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Description 

Field  of  the  Invention 

This  invention  relates  to  fuel  injectors  for  internal 
combustion  engines. 

Background  of  the  Invention 

Fuel  injectors  have  enjoyed  increasing  usage  in 
spark-ignited  internal  combustion  automobile  engines 
over  the  past  several  decades  and  have  to  a  large  extent 
supplanted  the  carburetor  as  the  means  for  metering  fu- 
el  to  the  engine.  In  atypical  multi-point  fuel  injection  sys- 
tem  for  a  multi-cylinder  internal  combustion  engine, 
there  is  one  fuel  injector  per  engine  cylinder.  The  fuel 
injector  is  poised  to  inject  fuel  into  the  induction  air 
stream  for  entrainment  with  combustion  air  passing  to 
the  engine  cylinders.  Thus,  today's  typical  four-cylinder, 
six-cylinder,  or  eight-cylinder  engine  will  be  equipped 
with  four,  six  or  eight  fuel  injectors. 

By  its  nature  a  fuel  injector  is  a  high  precision  com- 
ponent.  The  possibility  of  designing  a  fuel  injector  that 
can  be  more  cost-efficiently  manufactured  without  sac- 
rificing  quality  and  performance  merits  investigation 
since,  given  the  size  of  the  global  automobile  market 
and  the  expectation  that  the  usage  of  fuel  injectors  will 
only  continue  to  increase,  it  it  is  reasonable  to  anticipate 
that  the  market  will  reward  a  party  who  can  execute  such 
a  design. 

The  present  invention  relates  to  a  new  and  unique 
fuel  injector  that  is  intended  to  have  improved  cost  ef- 
fectiveness  derived  principally  from  manufacturing  con- 
siderations.  Attention  to  manufacturing  considerations 
have  given  rise  to  a  fuel  injector  in  which  a  number  of 
precision  parts  are  relatively  simple  in  form  and  only  a 
few  parts  are  more  complex.  The  relatively  simple  parts, 
even  though  they  are  precision  in  nature,  can  be  mass 
produced  by  established  cost-efficient  fabrication  proc- 
esses.  The  relatively  more  complex  parts  are  obviously 
more  costly  to  fabricate  than  the  relatively  simple  ones, 
but  in  the  aggregate,  a  more  cost-efficient  fuel  injector 
results.  The  parts  also  provide  for  the  use  of  more  cost- 
efficient  procedures  to  assemble  and  adjust  the  fuel  in- 
jector.  Improvements  provided  by  the  fuel  injector  of  the 
present  invention  involve  features  relating  both  to  a 
number  of  the  individual  parts  and  to  cooperative  rela- 
tionships  among  various  parts. 

In  order  to  be  commercially  acceptable,  any  fuel  in- 
jector  must  comply  with  certain  specifications  that  can- 
not  be  compromised.  The  fuel  injector  must  be  capable 
of  accurately  and  repeatably  opening  and  closing  at  de- 
sired  times.  When  closed,  the  fuel  injector  must  not  leak. 
The  fuel  injector  must  also  provide  reliable  long  term 
performance  that  remains  highly  consistent  over  its  use- 
ful  life. 
Examples  of  fuel  injectors  are  many  and  for  example 
reference  is  made  to  JP-A-63  109  277  which  discloses 

an  injector  having  a  moveable  valve  member  which  is 
attracted  by  a  magnetic  force  created  by  a  solenoid. 
When  the  valve  member  is  actuated,  the  valve  mem- 
ber's  movement  is  limited  by  a  stop  member  When  the 

5  valve  member  abuts  on  the  stop  member,  significant 
sound  is  developed  which  may  become  annoying  to  the 
occupants  of  the  motor  vehicle  or  the  operators  of  the 
engine  having  the  fuel  injector.  JP-A-  63  1  09  277  teach- 
es  the  use  of  grooves  that  are  provided  radially  toward 

10  the  center  of  the  valve  member  which  functions  to  less- 
en  the  propagation  of  impact  sound.  EP  -A  -  0  31  4  337 
which  teaches  a  non-magnetic  spacer  member  which  is 
of  annular  form.  In  order  to  reduce  the  possibility  of  the 
valve  member  sticking  to  the  stop  member,  the  inner  pe- 

15  ripheral  surface  is  castellated  to  form  a  plurality  of  in- 
wardly  extending  tongues  to  reduce  the  contact  area. 

The  present  invention  is  capable  of  complying  with 
these  requirements  in  a  cost  effective  manner  by  fea- 
tures  relating,  inter  alia:  to  a  combination  valve-arma- 

20  ture  member  that  comprises  a  relatively  more  magneti- 
cally  permeable  armature  element  and  a  harder,  rela- 
tively  less  magnetically  permeable  valve  element  that 
are  joined  together  by  laser  welding;  to  sealing  and  land- 
ing  rings  on  a  flat  face  of  the  valve  element  that  is  toward 

25  a  flat  face  of  a  circular  valve  seat  member  having  a  cen- 
tral  through-hole  that  is  opened  and  closed  by  the  valve 
element;  to  the  manner  of  relating  fuel  passages 
through  the  valve  element  to  these  sealing  and  landing 
rings;  to  an  annular  stop  member  that  comprises  a  cor- 

30  rugated  inner  margin  for  abutment  by  the  valve  element 
to  limit  displacement  of  the  combination  valve-armature 
member  away  from  the  valve  seat  when  the  fuel  injector 
in  operated  open;  to  the  creation  of  this  corrugated  mar- 
gin  by  an  acid  etching  process;  to  a  skirted  orifice  disk 

35  and  the  manner  of  relating  it  to  other  internal  parts  of 
the  fuel  injector;  to  the  manner  of  relating  the  actuator 
to  the  fuel  injector;  to  various  internal  sealing  means; 
and  to  methods  of  assembling  various  parts  of  the  fuel 
injector. 

40  The  valve  seat  member  is  one  of  the  relatively  sim- 
ple  parts  that  can  be  economically  mass  produced  with 
precision.  It  comprises  a  flat  circular  disk  which  has  a 
central  through-hole  and  whose  opposite  faces  are  sur- 
face  finished  to  a  high  degree  of  precision.  One  of  these 

45  two  surfaces  faces  the  combination  valve-armature 
member,  and  it  is  against  this  surface  that  the  valve  el- 
ement  of  the  combination  valve-armature  member  seats 
on  and  unseats  from  the  valve  seat  member  to  close 
and  open  the  central  through-hole  in  the  valve  seat 

so  member.  The  valve  seat  member  can  be  very  econom- 
ically  fabricated  to  the  requisite  precision  because  of  its 
simple  geometry. 

Sealing  means  is  provided  between  the  valve  ele- 
ment  and  the  valve  seat  member  so  that  when  the  fuel 

55  injector  is  closed  fuel  does  not  leak  from  its  fuel  outlet. 
This  sealing  means  takes  the  form  of  a  raised  circular 
sealing  ring  on  the  flat  surface  of  the  valve  element  that 
confronts  the  flat  seating  surface  of  the  valve  seat  mem- 
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ber.  Since  this  sealing  ring  must  precisely  seal  on  the 
flat  seating  surface  of  the  valve  seat  member  when  the 
fuel  injector  is  closed,  the  valve  element  too  must  be  a 
precision  part.  In  order  to  maintain  precision  of  the  seal 
over  the  useful  life  of  the  fuel  injector,  a  precision  landing 
ring  is  also  provided  in  the  same  surface  of  the  valve 
element  as  the  sealing  ring  to  engage  the  valve  seat 
member  when  the  fuel  injector  is  operated  closed  and 
thereby  react  a  substantial  portion  of  the  closing  impact 
force  rather  than  allowing  that  force  to  be  reacted  solely 
by  the  sealing  ring.  Moreover,  the  fuel  injector  must  de- 
liver  fuel  to  the  area  of  the  valve  seat  in  a  way  that  keeps 
the  sac  volume  as  small  as  possible,  and  it  must  not 
hydraulically  unbalance  the  combination  valve-arma- 
ture  member.  (The  sac  volume  is  that  portion  of  the  in- 
ternal  fuel  path  which  lies  downstream  of  the  location 
where  the  sealing  ring  acts.)  In  order  to  minimize  the 
sac  volume,  the  diameter  and  axial  dimension  of  the 
sealing  ring  are  kept  small.  In  order  to  maintain  satisfac- 
tory  hydraulic  balance  on  the  valve-armature  member, 
fuel  passages  are  provided  through  it  so  that  when  the 
valve  element  is  closed  on  the  valve  seat  member  pres- 
surized  liquid  fuel  occupies  an  annular  zone  intermedi- 
ate  the  landing  and  sealing  rings  as  well  as  a  further 
annular  zone  that  is  radially  outwardly  of  the  landing 
ring.  These  fuel  passageways  are  diametrically  oppo- 
site  each  other,  and  they  intercept  the  landing  ring  there- 
by  rendering  the  latter  circumferentially  discontinuous 
while  keeping  the  sealing  ring  circumferentially  contin- 
uous.  Although  certain  fabrication  costs  are  concentrat- 
ed  in  this  combination  valve-armature  member,  overall 
cost-efficiencies  for  the  fuel  injector  accrue  as  a  result 
of  efficiencies  realized  in  the  fabrication  of  other  parts. 

The  valve  element  is  circumferentially  bounded  by 
a  circular  spacer  ring  that  is  immovably  held  on  the  valve 
body  of  the  fuel  injector.  This  spacer  ring  can  also  be 
cost-efficiently  fabricated.  The  outer  circumferential 
margin  of  the  face  of  the  valve  seat  member  that  is  to- 
ward  the  valve  element  serves  to  hold  the  spacer  ring 
against  a  shoulder  of  the  valve  body  with  the  stop  mem- 
ber  being  disposed  between  the  spacer  ring  and  the 
valve  body  shoulder.  The  radially  inner  margin  of  the 
stop  member  radially  overlaps  the  radially  outer  margin 
of  the  face  of  the  valve  element  that  is  opposite  the  face 
which  contains  the  sealing  and  landing  rings.  This  radi- 
ally  inner  margin  of  the  stop  member  comprises  a  cor- 
rugated  stop  face  that  confronts  the  valve  element.  The 
corrugations  are  defined  by  a  series  of  rectangular  pock- 
ets  which  are  spaced  apart  side  by  side  in  the  stop  mem- 
ber  and  that  are  open  both  in  the  axial  direction  toward 
the  valve  element  and  in  the  radially  inward  direction  but 
are  otherwise  closed  by  pocket-bounding  wall  surfaces. 
This  corrugated  portion  of  the  stop  member  is  helpful  in 
attenuating  the  effects  of  static  friction  that  might  other- 
wise  occur  if  the  stop  surface  were  flat  and  uncorrugated 
throughout.  The  stop  member  corrugations  are  advan- 
tageously  formed  by  an  acid  etching  process.  In  a  mod- 
ified  embodiment,  the  acid  etching  process  is  performed 

to  create  a  corrugated  stop  surface  comprising  a  circular 
annular  groove  containing  small  circular  buttons  uni- 
formly  spaced  around  the  groove. 

While  the  valve  element  is  essentially  symmetrical 
5  about  the  longitudinal  axis  of  the  fuel  injector,  the  arma- 

ture  element  is  deliberately  asymmetrical  to  provide  an 
unbalanced  working  gap  between  the  armature  element 
and  the  stator.  As  a  result,  the  combination  valve-arma- 
ture  member  will  execute  tilting  motion  away  from  the 

10  valve  seat  member  when  the  fuel  injector  is  operated 
open.  Furthermore,  this  tilting  motion  will  occur  at  the 
same  circumferential  location  about  the  combination 
valve-armature  member  thereby  promoting  repeatabili- 
ty  of  performance  which  might  not  be  obtainable  in  a 

is  case  where  an  armature  is  made  generally  symmetric 
since  such  symmetry  is  apt  to  result  in  the  tilting  motion 
occurring  randomly  about  the  circumference  of  the  com- 
bination  valve-armature  member. 

The  stop  member  can  be  economically  fabricated 
20  because  it  is  a  flat  thin  ring,  and  the  pockets  that  form 

its  corrugated  surface  portion  can  be  created  by  known 
acid  etching  technology.  The  orifice  disk,  which  is  sub- 
jacently  contiguous  the  valve  seat  member,  can  be  eco- 
nomically  fabricated  by  conventional  technology.  The 

25  main  valve  body  and  the  seat  retainer  are  generally  tu- 
bular-shaped  parts  that  can  be  economically  fabricated 
by  conventional  machining  techniques.  Because  the 
combination  valve-armature  member  comprises  two  el- 
ements  that  are  other  than  just  simple  geometries,  more 

30  elaborate  techniques  must  be  used  to  fabricate  them  in 
any  event,  and  hence  the  incorporation  of  a  number  of 
structural  features  into  them,  such  as  the  landing  and 
sealing  rings  of  the  valve  element,  the  fuel  passages  of 
the  valve-armature  member,  the  shape  of  the  armature 

35  element  and  its  joining  to  the  valve  element  are  incor- 
porated  to  parts  which  require  a  number  of  manufactur- 
ing  operations  anyway;  yet  an  aggregate  economy  re- 
sults  since  the  inclusion  of  such  features  into  parts  that 
already  have  other  than  simple  geometries  yields  sig- 

40  nificant  savings  in  other  parts  whose  geometries  can  be 
simplified  as  a  result. 

Additional  novel  features  of  the  invention  include: 
the  use  of  a  single  O-ring  seal  to  provide  three  point  in- 
ternal  sealing  contact  with  th  ree  different  parts  of  the  fuel 

45  injector;  a  f  rustoconical  shaped  skirt  formed  in  the  outer 
margin  of  the  orifice  disk;  a  conical  disk  spring  washer 
that  resiliently  acts  between  the  body  of  the  electric  ac- 
tuator  (i.e.  the  bobbin  of  the  solenoid  coil)  and  a  shoulder 
of  the  fuel  inlet  tube  that  passes  through  the  bobbin  to 

so  cause  the  lower  flange  of  the  bobbin  to  forcefully  bear 
against  the  valve  body,  while  also  preventing  intrusion 
of  molding  material  between  the  fuel  inlet  tube  and  the 
interior  of  the  bobbin  when  molding  material  is  injected 
onto  assembled  component  parts  of  the  fuel  injector  to 

55  complete  the  fabrication  by  encasing  these  parts  in 
molded  plastic  material;  and  an  open  sided  frame  into 
which  the  coil  assembly  is  inserted  and  which,  in  coop- 
eration  with  the  fuel  in  let  tube  forms  a  portion  of  the  mag- 
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netic  circuit  for  conducting  magnetic  flux  to  the  armature 
element  of  the  combination  valve-armature  member. 

A  fuel  injector  fabricated  in  accordance  with  princi- 
ples  of  the  invention  is  well  suited  to  mass  production 
processes  for  both  metal  working  and  assembly.  The  fu- 
el  injector  is  also  capable  of  meeting  required  perform- 
ance  specifications  to  achieve  desired  engine  opera- 
tion,  keeping  in  mind  fuel  economy,  exhaust  emission 
requirements  and  engine  performance. 

The  foregoing,  along  with  additional  features,  ad- 
vantages  and  benefits  of  the  invention,  will  be  seen  in 
the  ensuing  description  and  claims  which  should  be  con- 
sidered  in  conjunction  with  accompanying  drawings. 
These  accompanying  drawings  disclose  a  presently 
preferred  embodiment  of  the  invention  according  to  the 
best  mode  contemplated  at  this  time  for  carrying  out  the 
invention. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  longitudinal  view  of  a  fuel  injector  embod- 
ying  principles  of  the  present  invention. 

Fig.  2  is  a  longitudinal  cross-sectional  view  as  taken 
in  the  direction  of  arrows  2-2  in  Fig.  1  . 

Fig.  3  is  a  longitudinal  cross-sectional  view  through 
the  fuel  injector  of  Fig.  1  but  at  right  angles  to  the  cross- 
sectional  view  of  Fig.  2. 

Fig.  4  is  an  enlarged  view  of  a  lower  portion  of  the 
fuel  injector  shown  by  itself  and  looking  in  the  same  di- 
rection  as  the  view  of  Fig.  2. 

Fig.  5  is  a  full  view  in  the  direction  of  arrows  5-5  in 
Fig.  4. 

Fig.  6  is  a  top  plan  view  of  one  of  the  members  of 
Figs.  4  and  5  shown  by  itself. 

Fig.  7  is  a  cross-sectional  view  through  the  member 
of  Fig.  6  in  the  direction  of  arrows  7-7  in  Fig.  6. 

Fig.  8  is  a  full  bottom  plan  view  of  the  member  of 
Fig.  6. 

Fig.  9  is  an  enlarged  fragmentary  view  taken  gen- 
erally  in  circle  9  of  Fig.  7. 

Fig.  1  0  is  a  perspective  view  of  the  member  of  Fig.  6. 
Fig.  1  1  is  a  top  plan  view  of  another  member  of  that 

portion  of  the  fuel  injector  shown  in  Figs.  4  and  5. 
Fig.  12  is  a  cross-sectional  view  in  the  direction  of 

arrows  12-12  in  Fig.  11  . 
Fig.  1  3  is  a  top  plan  view  of  still  another  member  of 

that  portion  of  the  fuel  injector  shown  in  Figs.  4  and  5. 
Fig.  1  4  is  a  cross-sectional  view  taken  in  the  direc- 

tion  of  arrows  14-14  in  Fig.  13. 
Fig.  1  5  is  a  bottom  plan  view  of  yet  another  member 

of  that  portion  of  the  fuel  injector  shown  in  Figs.  4  and  5. 
Fig.  1  6  is  an  enlarged  cross-sectional  view  taken  in 

the  direction  of  arrows  1  6-1  6  in  Fig.  1  5. 
Fig.  1  7  is  an  enlarged  perspective  view  of  the  mem- 

ber  of  Fig.  15. 
Fig.  1  8  is  an  enlarged  fragmentary  view  of  a  portion 

of  Fig.  17. 
Fig.  1  9  is  a  top  plan  view  of  a  member  used  in  an- 

other  portion  of  the  fuel  injector. 
Fig.  20  is  a  view  in  the  direction  of  arrows  20-20  in 

Fig.  19. 
Fig.  21  is  a  bottom  plan  view  of  Fig.  20. 

5  Fig.  22  is  a  transverse  cross-sectional  view  as  taken 
in  the  direction  of  arrows  22-22  in  Fig.  20. 

Fig.  23  is  a  perspective  view  of  the  member  of  Figs. 
19-21. 

Fig.  24  is  an  enlarged  top  plan  view  of  yet  another 
10  member  used  in  the  fuel  injector. 

Fig.  25  is  a  cross-sectional  view  in  the  direction  of 
arrows  25-25  in  Fig.  24. 

Fig.  26  is  a  view  similar  to  Fig.  1  7,  but  presenting  a 
modified  embodiment. 

is  Fig.  27  is  an  enlarged  fragmentary  view  of  Fig.  26. 
Fig.  28  is  a  view  similar  to  Fig.  1  5  of  another  modi- 

fied  embodiment. 
Fig.  29  is  an  enlarged  cross-sectional  view  in  the 

direction  of  arrows  29-29  in  Fig.  28. 
20 

Description  of  the  Preferred  Embodiment 

Figs.  1-3  illustrate  the  general  organization  and  ar- 
rangement  of  an  exemplary  fuel  injector  50  embodying 

25  principles  of  the  present  invention.  In  general,  it  com- 
prises  several  individual  parts  that  together  form  a  valve 
portion,  or  valve  group,  52,  several  individual  parts  that 
together  form  an  actuator  portion,  or  power  group,  54, 
and  an  overmold  portion  56  that  is  molded  onto  the  two 

30  groups  52  and  54  to  complete  the  body  of  the  fuel  injec- 
tor.  The  two  groups  52,  54  share  a  common  longitudinal 
axis  57. 

Individual  parts  forming  valve  group  52  include:  a 
seat  support  member  58,  an  orifice  member  60,  a  valve 

35  seat  member  62,  a  spacer  member  64,  a  stop  member 
66,  a  main  valve  body  member  68,  and  a  combination 
valve-armature  member  70.  Individual  parts  forming 
power  group  54  include:  a  frame  member  72,  a  coil  and 
bobbin  assembly  74,  an  inlet  tube  76,  an  adjustment 

40  tube  78,  a  conical  disk  spring  washer  80,  and  a  filter  82. 
Immediately  proximate  the  bottom  end  of  the  fuel 

injector,  the  O.D.  of  seat  support  member  58  comprises 
a  groove  86  within  which  an  O-ring  seal  88  is  disposed 
for  sealing  the  O.D.  of  the  lower  axial  end  of  the  fuel 

45  injector  to  the  I.D.  of  a  hole  in  a  manifold  (not  shown) 
when  the  fuel  injector  is  installed  on  an  engine.  Similarly, 
immediately  proximate  the  top  end  of  the  fuel  injector 
another  O-ring  seal  90  is  disposed  around  the  O.D.  of 
inlet  tube  76,  and  it  is  axially  captured  on  the  inlet  tube 

so  between  an  upper  terminus  92  of  overmold  portion  56 
and  a  retaining  washer  94  that  is  secured  to  the  O.D.  of 
the  inlet  tube.  O-ring  seal  90  seals  the  upper  axial  end 
of  the  O.D.  of  the  fuel  injector  to  the  I.D.  of  a  hole  in  a 
fuel  rail  (not  shown)  that  serves  fuel  to  the  fuel  injector. 

55  In  addition  there  are  a  helical  compression  spring  96, 
an  O-ring  seal  98,  and  an  annular  shield  100  that  are 
disposed  internally  of  the  fuel  injector  between  the  two 
groups  52  and  54. 

4 
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Figs.  4  and  5  show  valve  group  52,  less  O-ring  88, 
on  an  enlarged  scale.  Seat  support  member  58  and 
main  valve  body  member  68  are  telescopically  fitted  to- 
gether,  with  a  lower  portion  of  the  latter  axially  overlap- 
ping  an  upper  portion  of  the  former  as  shown,  to  capture 
and  immovably  hold  orifice  member  60,  valve  seat 
member  62,  spacer  member  64,  and  stop  member  66 
between  themselves.  The  upper  face  of  seat  support 
member  58  defines  a  flat  planar  surface  1  02  that  is  at  a 
right  angle  to  axis  57,  but  is  interrupted  by  a  hole  104 
centered  on  axis  57,  by  a  circular  groove  106  that  is 
spaced  outwardly  of  and  also  concentric  with  hole  104, 
and  by  a  chamfer  108  at  its  radially  outer  margin.  Hole 
104  extends  completely  through  seat  support  member 
58,  comprising  a  relatively  smaller  circular  entrance 
104a  where  the  upper  surface  of  seat  support  member 
58  confronts  orifice  disk  60  and  a  relatively  larger  frusto- 
conically  tapered  exit  1  04b  at  the  bottom  end  of  the  fuel 
injector. 

Orifice  member  60  is  circular  and  is  fabricated  from 
uniform  thickness  metal.  It  is  shown  by  itself  in  Figs.  13 
and  14.  It  has  a  flat  central  zone  110  that  is  at  a  right 
angle  to  axis  57.  Its  outer  margin  is  formed  to  have  a 
f  rusto-conical  skirt  1  1  1  .  At  its  center  it  has  a  single  small 
circular  orifice  112  that  is  co-axial  with  axis  57  and  reg- 
isters  with  entrance  1  04a  of  hole  1  04.  The  lower  surface 
of  zone  110  is  disposed  against  surface  102  of  seat  sup- 
port  member  58,  and  skirt  111  fits  with  conformance  onto 
chamfer  108. 

Valve  seat  member  62,  which  is  shown  by  itself  in 
Figs.  1  1  and  1  2,  is  circular,  having  flat,  mutually  parallel, 
upper  and  lower  surfaces.  Its  lower  surface  is  disposed 
against  the  upper  surface  of  orifice  member  60,  and  it 
has  a  central  circular  through-hole  114  that  is  coaxial 
with  axis  57  and  thus,  registers  with  orifice  112. 

An  axially  intermediate  portion  of  the  inside  circular 
wall  surface  of  main  valve  body  member  68,  the  outer 
margin  of  the  lower  surface  of  valve  seat  member  62, 
the  radially  outer  margin  of  chamfer  108,  and  the  surface 
of  skirt  111  that  faces  away  from  chamfer  108  define  a 
circular  annular  internal  space,  and  within  this  space  an 
O-ring  seal  116  is  disposed.  O-ring  seal  116  has  three 
separate  endless  circular  lines  of  contact,  a  first  with  the 
lower  surface  of  the  outer  margin  of  valve  seat  member 
62,  a  second  with  the  upwardly  and  outwardly  facing 
surface  of  skirt  111,  and  a  third  with  the  inside  circular 
wall  surface  of  main  valve  body  member  68.  In  this  way, 
seal  116  provides  sealing  that  prevents  escape  of  fuel 
from  the  interior  of  the  fuel  injector  through  the  telescop- 
ic  joint  via  which  seat  support  member  58  and  main 
valve  body  member  68  fit  together. 

Spacer  member  64  is  a  circular  annulus  of  rectan- 
gular  cross  section.  It  has  a  certain  axial  dimension  and 
a  certain  radial  dimension.  Radially  outwardly,  its  O.D. 
fits  closely  within  the  I.D.  wall  surface  of  main  valve  body 
member  68.  Axially  and  radially  inwardly,  spacer  mem- 
ber  64  is  related  to  combination  valve-armature  member 
70,  as  will  be  more  fully  described  later.  For  now  it  may 

be  noted  that  the  thickness  of  spacer  member  64  deter- 
mines  the  travel  of  combination  valve-armature  member 
70  between  the  fuel  injector's  closed  position  when 
member  70  is  seated  on  seat  member  62  and  the  fuel 

5  injector's  open  position  when  member  70  abuts  stop 
member  66. 

A  stop  member  66,  which  does  not  fall  under  the 
scope  of  claim  1,  is  shown  by  itself  in  Figs.  15-18,  and 
reference  to  those  Figs,  will  be  helpful  in  understanding 

10  how  it  relates  to  spacer  member  64,  main  valve  body 
member  68,  and  combination  valve-armature  member 
70.  Stop  member  66  is  generally  a  thin  annular  diskthat 
has  circular  inside  and  outside  diameters,  and  that  has 
a  uniform  thickness  throughout,  except  over  a  corrugat- 

15  ed  stop  face  portion  at  its  radially  inner  margin.  The  cor- 
rugated  stop  face  portion  comprises  a  series  of  circum- 
ferentially  spaced  apart  pockets  1  1  8  in  the  lower  surface 
of  the  radially  inner  margin  of  the  stop  member.  Each 
pocket  is  approximately  rectangular  in  shape,  being 

20  open  axially  downwardly  and  radially  inwardly,  but  oth- 
erwise  closed.  Thus,  each  pocket  may  be  considered  to 
comprise  four  wall  surface  portions  120,  122,  124,  and 
126.  The  pockets  are  identical  and  equally  uniformly 
spaced  about  the  circumference  of  the  stop  member's 

25  |.D.  Because  of  features  of  the  fuel  injector  that  will  be 
hereinafter  explained  in  greater  detail,  stop  member  66 
can  be  either  a  relatively  less  magnetically  permeable 
material,  or  a  relatively  more  magnetically  permeable 
material.  By  employing  a  hardened  material  for  the  stop 

30  member,  such  as  a  hardened  steel,  it  is  better  able  to 
perform  its  stop  function  for  a  larger  number  of  valve 
operations,  as  will  be  also  explained  in  more  detail  later 
on.  The  stop  member  is  relatively  thin,  and  the  pockets 
therefor  even  thinner. 

35  One  way  of  creating  the  pockets  is  by  acid  etching. 
The  stop  member  starts  out  as  a  stamped  disk.  It  is  cov- 
ered  with  photo-resist  material  where  it  is  not  to  be 
etched,  and  is  left  uncovered  where  it  is  to  be  etched. 
Thus  the  locations  where  the  pockets  are  to  be  created 

40  are  left  uncovered.  The  disk  is  placed  in  acid  for  an 
amount  of  time  that  etches  the  pockets  to  the  desired 
depth  in  the  disk.  Thereafter,  the  disk  is  removed  from 
the  acid,  and  the  photo-resist  is  removed  from  the  disk. 
The  hole  in  the  center  of  the  stop  member  may  be  cre- 

45  ated  in  an  analogous  manner  before  the  pockets  are 
etched. 

The  corrugated  inner  margin  of  stop  member  66 
formed  by  pockets  118  provides  a  hardened  stop  sur- 
face  that  is  disposed  in  the  path  of  travel  of  combination 

so  valve-armature  member  70  for  abutment  therewith.  One 
purpose  of  providing  the  pockets  is  to  reduce  the  sur- 
face-to-surface  area  of  contact  between  the  stop  mem- 
ber  and  the  combination  valve-armature  member  when 
the  latter  is  in  abutment  with  the  former.  In  this  way,  static 

55  friction  will  be  less  of  an  impediment  to  separation  of  the 
two  when  the  fuel  injector  is  operated  closed  than  would 
be  the  case  if  the  stop  member  lacked  the  pockets.  Ad- 
vantageously,  the  pockets  do  not  impair  the  integrity  of 

5 
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the  stop  member  because  each  one  is  closed  on  four 
sides  and  open  on  only  two. 

Returning  now  to  Fig.  4,  it  can  be  explained  that  a 
radially  outer  portion  of  stop  member  66,  which  is  of  uni- 
form  thickness  throughout,  is  held  between  the  upper 
surface  of  spacer  member  64  and  a  radial  shoulder  1  28 
on  the  inside  wall  surface  of  main  valve  body  member 
68.  Radially,  stop  member  66  has  a  close  fit  to  the  axially 
extending  inside  wall  surface  of  main  valve  body  mem- 
ber  68,  and  hence  it  is  coaxial  with  axis  57.  Shoulder 
128  protrudes  radially  inwardly  somewhat  beyond  the  I. 
D.  of  spacer  member  64  so  that  the  entirety  of  a  radially 
inner  marginal  portion  of  the  upper  surface  of  stop  mem- 
ber  66  is  disposed  flat  against  shoulder  1  28.  On  the  op- 
posite  face,  the  corrugated  zone  defined  by  pockets  1  1  8 
is  disposed  radially  inwardly  of  the  I.D.  of  spacer  mem- 
ber  64. 

Attention  is  now  directed  to  Figs.  6-10  for  a  detailed 
description  of  combination  valve-armature  member  70. 
This  member  comprises  two  parts,  a  valve  element  1  30 
and  an  armature  element  1  31  ,  that  are  joined  together. 
Valve  element  130  is  a  circular  plate  whose  upper  sur- 
face  is  flat,  and  whose  lower  surface  is  also  flat  but  for 
the  presence  of  a  radially  inner  sealing  ring  132  and  a 
radially  outer  landing  ring  134.  Each  of  the  two  rings  is 
a  raised  ridge  that  is  of  uniform  axial  dimension  through- 
out,  and  the  axial  dimensions  of  the  two  rings  are  iden- 
tical.  In  radial  cross  section,  landing  ring  134  has  a  rec- 
tangular  shape  while  sealing  ring  1  32  has  a  trapezoidal 
shape,  as  best  seen  in  Fig.  9.  Sealing  ring  132  is  cir- 
cumferentially  continuous  while  landing  ring's  134  cir- 
cumferential  continuity  is  interrupted  by  the  fact  that 
valve  element  130  has  two  circular  through-holes  136, 
1  38  that  are  eccentric  to  axis  57  such  that  they  intercept 
the  landing  ring  on  diametrically  opposite  sides  thereby 
making  the  landing  ring  circumferentially  discontinuous. 
Fig.  4  shows  the  closed  condition  wherein  valve  element 
130  is  closed  on  valve  seat  member  62.  In  this  closed 
condition,  sealing  ring  1  32  has  circumferentially  contin- 
uous  sealing  contact  with  valve  seat  member  62  in  sur- 
rounding  relation  to  through-hole  114. 

Valve  element  1  30  can  be  fabricated  by  convention- 
al  metalworking  procedures.  While  it  can  be  machined 
entirely  from  bar  stock,  it  can  also  be  made  by  first  cre- 
ating  a  disk  by  fine-blanking.  Holes  1  36  and  1  38  can  be 
created  by  blanking  or  machining.  The  landing  and  seal- 
ing  rings  are  created  by  turning  the  disk  on  a  lathe. 
Smooth  and  flat  surface  finishes  and  dimensional  accu- 
racy  are  obtained  by  free  abrasive  machining  (i.e.,  flat 
disk  lapping). 

Armature  element  131  is  a  somewhat  circular  part 
that  is  truncated  along  the  chord  of  a  circle.  Thus,  as 
viewed  in  Fig.  6,  the  perimeter  of  the  armature  element 
comprises  two  circularly  contoured  segments  140,  142 
that  lie  on  an  imaginary  circle  that  is  concentric  with  axis 
57,  and  a  chordally  truncated  segment  144  joining  one 
pair  of  adjacent  ends  of  segments  140,  142.  The  other 
pair  of  adjacent  ends  of  segments  1  40,  1  42  are  spaced 

apart  by  an  axially  extending  through-notch  146  in  the 
armature  element.  This  through-notch  is  somewhat  ll- 
shaped  having  three  sides  148,  150,  152.  The  axial  di- 
mension  of  side  148  equals  that  of  side  150,  but  the  axial 

5  dimension  of  side  1  52  is  less  than  that  of  sides  1  48  and 
1  50;  this  is  because  the  armature  element  has  a  diamet- 
rically  extending  slot  154  in  its  upper  half  that  lies  per- 
pendicular  to  segment  144  as  viewed  in  Fig.  6.  At  its 
center,  the  armature  element  has  a  circular  blind  hole 

10  156  extending  from  its  upper  surface  approximately 
three-fourths  of  the  axial  dimension  of  the  armature  el- 
ement. 

Armature  element  131  is  joined  to  valve  element 
130  such  that  hole  156  is  coaxial  to  the  circular  valve 

is  element.  The  armature  element  is  circumferentially  ori- 
ented  to  the  valve  element  in  the  assembly  such  that 
through-notch  146  is  registered  with  hole  138,  and  this 
also  leaves  most  of  hole  1  36  uncovered  by  the  armature 
element.  Joining  of  elements  1  30  and  1  31  to  each  other 

20  is  conducted  by  laser  welding  in  the  center  to  create  a 
weld  157. 

The  resulting  shape  of  combination  valve-armature 
member  70  is  such  that  it  is  not  symmetrical  about  the 
valve  group's  axis  57.  As  will  be  explained  in  more  detail 

25  later  on,  this  results  in  the  combination  valve-armature 
member  executing  a  tilting  motion  when  operated. 

A  detailed  description  will  now  be  given  of  the  mem- 
bers  of  power  group  54,  and  attention  is  first  directed  to 
details  of  frame  member  72  which  can  be  seen  in  Figs. 

30  1  9-23.  The  purposes  of  frame  member  72  include:  pro- 
viding  a  magnetic  flux  path  for  coupling  magnetic  flux 
issued  by  the  coil  160  of  coil  and  bobbin  assembly  74 
to  valve  group  52  for  operating  combination  valve-arma- 
ture  member  70;  and  providing  a  means  by  which  inlet 

35  tube  76  can  co-axially  locate  frame  member  72  and  coil 
and  bobbin  assembly  74.  Frame  member  72  comprises 
a  bottom  162  which  has  a  central  circular  hole  164.  It 
also  has  sides  166,  168  which  extend  axially  from  op- 
posite  side  edges  of  bottom  162  to  embrace  and  join 

40  with  a  tubular-shaped  top  1  70.  Top  1  70  comprises  a  cir- 
cular  through-hole  1  72  that  is  coaxial  with  axis  57  in  the 
completed  fuel  injector.  Sides  166,  168  confront  each 
other  across  the  frame  member,  leaving  confronting 
side  openings  174,  176  that  face  each  other  and  that 

45  are  disposed  at  ninety  degrees  to  sides  166,  168. 
In  addition  to  coil  1  60,  coil  and  bobbin  assembly  74 

comprises  a  bobbin  1  78  that  has  a  tubular  core  1  80  with 
circular  flanges  182,  184  at  opposite  ends.  Terminations 
of  the  wire  forming  coil  1  60  are  joined  to  interior  ends  of 

so  respective  electrical  terminals  186,  188  which  are  em- 
bedded  in  a  projection  of  bobbin  178  that  extends  at  an 
angle  from  a  location  on  the  perimeter  of  flange  182. 
The  exterior  ends  of  terminals  186,  188  are  free  to  pro- 
vide  for  mating  with  respective  terminals  of  a  plug  (not 

55  shown)  via  which  energizing  current  is  selectively  deliv- 
ered  to  coil  1  60  for  selectively  operating  the  fuel  injector. 
Coil  and  bobbin  assembly  74  is  associated  with  frame 
member  72  by  insertion  through  one  of  the  side  open- 

6 
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ings  1  74,  1  76  to  align  tubular  core  1  80  with  through-hole 
172  prior  to  insertion  of  inlet  tube  76  into  through-hole 
172  and  through  tubular  core  180. 

A  description  of  how  the  fuel  injector  is  assembled 
will  now  be  given.  The  upper  end  of  main  valve  body 
member  68  is  shaped  for  telescopic  engagement  with 
hole  1  64  and  abutment  with  frame  member  72  to  axially 
and  radially  locate  frame  member  72  and  valve  body 
member  68  relative  to  each  other.  After  relating  the 
frame  member  and  the  main  valve  body  member  in  this 
manner,  they  are  united,  such  as  by  laser  welding.  Seal 
98  and  shield  1  00  are  placed  within  member  68,  coil  and 
bobbin  assembly  74  is  disposed  within  the  frame  mem- 
ber,  and  inlettube76  is  passed  through  hole  172,  tubular 
core  180  of  bobbin  178,  seal  98,  and  shield  100.  The 
purpose  of  shield  100,  which  is  shown  in  detail  in  Figs. 
24  and  25,  is  to  assure  axial  location  of  seal  98  away 
from  valve-armature  member  70.  Note  also  that  the  low- 
er  inner  margin  of  shield  1  00  is  relieved  so  that  the  shield 
does  not  come  in  contact  with  valve-armature  member 
70. 

The  inlet  tube  76  is  properly  axially  located  by  a  fix- 
ture  (not  shown),  whereupon  it  is  united  with  frame 
member  72.  Uniting  of  the  inlet  tube  and  frame  member 
is  accomplished  by  providing  a  circular  groove  192  in 
top  1  70  to  locally  reduce  the  wall  thickness  of  the  tube, 
as  shown,  and  then  laser  welding  the  two  parts  together 
at  the  tube's  reduced  thickness.  Note  that  during  the  lo- 
cating  of  the  inlet  tube,  conical  disk  spring  washer  80  is 
being  resiliently  stressed  between  a  shoulder  190  ex- 
tending  around  the  outside  of  the  fuel  inlet  tube  and 
flange  182  of  bobbin  of  bobbin  178.  The  fixture  for  lo- 
cating  the  inlet  tube  locates  the  lower  end  of  the  tube 
relative  to  shoulder  128.  These  assembled  parts  are 
placed  in  a  mold  (not  shown),  and  overmold  portion  56 
is  formed  on  them  to  create  the  body  shape  shown.  The 
overmold  portion  also  encloses  all  but  the  exterior  ends 
of  terminals  186  and  188  and  forms  a  surround  about 
those  exterior  ends  for  reception  of  a  connector  plug  (not 
shown)  containing  terminals  that  mate  with  terminals 
186  and  188.  Conical  disk  spring  washer  80  forms  a  bar- 
rier  between  the  upper  end  of  bobbin  1  78  and  inlet  tube 
76,  and  it  creates  a  barrier  at  the  lower  end  of  the  bobbin 
by  forcing  the  latter  against  the  upper  edge  of  main  valve 
body  member  68.  These  barriers  prevent  intrusion  of 
plastic  into  the  interior  valve  mechanism. 

Next,  the  remaining  parts  of  the  valve  group  are  as- 
sembled  into  the  open  lower  end  of  main  valve  body 
member  68  with  spring  96  disposed  between  armature 
element  131  and  adjustment  tube  78.  Seat  support 
member  58  sandwiches  parts  62,  64,  and  66  against 
shoulder  128,  and  then  it  and  main  valve  body  member 
68  are  joined,  such  as  by  laser  welding  at  the  location 
designated  196. 

Overmold  portion  56  contains  two  radial  holes  1  98, 
200  in  an  area  where  tubes  76  and  78  overlap.  The  fuel 
injector  is  calibrated  by  properly  positioning  adjustment 
tube  78  within  inlet  tube  76  and  then  uniting  the  two 

tubes,  such  as  by  crimping,  via  access  that  is  provided 
by  holes  198,  200. 

When  the  fuel  injector  is  in  use,  liquid  fuel,  such  as 
gasoline,  is  introduced  through  inlet  tube  76,  being  fil- 

5  tered  by  filter  82  in  the  process,  and  then  passing  com- 
pletely  through  tube  76  to  the  internal  space  where 
valve-armature  member  70  is  located.  Fuel  can  readily 
pass  through  valve-armature  member  70  to  both  the  an- 
nular  space  between  the  sealing  and  landing  rings  and 

10  the  annular  space  that  is  radially  outwardly  of  the  land- 
ing  ring. 

When  coil  160  is  not  energized,  valve  element  131 
is  seated  on  valve  seat  member  62  such  that  sealing 
ring  1  32  fluid-isolates  hole  1  1  4  from  holes  1  36  and  1  38. 

is  Ring  132  and  the  upper  surface  of  valve  seat  member 
62  have  sufficiently  fine  surface  finish  and  mating  sur- 
face  area  that  they  provide  a  metal-to-metal  seal  in  this 
condition,  and  hence  no  fuel  can  flow  out  of  the  fuel  in- 
jector. 

20  When  coil  160  is  energized,  the  valve  opens.  The 
energizing  of  coil  1  60  creates  a  magnetic  flux  that  gives 
rise  to  a  magnetic  force  acting  between  the  lower  axial 
end  of  inlet  tube  76  and  armature  element  1  31  .  Because 
of  the  shape  of  the  armature  element  as  hereinbefore 

25  described,  the  force  acts  on  the  valve-armature  element 
eccentric  to  axis  57.  While  the  O.D.  of  valve  element 
130  has  a  close  fit  to  the  I.D.  of  spacer  member  64,  that 
fit  is  not  sufficiently  tight  to  absolutely  constrain  the 
valve-armature  member  to  strict  axial  displacement  to- 

30  ward  inlet  tube  76,  but  rather  allows  the  eccentrically 
applied  attraction  force  to  tilt  the  valve-armature  mem- 
ber  until  the  tilting  portion  hits  stop  member  66.  Thus  as 
the  valve-armature  member  begins  to  tilt  in  response  to 
energizing  of  coil  160,  the  axis  of  the  valve-armature 

35  member  becomes  increasingly  tilted  relative  to  axis  57 
until  the  tilting  portion  abuts  stop  member  66.  At  that 
point,  the  motion  of  the  valve-armature  member  contin- 
ues,  but  now  with  the  valve-armature  member  tilting 
about  the  location  where  it  abutted  stop  member  66.  As 

40  this  tilting  motion  continues,  the  tilt  of  the  axis  of  the 
valve-armature  member  decreases,  and  coincidence 
with  axis  57  is  reattained  when  the  tilting  motion  is  ar- 
rested  by  abutment  of  the  entire  margin  of  valve  element 
1  30  with  stop  member  66.  Thus  this  margin  of  valve  el- 

45  ement  130  represents  an  abutment  face  portion  of 
valve-armature  member  70.  It  should  be  observed  that 
when  the  opening  motion  of  valve-armature  member  68 
has  been  arrested,  the  armature  element  is  still  spaced 
from  the  end  of  inlet  tube  76.  With  the  valve  element 

so  unseated  from  the  valve  seat  member,  fuel  can  flow 
through  holes  114,  112,  and  1  04  to  be  injected  from  the 
bottom  end  of  the  fuel  injector. 

When  the  energizing  of  coil  160  ceases,  the  mag- 
netic  attraction  force  ceases.  Spring  96  pushes  the 

55  valve-armature  member  closed  against  valve  seat 
member  62,  thereby  terminating  flow  through  the  fuel 
injector  so  that  fuel  ceases  to  be  injected  from  the  lower 
end  of  the  fuel  injector.  As  should  be  appreciated,  the 

7 
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amount  of  axial  travel  that  is  executed  by  the  valve-ar- 
mature  member  between  closed  and  full  open  position 
is  equal  to  the  thickness  of  valve  element  1  30  subtracted 
from  the  thickness  of  spacer  member  64. 

The  organization  and  arrangement  of  the  valve 
group  provides  important  advantages.  Because  the 
combination  valve-armature  member  comprises  re- 
spective  armature  and  valve  elements,  the  valve  ele- 
ment  can  be  made  from  material  that  is  best  suited  for 
assuring  proper  sealing  contact  with  the  valve  seat 
member  over  the  life  of  the  fuel  injector  while  the  arma- 
ture  element  can  be  made  from  material  that  has  suita- 
ble  ferromagnetic  properties.  Reliable  joining  of  the  two 
elements  is  assured  by  the  use  of  laser  welding  in  the 
manner  indicated.  The  lower  end  of  inlet  tube  76  forms 
a  stator  for  the  magnetic  flux  issued  by  coil  160.  Flux 
passes  across  the  working  gap  to  act  on  armature  ele- 
ment  131.  Return  flux  passes  from  the  lateral  sides  of 
armature  element  131  to  main  valve  body  member  68 
and  thence  via  frame  member  72  back  to  tube  76  at  the 
upper  end  of  coil  and  bobbin  assembly  74.  Consequent- 
ly,  stop  member  66  forms  substantially  no  part  of  the 
magnetic  flux  path  so  that  it  can  be  made  from  a  hard 
material  that  is  well-suited  for  use  with  the  hardened 
valve  element  1  30.  During  assembly  of  the  fuel  injector, 
circumferential  orientation  of  the  valve  group  parts  is  un- 
necessary,  yet  the  unbalanced  design  of  the  combina- 
tion  valve-armature  member  will  assure  that  it  always 
tilts  about  the  same  location  on  the  valve  element's  pe- 
rimeter,  regardless  of  its  particular  circumferential  ori- 
entation  within  the  fuel  injector,  and  this  will  be  beneficial 
toward  securing  consistency  in  the  valve's  operation. 

Figs.  26  and  27  disclose  a  stop  member  according 
to  the  invention,  designated  66'.  Like  stop  member  66, 
it  comprises  a  corrugated  stop  face  portion,  but  of  a 
somewhat  different  shape  from  that  of  stop  member  66. 
Stop  member  66'  is  a  circular  annular  member  that  is  of 
uniform  thickness  radially  outwardly  of  its  radially  inner 
corrugated  margin  that  forms  the  stop  face  portion.  The 
radially  inner  corrugated  margin  may  be  considered  to 
comprise  a  circular  annular  groove  66a'  containing  a  se- 
ries  of  identical  circular  buttons  66b'  at  regular  spacing 
intervals.  Thus,  the  corrugations  of  stop  member  66' 
may  be  considered,  like  stop  member  66,  to  comprise  a 
series  of  side-by-side  pockets,  with  buttons  66b'  be- 
tween  the  pockets.  Groove  66a'  is  created  by  acid  etch- 
ing  techniques,  and  the  height  of  the  buttons  is  equal  to 
the  depth  of  the  groove  so  that  the  end  faces  of  the  but- 
tons  are  in  the  same  plane  as  the  corresponding  axial 
end  face  of  the  uncorrugated  portion  of  the  stop  mem- 
ber. 

Figs.  28  and  29  depict  yet  another  embodiment  of 
a  stop  member  according  to  the  invention  designated 
66".  Like  stop  members  66  and  66',  it  comprises  a  cor- 
rugated  stop  face  portion,  but  of  a  somewhat  different 
shape.  Stop  member  66"  is  a  circular  annular  member 
that  is  of  uniform  thickness  radially  outwardly  of  its  ra- 
dially  inner  corrugated  margin  that  forms  the  stop  face 

portion.  This  stop  face  portion  may  be  considered  to 
comprise  a  circular  annular  groove  66a"  having  a  radi- 
ally  inwardly  facing  wall  and  an  axially  facing  wall  and 
containing  along  the  radially  inner  margin  a  pattern  of 

5  circumferentially  alternating  spaces  118"  and  ridges 
118"'.  Ridges  118"'  rise  from  the  axially  facing  groove 
wall  toward  the  outer  margin  of  valve  element  1  30,  and 
they  provide  the  actual  stop  surfaces,  similar  to  buttons 
66b'  of  Figs.  26  and  27.  Ridges  1  1  8"'  have  much  greater 

10  circumferential  arcuate  extent  than  spaces  1  1  8",  and  in 
the  illustrated  embodiment  there  are  eight  such  ridges 
and  eight  such  spaces  in  a  uniform  pattern  around  the 
stop  member.  The  illustrated  embodiment  shows  each 
space  to  have  a  circumferential  extent  of  15  degrees 

is  and  each  ridge  a  circumferential  extent  of  30  degrees, 
and  this  has  been  found  to  perform  well  in  minimizing 
any  static  friction  that  may  occur  when  the  valve  element 
moves  from  its  open  position  toward  its  closed  position, 
while  also  providing  adequate  surface  area  as  the  valve 

20  element  impacts  the  stop  member  upon  valve  opening. 
Other  dimensions  are  contemplated,  such  as  an  embod- 
iment  in  which  the  span  of  a  space  is  10  degrees  and 
that  of  a  ridge,  50  degrees.  The  features  of  the  radially 
inner  margin  of  stop  member  66"  can  also  be  created 

25  by  the  acid  etching  process.  The  imaginary  broken  cir- 
cular  line  in  Fig.  28  shows  the  outline  of  the  valve  ele- 
ment  1  30  to  illustrate  that  the  annular  space  at  the  radi- 
ally  outer  margin  of  groove  66a"  remains  uncovered  as 
valve  element  1  30  engages  and  finally  stops  flat  against 

30  the  stop  member. 
The  foregoing  description  has  disclosed  details  of 

a  presently  preferred  embodiment  of  a  new  and  im- 
proved  fuel  injector  for  internal  combustion  engines,  and 
what  is  claimed  for  the  invention  is  as  follows: 

35 

Claims 

1  .  A  fuel  injector  (50)  having  a  fuel  inlet  for  fluid  com- 
40  munication  to  a  supply  of  pressurized  liquid  fuel  and 

a  fuel  outlet  from  which  fuel  is  ejected  from  the  fuel 
injector  and  comprising 

a  solenoid  actuator  portion  (54)  and  a  valve  por- 
45  tion  (52)  sharing  a  longitudinal  axis  (57), 

the  solenoid  actuator  portion  comprising  a  so- 
lenoid  actuator  (74), 
the  valve  portion  comprising  a  valve  body  (68) 
containing  a  combination  valve-armature  mem- 

50  ber  (70)  that  is  selectively  operable  to  opened 
and  closed  positions  to  open  and  close  the  fuel 
injector  to  flow  between  the  fuel  inlet  and  the 
fuel  outlet, 
stator  means  (76)  via  which  it  exerts  magnetic 

55  force  on  the  combination  valve-armature  mem- 
ber  when  the  solenoid  actuator  is  energized, 
a  valve  seat  member  (62)  in  the  valve  body  hav- 
ing  a  seat  surface  facing  the  combination  valve- 

8 
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armature  member, 
the  valve  seat  member  comprising  central 
through-hole  means  (114)  having  an  entrance 
at  the  seat  surface  and  an  exit  to  the  fuel  outlet, 
passage  means  (136,138)  through  the  combi-  s 
nation  valve-armature  member  for  conveying 
fuel  that  has  entered  the  fuel  injector  at  the  fuel 
inlet  to  the  face  thereof,  a  face  in  the  combina- 
tion  valve-armature  member  confronting  the 
seat  surface  of  the  valve  seat  member,  10 
means  (96)  resiliently  biasing  the  combination 
valve-armature  member  substantially  along  the 
axis  so  as  to  seat  the  face  on  the  seat  surface 
of  the  valve  seat  member  and  seal  the  passage 
means  from  the  through-hole  means  when  the  15 
solenoid  actuator  is  operating  the  combination 
valve-armature  member  to  close  the  fuel  injec- 
tor  to  fuel  flow  between  the  fuel  inlet  and  the 
fuel  outlet, 
the  combination  valve-armature  member  con-  20 
fronting  the  stator  means  such  that  when  the 
solenoid  actuator  is  actuated  and  deactuated, 
force  is  exerted  on  the  combination  valve-ar- 
mature  member  to  cause  the  latter  to  move  to- 
ward  and  away  from  the  valve  seat  member,  25 
and 
stop  means  (66;66';66")  disposed  in  interfer- 
ence  relation  to  the  motion  of  the  combination 
valve-armature  member  away  from  the  valve 
seat  memberto  limit,  by  abutment  with  the  com-  30 
bination  valve-armature  member,  such  motion 
of  the  combination  valve-armature  member,  the 
stop  means  having  a  stop  member,  character- 
ized  in  that 
the  stop  member  having  a  corrugated  stop  face  35 
portion  confronting  an  abutment  face  portion  of 
the  combination  armature-valve  member, 
said  corrugated  stop  face  portion  of  the  stop 
member  comprises  corrugations  (66a",  11  8") 
that  confront  the  abutment  face  portion  of  the  40 
combination  armature-valve  member  and  are 
defined  by  a  series  of  buttons  (66b1)  or  circum- 
ferentially  extending  arcs  (118"')  disposed  on, 
and  circumferentially  around,  an  annular 
groove  (66a")  in  a  radial  margin  of  the  stop  45 
member  (66)  and  circumferentially  separated 
by  spaces  (118"), 
said  annular  groove  is  defined  by  both  an  axi- 
ally  facing  wall  (122)  that  faces  the  abutment 
face  portion  of  the  combination  armature-valve  so 
member  and  closes  an  axial  end  of  said  groove 
and  a  radially  facing  wall  (1  26)  that  closes  a  ra- 
dial  end  of  said  groove; 
said  circumferentially  extending  arcs  rise  axial- 
ly  from  said  axial  end  of  said  annular  groove  55 
toward  the  abutment  face  portion  of  the  valve- 
armature  member,  and  are  radially  separated 
from  said  radially  facing  wall  of  said  annular 

groove  by  an  annular  space  so  that  the  outer 
periphery  of  the  valve  armature  member  is  ax- 
ially  in  line  with  said  annular  space. 

A  fuel  injector  as  set  forth  in  claim  1  characterized 
further  in  that  said  circumferentially  extending  arcs 
(1  1  8"')  are  arranged  in  a  uniform  pattern  around  the 
full  circumference  of  the  stop  member  so  that  each 
has  a  circumferential  extent  of  substantially  30  de- 
grees  and  the  intervening  spaces  (118")  each  has 
a  circumferential  extent  of  substantially  1  5  degrees. 

Patentanspriiche 

1.  Kraftstoff-Einspritzvorrichtung  (50),  die  einen  Kraft- 
stoffeinlaB  zur  Stromungsverbindung  mit  einem 
Vorrat  an  unter  Druck  stehendem  flussigem  Kraft- 
stoff  und  einem  KraftstoffauslaB  zum  AusstoBen 
von  Kraftstoff  aus  der  Kraftstoff-Einspritzvorrich- 
tung  aufweist,  und  mit 

einem  Elektromagnet-Betatigungsabschnitt 
(54)  und  einem  Ventilabschnitt  (52),  die  eine 
Langsachse  (57)  teilen, 
wobei  der  Elektromagnet-Betatigungsab- 
schnitt  eine  Elektromagnet-Betatigungsvor- 
richtung  (74)  aufweist, 
der  Ventilabschnitt  einen  Ventilkorper  (68)  auf- 
weist,  der  ein  kombiniertes  Ventilankerteil  (70) 
enthalt,  welches  wahlweisezwischen  einer  Off- 
nungsstellung  und  einer  SchlieBstellung  ver- 
stellbar  ist,  urn  die  Kraftstoff-Einspritzvorrich- 
tung  hinsichtlich  einer  Stromung  zwischen  dem 
KraftstoffeinlaB  und  dem  KraftstoffauslaB  zu 
offnen  und  zu  schlieBen, 
Statormitteln  (76),  iiber  die  sie  eine  Magnet- 
kraft  auf  das  kombinierte  Ventilankerteil  aus- 
ubt,  wenn  die  Elektromagnet-Betatigungsvor- 
richtung  erregt  wird, 
einem  in  dem  Ventilkorper  vorgesehenen  Ven- 
tilsitzteil  (62)  mit  einer  Sitzflache,  die  dem  Ven- 
tilankerteil  zugewandt  ist, 

5  2. 

3.  A  method  of  making  a  fuel  injector  according  to 
claims  1  and  2  comprising  the  steps  of 

15 
creating  a  corrugated  stop  surface  in  the  stop 
member  by  acid  etching  a  corrugation  pattern 
(66a",  1  1  8",  1  1  8"')  in  a  margin  of  a  blank  disk  of 
uniform  thickness,  and 

20  disposing  the  stop  member  in  the  fuel  injector 
such  that  when  the  fuel  injector  is  operated 
open,  the  valve  member  will  abut  the  corrugat- 
ed  stop  surface  and  when  the  fuel  injector  is 
operated  close,  the  corrugated  stop  surface  will 

25  minimize  the  effect  of  the  valve  member  stick- 
ing  to  the  stop  member. 

9 
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wobei  das  Ventilsitzteil  ein  zentrales  Durch- 
gangsloch  (114)  mit  einem  Eingang  an  der  Sitz- 
flache  und  einem  Ausgang  zu  dem  Kraftstoff- 
auslaB  aufweist, 
durch  das  Ventilankerteil  verlaufenden  Kana-  s 
len  (136,138)  zum  Fordern  von  Kraftstoff,  der 
an  dem  KraftstoffeinlaB  in  die  Kraftstoff-Ein- 
spritzvorrichtung  eingestromt  ist,  zu  dessen 
Stirnflache,  wobei  eine  Stirnflache  des  Ventil- 
ankerteils  der  Sitzflache  des  Ventilsitzteils  zu-  10 
gewandt  ist, 
Mitteln  (96),  die  das  Ventilankerteil  entlang  der 
Achse  elastisch  so  vorspannen,  dal3  die  Stirn- 
flache  an  der  Sitzflache  des  Ventilsitzteils  an- 
liegt  und  die  von  dem  Durchgangsloch  ausge-  15 
henden  Stromungskanale  verschlieBt,  wenn 
die  Elektromagnet-Betatigungsvorrichtung  das 
Ventilankerteil  zwecks  SchlieBen  der  Kraftstoff- 
Einspritzvorrichtung  betatigt, 
wobei  das  Ventilankerteil  den  Statormitteln  so  20 
gegenuberliegt,  dal3  bei  einer  Erregung  und 
Entregung  der  Elektromagnet-Betatigungsvor- 
richtung  eine  Kraft  auf  das  Ventilankerteil  aus- 
geubt  wird,  urn  dieses  in  Richtung  auf  das  Ven- 
tilsitzteil  und  weg  von  diesem  zu  bewegen.  und  25 
Anschlagmitteln  (66;66';66"),  die  bezuglich  der 
Bewegung  des  Ventilankerteils  weg  von  dem 
Ventilsitzteil  so  angeordnet  sind,  dal3  sie  durch 
Anlage  an  dem  Ventilankerteil  eine  derartige 
Bewegung  des  Ventilankerteils  begrenzen,  wo-  30 
bei  die  Anschlagmittel  einen  Anschlagteil  auf- 
weisen, 

dadurch  gekennzeichnet,  dal3 
35 

das  Anschlagteil  einen  unterbrochenen  An- 
schlagflachenabschnitt  aufweist,  der  einem 
Anschlagflachenabschnitt  des  Ankerventilteils 
zugewandt  ist, 
wobei  der  unterbrochene  Anschlagflachenab-  40 
schnitt  des  Anschlagteils  Unterbrechungen 
(66a",  118")  aufweist,  die  dem  Anschlagfla- 
chenabschnitt  des  Ankerventilteils  zugewandt 
sind  und  von  einer  Reihe  von  Knopfen  (66b1) 
oder  in  Umfangsrichtung  verlaufenden  Bogen  45 
(118"')  gebildet  werden,  die  an  einer  Ringnut 
(66a")  in  einem  radialen  Rand  des  Anschlag- 
teils  (66)  sowie  urn  diese  in  Umfangsrichtung 
herum  angeordnet  und  in  Umfangsrichtung 
durch  Zwischenraume  (118"')  getrennt  sind,  so 
wobei  die  Ringnut  sowohl  von  einer  axial  ge- 
richteten  Wand  (122),  die  dem  Anschlagfla- 
chenabschnitt  des  Ankerventilteils  zugewandt 
ist  und  ein  axiales  Ende  der  Nut  verschlieBt,  so- 
wie  einer  radial  gerichteten  Wand  (1  26),  die  ein  55 
radiales  Ende  der  Nut  verschlieBt,  gebildet 
wird; 
wobei  die  in  Umfangsrichtung  verlaufenden 

Bogen  von  dem  axialen  Ende  der  Ringnut  aus 
in  Richtung  auf  den  Anschlagflachenabschnitt 
des  Ankerventilteils  axial  ansteigen  und  gegen- 
iiber  der  radial  gerichteten  Wand  der  Ringnut 
durch  einen  Ringraum  radial  getrennt  sind,  so 
dal3  der  auBere  Umfang  des  Ankerventilteils 
mit  dem  Ringraum  axial  fluchtet. 

2.  Kraftstoff-Einspritzvorrichtung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dal3  die  in  Umfangsrich- 
tung  verlaufenden  Bogen  (118"')  in  einem  gleichfor- 
migen  Muster  urn  den  gesamten  Umfang  des  An- 
schlagteils  herum  so  angeordnet  sind,  dal3  jeder  ei- 
ne  Umfangserstreckung  von  im  wesentlichen  30° 
hat  und  die  Zwischenraume  118"  jeweils  eine  Um- 
fangserstreckung  von  im  wesentlichen  15°  haben. 

3.  Verfahren  zum  Herstellen  einer  Kraftstoff-Einspritz- 
vorrichtung  nach  den  Anspruchen  1  und  2  mit  den 
folgenden  Schritten: 

eine  unterbrochene  Anschlagflache  in  dem  An- 
schlagteil  wird  dadurch  erzeugt,  dal3  ein  Unter- 
brechungsmuster  (66a",  118",  118"')  in  einem 
Rand  eines  Scheibenrohlings  gleichformiger 
Dicke  geatzt  wird,  und 
das  Anschlagteil  in  der  Kraftstoff-Einspritzvor- 
richtung  wird  so  angeordnet,  dal3  beim  Offnen 
der  Kraftstoff-Einspritzvorrichtung  das  Ventilteil 
an  der  unterbrochenen  Anschlagflache  an- 
schlagt  und  beim  SchlieBen  der  Kraftstoff-Ein- 
spritzvorrichtung  die  unterbrochene  Anschlag- 
flache  die  Gefahr,  dal3  das  Ventilteil  in  dem  An- 
schlagteil  haften  bleibt,  auf  ein  Minimum  her- 
absetzt. 

Revendications 

1  .  Injecteur  de  carburant  (50),  comportant  une  entree 
de  carburant  pour  une  communication  en  fluide 
avec  une  alimentation  en  carburant  liquide  sous 
pression  et  une  sortie  de  carburant  par  laquelle  est 
ejecte  le  carburant,  et  comprenant 

une  partie  a  actionneur  a  electro-aimant  (54)  et 
une  partie  a  soupape  (52)  partageant  un  axe 
longitudinal  (57), 
la  partie  a  actionneur  a  electro-aimant  compre- 
nant  un  actionneur  a  electro-aimant  (74), 
la  partie  a  soupape  comprenant  un  corps  de 
soupape  (68)  a  I'interieur  duquel  est  contenu 
un  element  de  soupape-armature  combinees 
(70)  pouvant  etre  selectivement  commande  sur 
des  positions  ouverte  et  fermee  de  maniere  a 
ouvrir  et  a  fermer  I'injecteur  de  carburant  a  un 
ecoulement  de  carburant  entre  I'entree  de  car- 
burant  et  la  sortie  de  carburant, 
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des  moyens  a  stator  (76)  grace  auxquels  il 
exerce  une  force  magnetique  sur  I'element  de 
soupape-armature  combinees  lorsque  I'action- 
neur  a  electro-aimant  est  mis  sous  tension, 
un  element  de  siege  de  soupape  (62)  dans  le  s 
corps  de  soupape  ayant  une  surface  de  siege 
tournee  vers  I'element  de  soupape-armature 
combinees, 
I'element  de  siege  de  soupape  comportant  des 
moyens  a  trou  de  passage  central  (114)  ayant  10 
une  entree  a  la  surface  de  siege  et  une  sortie 
a  la  sortie  de  carburant, 
des  moyens  de  passage  (136,138)  a  travers 
I'element  de  soupape-armature  combinees 
pour  acheminer  le  carburant  ayant  penetre  Tin-  15 
jecteur  de  carburant  par  I'entree  de  carburant 
jusqu'a  sa  face,  une  face  de  I'element  de  sou- 
pape-armature  combinees  confrontant  la  sur- 
face  de  siege  de  I'element  de  siege  de  soupa- 
pe,  20 
des  moyens  (96)  sollicitant  elastiquement  Tele-  2. 
ment  de  soupape-armature  combinees  sensi- 
blement  le  long  de  I'axe  de  maniere  a  appuyer 
la  face  sur  la  surface  de  siege  de  I'element  de 
siege  de  soupape  et  a  rendre  etanches  les  25 
moyens  de  passage  des  moyens  a  trou  de  pas- 
sage  lorsque  I'actionneur  a  electro-aimant  fait 
fonctionner  I'element  de  soupape-armature 
combinees  afin  de  fermer  I'injecteur  de  carbu- 
rant  a  un  ecoulement  de  carburant  entre  Ten-  30 
tree  de  carburant  et  la  sortie  de  carburant,  3. 
I'element  de  soupape-armature  combinees 
confrontant  les  moyens  a  stator  de  telle  sorte 
que,  lorsque  I'actionneur  a  electro-aimant  est 
actionne  et  desactionne,  une  force  est  exercee  35 
sur  I'element  de  soupape-armature  combinees 
pour  amener  ce  dernier  a  se  rapprocher  et  a 
s'eloigner  de  I'element  de  siege  de  soupape,  et 
des  moyens  d'arret  (66;66';66")  disposes  en  re- 
lation  d'interference  avec  le  deplacement  40 
d'eloignement  de  I'element  de  soupape-arma- 
ture  combinees  de  I'element  de  siege  de  sou- 
pape  afin  de  limiter,  par  butee  contre  I'element 
de  soupape-armature  combinees,  ce  deplace- 
ment  de  I'element  de  soupape-armature  com-  45 
binees,  les  moyens  d'arret  ayant  un  element 
d'arret,  caracterise  en  ce  que 
I'element  d'arret  ayant  une  partie  a  face  d'arret 
ondulee  confrontant  une  partie  a  face  de  butee 
de  I'element  de  soupape-armature  combinees,  so 
ladite  partie  a  face  d'arret  ondulee  de  I'element 
d'arret  presente  des  ondulations  (66",  11  8")  qui 
confrontent  la  partie  a  face  de  butee  de  I'ele- 
ment  de  soupape-armature  combinees  et  qui 
sont  definies  par  une  serie  de  boutons  (66')  ou  55 
d'arcs  s'etendant  circonferentiellement  (118"') 
en  y  etant  disposes,  et,  circonferentiellement 
autour  d'une  gorge  annulaire  (66a")  dans  un 
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bord  radial  de  I'element  d'arret  (66)  et  circonfe- 
rentiellement  separes  par  des  espaces  (118"), 
ladite  gorge  annulaire  est  definie  par  une  paroi 
tournee  axialement  (1  22)  faisant  face  a  la  partie 
a  face  de  butee  de  I'element  de  soupape-arma- 
ture  combinees  et  fermant  une  extremite  axiale 
de  ladite  gorge,  et  une  paroi  tournee  radiale- 
ment  (126)  qui  ferme  une  extremite  radiale  de 
ladite  gorge  ; 
lesdits  arcs  s'etendant  circonferentiellement 
s'elevent  axialement  de  ladite  extremite  axiale 
de  ladite  gorge  annulaire  en  direction  de  la  par- 
tie  a  face  de  butee  de  I'element  de  soupape- 
armature,  et  sont  radialement  separes  de  ladite 
paroi  tournee  axialement  de  ladite  gorge  annu- 
laire  par  un  espace  annulaire,  de  sorte  que  la 
peripherie  exterieure  de  I'element  de  soupape- 
armature  est  axialement  en  ligne  avec  ledit  es- 
pace  annulaire. 

Injecteur  de  carburant  selon  la  revendication  1  ,  ca- 
racterise  en  outre  en  ce  que  lesdits  arcs  s'etendant 
circonferentiellement  (118"')  sont  disposes  selon 
une  configuration  uniforme  autour  de  la  circonfe- 
rence  complete  de  I'element  d'arret,  de  maniere 
que  chacun  ait  une  portee  circonferentielle  de  sen- 
siblement  30  degres  et  que  les  espaces  interme- 
diates  (118")  ait  chacun  une  portee  circonferentiel- 
le  de  sensiblement  15  degres. 

Procede  de  fabrication  d'un  injecteur  de  carburant 
selon  les  revendications  1  et  2,  comprenant  les  eta- 
pes  consistant 

a  creer  une  surface  d'arret  ondulee  dans  I'ele- 
ment  d'arret  en  gravant  a  I'acide  une  configu- 
ration  d'ondulations  (66a",  118",  118"')  dans  un 
bord  d'un  disque  decoupe  d'epaisseur  unifor- 
me,  et 
a  disposer  I'element  d'arret  dans  I'injecteur  de 
carburant  de  telle  sorte  que,  lorsque  I'injecteur 
de  carburant  est  commande  pour  etre  ouvert, 
I'element  d'arret  vient  en  butee  contre  la  surfa- 
ce  d'arret  ondulee,  et  que,  lorsque  I'injecteur  de 
carburant  est  commande  pour  etre  ferme,  la 
surface  d'arret  ondulee  minimise  I'effet  d'adhe- 
sion  de  I'element  de  soupape  a  I'element  d'ar- 
ret. 
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