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(54)  Fuel  delivery  pipe  for  an  internal  combustion  engine 

(57)  Deformation  of  a  delivery  pipe  (2),  in  which 
injectors  (6)  for  injecting  fuel  into  the  combustion  cham- 
bers  of  corresponding  cylinders  in  an  internal  combus- 
tion  engine  are  accommodated,  is  suppressed,  thereby 
preventing  deterioration  of  the  fuel  sealing.  At  least  two 
mounting  portions  (10)  are  provided  on  respective 
lengths  of  the  delivery  pipes  (2)  that  extend  outward 
from  opposite  ends  of  a  length  of  the  delivery  pipe  (2) 
along  which  injector-inserting  portions  (12)  are  dis- 
posed  for  accommodating  the  injections.  This  arrange- 

ment  of  the  mounting  portions  (10)  prevents 
deformation  of  at  least  the  length  of  the  delivery  pipe  (2) 
in  which  the  injector-inserting  portions  (12)  are  dis- 
posed,  thereby  preventing  deterioration  of  the  fuel  seal- 
ing  between  the  injectors  and  the  injector-inserting 
portions  of  the  delivery  pipe  which  could  otherwise  be 
caused  by  high-pressure  fuel,  thermal  contractions  at 
very  low  temperatures,  or  the  like. 
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Description 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention  5 

[0001  ]  The  present  invention  relates  to  a  delivery  pipe 
for  use  in  an  internal  combustion  engine  that  supplies 
fuel  to  the  combustion  chamber  of  each  cylinder  and 
injects  fuel  directly  into  the  combustion  chamber.  10 

2.  Description  of  Related  Art 

[0002]  An  in-cylinder  fuel  injection  internal  combustion 
engine  in  which  fuel  is  injected  directly  into  the  combus-  is 
tion  chamber  of  each  cylinder  is  well  known  in  diesel 
engines.  Adoption  of  in-cylinder  fuel  injection  in  gaso- 
line  engines  has  also  been  proposed  for  the  purpose  of 
improving  responsiveness  of  the  engine,  and  the  like. 
[0003]  In  a  typical  in-cylinder  fuel  injection  internal  20 
combustion  engine,  fuel  from  a  fuel  tank  is  pressurized 
by  a  high-pressure  pump.  After  high-pressure  fuel  pres- 
surized  by  the  pump  is  supplied  to  a  delivery  pipe,  high- 
pressure  fuel  is  injected  directly  into  the  combustion 
chamber  of  each  cylinder,  from  a  corresponding  one  of  25 
injectors  connected  to  the  delivery  pipe. 
[0004]  Among  delivery  pipes  used  in  in-cylinder  fuel 
injection  internal  combustion  engines,  a  delivery  pipe 
provided  with  a  mounting  portion  for  mounting  the  deliv- 
ery  pipe  to  the  cylinder  head  of  an  internal  combustion  30 
engine  is  described  in,  for  example,  Japanese  Patent 
Application  Laid-Open  No.  HEI  8-312502.  The  delivery 
pipe  described  in  this  laid-open  patent  application  is 
shown  in  Fig.  5.  A  delivery  pipe  202  has  injector-insert- 
ing  portions  200  for  mounting  injectors  (not  shown).  A  35 
mounting  portion  204  is  formed  near  and  corresponding 
to  each  injector-inserting  portion  200.  The  mounting 
portions  204  are  for  mounting  the  delivery  pipe  202  near 
the  mounting  portion  204  to  a  cylinder  head  (not 
shown).  Injectors  are  mounted  to  the  injector-inserting  40 
portions  200,  via  O-rings  (not  shown). 
[0005]  In  the  delivery  pipe  202  as  described  in  Japa- 
nese  Patent  Application  Laid-Open  No.  HEI  8-312502, 
the  delivery  pipe  202  is  fastened  to  a  cylinder  head  by 
screwing  bolts  into  the  cylinder  head  through  screw  45 
holes  204a  extending  through  the  individual  mounting 
portions  204  in  a  direction  parallel  to  a  plane  perpendic- 
ular  to  an  axis  C  of  the  delivery  pipe  202. 
[0006]  The  delivery  pipe  2  has  opposite  end  portions, 
206  and  208.  One  end  portion  206  is  provided  with  a  so 
fuel  inlet  opening  (not  shown)  and  an  outlet  opening 
(not  shown),  and  the  other  end  portion  208  is  provided 
with  a  closed  internal  fuel  space  (not  shown).  None  of 
the  mounting  portions  204  is  disposed  at  either  one  of 
the  opposite  end  portions  206  and  208.  55 
[0007]  In  the  delivery  pipe  202,  therefore,  opposite 
end  lengths  outward  of  the  outermost  mounting  portions 
204  (that  is,  end  lengths  extending  outward  of  lines  D1 

and  D2  as  indicated  by  arrows  in  Fig.  5)  cannot  readily 
be  restrained.  In  some  cases,  the  end  lengths  of  the 
delivery  pipe  202,  extending  outward  of  the  outermost 
mounting  portions  204,  deform  due  to  high-pressure 
fuel  supplied  into  the  delivery  pipe  202.  The  end  lengths 
of  the  delivery  pipe  202  outward  of  the  mounting  por- 
tions  204  may  also  deform  due  to  various  thermal  con- 
tractions  within  the  delivery  pipe  202  caused  by  ambient 
temperature  changes,  particularly  at  very  low  tempera- 
ture  ranges. 
[0008]  Since  the  mounting  portions  204  and  the  injec- 
tor-inserting  portions  200  cannot  be  provided  at  exactly 
the  same  positions,  it  is  impossible  or  very  difficult  to 
completely  restrain  the  delivery  pipe  end  lengths 
extending  outward  of  the  mounting  portions  204,  as 
indicated  in  Fig.  5,  in  order  to  prevent  deformation  of  the 
end  lengths  of  the  delivery  pipe  202.  Therefore,  an 
injector  connected  to  one  of  the  end  lengths  of  the  deliv- 
ery  pipe  202  (an  injector  connected  to  the  injector- 
inserting  portion  200  at  the  extreme  left  in  Fig.  5)  may 
suffer  a  loosening  of  its  junction  with  the  delivery  pipe 
202,  thereby  causing  deterioration  of  the  fuel  sealing. 

SUMMARY  OF  THE  INVENTION 

[0009]  Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  prevent  deterioration  in  the  fuel  sealing  property 
of  injector-inserting  portions  by  suppressing  deforma- 
tion  of  a  delivery  pipe. 
[001  0]  The  above  object  is  solved  by  a  combination  of 
features  of  the  independent  claims  1  and  5,  respec- 
tively;  the  sub-claims  disclose  further  advantageous 
embodiments  of  the  invention. 
[001  1  ]  In  one  aspect  of  the  invention,  a  delivery  pipe 
is  provided  for  a  plurality  of  cylinders  of  an  internal  com- 
bustion  engine,  for  supplying  fuel  to  injectors  that  inject 
fuel  directly  into  combustion  chambers  of  the  corre- 
sponding  cylinders.  The  delivery  pipe  includes  injector- 
inserting  portions  to  which  the  injectors  are  mounted, 
and  at  least  two  mounting  portions  for  mounting  the 
delivery  pipe  to  an  engine.  The  at  least  two  mounting 
portions  are  disposed  on  respective  lengths  of  the  deliv- 
ery  pipe,  each  of  which  extends  outward  of  an  outer- 
most  one  of  the  injector-inserting  portions  in  a 
longitudinal  direction  of  the  delivery  pipe. 
[001  2]  In  this  delivery  pipe,  at  least  one  mounting  por- 
tion  for  mounting  the  delivery  pipe  to  the  internal  com- 
bustion  engine  is  disposed  on  each  of  the  respective 
lengths  of  the  delivery  pipe  extending  outward  of  the 
injector-inserting  portions  in  the  longitudinal  direction  of 
the  delivery  pipe.  Therefore,  at  least  a  length  of  the 
delivery  pipe  in  which  all  the  injector-inserting  portions 
are  provided  can  be  firmly  restrained  to  prevent  defor- 
mation  thereof  Therefore,  this  delivery  pipe  is  able  to 
prevent  deterioration  of  the  fuel  sealing  between  the 
delivery  pipe  and  the  injectors. 
[0013]  The  above-described  arrangement  of  the 
mounting  portions  enhances  the  mounting  rigidity  of  the 
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delivery  pipe.  Therefore,  it  becomes  possible  to  reduce 
the  rigidity  of  the  delivery  pipe  itself  while  preventing 
deterioration  of  the  fuel  sealing  property,  so  the  weight 
and  production  cost  of  the  internal  combustion  engine 
can  be  reduced.  Furthermore,  it  also  becomes  possible  5 
to  reduce  the  size  of  bolts  or  the  like  for  fastening  the 
delivery  pipe  to  the  internal  combustion  engine,  with 
corresponding  size  reductions  of  the  mounting  portions 
of  the  delivery  pipe  and  mounting  portions  provided  in 
the  internal  combustion  engine.  Therefore,  the  engine  w 
weight  and  the  production  cost  as  a  whole  can  be 
reduced. 
[0014]  The  thus-enhanced  mounting  rigidity  of  the 
delivery  pipe  reduces  the  effect  of  lateral  forces  on  the 
injectors.  Therefore,  the  effect  of  lateral  forces  on  the  15 
flow  characteristic  of  the  injectors  is  reduced.  Therefore, 
it  becomes  possible  to  reduce  the  rigidity  of  the  injec- 
tors,  so  that  a  production  cost  reduction  and  a  weight 
reduction  can  be  achieved. 
[0015]  In  a  delivery  pipe  according  to  some  embodi-  20 
ments  of  the  invention,  at  least  one  mounting  portion  for 
mounting  the  delivery  pipe  to  the  engine,  in  addition  to 
the  aforementioned  at  least  two  mounting  portions,  may 
be  provided  on  a  length  of  the  delivery  pipe  extending 
between  two  adjacent  injector-inserting  portions.  In  this  25 
construction,  it  is  possible  to  adopt  an  arrangement  in 
which  each  injector-inserting  portion  is  interposed 
between  two  mounting  portions.  Therefore,  a  length  of 
the  delivery  pipe  along  which  all  the  injector-inserting 
portions  are  provided  can  be  firmly  restrained  to  an  30 
enhanced  degree,  so  as  to  reliably  prevent  deformation 
of  the  delivery  pipe.  As  a  result,  the  aforementioned 
advantages  can  be  achieved  to  increased  extents. 
[0016]  Furthermore,  in  the  delivery  pipe  according  to 
some  embodiments  of  the  invention,  the  mounting  por-  35 
tions  may  be  disposed  on  sides  of  the  delivery  pipe  in  a 
zigzag  arrangement  astride  an  arrangement  of  the 
injector-inserting  portions.  In  this  arrangement,  two 
adjacent  mounting  portions  and  an  injector-inserting 
portion  therebetween  are  aligned  in  a  substantially  40 
straight  line,  with  the  center  axes  thereof  extending  par- 
allel.  Therefore,  when  pressure  in  a  cylinder  affects  the 
delivery  pipe  via  the  corresponding  injector,  the  cylinder 
pressure  does  not  cause  a  moment  on  either  of  the  two 
mounting  portions  adjacent  to  the  injector,  but  merely  45 
causes  forces  on  the  two  mounting  portions  in  the  direc- 
tion  of  the  center  axes  thereof  (which  may  be  the  center 
axes  of  mounting  holes  of  the  mounting  portions). 
Therefore,  it  becomes  possible  to  further  reduce  the 
rigidity  of  the  mounting  portions  of  the  delivery  pipe.  As  so 
a  result,  production  cost  reduction  and  weight  reduction 
can  be  achieved  to  greater  extents. 
[0017]  In  another  aspect  of  the  invention,  a  delivery 
pipe  is  provided  for  an  in-cylinder  fuel  injection  internal 
combustion  engine  that  has  a  plurality  of  cylinders  and  55 
injects  fuel  directly  into  combustion  chambers  of  the  cyl- 
inders.  The  delivery  pipe  supplies  fuel  to  n  injectors 
arranged  in  one-to-one  correspondence  to  n  cylinders 

selected  from  the  plurality  of  cylinders,  where  n  is  an 
integer  greater  than  one.  The  delivery  pipe  includes  n 
injector-inserting  portions  to  which  the  n  injectors  are 
mounted,  and  at  least  two  mounting  portions  for  mount- 
ing  the  delivery  pipe  to  the  engine.  The  at  least  two 
mounting  portions  are  disposed  on  two  lengths  of  the 
delivery  pipe  that  extend  outward  from  opposite  ends  of 
a  length  of  the  delivery  pipe  in  which  the  n  injector- 
inserting  portions  are  provided. 
[0018]  These  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  are  described  in  or  are 
apparent  from  the  following  description  of  preferred 
embodiments  with  reference  to  the  accompanying 
drawings. 
[001  9]  This  summary  of  the  invention  does  not  neces- 
sarily  describe  all  necessary  features  so  that  the  inven- 
tion  may  also  reside  in  a  sub-combination  of  these 
described  features. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0020]  Preferred  embodiments  of  the  present  inven- 
tion  will  be  described  in  detail  with  reference  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  perspective  view  of  a  delivery  pipe 
according  to  a  first  embodiment  of  the  invention, 
where  the  delivery  pipe  is  mounted  on  a  cylinder 
head; 
Fig.  2  illustrates  a  procedure  of  mounting  the  deliv- 
ery  pipe  of  Fig.  1  ; 
Fig.  3  illustrates  a  further  procedure  of  mounting 
the  delivery  pipe  of  Fig.  1  ; 
Fig.  4  is  a  perspective  view  of  a  delivery  pipe 
according  to  a  second  embodiment  of  the  invention, 
where  the  delivery  pipe  is  mounted  on  a  cylinder 
head;  and 
Fig.  5  illustrates  the  construction  of  a  conventional 
delivery  pipe. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBOD- 
IMENTS 

[0021  ]  Fig.  1  is  a  perspective  view  of  a  delivery  pipe  2 
according  a  first  embodiment  of  the  invention,  where  the 
delivery  pipe  2  is  mounted  on  an  in-cylinder  fuel  injec- 
tion  internal  combustion  engine. 
[0022]  The  in-cylinder  fuel  injection  internal  combus- 
tion  engine,  on  which  the  delivery  pipe  2  is  mounted,  is 
a  gasoline  engine.  The  delivery  pipe  2  is  mounted  on  a 
cylinder  head  4  that,  together  with  a  cylinder  block  (not 
shown),  defines  combustion  chambers. 
[0023]  Injectors  6  are  disposed  in  the  cylinder  head  4. 
The  injectors  6  are  arranged  so  that  a  distal  end  portion 
of  each  injector  6  faces  into  the  combustion  chamber  of 
a  corresponding  cylinder  of  the  engine.  Fuel  supplied 
from  the  delivery  pipe  2  to  each  injector  6  is  injected 
directly  into  the  corresponding  combustion  chamber. 
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The  injectors  6  are  coupled  to  the  delivery  pipe  2  as 
shown  in  Fig.  1  so  that  fuel  is  supplied  to  the  injectors  6 
via  the  delivery  pipe  2. 
[0024]  In  this  type  of  in-cylinder  fuel  injection  internal 
combustion  engine,  the  distal  end  of  each  injector  6 
directly  receives  cylinder  pressure  during  compression 
and  combustion  (expansion).  To  ensure  that  fuel  will  be 
injected  into  the  combustion  chambers  against  the  cyl- 
inder  pressure,  high-pressure  fuel  is  supplied  to  each 
injector  6  through  the  delivery  pipe  2,  from  a  high-pres- 
sure  pump  (not  shown)  connected  to  the  delivery  pipe  2 
by  a  high-pressure  fuel  supply  channel  (not  shown). 
[0025]  The  delivery  pipe  2  will  be  described  in  detail 
below.  The  delivery  pipe  2  is  fastened  to  the  cylinder 
head  4  by  bolts  8.  The  delivery  pipe  2  is  provided  with 
mounting  hole  portions  10  for  fastening  the  delivery  pipe 
2  to  the  cylinder  head  4.  The  bolts  8  are  inserted  into 
mounting  holes  10a,  which  are  formed  in  the  mounting 
hole  portions  10  as  shown  in  Fig.  2,  and  the  bolts  8  are 
screwed  to  the  cylinder  head  4. 
[0026]  The  delivery  pipe  2  also  has  injector-inserting 
portions  1  2  to  which  the  injectors  6  are  fitted.  As  shown 
in  Fig.  1  ,  the  injector-inserting  portions  12  protrude  from 
the  delivery  pipe  2  in  an  arrangement  that  matches  the 
arrangement  of  the  injectors  6  corresponding  to  the  cyl- 
inders.  Since  the  engine  in  the  illustrated  example  is  a 
four-cylinder  engine,  the  number  of  the  injector-insert- 
ing  portions  12  provided  is  four.  As  shown  in  Fig.  2, 
each  injector-inserting  portion  12  has  an  insert  hole  12a 
into  which  a  rearward  end  portion  6a  of  the  correspond- 
ing  injector  6  is  inserted  and  fitted. 
[0027]  An  inside  diameter  of  the  insert  holes  12a  is 
slightly  larger  than  an  outside  diameter  of  the  rearward 
end  portions  6a  of  the  injectors  6,  so  that  the  rearward 
end  portion  6a  of  each  injector  6  can  be  closely  fitted 
into  the  corresponding  insert  hole  12a  via  an  O-ring  18. 
Therefore,  the  injectors  6  can  easily  be  coupled  to  the 
delivery  pipe  2  by  pressing  the  rearward  end  portion  6a 
of  each  injector  6  into  the  corresponding  insert  hole 
12a. 
[0028]  The  number  of  the  mounting  hole  portions  10 
for  mounting  the  delivery  pipe  2  to  the  cylinder  head  4  of 
the  engine  is  greater  by  one  than  the  number  of  the 
injector-inserting  portions  12  for  receiving  the  rearward 
end  portions  6a  of  the  injectors  6.  That  is,  in  the  illus- 
trated  example,  the  number  of  injector-inserting  por- 
tions  12  is  four,  and  the  number  of  the  mounting  hole 
portions  10  is  five. 
[0029]  The  five  mounting  hole  portions  1  0  are  aligned 
along  an  axis  F  of  the  delivery  pipe  2,  with  one  insert 
hole  portion  1  2  disposed  between  every  two  adjacent 
mounting  hole  portions  10. 
[0030]  The  insert  holes  12a  are  oriented  so  that  a 
center  axis  of  each  insert  hole  1  2a  extends  substantially 
parallel  to  a  plane  perpendicular  to  a  center  axis  of  the 
delivery  pipe  2.  All  the  axes  of  the  inset  holes  12a  are 
substantially  parallel.  All  the  axes  of  the  mounting  holes 
10a  are  also  substantially  parallel. 

[0031  ]  Fuel  from  a  fuel  tank  (not  shown)  is  pressurized 
by  the  high-pressure  pump,  and  high-pressure  fuel  from 
the  high-pressure  pump  is  introduced  into  the  delivery 
pipe  2  through  a  fuel  inlet  opening  1  4,  so  that  high-pres- 

5  sure  fuel  is  supplied  to  each  injector  6  through  a  supply 
channel  extending  inside  the  delivery  pipe  2.  A  surplus 
amount  of  fuel  that  was  not  injected  from  the  injectors  6 
into  the  combustion  chambers  is  returned  from  a  fuel 
outlet  opening  16  of  the  delivery  pipe  2  to  the  fuel  tank 

10  via  a  relief  valve  (not  shown). 
[0032]  A  procedure  of  mounting  the  delivery  pipe  2  to 
the  cylinder  head  4  will  be  described  with  reference  to 
Figs.  2  and  3. 
[0033]  After  an  O-ring  1  8  is  mounted  to  the  rearward 

15  end  portion  6a  of  each  injector  6,  the  rearward  end  por- 
tions  6a  of  the  injectors  6  are  inserted  into  the  insert 
holes  12a  of  the  corresponding  injector-inserting  por- 
tions  12  of  the  delivery  pipe  2,  as  shown  in  Fig.  2.  Sub- 
sequently,  the  delivery  pipe  2  is  mounted  on  the  cylinder 

20  head  4,  as  indicated  in  Fig.  3,  by  inserting  the  distal  end 
portion  6b  of  each  injector  6  into  a  corresponding 
mounting  hole  4a  formed  in  the  cylinder  head  4,  insert- 
ing  the  bolts  8  into  the  mounting  holes  10a  of  the  corre- 
sponding  mounting  hole  portions  10  of  the  delivery  pipe 

25  2,  and  screwing  the  bolts  8  into  corresponding  screw 
hole  portions  4b  of  the  cylinder  head  4.  In  this  manner, 
the  delivery  pipe  2  is  mounted  on  the  cylinder  head  4  so 
that  each  injector  6  faces  into  the  corresponding  com- 
bustion  chamber,  as  indicated  in  Fig.  1  . 

30  [0034]  In  this  construction,  fuel  is  supplied  to  each 
injector  6  through  the  fuel  inlet  opening  14  and  the  fuel 
supply  channel  inside  the  delivery  pipe  2  during  opera- 
tion  of  the  engine.  Fuel  is  injected  from  each  injector  6 
into  the  corresponding  combustion  chamber  at  an  injec- 

35  tion  timing  and  for  a  needed  duration  based  on  an 
instruction  signal  from  a  controller  (not  shown).  A  sur- 
plus  amount  of  fuel  in  the  fuel  supply  channel  is 
returned  from  the  fuel  outlet  opening  16  to  the  fuel  tank 
via  the  relief  valve. 

40  [0035]  The  first  embodiment  of  the  invention  achieves 
the  following  advantages. 
[0036]  In  the  delivery  pipe  2,  at  least  one  mounting 
hole  portion  (that  is,  mounting  portion)  10  is  provided 
outward  of  each  of  the  opposite  ends  of  a  length  of  the 

45  delivery  pipe  2  along  which  the  four  injector-inserting 
portions  12  are  provided.  Therefore,  at  least  the  length 
of  the  delivery  pipe  2  where  the  four  injector-inserting 
portions  1  2  are  disposed  can  be  firmly  restrained  to  pre- 
vent  deformation  of  the  delivery  pipe  2.  As  a  result,  the 

so  first  embodiment  is  able  to  prevent  deterioration  of  the 
fuel  sealing  between  the  delivery  pipe  2  and  the  injec- 
tors  6,  which  could  otherwise  be  caused  by  high  fuel 
pressure,  thermal  contractions  at  very  low  tempera- 
tures,  or  the  like. 

55  [0037]  The  arrangement  of  the  mounting  hole  portions 
1  0  as  described  above  enhances  the  mounting  rigidity 
of  the  delivery  pipe  2.  Therefore,  it  becomes  possible  to 
reduce  the  rigidity  of  the  delivery  pipe  2  itself,  so  that  the 

4 
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engine  weight  and  the  production  cost  can  be  reduced. 
[0038]  Furthermore,  the  enhancement  of  the  mount- 
ing  rigidity  of  the  delivery  pipe  2  achieved  by  the 
arrangement  of  the  mounting  hole  portions  1  0  makes  it 
possible  to  reduce  the  size  of  the  bolts  for  fastening  the  s 
delivery  pipe  2  to  the  cylinder  head  4,  with  correspond- 
ing  size  reductions  of  the  mounting  hole  portions  10  of 
the  delivery  pipe  2  and  the  screw  hole  portions  4b  of  the 
cylinder  head  4.  Therefore,  although  the  number  of  sets 
of  bolts  8,  mounting  hole  portions  10  and  screw  hole  to 
portions  4b  is  increased  by  one  in  comparison  with  the 
related  art,  the  engine  weight  and  the  production  cost 
as  a  whole  can  be  reduced. 
[0039]  Further,  since  the  mounting  rigidity  of  the  deliv- 
ery  pipe  2  is  enhanced  by  the  arrangement  of  the  15 
mounting  hole  portions  10,  deformation  of  the  injector- 
inserting  portions  12  is  suppressed.  As  a  result,  the 
effect  of  lateral  forces  on  the  injectors  6  is  reduced,  so 
the  effect  of  such  lateral  forces  on  the  flow  characteristic 
of  the  injectors  6  is  reduced.  Therefore,  it  becomes  pos-  20 
sible  to  reduce  the  rigidity  of  the  injectors  6  so  that  pro- 
duction  cost  reduction  and  weight  reduction  can  be 
achieved. 
[0040]  Further,  each  injector-inserting  portion  12  is 
positioned  between  two  mounting  portions  10.  There-  25 
fore,  when  the  delivery  pipe  2  is  mounted  to  the  cylinder 
head  4,  the  length  of  the  delivery  pipe  2  along  which  all 
of  the  four  injector-inserting  portions  12  are  provided  is 
firmly  restrained  to  prevent  deformation  of  that  length  of 
the  delivery  pipe  2,  thereby  ensuring  the  aforemen-  30 
tioned  advantages. 
[0041  ]  Further,  the  four  injector-inserting  portions  1  2 
are  respectively  disposed  in  the  intervals  of  the  five 
mounting  portions  10  so  as  to  form  an  alternating 
arrangement.  Thus,  the  first  embodiment  uses  a  mini-  35 
mum  number  of  mounting  hole  portions  10  to  reliably 
prevent  deformation  of  the  length  of  delivery  pipe  por- 
tion  along  which  all  of  the  four  injector-inserting  portions 
12  are  provided,  and,  therefore,  achieves  the  aforemen- 
tioned  advantages  to  the  greatest  possible  extent.  40 
[0042]  Fig.  4  shows  a  second  embodiment  of  the 
invention.  The  second  embodiment  differs  from  the  first 
embodiment  in  that,  as  shown  in  Fig.  4,  a  delivery  pipe 
102  of  the  second  embodiment  adopts  a  zigzag 
arrangement  of  five  mounting  hole  portions  1  10  astride  45 
a  line  of  four  injector-inserting  portions  1  12  that  accom- 
modate  injectors  106.  More  specifically,  the  mounting 
hole  portions  1  1  0  are  arranged  alternately  on  opposite 
sides  of  the  delivery  pipe  102,  that  is,  the  front  side  and 
the  back  side  in  Fig.  4,  with  the  injector-inserting  por-  so 
tions  1  1  2  being  separately  disposed  in  the  respective 
intervals  of  the  mounting  hole  portions  110.  Screw  hole 
portions  104b  are  formed  in  a  cylinder  head  104  in  a 
corresponding  zigzag  arrangement,  so  that  each 
mounting  hole  portion  110  may  be  fastened  to  the  cor-  55 
responding  screw  hole  portion  104b  by  a  bolt  108.  Other 
features  of  the  delivery  pipe  102  are  substantially  the 
same  as  those  of  the  delivery  pipe  2  of  the  first  embod- 

iment. 
[0043]  The  second  embodiment  achieves  the  follow- 
ing  advantages,  in  addition  to  substantially  the  same 
advantages  as  achieved  by  the  first  embodiment. 
[0044]  In  the  zigzag  arrangement  of  the  mounting  hole 
portions  1  1  0  astride  the  line  of  the  injector-inserting  por- 
tions  1  12,  two  adjacent  mounting  hole  portions  110  and 
an  injector-inserting  portion  112  between  the  two  adja- 
cent  mounting  hole  portions  110  are  aligned  in  a  sub- 
stantially  straight  line,  with  the  center  axes  thereof 
extending  parallel  to  each  other.  Therefore,  when  pres- 
sure  in  a  cylinder  affects  the  delivery  pipe  102  via  the 
corresponding  injector  106,  the  cylinder  pressure  does 
not  cause  a  moment  on  either  of  the  bolts  inserted  in  the 
two  mounting  hole  portions  adjacent  to  the  injector  106, 
but  merely  causes  forces  on  the  two  mounting  hole  por- 
tions  110  in  the  direction  of  the  center  axes  of  the 
mounting  holes  of  the  mounting  hole  portions  110. 
[0045]  Therefore,  the  rigidity  of  the  bolts  108,  the 
mounting  hole  portions  110  of  the  delivery  pipe  102, 
and  the  screw  hole  portions  1  04b  of  the  cylinder  head 
104  can  be  reduced.  Thus,  the  second  embodiment  can 
reduce  the  production  cost  and  the  engine  weight  to  an 
even  greater  extent  than  the  first  embodiment. 
[0046]  While  the  foregoing  embodiments  are 
described  in  conjunction  with  delivery  pipes  for  in-line 
four-cylinder  engines,  a  delivery  pipe  of  the  invention 
may  also  be  applied  to  engines  other  than  a  four-cylin- 
der  engine. 
[0047]  Although  in  the  foregoing  embodiments,  one 
delivery  pipe  is  used  to  supply  fuel  to  all  the  injectors,  it 
is  also  possible  to  use  two  or  more  delivery  pipes.  For 
example,  if  the  engine  is  a  V-type  engine  with  two  banks 
of  cylinders,  (or  an  engine  with  more  than  two  banks), 
each  bank  is  provided  with  a  delivery  pipe.  In  this  appli- 
cation,  each  delivery  pipe  may  have  a  construction  as  in 
the  first  or  second  embodiment. 
[0048]  Additionally,  although  the  foregoing  embodi- 
ments  are  described  in  conjunction  with  gasoline 
engines,  the  delivery  pipe  of  the  invention  may  also  be 
applied  to  a  diesel  engine. 
[0049]  Furthermore,  although  the  foregoing  embodi- 
ments  are  described  in  conjunction  with  in-cylinder  fuel 
injection  internal  combustion  engines  in  which  fuel  is 
injected  directly  into  the  combustion  chambers,  it  should 
be  apparent  that  the  delivery  pipe  of  the  invention  can 
be  applied  to  any  type  of  fuel  injection  engine  in  which 
injectors  are  inserted  into  a  delivery  pipe  and  the  deliv- 
ery  pipe  is  fastened  to  the  engine  and  supplies  high- 
pressure  fuel  to  the  injectors. 
[0050]  While  the  present  invention  has  been 
described  with  reference  to  what  are  presently  consid- 
ered  to  be  preferred  embodiments  thereof,  many  equiv- 
alent  alternatives,  modifications  and  variations  will 
become  apparent  to  those  skilled  in  the  art  once  given 
this  disclosure.  Accordingly,  the  preferred  embodiments 
of  this  invention  as  set  forth  above  are  considered  to  be 
illustrative  and  not  limiting.  Various  changes  to  the 

5 



9 EP  0  964  151  A2 10 

described  embodiments  may  be  made  without  depart- 
ing  from  the  scope  of  the  invention  defined  in  the 
annexed  claims. 
[0051  ]  Deformation  of  a  delivery  pipe  2,  in  which  injec- 
tors  6  for  injecting  fuel  into  the  combustion  chambers  of  s 
corresponding  cylinders  in  an  internal  combustion 
engine  are  accommodated,  is  suppressed,  thereby  pre- 
venting  deterioration  of  the  fuel  sealing.  At  least  two 
mounting  portions  10  are  provided  on  respective 
lengths  of  the  delivery  pipes  2  that  extend  outward  from  w 
opposite  ends  of  a  length  of  the  delivery  pipe  2  along 
which  injector-inserting  portions  12  are  disposed  for 
accommodating  the  injections.  This  arrangement  of  the 
mounting  portions  10  prevents  deformation  of  at  least 
the  length  of  the  delivery  pipe  2  in  which  the  injector-  is 
inserting  portions  12  are  disposed,  thereby  preventing 
deterioration  of  the  fuel  sealing  between  the  injectors 
and  the  injector-inserting  portions  of  the  delivery  pipe 
which  could  otherwise  be  caused  by  high-pressure  fuel, 
thermal  contractions  at  very  low  temperatures,  or  the  20 
like. 

Claims 

1.  A  delivery  pipe  for  supplying  fuel  to  injectors  (6)  that  25 
inject  fuel  directly  into  combustion  chambers  of  cor- 
responding  cylinders  of  an  internal  combustion 
engine,  the  delivery  pipe  (2)  comprising: 

injector-inserting  portions  (12)  in  which  the  30 
injectors  (6)  are  mounted;  and 
mounting  portions  (10),  comprising  at  least  two 
first  mounting  portions  (10),  through  which  the 
delivery  pipe  (2)  is  mounted  to  the  engine,  the 
at  least  two  first  mounting  portions  (10)  being  35 
disposed  on  respective  lengths  of  the  delivery 
pipe  (2)  that  extend  outward  of  outermost  ones 
of  the  injector-inserting  portions  (12)  in  a  longi- 
tudinal  direction  of  the  delivery  pipe  (2). 

40 
2.  A  delivery  pipe  according  to  claim  1  ,  wherein  the 

mounting  portions  (1  0)  are  disposed  on  sides  of  the 
delivery  pipe  (2)  in  a  zigzag  arrangement  astride  an 
axis  along  which  the  injector-inserting  portions  (12) 
are  arranged.  45 

5.  A  delivery  pipe  for  supplying  fuel  to  n  injectors  (6) 
arranged  in  one-to-one  correspondence  to  n  cylin- 
ders  of  a  plurality  of  cylinders  in  an  in-cylinder  fuel 
injection  internal  combustion  engine  that  injects  fuel 
directly  into  combustion  chambers  of  the  cylinders, 
where  n  is  an  integer  greater  than  one,  the  delivery 
pipe  (2)  comprising: 

n  injector-inserting  portions  (12)  to  which  then 
injectors  (6)  are  mounted;  and 
mounting  portions  (10),  comprising  at  least  two 
first  mounting  portions  (10),  through  which  the 
delivery  pipe  (2)  is  mounted  to  the  engine,  the 
at  least  two  first  mounting  portions  (1  0)  being 
disposed  on  respective  first  lengths  of  the 
delivery  pipe  (2)  that  extend  outward  from 
opposite  ends  of  a  second  length  of  the  deliv- 
ery  pipe  (2)  on  which  the  n  injector-inserting 
portions  (10)  are  provided. 

6.  A  delivery  pipe  according  to  claim  5,  wherein  the 
mounting  portions  (1  0)  are  disposed  on  sides  of  the 
delivery  pipe  (2)  in  a  zigzag  arrangement  astride  an 
axis  along  which  the  injector-inserting  portions  (12) 
are  arranged. 

7.  A  delivery  pipe  according  to  claim  5,  wherein  the 
mounting  portions  (10)  further  comprise  at  least 
one  second  mounting  portion  (10),  the  at  least  one 
second  mounting  portion  (10)  being  disposed  on  a 
length  of  the  delivery  pipe  (2)  extending  between 
two  adjacent  injector-inserting  portions  (12). 

8.  A  delivery  pipe  according  to  claim  7,  wherein  the 
mounting  portions  (1  0)  are  disposed  on  sides  of  the 
delivery  pipe  (2)  in  a  zigzag  arrangement  astride  an 
axis  along  which  the  injector-inserting  portions  (12) 
are  arranged. 

9.  A  delivery  pipe  according  to  claim  7,  wherein  a  total 
number  of  the  mounting  portions  (10)  is  n+1,  and 
wherein  each  second  mounting  portion  is  disposed 
on  a  respective  length  of  the  delivery  pipe  (2) 
extending  between  an  adjacent  two  of  the  n  injec- 
tor-inserting  portions  (12). 

35 

40 

3.  A  delivery  pipe  according  to  claim  1  ,  wherein  the 
mounting  portions  (10)  further  comprise  at  least 
one  second  mounting  portion  (10),  the  at  least  one 
second  mounting  portion  (1  0)  being  disposed  on  a  so 
length  of  the  delivery  pipe  (2)  extending  between 
two  adjacent  injector-inserting  portions  (12). 

10.  A  delivery  pipe  according  to  claim  9,  wherein  the 
mounting  portions  (1  0)  are  disposed  on  sides  of  the 
delivery  pipe  (2)  in  a  zigzag  arrangement  astride  an 
axis  along  which  the  injector-inserting  portions  (12) 
are  arranged. 

4.  A  delivery  pipe  according  to  claim  3,  wherein  the 
mounting  portions  (1  0)  are  disposed  on  sides  of  the  55 
delivery  pipe  (2)  in  a  zigzag  arrangement  astride  an 
axis  along  which  the  injector-inserting  portions  (12) 
are  arranged. 
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