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FUEL SUPPLY SYSTEM FOR INTERNAL 
COMBUSTION ENGINES HAVING FUEL 
LEAKAGE RESTRICTING STRUCTURE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application relates to and incorporates herein 
by reference Japanese patent application No. 10-290824 
?led on Oct. 13, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a fuel supply 
system for internal combustion engines Which has an 
improved fuel leakage restricting structure. 

[0004] 2. Related Art 

[0005] A cylinder direct injection type is proposed as an 
automotive vehicle gasoline internal combustion engine as 
shoWn in FIG. 6A to improve engine efficiency for envi 
ronmental protection. In this system, a fuel delivery pipe 1 
is connected to a high pressure fuel pump (not shoWn) via a 
fuel pipe 2. A fuel injector 4 for each cylinder is mounted on 
an engine cylinder head 5 so that fuel is directly injected into 
a combustion chamber. The injector 4 is coupled With the 
delivery pipe 1 via a rubber sealing member such as an 
O-ring 3. A high pressure fuel injection is attained by the 
injector 4 to improve fuel spray atomiZation. It is important 
to ensure sealing property in the fuel supply system. 

[0006] The rubber sealing member 3 ?tted betWeen the 
delivery pipe 1 and the injector 4 tends to change its sealing 
characteristics largely depending on changes in surrounding 
temperature. Further, the delivery pipe 1 boWs in response to 
the high fuel pressure by an amount of ?exing 6 as shoWn 
in FIG. 6(B). As a result, use of the rubber sealing member 
3 is limited by surrounding conditions (fuel pressure, tem 
perature, etc.). 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to restrict 
fuel from leaking through a sealing part in a fuel supply 
system for internal combustion engines. 

[0008] According to a ?rst aspect of the present invention, 
a delivery pipe is divided into a plurality parts and adjacent 
tWo of the pipe parts of the delivery pipe are coupled With 
each other at a connecting part having a substantially the 
same fuel passage diameter as that of the delivery pipe. A 
?exible sealing member is disposed in the connecting part. 

[0009] According to a second aspect of the present inven 
tion, a coupling member is provided betWeen a delivery pipe 
and an injector so that the coupling member is coupled 
?exibly With both of the delivery pipe and the injectors. 

[0010] According to a third aspect of the present inven 
tion, a cushioning member having a sealing property is 
inserted betWeen an injector and a cylinder head to couple 
the injector With the cylinder head ?exibly. 

[0011] According to a fourth aspect of the present inven 
tion, a fuel passage communicated With a high pressure 
pump is formed in a cylinder head to supply fuel heated by 
the cylinder head to an injector. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing description made With reference to the 
accompanying draWings. In the draWings: 

[0013] FIG. 1A is a cross sectional vieW shoWing a fuel 
supply system directed to a four-cylinder engine according 
to a ?rst embodiment of the present invention; 

[0014] FIG. 1B is a cross sectional vieW shoWing sche 
matically the deformation of a delivery pipe in the ?rst 
embodiment; 
[0015] FIG. 2 is a cross sectional vieW shoWing a fuel 
supply system directed to a six-cylinder engine according to 
a second embodiment of the present invention; 

[0016] FIG. 3A is a cross sectional vieW shoWing a fuel 
supply system according to a third embodiment of the 
present invention; 

[0017] FIG. 3B is a cross sectional vieW shoWing sche 
matically the deformation of a delivery pipe in the third 
embodiment; 
[0018] FIG. 4 is a cross sectional vieW shoWing a fuel 
supply system according to a fourth embodiment of the 
present invention; 

[0019] FIG. 5 is a cross sectional vieW shoWing a fuel 
supply system according to a ?fth embodiment of the 
present invention; 

[0020] FIG. 6A is a cross sectional vieW shoWing a 
conventional fuel supply system directed to a four-cylinder 
engine; and 

[0021] FIG. 6B is a cross sectional vieW shoWing sche 
matically the deformation of a delivery pipe in the conven 
tional fuel supply system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] The present invention Will be described in further 
detail With reference to various embodiments in Which the 
same or similar parts are designated by the same or similar 
reference numerals. 

(First Embodiment) 
[0023] In the ?rst embodiment directed to a four-cylinder 
internal combustion engine, as shoWn in FIG. 1A, a delivery 
pipe 1 connected to a high pressure pump (not shoWn) via a 
fuel pipe 2 is divided into tWo parts, a part 11 and a part 12. 
The delivery pipe 1 may be divided into more than tWo. The 
parts 11 and 12 are coupled With each other to provide a 
connecting part therebetWeen Which has the same diameter. 
A sealing member 6 such as an O-ring made of rubber is 
interposed betWeen longitudinal ends of the parts 11 and 12, 
so that the connecting part betWeen the parts 11 and 12 has 
a ?exibility. A fuel injector 4 is coupled With the delivery 
pipe 1 via a sealing member 3 such as an O-ring made of 
rubber and mounted on a cylinder head 5 for directly 
injecting fuel into an engine combustion chamber. 

[0024] Thus, as shoWn in FIG. 1B, the deformation in 
?exing due to boWing of the delivery pipe 1 is absorbed at 
the part including the sealing member 6. Therefore, the 
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amount of deformation 6 is reduced as opposed to the ?exing 
of the single delivery pipe 1 (e.g., FIG. 6A). 

(Second Embodiment) 
[0025] In the second embodiment directed to a six-cylin 
der engine, as shoWn in FIG. 2, the delivery pipe 1 is divided 
into three, parts 11, 12 and 13. The sealing member 6 is ?tted 
in each connecting part de?ned by the longitudinal ends 11a, 
12a and 13a. It is also possible to divide it at every cylinder 
to absorb the deformation more and reduce the lessening of 
the sealing property to a minimum. 

(Third Embodiment) 
[0026] In the third embodiment, the delivery pipe 1 is in 
a single pipe form for all the cylinders and has a plurality of 
extensions 1a extending perpendicularly. As shoWn in FIG. 
3A, a coupling member 7 shaped in a generally cylindrical 
form is ?tted around a connecting part betWeen the injector 
4 and the delivery pipe 1, and tWo sealing members 3 are 
inserted to provide tWo ?exible sealing parts, one betWeen 
the extension of the delivery pipe 1 and the injector 4 and the 
other betWeen the coupling member 7 and the injector 4. 

[0027] Because the connecting part betWeen the delivery 
pipe 1 and the injector 4 are thus coupled ?exibly With both 
of the delivery pipe 1 and the injector 4, the deformation of 
the delivery pipe 1 can be distributed to a part betWeen the 
coupling member 7 and the delivery pipe 1 and to a part 
betWeen the connecting part 7 and the injector 4 as shoWn in 
FIG. 3B. Thus, the deformation of the delivery pipe 1 can 
be absorbed. As a result, fuel is restricted from leaking 
through the connecting part, and the sealing property can be 
restricted from being lessened. 

[0028] Further, in the third embodiment, a cushioning 
member 8 having a sealing property is ?tted betWeen the 
injector 4 and the cylinder head 5 and is coupled ?exibly. As 
a result, the ?exing of the delivery pipe 1 can be absorbed 
by the cushioning member 8, and the fuel is restricted from 
leaking through the fuel sealing part. 

(Fourth Embodiment) 
[0029] In the fourth embodiment, as shoWn in FIG. 4, no 
delivery pipe is provided. Instead, a fuel passage 9 commu 
nicated With the fuel pipe 2 is provided to extend in the 
longitudinal direction in the cylinder head 5, that is, in the 
direction in Which the combustion chambers are arranged. A 
communication passage leading from the fuel passage 9 to 
the injector 4 is also provided in the cylinder head 5. TWo 
cushioning members 8 are ?tted betWeen the injector 4 and 
the cylinder head 5. 

(Fifth Embodiment) 
[0030] In the ?fth embodiment, as shoWn in FIG. 5, a 
connecting pipe 10 is positioned adjacent to the outside of 
the cylinder head 5 to lead fuel from the fuel passage 9 to the 
injector 4. The sealing member 3 is ?tted betWeen the 
injector 3 and the connecting pipe 10, and the cushioning 
member 8 having the sealing property is ?tted betWeen the 
injector 4 and the cylinder head 5. 

[0031] In the fourth embodiment and the ?fth embodi 
ment, both of the injector 4 and the fuel passage 9 are 
provided in the same cylinder head 5 Which has a suf?cient 
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rigidity. As a result, the fuel passage 9 does not ?ex and the 
thermal expansion of the cylinder head 5 does not in?uence 
on the fuel passage 9. Thus, fuel leakage due to ?exing of 
fuel passage can be obviated. 

[0032] Further, the fuel is supplied to the injector 4 from 
the fuel passage 9 provided in the cylinder head 5. The fuel 
is heated by the cylinder head 5 and then supplied to the 
injector 4. As a result, the ?exibility of sealing member 3 and 
the cushioning member 8 Which have a remarkably lessened 
sealing property due to hardening under an extremely loW 
temperature condition can be recovered quickly. This is very 
advantageous in preventing the fuel from leaking through 
the fuel sealing part. 

[0033] In addition, the fuel atomiZation is improved and a 
loW temperature engine starting ability is improved greatly, 
because the fuel is heated by the cylinder head quickly. 

[0034] The present invention having been described above 
should not be limited to the disclosed embodiments, but may 
be modi?ed in other Ways Without departing from the spirit 
of the invention. 

What is claimed is: 
1. A fuel supply system for an internal combustion engine 

having a plurality of cylinders, the fuel supply system 
comprising: 

injectors mounted on the engine for injecting fuel into the 
engine; and 

a delivery pipe coupled With the injectors for supplying 
the fuel to the injectors, the delivery pipe including a 
plurality of pipe parts and a ?exible connecting part 
connecting adjacent tWo of the pipe parts and having a 
substantially same fuel passage diameter as that of the 
pipe parts, and the connecting part being ?exible to 
alloW ?exing of the pipe parts. 

2. A fuel supply system of claim 1, Wherein the injectors 
are mounted on a cylinder head of the engine for injecting 
the fuel into cylinders directly, and the ?exible connecting 
part includes a sealing member made of a ?exible material 
and disposed betWeen longitudinally extending ends of the 
pipe parts. 

3. A fuel supply system for an internal combustion engine 
having a plurality of cylinders, the fuel supply system 
comprising: 

an injector mounted on the engine for injecting fuel into 
each cylinder of the engine; 

a delivery pipe coupled With the injector for supplying the 
fuel to the injector; and 

a ?exible connecting part ?tted betWeen the delivery pipe 
and the injector, the connecting part being coupled 
?exibly With both of the delivery pipe and the injector. 

4. Afuel supply system of claim 3, Wherein the connecting 
part includes a cylindrical ?exible coupling member ?tted 
around an extension of the delivery pipe and the injector and 
a plurality of ?exible sealing members, one of the sealing 
members being disposed betWeen the extension of the 
delivery pipe and the coupling member and another of the 
sealing members being disposed betWeen the injector and 
the coupling member. 

5. A fuel supply system of claim 3, further comprising: 

a cushioning member made of a ?exible sealing material 
and disposed betWeen a cylinder head of the engine and 
the injector. 
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6. A fuel supply system for an internal combustion engine 
having a plurality of cylinders, the fuel supply system 
comprising: 

an injector mounted on the engine for injecting fuel into 
each cylinder of the engine; 

a delivery pipe coupled With the injector for supplying the 
fuel to the injector; and 

a cushioning member made of a ?exible sealing material 
and disposed betWeen the injector and a cylinder head 
of the engine to couple the injector With the cylinder 
head ?exibly. 

7. A fuel supply system of claim 6, further comprising: 

a ?exible connecting part ?tted betWeen the delivery pipe 
and the injector, the connecting part being coupled 
?exibly With both of the delivery pipe and the injector. 

8. A fuel supply system for an internal combustion engine 
having a plurality of cylinders, the fuel supply system 
comprising: 

Aug. 2, 2001 

an injector mounted on a cylinder head of the engine for 
injecting fuel into each cylinder of the engine directly; 
and 

a fuel passage formed in the cylinder head for heating the 
fuel therein and supplying the heated fuel to the injector 
of each cylinder. 

9. A fuel supply system of claim 8, further comprising: 

a ?exible sealing member disposed betWeen the cylinder 
head and the injector, 

Wherein the fuel passage is formed to be in direct ?uid 
communication With the injector Within the cylinder 
head. 

10. A fuel supply system of claim 8, further comprising: 

a connecting pipe disposed outside of the cylinder head 
and connected to the injector and the fuel passage for 
supplying the heated fuel from the fuel passage to the 
injector. 


