mit  dem  Anker  (14) 
aufweist,  sowie  eine  so  angeordnete  Federvor- 
richtung  (842)  vorgesehen  ist,  da/S  sie  sich  auf 
dem  Anker  abstutzt  und  den  Anker  in  einer 

25  ersten  Richtung  von  der  Magnetspule  weg  vor- 
spannt,  wobei  der  Ventilkegel  die  Austritts-Off- 
nung  verschlie/St  und  wobei  die  Magnetspule 
dazu  befahigt  ist,  den  Anker  in  einer  zweiten 
Richtung  vorzuspannen,  welche  zu  der  ersten 

30  Richtung  entgegengesetzt  gerichtet  ist,  wo- 
durch  die  Austritts-Offnung  geoffnet  wird. 

9.  Magnetventil  nach  Anspruch  8, 
dadurch  gekennzeichnet,  da/S  die  Membran- 

35  Einrichtung  (924),  der  Ventilkegel  (926)  und 
der  Schaft  (920)  ein  unitares  Element  aufwei- 
sen. 

10.  Magnetventil  nach  Anspruch  8, 
40  dadurch  gekennzeichnet,  da/S  der  Ventilke- 

gel  einen  halbkugelformigen  Endabschnitt 
(836)  sowie  einen  kopischen  Abschnitt  (882) 
mit  einem  gro/Seren  Durchmesser  und  mit  ei- 
nem  kleineren  Durchmesser  aufweist,  wobei 

45  sich  der  gro/Sere  Durchmesser  an  den  halbku- 
gelformigen  Endabschnitt  angrenzend  und  der 
kleinere  Durchmesser  an  die  Membran-Einrich- 
tung  angrenzend  befinden. 

50  11.  Magnetventil  nach  Anspruch  8, 
dadurch  gekennzeichnet,  da/S  der  Anker 
(840)  eine  erste  Flache  und  eine  zweite  Flache 
aufweist  und  eine  mittig  angeordnete,  sich  ko- 
nisch  verjungende  Bohrung  (884)  enthalt,  wo- 

55  bei  der  gro/Sere  Durchmesser  der  sich  konisch 
verjungenden  Bohrung  an  die  erste  Flache  des 
Ankers  angrenzt. 
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12.  Magnetventil  nach  Anspruch  11, 
dadurch  gekennzeichnet,  da/S  das  Verbin- 
dungselement  (838)  zum  Verbinden  des  Schaf- 
tes  mit  dem  Anker  einen  sich  konisch  verjun- 
genden  Abschnitt  (872)  aufweist,  der  an  dem  5 
Schaft  ausgebildet  und  so  bemessen  ist,  da/S 
er  einen  Festsitz  bezuglich  der  sich  konisch 
verjungenden  Bohrung  (884)  in  dem  Anker  bil- 
det. 

10 
13.  Magnetventil  nach  Anspruch  8, 

dadurch  gekennzeichnet,  da/S  die  Feder 
(944)  so  angeordnet  ist,  da/S  sie  den  Anker  in 
der  genannten  zweiten  Richtung  vorspannt, 
wodurch  der  Ventilkegel  von  der  Austrittsoff-  is 
nung  weggetrieben  wird,  wobei  die  Magnet- 
spule  dazu  befahigt  ist,  den  Anker  in  der  er- 
sten,  die  Austrittsoffnung  verschlie/Senden 
Richtung  vorzuspannen. 

20 

25 

30 

35 

40 

45 

50 

15 



EP  0  319  618  B1 

16 



:P  0  319  618  B1 



EP  0  319  618  B1 

18 



EP  0  319  618  B1 

22Z 

19 



EP  0  319  618  B1 

20 



EP  0  319  618  B1 

F I G .   1 0  

510 

21 



EP  0  319  618  B1 

22 



EP  0  319  618  B1 

F t   G .   1 2  

23 



EP  0  319  618  B1 

F I G .   1 3  

24 



EP  0  319  618  B1 

F l   G .   1 4  

25 



EP  0  319  618  B1 

F I G .   1 5  

26 



EP  0  319  618  B1 

F I G .   1 6  

27 



EP  0  319  618  B1 

28 


	bibliography
	description
	claims
	drawings

