
J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  3 7 5   7 9 5  

A 1  

©  

©  Application  number:  88121706.1 

@  Date  of  filing:  27.12.88 

EUROPEAN  PATENT  A P P L I C A T I O N  

706.1  ©  int.  Cl.s:  F02M  45/08,  F02M  6 1 / 1 6  

@  Date  of  publication  of  application:  ©  Applicant:  O.M.A.P.  OFFICINE  MECCANICHE 
04.07.90  Bulletin  90/27  ALTA  PRECISIONE  S.p.A. 

Viale  S.  Eufemia,  106/E 
©  Designated  Contracting  States:  1-25100  Brescia(IT) 

DE  ES  FR 
@  Inventor:  Ferruci,  Medo 

Viale  S.  Eufemia,  106/E 
1-25100  Brescia(IT) 

©  Representative:  Luksch,  Giorgio,  Dr.-lng.  et  al 
Ing.  A.  Giambrocono  &  C.  S.r.l.  Via  Rosolino 
Pilo,  19/b 
1-20129  Milano(IT) 

©  Double  lift  fuel  injector  which  can  be  calibrated  and  set  using  normal  equipment. 

©  This  fuel  injector,  which  can  be  calibrated  and  ^ T 1 ^ L _  
set  using  normal  equipment,  consists  of  an  occlusion  i t r   ~1§it 
©  This  fuel  injector,  which  can  be  calibrated  and 
set  using  normal  equipment,  consists  of  an  occlusion 
pin  (5)  whose  lift  of  aperture  can  be  carried  out  in 
sequence  with  the  reactive  interwoven  of  differen- 
tiated  rigidity  springs  (8,14)  so  as  to  create  rates  of 
flow  into  the  combustion  chamber  which  are  gradual 
and  appropriate  to  the  power  requirements  of  the 
engine. 
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DOUBLE  LIFT  FUEL  INJECTOR  WHICH  CAN  BE  CALIBRATED  AND  SET  USING  NORMAL  cUUIrMbNl. 

This  invention  regards  the  field  of  fuel  injectors 
or  endothermic  engines. 

It  is  a  known  fact  that  fuel  injectors  for  en- 
lothermic  engines,  particularly  those  for  diesel  en- 
gines,  consist  of  a  point  drilled  and  directed  on  the 
combustion  chamber  which  sprays  fuel  at  high 
Dressure  into  the  chamber  at  the  pre-established 
:ime  to  ensure  optimum  combustion  (output).  The 
capacity  of  the  point  to  spray  (inject)  fuel  is  con- 
sequent  to  the  rise  of  a  pin  designed  to  occlude 
:he  holes  on  the  point.  The  pin  is  made  to  rise  by 
neans  of  pressure,  created  by  an  injection  pump 
Dn  a  circular  crown;  this  results  from  the  difference 
Detween  a  lapped  part  of  the  pin  and  a  thicker  part 
which  serves  as  a  runner  for  its  axial  movement. 

In  fact,  this  pressure  thus  creates  a  force  which 
s  greater  than  that  of  the  antagonistic  action  of  a 
spring  exerting  the  closing  load  of  the  injector  and 
therefore  moves  the  pin  with  a  given  opening 
stroke  which  is  restricted  by  a  normal  beat. 

In  this  common  type  of  injector,  once  the  rise 
Df  the  pin  has  started,  it  immediately  proceeds  to 
its  maximum  stroke.  In  this  condition  the  pin  is,  in 
fact,  affected  by  the  pressure  over  the  whole  of  its 
cross-section  and  it  is  therefore  subjected  to  much 
greater  opening  forces.  The  condition  of  maximum 
opening  also  corresponds  to  the  maximum  capac- 
ity  of  fuel  injected  into  the  combustion  chamber. 

This  therefore  implies  that  there  is  a  risk  of 
sudden  large  injections  even  when  not  required. 
The  injector  must  be  capable  of  opening  even  with 
fuel  pressures  corresponding  to  the  engine  operat- 
ing  at  low  revs,  but-this  is  no  reason  why  it  should 
inject  quantities  of  fuel  more  suited  to  much  higher 
revs. 

Although  fine  tuning  has  restricted  the  probabil- 
ity  of  this  occurring  at  serious  levels,  it  is  neverthe- 
less  still  possible.  In  any  case,  the  traditional  injec- 
tors  have  virtually  no  gradualness  and  no  ability  to 
adjust  to  the  engine  revs  because  of  solid  residues, 
so  they  are  often  the  cause  of  imperfect  combus- 
tion  which  both  damages  the  parts  of  the  engine 
and  pollutes  the  environment  with  harmful  sub- 
stances,  not  to  mention  the  user,  due  to  the  waste 
of  fuel. 

Despite  the  fact  that  everyone  in  the  sector  has 
been  aware  of  the  problem  for  some  time,  solutions 
proposed  to  date  have  remained  at  the  testing 
stage,  mainly  due  to  their  inadequate  reliability 
and/or  the  high  cost  involved  in  production  on  an 
industrial  scale,  due  to  the  complex  problems  in- 
volved  in  periodic  tuning  and  setting. 

The  aim  of  this  invention  was  to  design  an 
injector  which  makes  it  possible  to  adapt  the 
amount  of  fuel  injected,  in  relation  to  the  varying 

power  required  by  the  engine,  more  precisely. 
A  further  aim  was  to  design  an  injector  which 

would  carry  out  injection  gradually,  giving  pro- 
longed  combustion  to  improve  thermodynamic  per- 

5  formance. 
Again,  the  aim  was  also  to  design  an  injector 

where  the  opening  would  be  sensitive  to  even  low 
pressures. 

The  detailed  description  below  will  show  how 
'o  these  and  other  aims  have  been  achieved  in  a  fuel 

injector  which  can  be  calibrated  and  tuned  using 
normal  equipment.  It  has  an  occlusion  pin  whose 
lift  of  aperture  can  be  carried  out  in  sequence  with 
the  reactive  intervention  of  differentiated  rigidity 

is  springs  so  as  to  create  rates  of  flow  into  the 
combustion  chamber  which  are  gradual  and  appro- 
priate  to  the  power  requirements  of  the  engine. 

The  invention  is  illustrated  purely  for  indicative 
purposes  and  in  no  way  restrictively  in  the  en- 

30  closed  drawing  which  shows  an  injector  in  longitu- 
dinal  section  using  standard  technical  representa- 
tions. 

With  reference  to  the  above-mentioned  figure, 
a  fixed  body  1  is  fitted  with  canalization  2  con- 

's  nected  by  means  of  high  pressure  hydraulic  pipes 
to  a  normal  injection  pump  (not  included  in  the 
drawing)  by  means  of  a  threaded  connector  3. 
Segments  2A  and  2B  of  canalization  2  extend  to  a 
central  chamber  4,  giving  on  to  a  larger  cylindrical 

30  body  5A  of  a  pin  5  which  is  extended  with  its 
cylindrical  body  of  a  lesser  diameter  5B  inside  a 
chamber  6  where  it  is  housed  with  play. 

Extremity  6E  of  this  chamber  is  conical  and 
connected  to  the  extremity  5E  of  the  pin,  so  as  to 

35  give  a  hydraulic  seal,  using  the  usual  high  degrees 
of  surface  finish. 

The  tip  6A  of  the  chamber  is  thus  hydraulically 
isolated  and  is  in  communication  with  the  exterior 
(the  combustion  chamber  of  the  engine)  by  means 

40  of  the  usual  micro  holes  which  produce  nebuliza- 
tion  (N). 

The  pin  5  is  fitted  with  a  small-diameter  end 
piece  5T,  on  which  a  cap  7  rests,  which  is  pushed 
by  a  spring  with  a  cylindrical  propeller  8  (shown 

45  using  standard  technical  drawing  representations). 
This  end  piece  5T  rises  from  a  flat  shoulder  sur- 
face  5S,  to  fix  a  maximum  stroke  H.  This  spring  8 
rests  on  a  calibrated  washer  9  to  exert  a  preload 
value  which  can  be  established  with  maximum  pre- 

50  cision.  This  washer  in  turn  rests  on  an  annular 
edge  protruding  with  regard  to  the  housing  of  the 
spring  B,  and  bordered  by  a  working  seat  1F  in 
which  a  rod  10  integral  with  pin  5  runs. 

The  cap  7  is  integral  with  this  guiding  rod  10, 
which  is  housed  in  a  working  seat  1F  taken,  not 
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inly  from  the  fixed  body  1  ,  but  also  from  a  fixed 
ujxiliary  element  11.  There  is  a  calibrated  ring  12 
>n  this  auxiliary  element,  of  a  thickness  which 
nakes  it  possible  to  make  play  G  less  than  H 
)etween  its  top  and  the  top  of  the  guiding  rod. 

On  this  calibrated  ring  12,  an  upper  moving 
:ap  13  is  pressed  on  by  a  spring  14  reacting  on  a 
jlug  16  integral  with  the  fixed  body  of  the  injector, 
)y  means  of  interplacement  of  a  further  calibrated 
vasher  15.  This  plug  16  is  drilled  in  17  for  the 
jsual  recirculation  towards  the  fuel  "waste"  tank, 
ind  is  made  to  close  the  upper  cavity  to  house  the 
spring  14  made  in  the  body  1.  Due  to  the  extreme 
iimensional  precision  of  the  various  parts,  the  two 
springs  8  and  14  are  obviously  of  the  type  with 
lattened  and  ground  ends. 

Operation  of  the  injector  occurs  in  the  following 
vay. 

When  fuel  (diesel,  or  petrol  or  other  fuel),  push- 
3d  by  an  external  pump  into  canalization  2, 
eaches  the  central  chamber  4,  it  causes  the  pin  5 
o  lift  by  pressing  the  spring  8,  which  has  lesser 
igidity  than  that  of  the  spring  14.  This  lifting  obvi- 
ously  causes  flow  of  the  fuel  into  the  tip  6A  and 
tierefore  its  being  sprayed  N  into  the  combustion 
chamber.  The  capacity  which  is  thereby  given  is 
consequent  to  the  outflow  section  resulting  in  the 
5E-6E  area  due  to  the  lifting  effect  of  the  pin  5  in 
tie  amount  defined  by  the  play  G,  the  guiding  rod 
10  being  integral  with  this  pin.  This  is  so  until  the 
Din  is  not  given  a  lifting  force  capable  of  pressing 
:he  spring  14  too;  this  lifting  force  is  obviously 
dependent  on  the  pressure  with  which  the  fuel  is 
oumped  to  the  inside  of  the  central  chamber  4. 
When  this  pressure  is  reached,  the  top  of  the 
guiding  rod  10  lifts  the  moving  cap  13  until  it 
reaches  its  maximum  stroke  H,  defined  by  the 
shoulder  surface  5S  against  the  fixed  body  1  . 

Using  this  solution,  the  injector  opening  is 
therefore  under  a  certain  "minimum  pressure"  with 
a  corresponding  limited  capacity,  until  the  fuel 
pressure,  according  to  the  engine  requirements, 
reaches  another  higher  level. 

At  the  higher  level  of  pressure  the  spring  14 
starts  to  give  way,  which  can  therefore  allow  the 
pin  5  (associated  with  the  rod  10)  to  carry  out  a 
further  stroke,  up  to  a  total  value  H. 

Whereas  in  traditional  injectors  there  is  prac- 
tically  only  one  value  for  the  pin  stroke,  in  the  type 
of  injector  presented  here  there  are  two  strokes 
available.  This  makes  it  possible  to  take  advantage 
of  injected  fuel  capacities  which  can  be  adapted  to 
the  engine  performances  required,  not  only  by  ca- 
pacity  variations  linked  with  the  pressure  variations, 
but  also  by  capacity  variations  consequent  to  the 
two  different  values  of  the  outflow  section  (play  6E- 
5E),  consequent  to  the  two  different  strokes  which 
the  pin  5  is  allowed. 

f-rom  a  purely  inaicauve  point  ui  view  reiauve 
to  the  size  of  the  values  in  question,  the  first 
degree  of  opening  occurs  with  a  stroke  G  of  0.05 
mm  and  with  a  pressure  of  170  bat,  which  is 

5  required  to  overcome  the  antagonistic  action  of  the 
spring  8.  The  injector  operates  with  this  stroke  until 
the  prssure  reaches  a  value  in  the  region  of  350 
bar:  At  this  pressure  there  is  sufficient  force  on  the 
occlusion  end  (5E)  of  the  pin  overcome  the 

o  preloading  of  the  spring  14,  and  therefore  to  distort 
it  up  to  a  value  given  by  the  difference  H-G,  which 
could  indicatively  be  0.2  mm.  Whereas  the  force 
which  initially  presses  the  spring  8  is  due  to  the 
action  of  the  fuel  pressure  on  the  above-mentioned 

5  circular  crown  which  demands  on  the  difference 
between  the  diameters  of  the  two  parts  (5A,  5B)  of 
the  pin,  the  force  which  presses  the  spring  14  is 
that  due  to  the  pressure  action  of  the  fuel  on  the 
circular  section,  which  is  much  greater,  of  section 

>o  5A.  This  force  is  also  impeded  by  the  co-operation 
of  both  the  springs  8  and  14.  From  what  has  been 
said,  it  can,  however,  be  understood  that,  whereas 
the  first  lift  of  0.05  is  always  complete  due  to  the 
increase  in  section  on  which  the  fuel  pressure 

>5  works  once  the  opening  detachment  has  been  car- 
ried  out,  the  second  lift  has  a  gradual  stroke  or  one 
proportional  to  the  amount  of  the  fuel  pressure 
itself. 

Since  the  injection  capacities  which  can  be 
jo  obtained  in  this  way  are  conditioned  by  the  forces 

exerted  by  the  two  springs  8  and  14,  the  extreme 
importance  of  the  precision  of  their  preloading  can 
be  understood:  i.e.  the  thicknesses  of  the  calibrated 
washers  9  and  15  on  which  they  rest  respectively 

35  and  which  make  them  up.  It  is  therefore  extremely 
important  for  an  injector  to  allow  these  thicknesses 
to  be  checked  and  adjusted  to  the  optimal  values 
with  equipment  which  is  easy  to  come  by  and 
using  economical  methods  of  intervention. 

40  The  play  G,  for  example,  can  be  determined 
using  a  traditional  comparator  acting  with  its  tracer 
point  on  the  top  of  the  guiding  rod  10  and  on  the 
top  of  the  calibrated  ring  12,  so  as  to  obtain  their 
reciprocal  level  difference. 

45  With  regard  to  the  action  carried  out  by  the 
spring  8,  calibration  of  the  fuel  pressure  to  which 
the  initial  opening  of  the  injector  corresponds,  is 
usually  carried  out  empirically;  it  is  done  with  a 
manual  pump  creating  a  pressure  increase  within 

so  canalization  2  which  is  controlled  by  means  of  a 
pressure  gauge  with  an  auxiliary  pointer,  which 
signals  the  maximum  deviation  made  by  the  direct 
measuring  pointer.  In  this  way,  when  the  injector 
opens  the  pressure  drops  suddenly  and  the  auxil- 

55  iary  pointer  can  indicate  the  pressure  at  which  this 
opening  occurred.  To  increase  this  pressure  value, 
it  is  sufficient  to  increase  the  thickness  of  the 
calibrated  washer  9.  As  has  already  been  seen, 
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lowever,  the  action  of  this  first  opening  is  limited  to 
rery  small  stroke  values  (0.05)  until  the  next  pres- 
sure  level  is  reached  (350  bar).  In  fact,  the  basic 
ole  of  the  injector  is  played  by  the  more  rigid 
spring  14,  whose  distortion  gives  the  pin  5  the 
cossibility  to  carry  out  the  maximum  lift  H. 

Calibration  of  this  second  stage  of  the  injector 
ncluding  spring  14,  can  be  made  to  advantage  in 
he  same  simple  way  already  described,  taking 
care  to  bear  in  mind  the  details  connected  with  the 
presence  of  the  first  stage  adjusted  by  the  action  of 
:he  spring  8. 

This  calibration  must  be  made  to  give  this 
njector  with  double  lift  the  capacity  to  operate  with 
:he  same  pressures  with  which  the  traditional  injec- 
:ors  with  a  single  lift  operate.  The  preloading  force 
zvhich  must  be  used  to  make  the  spring  14  work  on 
ts  cap  13,  and  therefore  on  the  head  of  the  guiding 
■od,  is  the  one  which  is  given  by  the  product  of  the 
working  pressure  considered  (350  bar)  for  the  guid- 
ng  section  (5A)  of  the  pin  5.  Experimental  check- 
ng  of  this  value  using  normal  control  equipment  is 
oroblematic:  this  is  due  to  the  fact  that,  as  soon  as 
the  initial  injection  pressure  is  reached  (170  bar), 
the  pin  lifts,  overcoming  the  action  of  the  spring  8, 
and  does  not  allow  the  pressure  looked  for  to  be 
reached  in  any  significant  way,  because  of  the 
feeble  capacity  of  the  manual  test  pumps  normally 
used. 

To  avoid  these  difficulties,  the  fuel  injector  with 
double  lift,  according  to  the  invention,  makes  it 
advantageously  possible  to  know  both  the  preload- 
ing  value  given  by  the  spring  14,  notwithstanding 
the  modest  performance  of  the  normal  control 
equipment,  using  the  following  trick.  The  injector  is 
dismantled:  the  spring  8,  its  calibrated  washer  9 
and  the  calibrated  ring  12  for  resting  the  cap  13  on 
are  removed  from  it.  Then  it  is  reassembled.  Under 
these  conditions  the  cap  13,  pushed  by  the  spring 
14,  rests  directly  on  the  top  of  the  guiding  rod  10 
which,  in  turn  rests  on  cap  7,  keeping  the  pin  5  in 
its  closed  position.  By  then  proceeding  to  a  normal 
control  using  a  manual  pump  and  pressure  gauge, 
the  pressure  is  increased  until  a  certain  value  to 
cause  lifting  of  the  pin  or  injecting  phase.  The 
pressure  measured  in  this  way  is,  however,  much 
greater  than  the  one  which  would  be  required  dur- 
ing  operation  with  the  co-operation  of  the  1st  stage 
(carried  out  with  the  spring  8  and  the  play  G),  since 
under  the  above  conditions  it  only  acts  on  the 
surface  given  by  the  difference  in  section  of  the 
two  areas  5A  and  5B  of  the  pin,  instead  of  on  the 
whole  surface  of  the  area  5A.  This  pressure  should 
therefore  be  multiplied  by  a  coefficient  which  takes 
this  difference  into  account.  The  value  obtained  is 
not,  however,  the  real  preloading  working  value,  but 
a  value  corresponding  to  a  distance  between  the 
end  planes  of  the  springs  14  which  is  greater,  in 

relation  to  the  working  one,  tnen  tne  amount  ot  tne 
play  G  (i.e.  0.05  mm),  eliminated  by  the  absence  of 
the  calibrated  ring  12  in  this  control. 

Therefore,  to  obtain  the  real  preloading  value, 
5  with  which  the  spring  14  thus  examined  operates,  a 

further  operation  is  necessary  which  takes  into  ac- 
count  the  rigidity  of  this  spring.  A  further  corrective 
action  to  the  value  obtained  in  this  manner  is  to 
take  into  account  the  lack  of  action  by  the  spring  8 

•o  during  this  control:  the  spring  14  must  exert  a 
lower  preloading  value  to  the  one  found  so  far: 
lower  than  the  same  quantity  resulting  from  the 
pressing  action  of  the  spring  8  with  the  stroke  H. 
From  a  practical  point  of  view,  these  operations 

is  can  be  taken  as  already  carried  out  and  shown  in 
special  tables  or  nomograms  or  synthesising  dia- 
grams.  What  is  significant  is,  however,  that  with 
this  type  of  injector  it  is  possible  to  know,  and 
therefore  adjust,  the  preloading  value  put  on  by 

20  both  the  springs  8  and  14  by  varying  the  thicknes- 
ses  of  the  special  calibrated  washers  9  and  15:  and 
this  is  done  to  advantage  by  using  the  equipment 
usually  available  at  normal  repair  workshops. 

25 
Claims 

1)  A  fuel  injector  which  can  be  calibrated  and 
tuned  using  normal  equipment,  characterized  by  an 

30  occlusion  pin  (5)  with  its  opening  lift  (H)  which  can 
be  made  in  sequence  (G,  H)  by  means  of  reactive 
action  of  antagonistic  springs  (8,  14)  with  differen- 
tiated  rigidity,  to  create  gradual  and  adjustable  out- 
flow  capacities  (N)  into  the  combustion  chamber 

35  according  to  the  power  requirements  of  the  engine. 
2)  An  injector  as  in  the  previous  claim,  char- 

acterized  by  the  fact  that  the  springs  (8,  14),  an- 
tagonistic  to  the  lift  (H)  of  the  pin  (5)  each  operate 
with  their  own  adjustable  preloading  value  indepen- 

40  dently  (9,  15)  by  means  of  a  reaction  on  different 
areas  (16,  1F)  of  the  fixed  body  (1)  of  this  injector. 

3)  An  injector  as  in  the  previous  claims,  char- 
acterized  by  the  fact  that  the  pressing  action  (H-G) 
of  the  spring  (14)  of  successive  intervention  is 

45  carried  out  by  the  end  of  a  guiding  rod  (10)  acting 
on  a  moving  spring-resting  cap  (13)  after  having 
overcome  the  amount  of  a  play  (G),  definer  of  an 
initial  lifting  action  of  opening  regulated  by  another 
spring  (8). 

50  4)  An  injector  as  in  claim  number  3,  character- 
ized  by  a  play  (G),  definer  of  the  initial  lifting  action 
of  opening  carried  out  by  means  of  a  calibrated 
washer  (12)  housing  the  end  of  the  guiding  rod  (10) 
inside  its  hole. 

55  5)  An  injector  as  in  the  previous  claims,  char- 
acterized  by  the  fact  that  the  total  stroke  of  maxi- 
mum  injection  opening  (H)  is  limited  by  shoulders 
(5S)  which  are  present  on  the  section  of  pin  (5T) 

4 
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apposite  to  the  closing  one  (5E)  and  act  on  the 
:ixed  body  (1)  of  this  injector. 

6)  An  injector  as  in  the  previous  claims,  char- 
acterized  by  a  fixed  body  (1)  drilled  at  its  ends  to 
nake  a  fixed  working  housing  (1F)  for  the  sliding  5 
■od,  with  a  smaller  diameter  to  create  reaction 
shoulders  for  a  calibrated  washer  (9)  to  rest  the 
spring  (8)  on,  which  regulates  the  initial  opening  lift 
!G). 
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