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Description 

Technical  Field 

The  present  invention  relates  to  an  electron- 
ically  controlled  fuel  injector  for  internal  combustion 
engines  as  defined  in  the  pre-characterizing  clause 
of  claim  1  .  Such  a  fuel  injector  is  particularly  suited 
for  the  direct  injection  at  a  high  fuel  pressure  into 
the  combustion  chamber  of  the  internal  combustion 
engine. 

Background  and  Summary  of  the  Invention 

Fig.  1  is  an  axial  sectional  view  of  an  elec- 
tronically  controlled  fuel  injector  not 
according  to  the  present  invention, 

Fig.  2  is  a  partial,  axial  sectional  view  of  the 
solenoid  and  pilot  valve  design  of  the 
fuel  injector  as  shown  in  Figure  1, 
and 

5  Fig.  3  is  a  partial,  axial  sectional  view  of  the 
solenoid  and  pilot  valve  design  of  a 
fuel  injector  according  to  the  present 
invention. 

io  Detailed  Description  of  the  Preferred  Embodiment 

Figs.  1  and  2  which  show  a  fuel  injector  which 
is  not  of  the  design  according  to  the  present  inven- 
tion  will  first  be  described  in  order  to  better  under- 

75  stand  the  inventive  concept  as  shown  in  Figure  3. 
In  Figure  1,  a  fuel  injector  not  in  accordance 

with  the  present  invention  is  designated  by  the 
numeral  10.  The  injector  10  is  employed  in  a  fuel 
injector  system  (not  illustrated)  for  injecting  pres- 

20  surized  fuel  into  the  combustion  chamber  of  an 
internal  combustion  engine. 

The  pressurized  fuel  supplied  by  a  fuel  pres- 
sure  pump  (not  shown)  enters  the  injector  housing 
14  through  a  passage  12  connected  to  a  space  or 

25  chamber  16  machined  in  the  injector  housing  14 
which  houses  an  injector  needle  18.  The  injector 
needle  valve  18  extends  downwards  to  a  valve  seat 
22  in  a  passage  20  of  an  injector  tip  58.  As  shown 
in  Figure  1  the  injector  needle  valve  18  is  engaged 

30  with  the  valve  seat  22  and  therefore  blocks  the 
passage  of  fuel  from  the  injector  10  through  injec- 
tion  orifices  24  into  the  combustion  chamber  of  the 
related  internal  combustion  engine  (not  illustrated). 
The  injection  orifices  24  are  machined  into  the 

35  injector  tip  58.  The  tip  58  is  engaged  by  a  nut  56 
and  pressed  onto  a  surface  14a  of  the  injector 
housing  14  to  prevent  leakage  of  fuel  from  the 
space  16  to  the  outside  of  the  injector  10. 

In  the  upper  portion,  the  injector  needle  valve 
40  18  is  provided  with  a  needle  valve  piston  26  with 

two  sections  28  and  30  of  different  outer  diameters. 
The  section  28  with  the  smaller  outer  diameter  is 
slidably  guided  in  a  tight-fitted  manner  in  a  guide- 
bore  28a  of  the  injector  housing  14.  The  tight  fit 

45  between  guide-bore  28a  and  the  section  28  of  the 
needle  valve  piston  26  greatly  reduces  fuel  leakage 
from  the  high  pressure  section  16  of  the  injector  10 
into  an  upper  neighbouring  low  pressure  region  42. 

The  needle  valve  piston  26  with  two  sections 
50  28  and  30  of  different  outer  diameters  is  firmly 

connected  to  the  injector  needle  valve  18,  either 
because  the  valve  piston  26  is  made  of  one  piece 
with  the  injector  needle  valve  18,  or  by  pressfitting 
or  welding  the  parts  together  as  shown  in  Fig.  1.  In 

55  the  inside  of  the  needle  valve  piston  26  with  two 
sections  28  and  30  is  provided  a  bore  32  which  is 
connected  at  one  end  by  means  of  a  side  bore  33 
to  the  space  16  of  the  injector  10.  On  the  other  end 

Different  designs  of  fuel  injectors  of  this  type  w 
with  an  electromagnetic  control  of  the  injector  nee- 
dle  valve  are  known  and  disclosed  in  particular  in 
EP-A-0  196  265  and  also  for  example  in  the  follow- 
ing  publications:  US-A-2,881  ,980,  US-A-3,61  0,529, 
US-A-4,566,416,  and  EP-A-0  228  578.  These  prior  20 
art  injectors  are  bulky,  because  of  the  dimensions 
of  the  injector  and/or  because  of  the  particular 
design  of  the  members  responsible  for  the  elec- 
tromagnetic  control  of  the  injector  needle  valve.  If 
these  known  injectors  are  used  in  small  internal  25 
combustion  engines,  such  as  passenger  car  en- 
gines,  this  bulkiness  is  a  considerable  drawback.  In 
addition,  the  above  mentioned,  relatively  complex 
injector  designs  are  expensive  to  manufacture.  This 
is  also  playing  a  very  important  role  in  an  applica-  30 
tion  for  small  engines. 

It  is  now  the  main  object  of  the  present  inven- 
tion  to  propose  a  fuel  injector  of  the  afore-men- 
tioned  type  which  is  of  simple  and  compact  design 
and  which  can  be  manufactured  in  a  cost-saving  35 
manner. 

According  to  the  present  invention  this  object 
is  implemented  by  the  features  of  the  characteriz- 
ing  part  of  claim  1  . 

The  fuel  injector  according  to  the  present  in-  40 
vention  is  of  a  compact,  space-saving  design  since 
the  guide  for  the  stem  of  the  pilot  valve  means  is 
provided  within  the  solenoid  and  the  end  section  of 
this  stem  together  with  the  armature  member  car- 
ried  by  this  stem  are  arranged  in  a  space  which  is  45 
defined  by  elements  which  serve  at  the  same  time 
to  transmit  the  hydraulic  forces  exerted  by  the 
pressurized  fuel  in  the  control  chamber  to  the  in- 
jector  housing. 

A  preferred  embodiment  of  the  fuel  injector  50 
according  to  the  present  invention  is  now  dis- 
cussed  in  connection  with  the  drawings. 

Brief  Description  of  the  Drawings 
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bore  32  connects  to  a  much  smaller  bore  or  orifice 
34.  The  orifice  34  extends  to  the  top  end  surface  of 
the  thicker  section  30  of  the  needle  valve  piston  26. 
The  thicker  section  30  is  guiding  on  its  outer  diam- 
eter  a  piece  36  by  means  of  a  tight  slide-fit  guide 
30a.  The  piece  36  is  closed  at  the  upper  end  which 
is  provided  with  an  orifice  38.  Internally  the  piece 
36  defines,  together  with  the  thicker  section  30  of 
the  needle  valve  piston  26,  a  small  space  or  cham- 
ber  40.  Both  orifices  34  and  38  are  axially  aligned 
and  extend  in  the  direction  of  the  longitudinal  axis 
8  of  the  injector  10. 

A  pilot  or  solenoid  valve  46  comprises  a  valve 
stem  60  made  of  hard  material  and  a  valve  plate 
62  made  of  a  soft  electromagnetic  material  and 
firmly  connected  with  the  valve  stem  60.  As  shown 
in  Figure  1,  the  pilot  valve  46  which  can  be  ac- 
tuated  by  means  of  a  solenoid  44,  is  closing  the 
outlet  of  the  orifice  38,  thus  preventing  the  fuel 
from  flowing  through  the  orifice  38  into  the  neigh- 
bouring  low  pressure  region  42.  The  cylindrical 
piece  36,  due  to  the  force  resulting  from  the  fuel 
pressure  in  the  small  chamber  40,  will  be  pressed 
against  a  plane  contacting  surface  48a  of  a  mem- 
ber  48.  The  member  48,  together  with  further  ele- 
ments  mounted  within  the  injector  10,  determines 
the  axial  position  of  the  cylindrical  piece  36.  It  is  an 
important  feature  that  the  cylindrical  piece  36  is 
guided  only  by  the  thicker  section  30  of  the  needle 
valve  piston  26  and  is  not  guided  on  its  outer 
circumference.  This  allows  a  substantially  leakfree, 
seal-tight  design  and  an  unhindered  axial  motion  of 
the  injector  needle  valve  18  during  the  injection 
event.  If  the  piece  36  had  to  be  guided  also  on  its 
outer  circumference,  jamming  of  the  needle  valve 
piston  26  or  at  least  undesired  high  frictional  forces 
would  occur  in  case  all  tight  fits  needed  for  a  tight 
seal  were  not  perfectly  concentrical  to  one  another. 

The  member  48  is  slidable  in  a  direction  per- 
pendicular  to  the  longitudinal  axis  8  of  the  injector 
10.  This  allows  to  set  the  amount  of  travel  of  the 
pilot  valve  46. 

A  guide  piece  50  is  transmitting  to  the  solenoid 
44  by  means  of  contacting  surfaces  50a  and  44a 
the  axial  hydraulic  force  which  is  transmitted  from 
the  cylindrical  piece  36  to  the  member  48.  This 
axial  force  resulting  from  the  fuel  pressure  in  the 
small  chamber  40  will  be  transmitted  from  the 
solenoid  44  to  the  solenoid  retaining  nut  52  by 
means  of  the  contacting  surface  52a.  Finally,  the 
axial  force  is  transmitted  by  a  thread  54a  of  the 
solenoid  retaining  nut  to  the  corresponding  thread 
54b  provided  at  the  injector  housing  14.  The  path 
of  the  axial  force  resulting  from  the  fuel  pressure 
will  be  closed  by  a  nut  56,  a  tip  58  and  the  injector 
needle  valve  18. 

The  solenoid  44,  like  the  plate  62,  is  made  of 
soft  electromagnetic  material.  The  electromagnetic 

properties  (magnetisation  and  dynamic  response) 
are  adversely  affected  by  mechnical  tensions  (ma- 
terial  stresses).  This  fact  would  negatively  influence 
the  behaviour  of  the  solenoid  44  and  therefore  of 

5  the  solenoid  valve  46  if  the  solenoid  44  would  be 
used  to  carry  the  axial  force  resulting  from  the  fuel 
pressure  in  the  small  chamber  40  without  taking 
preventive  measures. 

The  reason  why  the  solenoid  44  can  be  used 
io  as  force  transmitting  element  without  impairing  the 

proper  function  thereof  will  become  apparent  dur- 
ing  the  description  of  Figure  2,  where  the  design  of 
the  solenoid  44  is  explained  in  detail.  However, 
even  from  Figure  1,  one  recognizes  that  the  con- 

15  tacting  surfaces  44a  and  52a  are  arranged  at  a 
radial  distance  from  the  longitudinal  axis  8  which  is 
fairly  bigger  than  the  radius  of  the  solenoid  valve 
plate  62.  This  fact  together  with  the  internal  layout 
of  the  solenoid  44  enables  the  solenoid  44  to 

20  perform  both  the  task  of  a  fast  responding  device 
and  of  a  carrying  member  of  the  axial  force  result- 
ing  from  the  fuel  pressure  in  the  small  chamber  40. 

In  a  cross  bore  66  of  the  injector  housing  14 
and  of  the  guide-piece  50  there  is  located  a  pilot 

25  valve  spring  68  which  is  constructed  as  a  bending 
spring  in  the  form  of  a  round  bendable  bar  extend- 
ing  through  a  bore  70  machined  in  the  stem  60  of 
pilot  valve  46  and  transmitting  its  elastic  bias  force 
onto  the  under  side  of  said  bore  70.  The  preten- 

30  sioning  force  of  the  pilot  valve  spring  68  can  be  set 
by  moving  both  ends  of  the  spring  68  by  means  of 
two  slotted  pins  72.  Each  one  of  the  pins  72  is 
guided  in  a  bore  72a  of  the  injector  housing  14.  An 
adjusting  nut  74  threaded  on  the  lower  portion  of 

35  the  thread  54b  of  the  injetor  housing  14  is  used  to 
determine  the  axial  position  of  the  two  pins  72  and 
therefore  serves  to  determine  the  spring  bias  force 
to  the  pilot  valve  stem  60.  This  pretensioning  op- 
eration  can  be  performed  once  the  injector  10  is 

40  fully  assembled. 
The  adjusting  nut  74  and  the  solenoid  retaining 

nut  52  are  provided  with  slotted  sleeves  76a  and 
76b.  The  slotted  sleeve  76b  of  the  adjusting  nut  74 
is  provided  with  a  thread  at  its  inner  surface  which 

45  corresponds  to  the  thread  of  the  adjusting  nut  74. 
Once  the  desired  values  of  maximum  injector  valve 
lift  H  and  of  the  bias  force  of  the  pilot  valve  spring 
68  are  set,  the  position  of  the  solenoid  retaining  nut 
52  and  of  the  adjusting  nut  74  can  be  blocked  by 

50  means  of  a  clamp  78  and  elastic  deformation  and 
pressing  of  slotted  sleeves  76a  and  76b  against 
each  other  and  against  the  thread  54b  of  the  injec- 
tor  housing  14.  Thus  an  undesired  rotation  of  the 
nuts  52  and  74  after  the  correct  calibration  of  the 

55  injector  can  be  prevented. 
Furthermore  the  injector  10  is  provided  with  a 

side-cover  80  which  can  be  removed  to  install  or 
remove  the  pilot  valve  spring  68  as  well  as  with  a 

3 
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pin  81  to  prevent  the  rotation  of  the  guide  piece  50. 
Three  O-rings  82a,  82b  and  84  seal  the  low  pres- 
sure  region  42  of  the  injector  10.  A  fuel  return 
piece  88  allows  fuel  under  low  pressure  to  be 
returned  from  the  low  pressure  region  42  back  to 
the  fuel  tank  (not  shown).  In  this  regard  further 
details  will  be  discussed  during  the  description  of 
Figure  2.  Two  plugs  86a  and  86b  which  are  the 
terminals  of  the  coil  of  the  solenoid  44  serve  as 
connectors  for  connection  to  the  solenoid  driver 
unit  (not  shown). 

The  mode  of  operation  of  the  injector  10  is  the 
following: 
When  at  a  desired  point  of  time  the  solenoid  44  is 
energized  by  an  electric  pulse  of  a  predetermined 
duration,  the  pilot  valve  46  is  operated  and  the  pilot 
valve  stem  60  is  retracted  from  its  seat,  thus  open- 
ing  the  outlet  of  the  orifice  38.  In  the  same  way  as 
explained  in  the  afore-mentioned  EP-A-0  228  578 
the  fuel  pressure  in  the  small  chamber  40  drops 
abruptly.  The  fuel  pressure  acting  on  the  lower  side 
of  the  lower  section  28  with  the  smaller  outer 
diameter  of  the  injector  needle  valve  piston  26  can 
now  shift  the  needle  valve  18  in  its  opened  position 
and  the  injection  event  begins  by  the  discharge  of 
fuel  across  the  seat  22  and  through  the  injection 
orifices  24. 

If  the  electric  pulse  to  the  solenoid  44  is  inter- 
rupted,  the  pilot  valve  46  is  quickly  shifted  back  to 
its  seat  at  the  outlet  of  the  orifice  38  by  means  of 
the  biasing  spring  68.  The  pressure  in  the  small 
chamber  40  will  abruptly  rise.  Due  to  the  differen- 
tial  area  between  the  upper,  bigger  piston  30  and 
the  lower,  smaller  piston  28  it  will  be  possible  at 
any  point  in  time  to  quickly  reseat  the  injector 
needle  valve  18  and  therefore  terminate  the  injec- 
tion  event. 

The  members  48,  50  and  52  and  the  solenoid 
44  are  used  to  carry  the  axial  force  resulting  from 
the  fuel  pressure  in  the  small  chamber  40  and 
transmit  this  force  back  to  the  injector  housing  14. 
Care  must  be  taken  that  the  contacting  surfaces 
48a,  50a,  44a,  52a  do  not  bring  about  lateral  forces 
that  are  transmitted  to  the  guide  30a  of  the  upper 
piston  of  the  injector  needle  valve  18.  If  one  or 
more  of  the  surfaces  48a,  44a,  52a  are  not  per- 
fectly  perpendicular  to  the  injector's  longitudinal 
axis  8,  or  if  the  guide  28a  for  the  lower  section  of 
the  needle  valve  piston  26  is  not  aligned  with  the 
bore  64,  undesired  high  frictional  forces  at  the 
guides  28a  and  30a  can  hinder  a  reliable  and 
repeatable  operation  of  the  injector  needle  valve 
18.  This  problem  can  be  solved  by  making  at  least 
one  of  the  contacting  surfaces  44a  or  52a  slightly 
spherical  in  such  a  way  that  a  slight  non-per- 
pendicularity  can  be  compensated.  For  example 
the  contacting  surface  52a  between  the  solenoid  44 
and  the  solenoid  retaining  nut  52  could  be  slightly 

spherical. 
Figure  2  shows  in  detail  the  design  of  the 

solenoid  44,  of  the  pilot  valve  plate  62  and  of  the 
upper  part  of  the  stem  60  of  the  pilot  valve  46. 

5  The  solenoid  44  consists  of  a  round  body  122 
and  of  a  stator  plate  124.  The  stator  plate  124  is 
fitted  in  a  bore  124a  in  an  outer  section  126  of  the 
body  122  which  is  radially  and  axially  determining 
the  position  of  the  stator  plate  1  24  by  means  of  its 

io  bore  124a  and  of  a  shoulder  128.  A  coil  130  is 
wound  on  a  coil  body  132  of  plastic  and  is  placed 
in  the  ring-shaped  space  delimited  by  the  inside  of 
the  body  122  and  by  the  inside  surface  of  the 
stator  plate  124.  The  two  electrical  connections  86a 

is  and  86b  of  the  coil  130  protrude  out  of  the  two 
bores  134a  and  134b  on  the  back  side  of  the  body 
122.  An  inner  round  section  138  of  the  solenoid 
body  122  protrudes  through  a  central  bore  136  of 
the  stator  plate  124.  An  O-ring  140  seals  the  ring- 

20  shaped  space  housing  the  coil  130  from  fuel 
present  in  the  region  142.  The  region  142  is  con- 
nected  through  a  bore  144  and  by  other  passages 
of  big  cross  sectional  area  compared  to  the  cross 
sectional  area  of  the  two  orifices  34  and  38  with  the 

25  low  pressure  region  42  (see  also  Figures  1). 
The  side  of  the  stator  plate  124  facing  the 

region  142  and  the  pilot  valve  plate  62  is  in  its 
essence  flat  and  lies  in  the  same  plane  as  the  front 
surface  of  the  inner  round  section  138  of  the  sole- 

30  noid  body  122.  The  outer  diameter  of  the  pilot 
valve  plate  62  is  substantially  smaller  than  the 
diameter  of  the  circumference  146  of  the  solenoid 
body  122.  Two  pole  faces  150  and  148  are  defined 
between  the  surface  of  the  inner  round  section  138 

35  and  the  inner  portion  of  the  pilot  valve  plate  62 
(first  pole  face  150)  as  well  as  between  the  outer 
portion  of  the  pilot  valve  plate  162  and  the  inner 
portion  of  the  stator  plate  124  (second  pole  face 
148).  The  two  pole  faces  148  and  150  are  ring- 

40  shaped  and  have  a  substantially  equal  surface 
area.  In  comparison  to  the  surface  area  of  every 
single  of  the  two  pole  faces  148  or  150,  the  cross 
sectional  area  of  the  outer  section  126  of  the  sole- 
noid  body  122  and  of  the  outer  border  of  the  stator 

45  plate  124  are  substantially  bigger. 
To  enable  a  very  rapid  movement  of  the  pilot 

valve  46  immediately  after  the  switching-on  and 
switching-off  of  the  electrical  power  to  the  coil  130, 
the  pilot  valve  46  and  therefore  the  pilot  valve  plate 

50  62  must  have  a  very  small  mass  and  at  the  same 
time  the  electromagnetic  material  of  the  pole  faces 
148  and  150  must  be  saturated  in  order  to  obtain 
the  biggest  possible  electromagnetic  force  with  the 
smallest  possible  mass  of  the  pilot  valve  plate  62. 

55  The  proposed  design  produces  a  concentration  of 
the  electromagnetic  flux  at  the  pole  faces  148  and 
150  as  well  as  in  the  sections  of  the  electromag- 
netic  loop  which  are  free  from  mechanical  stresses. 

4 
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These  sections  are:  The  pilot  valve  plate  62,  the 
inner  round  section  138  of  the  solenoid  body  122 
and  the  inner  portion  of  the  stator  plate  124. 

Because  the  maximum  concentration  of  the 
electromagnetic  flux  is  reached  at  the  pole  faces 
148  and  150,  because  the  total  flux  is  constant  in 
any  cross  section  of  the  electromagnetic  loop  and 
because  the  cross  sectional  areas  of  the  outer 
section  126  of  the  solenoid  body  122  and  of  the 
outer  border  of  the  stator  plate  124  are  substan- 
tially  bigger  compared  to  the  surface  of  one  pole 
face  148  or  150,  the  flux  concentration  in  these 
portions  of  the  electromagnetic  loop  will  be  much 
weaker.  Due  to  this  fact  mechanical  stresses  in  the 
outer  section  126  do  not  influence  the  performance 
of  the  solenoid  44.  Therefore,  the  outer  section  126 
of  the  solenoid  body  122  can  be  used  to  carry  and 
transmit  the  force  arising  from  the  pressure  in  the 
small  chamber  40  (see  Figure  1)  in  addition  to  its 
function  in  the  electromagnetic  loop. 

Figure  2  also  illustrates  the  layout  of  the  fuel 
return  path  for  the  fuel  discharged  during  each 
intermittent  injection  event  from  the  small  chamber 
40  through  the  orifice  38  into  the  low  pressure 
region  42.  This  return  fuel  is  spilled  back  to  the  fuel 
tank  by  means  of  a  fuel  return  line  (not  illustrated). 

The  discharged  fuel  flows  within  the  injector  10 
from  the  low  pressure  region  42  by  means  of 
passages  of  big  cross  sectional  area  in  both  the 
region  142  and  the  side  bore  66,  where  the  pilot 
valve  spring  68  is  placed.  From  the  side  bore  66 
the  fuel  can  flow  through  bore  70  which  is  machin- 
ed  in  the  stem  60  of  the  pilot  valve  46  in  a  further 
bore  152.  The  bore  152  is  also  machined  in  the 
stem  60  with  its  longitudinal  axis  coinciding  with 
the  injector's  logitudinal  axis  8.  A  stop  member  154 
is  located  in  the  inner  round  section  138  of  the 
solenoid  body  122  and  is  firmly  connected  to  it,  for 
example  by  bonding  the  stop  member  154  into  the 
inner  round  section  138.  Both  the  stop  member 
154  and  the  stem  60  of  the  pilot  valve  46  are  made 
of  hard  material,  for  example  of  hardened  steel. 
The  stop  member  154  protrudes  beyond  the  pole 
face  150  by  the  amount  L.  A  bore  156  with  its 
longitudinal  axis  corresponding  to  the  injector's  lon- 
gitudinal  axis  8  is  machined  in  the  stop  member 
154,  in  the  inner  round  section  138  and  in  the  fuel 
return  piece  88.  The  fuel  return  piece  88  is  con- 
nected  to  the  solenoid  body  122  in  a  firm,  seal- 
tight  manner.  Furthermore,  the  pilot  valve  plate  62 
is  provided  with  a  number  of  bores  158,  the  gradu- 
ated  circle  162  of  which  is  arranged  in  the  middle 
of  the  ring-shaped  slot  136  between  the  inner  bor- 
der  of  the  stator  plate  124  and  the  circumference  of 
the  inner  round  section  138.  The  diameter  of  the 
bores  158  is  preferably  about  as  large  as  the  width 
of  the  ring-shaped  slot  136.  The  bores  158  are 
equally  spaced  on  the  graduated  circle  162,  for 

example  there  can  be  four  bores  158  spaced  apart 
by  90  •  . 

The  pilot  valve  46  including  the  pilot  valve 
plate  62  are  surrounded  by  fuel,  since  the  region 

5  142  and  the  different  bores  and  passages  as  well 
as  a  disc-shaped  space  164  between  the  pole 
faces  148  and  150  of  the  solenoid  44  and  the  side 
of  the  pilot  valve  plate  62  facing  said  pole  faces  are 
filled  with  fuel. 

io  To  correctly  fulfill  its  function,  the  pilot  valve  46 
must  be  capable  to  move  very  fast.  Additionally 
thereto,  every  stroke  must  be  an  exact  reproduc- 
tion  of  the  foregoing  one,  provided  that  the  same 
electric  pulse  is  fed  to  the  solenoid  44.  We  distin- 

15  guish  between  a  pull-in  stroke  during  which  the 
pilot  valve  46  is  lifted  off  its  seat  at  the  outlet  of  the 
orifice  38  and  moves  towards  the  stop  member  154 
and  a  return  stroke  in  the  opposite  direction  imme- 
diately  after  the  end  of  an  electric  pulse.  For  either 

20  the  pull-in  or  the  return  stroke  the  amount  of  travel 
of  the  pilot  valve  46  corresponds  to  P. 

During  a  fast  movement  of  a  plate  in  a  liquid  a 
hydraulic  pressure  acting  in  the  direction  opposite 
to  the  movement  of  the  plate  arises.  In  the  present 

25  situation  and  without  the  preventive  measures  as 
described,  this  hydraulic  pressure  would  slow  down 
the  motion  of  the  pilot  valve  46  by  a  factor  of  2. 

The  arrangement  of  the  bores  158  is  very 
effective  in  substantially  reducing  the  hydraulic  fuel 

30  pressure  acting  on  the  pilot  valve  plate  62  during 
its  motion. 

Contrary  to  the  pull-in  movement  which  is  sta- 
ble  and  repeatable,  the  return  movement  of  the 
pilot  valve  46  can  show  undesired  instabilities  if  no 

35  appropriate  measures  are  taken.  To  such  measures 
belongs  the  stop  member  154. 

The  maximum  gap  W  between  both  pole  faces 
148  and  150  and  the  surface  of  the  pilot  valve  plate 
62  facing  the  pole  faces  148  and  150  is  bigger  than 

40  the  maximum  amount  of  travel  P  of  the  pilot  valve 
46.  When  the  pilot  valve  46  is  attracted  by  the 
solenoid  44  and  strikes  the  stop  member  154,  a 
gap  L  is  maintained  between  the  pole  faces  148 
and  150  and  the  pilot  valve  plate  62.  This  gap  L 

45  reduces  in  a  known  manner  the  remanence  of  the 
electromagnetic  material  when  the  current  to  the 
solenoid  44  is  switched  off  and  thus  drastically 
reduces  the  electromagnetic  adhering  action  which 
would  retain  the  pilot  valve  46  adhered  for  a  too 

50  long  time  after  the  current  switch-off.  If  the  pilot 
valve  plate  62  is  surrounded  by  a  liquid,  as  it  is  the 
present  case,  then  a  hydraulic  adhering  action  is 
additionally  hindering  the  return  motion  of  the  pilot 
valve  plate  62  if  the  latter  comes  too  close  to  the 

55  pole  faces  148  and  150.  The  intensity  of  the  hy- 
draulic  adhering  action  varies  from  one  return 
stroke  to  the  next  one  in  an  uncontrollable  way. 
This  is  the  main  reason  for  disturbances  in  the 

5 
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release  time  of  the  pilot  valve  46,  if  no  effective 
precautionary  steps  are  taken.  To  counteract  this, 
the  remaining  gap  L  and  the  bores  158  are  effec- 
tive.  The  disc-shaped  space  164,  the  volume  of 
which  is  increasing  during  the  return  movement  of 
the  pilot  valve  46  can  be  easily  refilled  with  fuel 
through  bores  158. 

As  explained  above,  to  build  a  remaining  gap 
in  an  electromagnetic  loop  to  reduce  the  release 
time  of  the  solenoid  valve  is  a  well  known  method 
and  is  part  of  the  known  state  of  the  art.  In  the 
solution  as  described,  where  a  cylindrical  stop 
member  154  is  placed  coaxially  to  the  stem  60  of 
the  pilot  valve  46,  the  impacts  resulting  from  the 
pilot  valve  46  striking  the  member  154  are  taken 
over  by  two  hard  pieces:  the  stem  60  and  the  stop 
member  154.  The  wear  of  the  parts  is  greatly 
reduced  due  to  this  fact  and  therefore  an  extended 
life  of  the  components  is  achieved.  Additionally,  the 
stop  member  154  can  be  made  of  hardened  steel 
which  despite  being  an  electromagnetic  material 
does  not  disturb  the  desired  dynamic  behaviour  of 
the  pilot  valve  46,  since  the  contacting  surface 
between  the  pilot  valve  stem  60  and  the  stop 
member  154  is  very  small  compared  to  the  pole 
faces  148  or  150. 

Figure  3  illustrates  the  design  of  the  upper 
portion  of  an  injector  10  according  to  the  present 
invention.  In  this  embodiment  a  cylindrical  piece 
166  guided  by  the  upper  section  30  of  the  needle 
valve  piston  26  in  the  same  way  as  shown  in 
Figure  1  has  an  enlarged  upper  portion  168.  The 
upper  plane  surface  of  the  cylindrical  piece  166 
contacts  by  means  of  a  contacting  surface  170a  an 
elongated  outer  section  170  of  a  solenoid  172  to 
transmit  the  hydraulic  force  resulting  from  the  fuel 
pressure  in  the  small  chamber  40.  The  stator  plate 
124  is  arranged  inside  the  elongated  outer  section 
170.  In  a  space  174  between  the  upper  end  surface 
of  the  cylindrical  piece  166  and  the  stator  plate  124 
as  well  as  the  pole  face  surface  of  the  inner  round 
section  138  of  the  solenoid  172,  a  pilot  valve  plate 
176  and  the  lower  enlarged  section  178  of  a  stem 
180  of  a  pilot  valve  182  is  placed.  The  stem  180 
extends  into  the  inner  bore  of  an  elongated  stop 
member  184  and  is  radially  guided  therein.  Two 
bores  186  are  machined  in  the  lower  enlarged 
section  178  of  the  stem  180  and  connect  the  space 
174  with  a  bore  188  machined  in  the  inside  of  the 
stem  180.  An  additional  side-bore  190  connects  the 
disc-shaped  space  164  with  the  bore  188.  This 
layout  of  the  bores  186,  188  and  190  brings  about 
a  substantial  reduction  of  the  hydraulic  pressure 
acting  on  the  pilot  valve  plate  176  during  the  move- 
ment  of  the  pilot  valve  182. 

To  adjust  the  maximum  amount  of  travel  P  of 
the  pilot  valve  182  -  an  operation  necessary  to 
compensate  for  tolerance  differences  of  the  two 

orifices  34  and  38  from  one  injector  10  to  another  - 
the  elongated  stop  member  184  can  be  axially 
positioned  in  the  solenoid  172.  For  this  purpose,  an 
inner  thread  192a  is  machined  in  the  solenoid  172 

5  and  a  corresponding  outer  thread  192b  is  machin- 
ed  in  the  upper  part  of  the  elongated  stop  member 
184.  By  rotating  the  elongated  stop  member  184 
and  screwing  it  more  or  less  in  the  thread  192a 
one  can  adjust  the  length  L  of  the  end  of  the 

io  elongated  stop  member  184  protruding  beyond  the 
surface  of  the  pole  face  150  and  therefore  adjust 
the  pilot  valve  lift  P.  Once  the  desired  pilot  valve  lift 
P  has  been  set,  one  can  block  the  elongated  stop 
member  184  by  means  of  the  countering  nut  194. 

is  A  pilot  valve  spring  196  is  transmitting  its  bias 
force  to  an  intermediate  piece  198  which  is  radially 
guided  in  the  same  bore  of  the  elongated  stop 
member  184  as  the  stem  180  of  the  pilot  valve 
182.  The  intermediate  piece  198  transmits  the  elas- 

20  tic  bias  force  of  the  pilot  valve  spring  196  to  the 
stem  180.  The  spring  196  is  placed  in  a  chamber 
200  at  the  upper  end  of  the  elongated  stop  mem- 
ber  184.  The  fuel  return  path  extends  through  the 
bore  188  in  the  stem  180  and  a  bore  202  of  the 

25  intermediate  piece  198  and  exits  the  chamber  200 
through  a  bore  204. 

The  mode  of  operation  of  the  embodiment  ac- 
cording  to  Figure  3  is  analogous  to  the  mode  of  the 
embodiment  previously  described  in  connection 

30  with  Figures  1  and  2. 

Claims 

1.  Fuel  injector  for  intermittently  injecting  fuel  into 
35  the  combustion  chamber  of  an  internal  com- 

bustion  engine,  comprising  a  housing  (14)  with 
a  valve  seat  (22)  and  at  least  one  injection 
orifice  (24),  an  elongated  injector  valve  mem- 
ber  (18)  provided  with  a  piston  member  (26) 

40  and  mounted  within  said  housing  (14)  for  en- 
gagement  with  said  valve  seat  (22)  to  close 
said  injection  orifice  (24),  said  injector  valve 
member  (18)  being  shiftable  in  its  axial  direc- 
tion  to  be  momentarily  lifted  from  said  valve 

45  seat  (22)  to  open  said  injection  orifice  (24)  to 
allow  the  injection  of  a  desired  quantity  of  fuel 
into  the  combustion  chamber  of  the  internal 
combustion  engine,  a  control  chamber  (40) 
provided  within  said  housing  (14)  and  being 

50  connected  to  a  fuel  supply  line  (12);  the  fuel 
pressure  in  said  control  chamber  (40)  acting 
upon  said  piston  member  (26)  of  said  injector 
valve  member  (18)  forcing  the  latter  against 
said  valve  seat  (22),  means  (34,  38,  172,  182) 

55  to  quickly  reduce  and  quickly  restore  the  fuel 
pressure  in  said  control  chamber  (40)  to  allow 
the  axial  movement  of  said  injector  valve  mem- 
ber  (18),  said  means  to  quickly  reduce  and 

6 
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restore  the  fuel  pressure  in  said  control  cham- 
ber  (40)  comprising  at  least  a  discharge  orifice 
(38)  opening  into  said  control  chamber  (40), 
electromagnetically  controlled  pilot  valve 
means  (182)  for  closing  and  temporarily  open- 
ing  the  outlet  side  of  said  discharge  orifice  (38) 
and  operated  by  a  solenoid  (172)  depending 
upon  applied  electric  pulses  of  a  predeter- 
mined  duration;  said  solenoid  (172)  comprises 
a  body  (122)  defining  a  pole  face  (148,  150) 
and  having  an  outer  section  (126)  and  an  inner 
section  (138)  and  a  solenoid  coil  (130)  which  is 
placed  in  an  inner  space  of  said  body  (122) 
between  said  outer  and  inner  sections  (126, 
138),  an  armature  member  (176)  connected  to 
a  stem  (180)  of  said  pilot  valve  means  (182) 
and  at  least  one  first  member  (166)  defining  in 
part  said  control  chamber  (40)  and  being  sub- 
ject  at  least  to  the  fuel  pressure  present  in  said 
control  chamber  (40),  said  first  member  (166) 
being  in  mechanical  connection  with  further 
members  (52,  54,  14;  172)  transmitting  the 
hydraulic  forces  acting  upon  said  first  member 
(166)  characterized  in  that  said  outer  section 
(126)  of  the  solenoid  body  (122)  is  provided 
with  an  extended  portion  (170)  protruding  past 
said  pole  face  (148,  150)  and  defining  with  said 
pole  face  (148,  150)  and  the  surface  of  said 
first  member  (166)  which  is  remote  from  the 
control  chamber  (40)  a  space  (174)  in  which 
the  end  section  (178)  of  the  stem  (180)  of  said 
pilot  valve  means  (182)  which  opens  and 
closes  the  outlet  side  of  said  discharge  orifice 
(38)  and  said  armature  member  (176)  are  ar- 
ranged. 

Fuel  injector  according  to  claim  1  ,  wherein  said 
solenoid  (172)  is  radially  guided  within  a  bore 
(64)  provided  in  said  injector  housing  (14). 

Fuel  injector  according  to  claim  1,  comprising 
a  solenoid  retaining  member  (52)  connected  to 
said  injector  housing  (14)  for  displacement  in 
the  direction  of  the  injector's  longitudinal  axis 
(8)  and  acting  upon  said  solenoid  (172),  where- 
by  an  axial  displacement  of  said  solenoid  re- 
taining  member  (52)  results  in  a  corresponding 
axial  movement  of  at  least  said  solenoid  (172) 
and  of  said  first  member  (166)  to  change  the 
maximum  valve  lift  that  can  be  performed  by 
the  injector  needle  valve  (18)  during  each  inter- 
mittent  injection  event. 

Fuel  injector  according  to  claim  1  ,  wherein  said 
extended  portion  (170)  of  said  outer  section 
(126)  is  in  contact  with  an  upper  portion  (168) 
of  said  first  member  (166)  by  means  of  a 
contacting  surface  (170a). 

5.  Fuel  injector  according  to  claim  1,  wherein  a 
stop  member  (154,  184)  is  placed  in  said  inner 
section  (138)  of  said  solenoid  body  (122)  and 
protrudes  by  a  given  amount  (L)  beyond  a 

5  surface  of  said  inner  section  (138),  said  stop 
member  (154,  184)  limiting  the  opening  move- 
ment  of  said  pilot  valve  means  (182). 

6.  Fuel  injector  according  to  claim  5,  wherein  said 
io  stop  member  (154,  184)  is  of  a  cylindrical 

shape  with  the  end  surface  provided  at  the  end 
protruding  beyond  said  inner  round  section 
(138)  being  flat  and  parallel  to  said  pole  face 
(148,  150),  the  longitudinal  axis  of  said  stop 

is  member  (154,  184)  being  coincident  with  the 
longitudinal  axis  (8)  of  said  solenoid  (172). 

7.  Fuel  injector  according  to  claim  5,  further  com- 
prising  means  for  moving  and  positioning  said 

20  stop  member  (184)  in  said  inner  section  (138) 
to  set  a  desired  amount  of  travel  (P)  of  said 
pilot  valve  means  (182)  by  changing  said  given 
amount  (L)  of  protrusion  of  said  stop  member 
(184). 

25 
8.  Fuel  injector  according  to  claim  7,  wherein  said 

stop  member  (184)  is  of  elongated,  cylindrical 
shape  and  is  radially  guided  within  said  inner 
section  (138),  said  elongated  stop  member 

30  (184)  being  provided  with  an  outer  thread 
(192b)  engaging  a  corresponding  inner  thread 
(192a)  provided  in  said  inner  section  (138)  for 
axially  moving  and  positioning  said  elongated 
stop  member  (184)  by  threading  in  or  out  said 

35  elongated  stop  member  (184)  into  said  inner 
section  (138). 

9.  Fuel  injector  according  to  claim  1  ,  wherein  the 
stem  (180)  of  said  pilot  valve  means  (182)  is 

40  radially  guided  within  a  bore  provided  in  said 
inner  section  (138)  of  said  solenoid  body  (122), 
said  bore  being  coaxial  with  the  longitudinal 
axis  (8)  of  said  inner  section  (138). 

45  10.  Fuel  injector  according  to  claims  8  and  9, 
wherein  said  stem  (180)  is  radially  guided  with- 
in  a  bore  axially  arranged  in  said  elongated 
stop  member  (184). 

50  11.  Fuel  injector  according  to  claim  9,  comprising 
a  pilot  valve  spring  (196),  acting  upon  the 
upper  end  of  said  stem  (180)  of  said  pilot  valve 
means  (182). 

55  12.  Fuel  injector  according  to  claim  1,  wherein  said 
armature  member  (176)  of  said  pilot  valve 
means  (1  82)  is  provided  with  at  least  two  bores 
(158)  connecting  the  side  of  said  armature 
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member  (176)  facing  said  pole  face  (148,  150) 
with  the  opposite  side  of  said  armature  mem- 
ber  (176). 

Patentanspruche 

1.  Brennstoffeinspritzventil  zur  intermittierenden 
Brennstoffeinspritzung  in  den  Brennraum  einer 
Verbrennungskraftmachine,  mit  eine  Gehause 
(14)  mit  eine  Ventilsitz  (22)  und  mindestens 
einer  Einspritzoffnung  (24),  eine  mit  einem  Kol- 
benelement  (26)  versehenen,  langlichen,  im 
Gehause  (14)  eingebauten  Einspritzventilglied 
(18)  zum  Zusammenwirken  mit  dem  Ventilsitz 
(22)  m  die  Einspritzoffnung  (24)  zu  verschlies- 
sen,  wobei  das  Einspritzventilglied  (18)  in  axia- 
ler  Richtung  bewegbar  ist  urn  vorubergehend 
vom  Ventilsitz  (22)  wegbewegt  zu  werden  urn 
die  Einspritzoffnung  (24)  zu  offnen  zwecks 
Einspritzung  einer  gewunschten  Brennstoff- 
menge  in  den  Brennraum  der  Verbrennungs- 
kraftmaschine,  eins  Steuerraum  (40)  im  Ge- 
hause  (14),  der  mit  einer  Brennstoffzufuhrlei- 
tung  (12)  verbunden  ist;  wobei  der  Brennstoff- 
druck  im  Steuerraum,  (40)  das  Kolbenelement 
(26)  des  Einspritzventilgliedes  (18)  beauf- 
schlagt,  urn  es  an  den  Ventilsitz  (22)  anzudruk- 
ken,  Mitteln  (34,  38,  172,  182)  urn  den  Brenn- 
stoffdruck  im  Steuerraum  (40)  rasch  abzusen- 
ken  und  rasch  wiederaufzubauen  urn  die  axiale 
Bewegung  des  Einspritzventilgliedes  (18)  zuzu- 
lassen,  wobei  die  Mittel  zum  raschen  Absen- 
ken  und  Wiederaufbauen  des  Brennstoffdruk- 
kes  im  Steuerraum  (40)  mindestens  eine  in 
den  Steuerraum  (40)  mundende  Abflussoff- 
nung  (38)  sowie  ein  von  eins  Solenoid  (172),  in 
Abhangigkeit  von  elektrischen  Impulsen  einer 
vorgegebenen  Dauer  betatigtes,  elektromagne- 
tisch  gesteuertes  Pilotventil  (182)  urn  die  Aus- 
lassseite  der  Auslassoffnung  (38)  zu  ver- 
schliessen  und  vorubergehend  zu  offnen,  auf- 
weisen,  wobei  das  Solenoid  (172)  einen  Korper 
(122),  der  eine  Polflache  (148,  150)  festlegt 
und  ein  ausseres  Teilstuck  (126),  ein  inneres 
Teilstuck  (138)  und  eine  Solsoidspule  (130) 
umfasst,  welche  in  eins  inneren  Raum  des 
Korpers  (122)  zwischen  dem  ausseren  und 
dem  inneren  Teilstuck  (126,  138)  angeordnet 
ist,  einem  Anker  (176),  der  mit  dem  Schaft 
(180)  des  Pilotventils  (182)  verbunden  ist,  und 
mindestens  eins  ersten  Element  (166),  welches 
zum  Teil  den  Steuerraum  (40)  festlegt  und  das 
mindestens  vom  Brennstoffdruck  im  Steuer- 
raum  (40)  beaufschlagt  wird,  wobei  dieses  er- 
ste  Element  (166)  in  mechanischer  Verbindung 
mit  weiteren  Elementen  (52,  54,  14;  172)  ist, 
die  jene  hydraulischen  Krafte  weiterleiten,  wel- 
che  auf  das  erste  Element  (166)  einwirken; 

dadurch  gekennzeichnet,  dass  das  aussere 
Teilstuck  (126)  des  Solenoidkorpers  (122)  mit 
einem  verlangerten  Teilstuck  (170)  versehen 
ist,  welches  sich  uber  die  Polflache  (148,  150) 

5  hinaus  erstreckt  und  welches  zusammen  mit 
der  Polflache  (148  150)  und  der  dem  Steuer- 
raum  (40)  abgewandten  Seite  des  ersten  Ele- 
mentes  (166)  einen  Raum  (174)  bildet,  im  den 
sich  jenes  Endstuck  (178)  des  Schaftes  (180) 

io  des  Pilotventils  (182),  das  die  Auslassseite  der 
Auslassoffnung  (38)  offnet  und  schliesst,  und 
der  Anker  (176)  befinden. 

2.  Brennstoffeinspritzventil  nach  Anspruch  1,  da- 
15  durch  gekennzeichnet,  dass  das  Solenoid 

(172)  radial  in  einer  Bohrung  (64)  des  Gehau- 
ses  (14)  gefuhrt  ist. 

3.  Brennstoffeinspritzventil  nach  Anspruch  1,  ge- 
20  kennzeichnet  durch  ein  Solenoidruckhalteele- 

ment  (52),  welches  mit  dem  Gehause  (14)  zur 
Bewegung  in  Richtung  der  Langsachse  (8)  des 
Brennstoffeinspritzventils  verbunden  ist  und  auf 
das  Solenoid  (172)  einwirkt,  so  dass  eine  axia- 

25  le  Bewegung  des  Solenoidruckhalteelementes 
(52)  eine  entsprechende  axiale  Bewegung  min- 
destens  des  Solenoids  (172)  und  des  ersten 
Elementes  (166)  bewirkt,  urn  den  maximalen 
Hub  des  Einspritzventilgliedes  (18)  wahrend 

30  jeder  intermittierenden  Einspritzung  zu  andern. 

4.  Brennstoffeinspritzventil  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  dass  das  verlangerte 
Teilstuck  (170)  des  ausseren  Teilstuckes  (126) 

35  mittels  einer  Kontaktflache  (170a)  in  Beruhrung 
mit  einem  oberen  Teil  (168)  des  ersten  Ele- 
mentes  (166)  ist. 

5.  Brennstoffeinspritzventil  nach  Anspruch  1,  da- 
40  durch  gekennzeichnet,  dass  ein  Anschlagele- 

ment  (154;  184)  im  inneren  Teilstuck  (138)  des 
Solenoidkorpers  (122)  angeordnet  ist  und  urn 
einen  gegebenen  Betrag  (L)  uber  eine  Flache 
des  inneren  Teilstuckes  (138)  herausragt,  wo- 

45  bei  das  Anschlagelement  (154;  184)  die  Oeff- 
nungsbewegung  des  Pilotventils  (182)  be- 
grenzt. 

6.  Brennstoffeinspritzventil  nach  Anspruch  5,  da- 
50  durch  gekennzeichnet,  dass  das  Anschlagele- 

ment  (154;  184)  eine  zylindrische  Form  auf- 
weist  und  am  uber  das  innere  Teilstuck  (138) 
herausragenden  Ende  mit  einer  Endflache  ver- 
sehen  ist,  die  eben  und  parallel  zur  Polflache 

55  (148,  150)  ist,  und  dass  die  Langsachse  des 
Anschlagelementes  (154;  184)  mit  der  Langs- 
achse  (8)  des  Solenoids  (172)  zusammenfallt. 

8 
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7.  Brennstoffeinspritzventil  nach  Anspruch  5,  da- 
durch  gekennzeichnet,  dass  Mittel  zum  Bewe- 
gen  und  Positionieren  des  Anschlagelementes 
(184)  im  inneren  Teilstuck  (138)  vorhanden 
sind,  urn  einen  gewunschten  Bewegungsweg 
(P)  des  Pilotventils  (182)  durch  Veranderung 
des  gegebenen  Betrages  (L)  des  Ueberstandes 
des  Anschlagelementes  (184)  einstellen  zu 
konnen. 

8.  Brennstoffeinspritzventil  nach  Anspruch  7,  da- 
durch  gekennzeichnet,  dass  das  Anschlagele- 
ment  (184)  eine  langliche,  zylindrische  Form 
aufweist  und  radial  im  Innern  des  inneren  Teil- 
stuckes  (138)  gefuhrt  ist,  wobei  das  langliche 
Anschlagelement  (184)  mit  einem  in  ein  Innen- 
gewinde  (192a)  des  inneren  Teilstuckes  (138) 
eingreifenden  Aussengewinde  (192b)  versehen 
ist,  urn  durch  Ein-  und  Ausschrauben  des  lang- 
lichen  Anschlagelementes  (184)  ins  innere 
Teilstuck  (138)  das  langliche  Anschlagelement 
(184)  axial  zu  bewegen  und  zu  positionieren. 

9.  Brennstoffeinspritzventil  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  dass  der  Schaft  (180) 
des  Pilotventils  (182)  radial  in  einer  im  inneren 
Teilstuck  (138)  des  Solenoidkorpers  (122)  ver- 
sehenen  Bohrung  gefuhrt  ist,  und  diese  Boh- 
rung  koaxial  zur  Langsachse  (8)  des  inneren 
Teilstucks  (138)  angeordnet  ist. 

10.  Brennstoffeinspritzventil  nach  den  Anspruchen 
8  und  9,  dadurch  gekennzeichnet,  dass  der 
Schaft  (180)  in  einer  im  langlichen  Anschlag- 
element  (184)  angeordneten,  axialen  Bohrung 
radial  gefuhrt  ist. 

11.  Brennstoffeinspritzventil  nach  Anspruch  9,  ge- 
kennzeichnet  durch  eine  auf  das  obere  End- 
stuck  des  Schaftes  (180)  des  Piltoventils  ein- 
wirknede  Pilotventilfeder  (196) 

12.  Brennstoffeinspritzventil  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  dass  der  Anker  (176) 
des  Pilotventils  (182)  mit  mindestens  zwei 
Bohrungen  (158)  versehen  ist,  welche  die  der 
Polflache  (148,  150)  zugewandten  Seite  des 
Ankers  (176)  mit  der  gegenuberliegenden  Sei- 
te  des  Ankers  (176)  verbinden. 

Revendicatlons 

1.  Injecteur  de  carburant  destine  a  injecter  de 
fagon  intermittente  du  carburant  dans  la  cham- 
bre  de  combustion  d'un  moteur  a  combustion 
interne,  comprenant  un  boltier  (14)  avec  un 
siege  de  valve  (22)  et  au  moins  un  orifice 
d'injection  (24),  un  element  allonge  (18)  de 

valve  d'injection  qui  comprend  un  piston  (26) 
et  qui  est  monte  a  I'interieur  dudit  boltier  (14) 
afin  de  venir  en  engagement  contre  ledit  siege 
de  valve  (22)  afin  de  fermer  ledit  orifice  d'in- 

5  jection  (24),  ledit  element  de  valve  d'injection 
(18)  pouvant  etre  deplace  dans  sa  direction 
axiale  afin  d'etre  momentanement  souleve  du- 
dit  siege  de  valve  (22)  afin  d'ouvrir  ledit  orifice 
d'injection  (24)  pour  permettre  I'injection  d'une 

io  quantite  desiree  de  carburant  dans  la  chambre 
de  combustion  du  moteur  a  combustion  inter- 
ne,  une  chambre  de  commande  (40)  prevue  a 
I'interieur  dudit  boltier  (14)  et  etant  reliee  a  une 
ligne  d'alimentation  de  carburant  (12),  la  pres- 

15  sion  du  carburant  dans  ladite  chambre  de 
commande  (40)  agissant  sur  ledit  piston  (26) 
dudit  element  de  valve  d'injection  (18)  en  for- 
gant  ce  dernier  contre  ledit  siege  de  valve 
(22),  des  moyens  (34,  38,  172,  182)  pour  re- 

20  duire  rapidement  et  pour  retablir  rapidement  la 
pression  du  carburant  dans  ladite  chambre  de 
commande  (40)  pour  permettre  le  mouvement 
axial  dudit  element  de  valve  d'injection  (18), 
lesdits  moyens  destines  a  reduire  rapidement 

25  et  a  retablir  rapidement  la  pression  du  carbu- 
rant  dans  ladite  chambre  de  commande  (40) 
comprenant  au  moins  un  orifice  de  decharge 
(38)  ouvrant  dans  ladite  chambre  de  comman- 
de  (40),  des  organes  de  valve  pilote  (182) 

30  commandes  par  voie  electro-magnetique  afin 
de  fermer  et  d'ouvrir  temporairement  le  cote 
de  sortie  dudit  orifice  de  decharge  (38)  et 
actionnes  au  moyen  d'un  soleno'fde  (172)  en 
fonction  des  impulsions  electriques  appliquees 

35  d'une  duree  predetermined;  ledit  soleno'fde 
(172)  comprenant  un  corps  (122)  definissant 
une  face  polaire  (148,  150)  et  presentant  une 
section  exterieure  (126)  et  une  section  interieu- 
re  (138)  et  un  bobinage  de  soleno'fde  (130)  qui 

40  est  place  dans  un  espace  interieur  dudit  corps 
(122)  entre  ladite  section  exterieure  et  ladite 
section  interieure  (126,  136),  une  armature 
(176)  reliee  a  une  tige  (180)  desdits  organes 
de  valve  pilote  (182),  et  au  moins  un  premier 

45  element  (166)  qui  definit  en  partie  ladite  cham- 
bre  de  commande  (40)  et  qui  est  soumis  au 
moins  a  la  pression  du  carburant  present  dans 
ladite  chambre  de  commande  (40),  ledit  pre- 
mier  element  (166)  etant  en  relation  mecani- 

50  que  avec  d'autres  elements  (52,  54,  14;  172) 
qui  transmettent  les  forces  hydrauliques  agis- 
sant  sur  ledit  premier  element  (166),  caracteri- 
se  en  ce  que  ladite  section  exterieure  (126)  du 
corps  (122)  du  soleno'fde  est  pourvue  d'une 

55  partie  etendue  (170)  qui  fait  saillie  au-dela  de 
ladite  face  polaire  (148,  150)  et  qui  definit  avec 
ladite  face  polaire  (148,  150)  et  avec  la  surface 
dudit  premier  element  (166)  qui  est  eloignee 

9 
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de  la  chambre  de  commande  (40)  un  espace 
(174)  dans  lequel  sont  agencees  ladite  section 
finale  (178)  de  la  tige  (180)  desdits  organes  de 
valve  pilote  (182)  qui  ouvrent  et  qui  ferment  le 
cote  de  sortie  dudit  orifice  de  decharge  (38), 
et  ladite  armature  (176). 

2.  Injecteur  de  carburant  selon  la  revendication  1  , 
caracterise  en  ce  que  ledit  soleno'fde  (172)  est 
guide  radialement  a  I'interieur  d'un  pergage 
(64)  prevu  dans  ledit  boltier  d'injecteur  (14). 

3.  Injecteur  de  carburant  selon  la  revendication  1  , 
comprenant  un  element  (52)  de  retenue  pour 
le  soleno'fde,  raccorde  audit  boltier  d'injecteur 
(14)  pour  etre  deplace  dans  la  direction  de 
I'axe  longitudinal  (8)  de  I'injecteur,  et  qui  agit 
sur  ledit  soleno'fde  (172),  grace  a  quoi  un 
deplacement  axial  dudit  element  (52)  de  rete- 
nue  du  soleno'fde  a  pour  resultat  un  mouve- 
ment  axial  correspondant  d'au  moins  ledit  so- 
leno'fde  (172)  et  dudit  premier  element  (166) 
afin  de  changer  le  soulevement  maximum  de 
la  valve  qui  peut  etre  effectue  par  la  valve  a 
pointeau  (18)  d'injecteur  pendant  chaque  ope- 
ration  d'injection  intermittente. 

4.  Injecteur  de  carburant  selon  la  revendication  1  , 
caracterise  en  ce  que  ladite  partie  etendue 
(170)  de  ladite  section  exterieure  (126)  est  en 
contact  avec  une  partie  superieure  (168)  dudit 
premier  element  (166)  au  moyen  d'une  surface 
de  contact  (170a). 

5.  Injecteur  de  carburant  selon  la  revendication  1  , 
caracterise  en  ce  qu'un  element  d'arret  (154, 
184)  est  place  dans  ladite  section  interieure 
(138)  dudit  corps  de  soleno'fde  (122)  et  fait 
saillie  d'une  distance  donnee  (L)  au-dela  d'une 
surface  de  ladite  section  interieure  (138),  ledit 
element  d'arret  (154,  184)  limitant  le  mouve- 
ment  d'ouverture  desdits  moyens  (182)  for- 
mant  valve  pilote. 

6.  Injecteur  de  carburant  selon  la  revendication  5, 
caracterise  en  ce  que  ledit  element  d'arret 
(154,  184)  a  une  forme  cylindrique  et  sa  surfa- 
ce  d'extremite  prevue  a  I'extremite  qui  fait 
saillie  au-dela  de  ladite  section  arrondie  inte- 
rieure  (138)  etant  plane  et  parallele  a  ladite 
face  polaire  (148,  150),  I'axe  longitudinal  dudit 
element  d'arret  (154,  184)  coTncidant  avec 
I'axe  longitudinal  (8)  dudit  soleno'fde  (172). 

7.  Injecteur  de  carburant  selon  la  revendication  5, 
comprenant  en  outre  des  moyens  pour  depla- 
cer  et  pour  positionner  ledit  element  d'arret 
(184)  dans  ladite  section  interieure  (138)  pour 

fixer  une  distance  desiree  de  deplacement  P 
desdits  organes  de  valve  pilote  (182)  en  chan- 
geant  ladite  distance  donnee  L  de  saillie  dudit 
element  d'arret  (184). 

5 
8.  Injecteur  de  carburant  selon  la  revendication  7, 

dans  lequel  ledit  element  d'arret  (184)  a  une 
forme  allongee  et  cylindrique  et  il  est  guide 
radialement  a  I'interieur  de  ladite  section  inte- 

w  rieure  (138),  ledit  element  d'arret  allonge  (184) 
etant  pourvu  d'un  filetage  exterieur  (192b)  qui 
engage  un  taraudage  interieur  correspondant 
(192a)  prevu  dans  ladite  section  interieure 
(138)  afin  de  deplacer  axialement  et  de  posi- 

15  tionner  ledit  element  d'arret  allonge  (184)  en 
vissant  ou  en  devissant  ledit  element  d'arret 
allonge  (184)  dans  ladite  section  interieure 
(138). 

20  9.  Injecteur  de  carburant  selon  la  revendication  1  , 
caracterise  en  ce  que  la  tige  (180)  desdits 
organes  de  valve  pilote  (182)  est  radialement 
guidee  a  I'interieur  d'un  pergage  prevu  dans 
ladite  section  interieure  (138)  dudit  corps  de 

25  soleno'fde  (122),  ledit  pergage  etant  coaxial  a 
I'axe  longitudinal  (8)  de  ladite  section  interieure 
(138). 

10.  Injecteur  de  carburant  selon  les  revendications 
30  8  et  9,  dans  lequel  ladite  tige  (180)  est  guidee 

radialement  a  I'interieur  d'un  pergage  agence 
axialement  dans  ledit  element  d'arret  allonge 
(184). 

35  11.  Injecteur  de  carburant  selon  la  revendication  9, 
comprenant  un  ressort  (196)  de  valve  pilote, 
qui  agit  sur  I'extremite  superieure  de  ladite  tige 
(180)  desdits  organes  de  valve  pilote  (182). 

40  12.  Injecteur  de  carburant  selon  la  revendication  1  , 
dans  lequel  ladite  armature  (176)  desdits  orga- 
nes  de  valve  pilote  (182)  est  pourvue  d'au 
moins  deux  trous  (158)  qui  relient  le  cote  de 
ladite  armature  (176)  qui  fait  face  a  ladite  face 

45  polaire  (148,  150)  au  cote  oppose  de  ladite 
armature  (176). 

50 
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