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(57) ABSTRACT 

Ahigh pressure fuel pump for an internal combustion engine 
having a cylinder, a plunger slidably ?tted in the cylinder 
and a seal mechanism for blocking fuel leakage from an end 
of a sliding portion betWeen the cylinder and the plunger and 
also for preventing an lubricant for a driving mechanism of 
the plunger from entering into the cylinder from the end of 
the sliding portion of the cylinder and the plunger. A holder 
surrounding the end of the sliding portion of the cylinder and 
the plunger is provided. The seal mechanism comprises tWo 
mutually independent seal devices mounted With a speci?c 
spacing in a longitudinal direction from the end of the 
sliding portion of the cylinder and the plunger along a 
circumference of the plunger. The tWo seal devices are held 
on the circumference of the plunger by the holder surround 
ing the end of the sliding portion of the cylinder and the 
plunger While keeping the speci?c spacing. 
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FIG.3 
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HIGH PRESSURE FUEL PUMP FOR INTERNAL 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a high pressure fuel 
pump for force-feeding high pressure fuel to a fuel injection 
valve of an internal combustion engine. 

[0002] An apparatus in the past had a rubber seal structure 
as structure for sealing an outer Wall of a plunger to be 
?uid-tight as disclosed in JP-A-8-68370 speci?cation. In 
addition, a fuel reservoir formed on a pressuriZation cham 
ber side of the seal structure Was communicated With a 
passage having pressure equal to atmospheric pressure so as 
to be opened to the atmospheric pressure. 

[0003] HoWever, such a high pressure fuel pump in the 
past requires a clearance of several pm to several tens of pm 
betWeen a cylinder inner Wall and a plunger outer Wall for 
the sake of plunger sliding. Upon fuel injection, if fuel in a 
fuel pressuriZation chamber is pressuriZed, the fuel leaks 
from the clearance, so that the same pressure as a suction 
pressure is also applied to the fuel reservoir. In the case of 
using a rubber lip seal as the seal structure, there Was a 
problem that a limit value of resistance to pressure is too loW 
to Withstand the suction pressure, so that seal performance 
is deteriorated. 

[0004] In order to solve such a problem, an apparatus 
according to JP-A-8-68370 speci?cation has the fuel reser 
voir in communication With to the passage having the 
pressure equal to atmospheric pressure, but to that end, 
leaked fuel must be returned to a fuel tank and so piping for 
tank return must be provided. For that reason, there Were 
problems such as increase in Working man-hours and 
increased costs. 

[0005] In addition, there Was a problem that usable mate 
rials are limited due to formability of the lip seal, and seal 
performance deteriorates since its rigidity is extremely 
reduced by the fuel including alcohol and so on resulting in 
little alloWance. 

[0006] An object of the present invention is to provide a 
high pressure fuel pump for an internal combustion engine 
of loW costs and high reliability implemented to solve the 
above problems. 

BRIEF SUMMARY OF THE INVENTION 

[0007] According to a ?rst aspect of the present invention, 
there is provided a high pressure fuel pump for an internal 
combustion engine having a cylinder, a plunger slidably 
?tted in the cylinder and a seal mechanism for blocking fuel 
leakage from an end of a sliding portion betWeen said 
cylinder and said plunger and also for preventing an lubri 
cant for a driving mechanism of said plunger from entering 
into said cylinder from said end of the sliding portion of said 
cylinder and said plunger, Wherein: a holder surrounding 
said end of the sliding portion of said cylinder and said 
plunger is provided; said seal mechanism comprises tWo 
mutually independent seal devices mounted With a speci?c 
spacing in a longitudinal direction from said end of the 
sliding portion of said cylinder and said plunger along a 
circumference of said plunger; and the tWo seal devices are 
held on the circumference of said plunger by said holder 
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surrounding said end of the sliding portion of said cylinder 
and said plunger While keeping said speci?c spacing. 

[0008] This embodiment may further comprise a spacer 
for regulating said speci?c spacing mounted betWeen said 
tWo seal devices. 

[0009] In this embodiment, it is preferable that the seal 
device on said cylinder side, of said tWo seal devices, has a 
fuel seal function, and the remaining seal device has a 
lubricant seal function. 

[0010] According to a second aspect of the present inven 
tion, there is provided a high pressure fuel pump for an 
internal combustion engine having a cylinder, a plunger 
slidably ?tted in the cylinder, a seal mechanism for blocking 
fuel leakage from an end of the sliding portion of said 
cylinder and plunger and also preventing a lubricant for a 
driving mechanism of said plunger from entering into said 
cylinder from said end of the sliding portion of said cylinder 
and said plunger, and a holder having a screW portion for 
threadedly engaging With a pump body, said cylinder being 
mounted in said holder and being ?Xed to the pump body by 
threadely engaging the holder With the pump body, Wherein: 
said holder has a cover portion for surrounding said sliding 
portion of the cylinder and plunger; said seal mechanism 
comprises tWo mutually independent seal devices mounted 
With a speci?c spacing in a longitudinal direction from said 
end of the sliding portion of said cylinder and said plunger 
along a circumference of said plunger; and the tWo seal 
devices are held on the circumference of said plunger by the 
cover portion of said holder While keeping the speci?c 
spacing. 

[0011] This embodiment may further comprise a spacer 
for regulating said speci?c spacing mounted betWeen said 
tWo seal devices. 

[0012] In this embodiment, it is preferable that the seal 
device on said cylinder side, of said tWo seal devices, has a 
fuel seal function, and the remaining seal device has a 
lubricant seal function. 

[0013] According to a third aspect of the present inven 
tion, there is provided a high pressure fuel pump for an 
internal combustion engine comprising a plunger for force 
feeding fuel in a pressuriZation chamber, a suction valve 
provided at an inlet of the pressuriZation chamber, a dis 
charge valve provided at an eXit of the pressuriZation cham 
ber, a loW pressure chamber provided on an upstream side of 
the suction valve, a cylinder for slidably holding said 
plunger, and a seal structures for rendering an outer circum 
ference of said plunger sealed ?uid-tight located at tWo 
locations at an outside of said cylinder and in an aXial 
direction of said plunger, Wherein an annular member made 
of a resin is used in the seal structure located on said 
pressuriZation chamber side, of said seal structures at tWo 
locations. 

[0014] It is preferable that the seal structure on the oppo 
site side to the pressuriZation chamber, of said seal structures 
at tWo locations, is a rubber annular structure. 

[0015] According to a fourth aspect of the present inven 
tion, there is provided a high pressure fuel pump for an 
internal combustion engine comprising a plunger for force 
feeding the fuel in a pressuriZation chamber, a suction valve 
provided at an inlet of the pressuriZation chamber, a dis 
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charge valve provided at an exit of the pressurization cham 
ber, a loW pressure chamber provided on an upstream side of 
the suction valve, a cylinder for slidably holding said 
plunger, and seal structures for rendering an outer circum 
ference of said plunger sealed ?uid-tight located at tWo 
locations at an outside of said cylinder and in an axial 
direction of the plunger, Wherein there is provided in the 
cylinder a transverse hole by Which the fuel leaked from the 
pressuriZation chamber to a fuel reservoir formed on a 
pressuriZation chamber side of the seal structures through a 
clearance betWeen said cylinder and said plunger is returned 
to an inlet port. 

[0016] Other objects, features and advantages of the 
invention Will become apparent from the folloWing descrip 
tion of the embodiments of the invention taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0017] FIG. 1 is a vertical sectional vieW of a ?rst 
embodiment of a high pressure fuel pump for an internal 
combustion engine according to the present invention; 

[0018] FIG. 2 is a partial enlarged sectional vieW of the 
?rst embodiment shoWn in FIG. 1; 

[0019] FIG. 3 is an exploded perspective vieW of a main 
part of the ?rst embodiment shoWn in FIGS. 1 and 2; 

[0020] FIG. 4 is a diagram shoWing a structure of a fuel 
injection system using the ?rst embodiment; 

[0021] FIG. 5a is an enlarged sectional vieW of a dis 
charge valve unit of the ?rst embodiment; 

[0022] FIG. 5b is a sectional vieW taken along line Vb-Vb 
in FIG. 5a; 

[0023] FIG. 6 is a sectional vieW of another example of 
the discharge valve unit; 

[0024] FIG. 7a is a sectional vieW of a further example of 
the discharge valve unit; 

[0025] FIG. 7b is an enlarged vieW of a part Q in FIG. 7a; 

[0026] FIG. 8a is an enlarged sectional vieW shoWing an 
example of a suction valve unit; 

[0027] FIG. 8b is a sectional vieW taken along line VIIIb 
VIIIb in FIG. 8a; 

[0028] FIG. 9 is a sectional vieW shoWing another 
example of a plunger seal section; 

[0029] FIG. 10 is a sectional vieW shoWing a further 
example of the plunger seal section; 

[0030] FIG. 11 is a sectional vieW shoWing a still further 
example of the plunger seal section; 

[0031] FIG. 12 is a vertical sectional vieW of a second 
embodiment of the high pressure fuel pump for an internal 
combustion engine according to the present invention; 

[0032] FIG. 13 is a vertical sectional vieW of a third 
embodiment of the high pressure fuel pump for an internal 
combustion engine according to the present invention; 

[0033] FIG. 14 is a partial enlarged sectional vieW of the 
third embodiment; and 
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[0034] FIG. 15 is a partial enlarged sectional vieW of a 
fourth embodiment of the high pressure fuel pump for an 
internal combustion engine according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] Hereinafter, embodiments of the present invention 
Will be described by referring to the accompanied draWings. 

[0036] Basic structure and operation of a high pressure 
fuel pump for an internal combustion engine according to 
the present invention Will be described by referring to FIGS. 
1-4. FIG. 1 is a vertical sectional vieW of the Whole of pump, 
FIG. 2 is an enlarged vieW of a main part of the pump, and 
FIG. 3 is an exploded vieW of a fuel injection system. 

[0037] A pump body 1 is formed With a fuel suction 
passage 10, a discharge passage 11 and a pressuriZation 
chamber 12. The fuel suction passage 10 and the discharge 
passage 11 are respectively provided With a suction valve 5 
and a discharge valve 6, Which are held in one direction by 
springs 5a and 6a to be check valves for limiting a fuel ?oW 
direction. The pressuriZation chamber 12 is formed by a 
pump chamber 12 to Which a plunger 2 as a pressuriZation 
member slides, a suction port 15b in communication With 
the suction valve 5 and a discharge port 6b in communica 
tion With the discharge valve 6. 

[0038] In addition, in a suction chamber 10a, a solenoid 
200 is held on the pump body 1 and an engagement member 
201 and a spring 202 are arranged on the solenoid 200. The 
engagement member 201 is biased by the spring 202 in a 
direction to open the suction valve 5 When the solenoid 200 
is off. As the biasing force of the spring 202 is larger than 
that of a spring 5a of the suction valve 5, the suction valve 
5 is in an opened state When the solenoid 200 is off as shoWn 
in FIGS. 1 and 2. Fuel is led by a loW pressure pump 51 
from a tank 50 to a fuel inlet of the pump body 1, While it 
is regulated to be a certain pressure by a pressure regulator 
52. Thereafter, it is pressuriZed at the pump body 1, and is 
force-fed from a fuel outlet to a common rail 53. The 
common rail 53 has injectors 54, a relief valve 55 and a 
pressure sensor 56 mounted thereon. The injectors 54 are 
mounted according to the number of engine cylinders and 
inject the fuel in accordance With signals from an engine 
control unit (ECU) 40. In addition, the relief valve 55 is 
opened When the pressure inside the common rail 53 
exceeds a predetermined value, and prevents damage of a 
piping system. 

[0039] The operation Will be described beloW. 

[0040] A lifter 3 provided at a loWer end of the plunger 2 
is pressed into contact With a cam 100 by a spring 4. The 
plunger 2 is slidably held by a cylinder 20, and is recipro 
cated by the cam 100 rotated by an engine cam shaft and the 
like so as to change capacity in the pressuriZation chamber 
12. 

[0041] In addition, a plunger seal 30 is provided beneath 
the cylinder 20 in order to prevent the fuel from leaking to 
a cam side. 

[0042] When the suction valve 5 is closed during a com 
pression process of the plunger 2, the pressure in the 
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pressurization chamber 12 rises and the discharge valve 6 is 
thereby automatically opened to force-feed the fuel to the 
common rail 53. 

[0043] While the suction valve 5 is automatically opened 
When the pressure in the pressuriZation chamber 12 becomes 
loWer than that at the fuel inlet, its closing is determined by 
the operation of the solenoid 200. 

[0044] When the solenoid 200 maintains an on (current 
carrying) state, it generates more electromagnetic force than 
the biasing force of the spring 202 and draWs the engage 
ment member 201 to the solenoid 200 side so that the 
engagement member 201 and the suction valve 5 are sepa 
rated. In this state, the suction valve 5 becomes an automatic 
valve Which is opened and closed in synchroniZation With 
reciprocation of the plunger 2. Accordingly, during the 
compression process, the suction valve 5 is closed, and the 
fuel equivalent to decreased capacity of the pressuriZation 
chamber 12 is force-fed to the common rail 53 by pushing 
the discharge valve 6 open. 

[0045] In comparison With this, When the solenoid 200 
maintains an off (no current-carrying) state, the engagement 
member 201 is engaged With the suction valve 5 by the 
biasing force of the spring 202, so that the suction valve 5 
is kept in the opened state. Accordingly, even in the com 
pression process, the pressure in the pressuriZation chamber 
12 remains almost as loW as that at the fuel inlet, and so the 
discharge valve 6 cannot be opened, so that the fuel equiva 
lent to decreased capacity of the pressuriZation chamber 12 
is returned to the fuel inlet side through the suction valve 5. 

[0046] In addition, if the solenoid 200 is turned on in the 
middle of the compression process, the fuel is force-fed to 
the common rail 53 from that time. Moreover, once the 
force-feeding is started, the pressure in the pressuriZation 
chamber 12 rises, so that, even if the solenoid 200 is turned 
off thereafter, the suction valve 5 remains closed and is 
automatically opened in synchroniZation With the start of the 
suction process. 

[0047] In this pump, the pressuriZation chamber 12 is 
formed by pressing a suction valve holder 5b, a discharge 
valve seat 60 and the cylinder 20 into contact With to the 
pump body 1. While a protector 70 is used in a pressed 
contact portion betWeen the cylinder 20 and the pump body 
1, it is also possible to directly press the cylinder 20 into 
contact With the pump body 1. Whether or not to use the 
protector 70 can be selected in accordance With use condi 
tions described later. In addition, it is also possible, for the 
purpose of obtaining the same effect, to use it for the pressed 
contact portion betWeen the pump body 1 and the other 
members than the cylinder 20. Moreover, a suction chamber 
10a Which is a fuel chamber, an annular chamber 10b and a 
fuel chamber 11b are provided outside 12 the pressed 
contact portion of the pressuriZation chamber. 

[0048] In general, to seal the pressuriZation chamber, a 
seal more expensive than an ordinary constant-pressure seal 
must be used for the purpose of Withstanding pressure 
?uctuation in the pressuriZation chamber, Whereas by adopt 
ing the above structure, a seal may not be used in the pressed 
contact portion and it is possible to prevent slight fuel 
leakage from the pressed contact portion leading to fuel 
leakage outside the pump. 

[0049] Furthermore, it is possible to improve the seal 
performance by rendering a member to be pressed into 
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contact With the pump body 1 harder than the pump body 1 
to make the member dig into the pump body 1. 

[0050] In addition, it is possible to improve the seal 
performance by using a soft material for the pump body 1. 

[0051] On the other hand, there are the cases Where the 
soft material is eroded (cavitated) and a seal surface gets 
damaged due to fuel cavitation When higher fuel pressure 
and higher-speed operation are implemented. 

[0052] This embodiment uses the protector 70, and has 
seal surfaces provided at tWo locations, that is, a seal surface 
70a (plane) betWeen the cylinder 20 and the pump body 1 
and a seal surface 70b (cylindrical surface) inside a pump 
chamber 12a. The seal surface 70a is pressed into contact 
With the pump body 1 by screWing a cylinder holder 21. In 
addition, the seal surface 70b is pressed into contact With the 
pump body 1 by press-?tting the protector 70. 

[0053] Thereby, it is possible to extend the pressed contact 
seal surfaces With the pump body 1 of the soft material, so 
that the period until the seal surfaces are completely pen 
etrated can be prolonged. 

[0054] In addition, as the seal surface is divided into tWo 
as 70a and 70b, pressure propagation from the pressuriZa 
tion chamber is mitigated in a dividing section so as to 
prevent erosion of the seal surface 70a. 

[0055] While the protector 70 is placed in the pressed 
contact portion of the cylinder 20 in this embodiment, it may 
be placed in any other pressed contact portion. 

[0056] In addition, a loW pressure chamber 10b in com 
munication With the inlet chamber 10a is provided above the 
pump chamber 12a, Which is a part of the pressuriZation 
chamber 12, and a Wall portion 1a betWeen them is the 
Weakest portion of the entire Walls of the pressuriZation 
chamber 12. 

[0057] Thereby, in the case Where the pressure in the 
pressuriZation chamber abnormally rises due to some 
trouble, this Weakest portion gets damaged and high pres 
sure fuel is released to the loW pressure chamber, alloWing 
leakage thereof to the outside to be prevented. 

[0058] In addition, the cylinder 20 is ?xed to the pump 
body 1 by threadably attaching a cylinder holder 21, Which 
is provided outside the cylinder 20, to the pump body 1. 

[0059] An attaching portion C of the pump body 1 and the 
cylinder holder 21 is provided betWeen a cylinder-?xing 
portion A on the pump body side and a cylinder-?xing 
portion B on the cylinder holder side. 

[0060] It is thereby possible, even in case of combining the 
materials of different coefficients of linear expansion, that is, 
an aluminum material for the pump body 1 and steel for the 
cylinder 20 (aluminum>steel), to reduce a difference in 
expansion lengths (expansion length=expanded portion 
length><coef?cient of linear expansion><changed tempera 
ture) on the pump body side and the cylinder side generated 
on a change of temperature because the expanded portion 
length on the pump body side (portion A to portion C) is 
shorter than that on the cylinder side (portion A to portion 
B). Accordingly, there Will be neither clearance on a contact 
surface of the cylinder 20 and the pump body 1 nor dete 
rioration of the seal performance due to reduction in pressed 
contact force. 
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[0061] In addition, a ?tting portion D into Which the 
cylinder 20 is ?tted is provided in the cylinder holder 21, and 
the ?tting portion D and an engagement portion C betWeen 
the cylinder holder 21 and the pump body 1 have different 
positions on an axis of the cylinder. The engagement portion 
C is provided closer to an upper opening of the cylinder 
holder 21 than the ?tting portion D. Moreover, the ?tting 
portion D has a slight clearance. 

[0062] With this, even if the engagement portion C is 
deformed radially inWardly of the pump body due to thermal 
expansion of the pump body 1 While keeping the cylinder 
holder 21 and the cylinder 20 coaxial, rigidity of the 
engagement portion C on the cylinder holder side is loWer 
than that of the ?tting portion D and so the deformation 
radially and inWardly of the pump body hardly reaches the 
?tting portion D, so that it prevents tightening of the cylinder 
20. Accordingly, it is possible to keep a sliding clearance 
betWeen the plunger and the cylinder correct so as to prevent 
galling of the plunger 2 and so on. 

[0063] In addition, it is possible, by using the material of 
loWer thermal conductivity than the pump body 1 for the 
cylinder holder 21, to prevent galling of the plunger 2 since 
heat of the pump body 1 is thereby hardly transferred to the 
cylinder 20. 

[0064] Furthermore, it is possible to reduce heat transfer 
from the pump body 1 by performing resin coating on a 
threaded portion of the cylinder holder 21. 

[0065] In addition, an annular chamber 10c in communi 
cation With the suction chamber 10a is provided on a 
circumference of the cylinder 20. 

[0066] It is thereby possible to reduce the heat transfer 
from the pump body 1 to the cylinder 20 and also cool the 
cylinder 20 With the fuel. 

[0067] In addition, the plunger seal 30 for sealing the fuel 
leakage from the plunger 2 sliding portion to the cam side 
and also sealing entry of oil from the cam side to the plunger 
sliding portion is held inside the cylinder holder 21. 

[0068] It is thereby possible, as both of the cylinder 20 and 
the plunger seal 30 are engaged With the common cylinder 
holder 21, to keep the plunger seal 30 and the plunger 2 as 
a sliding material coaxial so as to maintain good seal 
performance of the plunger sliding portion. 

[0069] In addition, a plunger seal chamber 30a on the 
inner side of the plunger seal 30 is in communication With 
the annular chamber 10c through a clearance X betWeen the 
cylinder 20 and the plunger 2, a fuel reservoir 20a provided 
inside the cylinder, and a passage 20b. Moreover, the 
circumference of the cylinder 20 is divided into the annular 
chamber 10c in communication With the suction chamber 
10a and the plunger seal chamber 30a by the ?tting portion 
B. 

[0070] Moreover, the plunger seal chamber 30a is in 
communication With a return pipe 40 through a communi 
cating hole 21a provided in the cylinder holder 21. The 
return pipe 40 is in communication With the fuel tank 50 in 
Which pressure is approximately atmospheric pressure 
through return piping (not shoWn). Accordingly, the plunger 
seal chamber 30a has atmospheric pressure almost equal to 
the fuel tank pressure since it is in communication With the 
fuel tank 50 through the return pipe 40. 

May 20, 2004 

[0071] According to the above-described structure, the 
fuel leaked from the pressuriZation chamber 12 through the 
clearance betWeen the cylinder 20 and the plunger 2 ?oWs 
into the suction chamber 10a from the fuel reservoir 20a 
through the passage 20b. On the other hand, loW pressure is 
supplied from the suction chamber 10a to the fuel reservoir 
20a, and so the fuel ?oWs to the plunger seal chamber 30a 
through the clearance X. This fuel ?oWs to the fuel tank 50 
through the return pipe 40. At high temperature, hoWever, 
the fuel is apt to be gasi?ed since the plunger seal chamber 
30a is almost at the atmospheric pressure. 

[0072] In this embodiment, a length of the clearance X 
from the fuel reservoir 20a to an opening of the cylinder 20 
to the plunger seal 30 is shorter than a reciprocating sliding 
length of the plunger. 

[0073] It is thereby possible to secure a fuel oil ?lm at the 
opening of the cylinder and improve lubricity so as to reduce 
abrasion, since a portion that is fuel-Wetted in the fuel 
reservoir 20a When the plunger 2 is at a top dead center 
passes through the opening When it is at a bottom dead 
center. 

[0074] In addition, a throttle portion 21b is provided 
betWeen the plunger seal chamber 30a and the return pipe 
40. 

[0075] It is thereby possible to regulate a fuel amount 
?oWing from the plunger seal chamber 30a to the fuel tank 
50, so that the fuel more easily remain in the plunger seal 
chamber 30a so as to improve abrasion resistance of the 
plunger seal 30 and the cylinder opening by fuel lubrication. 
Especially, it is effective When the plunger seal 30 is higher 
than the return pipe 40 (upside doWn in the indicated 
direction in FIG. 2) When the pump is mounted. 

[0076] Further, in this embodiment, the solenoid 200 for 
controlling opening and closing time of the suction valve 5 
is held inside the suction chamber 10a by a solenoid holder 
210, and an annular fuel chamber is formed betWeen the 
solenoid 200 and the solenoid holder 210. 

[0077] It is thereby possible to cool the solenoid 200 by 
the fuel. Alternatively, the annular fuel chamber may be 
formed on the solenoid circumference Without using the 
solenoid holder. 

[0078] In addition, it is possible to reduce the transfer from 
the pump body 1 to the solenoid 200 by providing a screW 
portion on the circumference of the solenoid holder 210 and 
engaging it With a housing. 

[0079] Furthermore, it is possible, by using the material of 
loWer thermal conductivity than that of the pump body 1 for 
the solenoid holder 210, to prevent burnout of the solenoid 
200 since heat of the pump body 1 is thereby hardly 
transferred to the solenoid 200. 

[0080] Furthermore, it is possible to reduce the heat trans 
fer from the pump body 1 by performing resin coating on the 
screW portion of the solenoid holder 210. 

[0081] Moreover, it is possible, by gradually reducing 
driving currents for the solenoid 200 When it is off as shoWn 
in FIG. 4, to reduce collision force When it is off and prevent 
abrasion and damage of a portion to be collided. 

[0082] Furthermore, an operating distance of an actuator 
of the solenoid 200 is rendered shorter according to that of 
the suction valve 5. 
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[0083] It is thereby possible, even in the case Where 
operating time (response When it is off) of the solenoid 200 
is sloW, to promptly open the suction valve 5 on a change of 
pressure in the pressurization chamber (on a shift from the 
discharge process to the suction process) so as to suf?ciently 
secure opening area of the suction valve 5 and also reduce 
the collision force by shortening the operating distance of 
the solenoid 200. 

[0084] It is thereby possible, as passage resistance on the 
suction valve 5 is reduced, to prevent reduction in the 
pressure in the pressuriZation chamber in the suction process 
and restrain occurrence of cavitation. 

[0085] It is also feasible to render the operating distance of 
the discharge valve 6 shorter than that of the suction valve 
5. 

[0086] It is thereby possible to hold doWn back?oW of the 
high pressure fuel into the pressuriZation chamber due to 
delay in closing the discharge valve 6 (on the shift from the 
discharge process to the inlet process) to the minimum so as 
to restrain the occurrence of the cavitation in the pressur 
iZation chamber. 

[0087] Next, other press contacting manners of forming 
the pressuriZation chamber Will be described by referring to 
FIGS. 5a, 5b, 6, 7a and 7b. 

[0088] The discharge valve 6 is a ball valve, and com 
prises a ball holder 63. The ball holder 63 is a cylindrical 
shape and is slidably ?tted in a discharge valve holder 62. 

[0089] A ball is held by the ball holder 63 upon opening 
the ball valve 6, and therefore, it is possible to restrain 
?uctuation of the ball so as to stabiliZe the fuel ?oW. 
Accordingly, it is possible to prevent the cavitation caused 
by disorder of the ?oW. 

[0090] In addition, an outer diameter of the ball holder 63 
is rendered larger than the ball and cut-out portions are 
formed on the cylindrical portion as shoWn in FIG. 5b. In 
this embodiment, three cut-out portions are formed, but the 
number thereof is not limited to three. 

[0091] With this structure, it is possible to form an appro 
priate fuel passage in the ball valve, and therefore, it is 
possible to prevent the cavitation caused by reduction in the 
fuel pressure due to pressure loss. 

[0092] While this structure is not limited to the discharge 
valve, it is possible to secure oil tightness of high pressure 
piping With an inexpensive manner by adopting it to the 
discharge valve as opposed to the case of using a conical 
valve. 

[0093] As for the discharge valve shoWn in FIGS. 5a and 
5b, a discharge valve seat 60 is pressed into contact With the 
pump body 1 to form the pressuriZation chamber, and a 
gasket 61 is placed on the circumference side of the dis 
charge valve seat 60 so as to form the fuel chamber 11b. The 
discharge valve seat 60 and the gasket 61 are pressed into 
contact With the pump body 1 by screWing the discharge 
valve holder 62. Accordingly, the pressed contact portions to 
the pump body 1 to form the pressuriZation chamber 12 are 
tWo locations. 

[0094] With this structure, it is possible, even if there is 
slight fuel leakage from a ?rst pressed contact portion 
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located on the pressuriZation chamber side, to prevent the 
fuel leakage outside the pump. 

[0095] Furthermore, it is possible to securely prevent the 
fuel leakage outside the pump by rendering the gasket 61 
less hard than the discharge valve seat 60 and the pump body 
1. 

[0096] In addition, as a second press contact portion is not 
directly in?uenced by the pressure ?uctuation in the pres 
suriZation chamber and the fuel ?oW, it can have secure seal 
performance Without being involved in the fuel cavitation 
occurring in the pressuriZation chamber even if a soft 
material is used for the gasket 61. 

[0097] As for the discharge valve shoWn in FIG. 6, the 
fuel chamber 11b is formed by placing a protector 61a 
betWeen the discharge valve seat 60 and the pump body 1 
and, outside thereof, by pressing the gasket 61 of the soft 
material against both the discharge valve seat 60 and the 
discharge valve holder 62. 

[0098] It is thereby possible to securely seal the fuel 
entering from a discharge chamber 11a doWnstream of the 
discharge valve 6 to the fuel chamber 11b, and therefore, it 
is possible to improve discharge ef?ciency of the pump even 
if there is slight fuel leakage from the ?rst press contact 
portion on the pressuriZation chamber side by preventing the 
back?oW of the discharged fuel into the pressuriZation 
chamber. 

[0099] The discharge valve shoWn in FIGS. 7a and 7b is 
an example of the case Where no excessive fuel cavitation 
occurs, Wherein one sheet of gasket 61 is pressed against the 
discharge valve seat 60, the discharge valve holder 62 and 
the pump body 1. There is a groove 11c on a surface of the 
gasket 61, thereby dividing the press contact surface into 
tWo, so that the groove becomes the fuel chamber (or a space 

chamber). 
[0100] It is thereby possible, as the pressure propagation 
from the pressuriZation chamber is mitigated by the groove 
11c, to prevent erosion of an outer seal surface of the gasket 
61. 

[0101] While the groove portion is placed on the surface 
of the gasket in this example, it is also feasible to place it on 
an opposite surface (a surface of the pump body and so on). 

[0102] While this example shoWs the example on a dis 
charge valve seat portion, it is also feasible to apply it to 
another press contact portion. 

[0103] Next, the structure of the suction valve 5 Will be 
described by referring to FIGS. 8a and 8b. 

[0104] As for the suction valve in FIG. 8, the suction 
valve 5 is a ?at valve having a cup-like cylindrical portion 
and the cylindrical portion is slidably received in the suction 
valve holder 5b. 

[0105] With this structure, the cylindrical portion is held 
upon opening the ?at valve, and therefore, it is possible to 
restrain ?uctuation of a valve body and stabiliZe the fuel 
?oW. Accordingly, it is possible to prevent the cavitation 
caused by a disorder of the ?oW. In addition, it is possible to 
arrange the spring 5a for closing the valve in the cup-like 
cylindrical portion, so that space can be saved. 
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[0106] In addition, cut-out portions forming a fuel passage 
are provided in an inner circumference of the suction valve 
holder 50 as shoWn in FIG. 8b. Moreover, While it is placed 
at ?ve locations in this embodiment, the number of the 
cut-out portions is not limited to ?ve. 

[0107] With this structure, it is possible to form an appro 
priate fuel passage the valve mechanism Without rendering 
the cylindrical portion of the valve thicker. Therefore, it is 
possible to prevent the cavitation caused by the reduction in 
the fuel pressure due to the pressure loss and render the 
valve lightweight so as to improve an opening and closing 
response of the valve. 

[0108] While this structure is not limited to the suction 
valve, it is possible to prevent the cavitation caused by the 
reduction in the fuel pressure because adoption thereof in the 
suction valve alloWs higher response on opening the valve 
and thereby restrain the reduction in the fuel pressure in the 
pressuriZation chamber due to delay in valve opening at a 
start of the suction process. 

[0109] In addition, in the case of adoption thereof in the 
discharge valve, it alloWs the higher response on opening the 
valve, and it is thereby possible to restrain increase in peak 
pressure in the pressuriZation chamber due to the delay in the 
valve opening at the start of the discharge process. 

[0110] Next, a second embodiment of the high pressure 
fuel pump for an internal combustion engine according to 
the present invention Will be described by referring to FIGS. 
9, 10, 11 and 12. 

[0111] FIG. 12 is a vieW shoWing the same section as FIG. 
1, and the symbols therein are also the same as those in FIG. 
1. FIGS. 9 to 11 are the enlarged vieWs of the plunger seal 
section in FIG. 12 and shoWing other eXamples of plunger 
seal shapes. 

[0112] In the second embodiment shoWn in FIG. 12, the 
return pipe 40 in communication With the fuel tank 50 and 
the communicating hole 21a are not provided as opposed to 
the ?rst embodiment shoWn in FIGS. 1 and 2. In addition, 
a plurality of seals is provided by adding a ring seal 31 above 
the plunger seal 30. 

[0113] With this structure, an inner side of the plunger seal 
31 becomes a blind alley only in communication With the 
opening of the cylinder. 

[0114] It is thereby possible, as the inner side of the 
plunger seal 31 is kept at the pressure on the suction side, to 
prevent gasi?cation of the fuel and keep lubricity so as to 
improve the abrasion resistance. In addition, even When the 
pressure in the suction chamber 10a pulsates due to the 
pump operation, the pressure pulsation is attenuated by the 
sliding portion clearance X betWeen the plunger 2 and the 
cylinder 20, so that it is not conveyed to the plunger seal 31. 
Accordingly, it is possible to prevent the damage and 
abrasion of the plunger seal 31. 

[0115] In addition, lubricant (oil, grease, etc.) is sealed in 
the plunger seal chamber 30a. 

[0116] It is thereby possible to improve the abrasion 
resistance of the seal and also to reduce the fuel leakage 
from the plunger seal 30 since the fuel in the pump does not 
come into directly contact With the plunger seal 30. 
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[0117] Moreover, While this second embodiment uses a 
plurality of plunger seals, it is also effective in the case of 
using only a lip seal 30 as the plunger seal as in the ?rst 
embodiment shoWn in FIG. 1. To be more speci?c, the inner 
side of the plunger seal 30 becomes the blind alley only in 
communication With the opening of the cylinder. 

[0118] With this structure, the inner side of the plunger 
seal 30 is kept at the pressure on the suction side, and 
therefore, it is possible to prevent gasi?cation of the fuel and 
keep lubricity so as to improve the abrasion resistance. In 
addition, even When the pressure in the suction chamber 10a 
pulsates due to the pump operation, the pressure pulsation is 
attenuated by the sliding portion clearance X betWeen the 
plunger 2 and the cylinder 20, so that it is not conveyed to 
the plunger seal 30. Accordingly, it is possible to prevent the 
damage and abrasion of the plunger seal 30. 

[0119] In addition, a lubricant (oil, grease, etc.) is sealed in 
the plunger seal chamber 30a. 

[0120] It is thereby possible to improve the abrasion 
resistance of the seal and also to reduce the fuel leakage 
from the plunger seal 30 since the fuel in the pump does not 
come into directly contact With the plunger seal 30. 

[0121] In addition, as in this second embodiment, it is 
possible, by adding the ring seal 31 above the plunger seal 
30, to improve pressure resistance of the seal Which is direct 
contact With the fuel and alleviate the pressure eXerted on the 
seal located outside of the pump so as to improve reliability 
of the seal performance. 

[0122] Alternatively, a plurality of seals of different 
shapes is placed in the plunger sliding portion, and the seal 
located outside of the pump is rendered lip-shaped. 

[0123] The ring seal shapes are the shapes such as an O 
ring shoWn in FIG. 12, an O ring having a resin ring 31a 
placed on the sliding side shoWn in FIG. 9, an X ring shoWn 
in FIG. 10, or a K ring shoWn in FIG. 11. 

[0124] It is possible, as the ring seals such as O, X and K 
have better formability than that of the lip seals, to select 
rubber materials according to the fuel to be used (alcohol, 
etc.) because of the degree of freedom of material selection. 

[0125] Next, the structure of a third embodiment of the 
high pressure fuel pump for an internal combustion engine 
according to the present invention Will be described by 
referring to FIGS. 13 and 14. 

[0126] In this third embodiment, the cylinder 20 and the 
pump body 1 are separate, and the pressuriZation chamber 
12 is not in contact With the pump body 1 but is formed by 
the suction valve holder 5b, the discharge valve seat 60 and 
cylindrical tubes 5f, 6f press-?tted in the cylinder 20. More 
over, While the pressuriZation chamber is formed by a plug 
20f press-?tted in an upper part of the cylinder 20 in order 
to improve Workability of the cylinder 20, the plug may be 
integral With the cylinder. 

[0127] It is thereby possible, even When the cylinder 20 
and the suction valve 5 or the discharge valve 6 is positioned 
apart from each other, to connect them by the cylindrical 
tubes 5f, 6f and to deform the cylindrical tubes and to ?X 
them upon assembling, so that variations in dimensions are 
absorbed. Accordingly, it is feasible to render the entire 
pump smaller, even in the case Where the pump body 1 is not 
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used to the Wall of the pressurization chamber 12, because 
there is a degree of freedom in placement of the suction 
valve 5 or the discharge valve 6. 

[0128] In addition, it is possible to absorb the variations in 
dimensions With the press contact portions of the cylindrical 
tubes upon assembling. 

[0129] Furthermore, it is possible to absorb the variations 
in dimensions in tWo directions of X and Y by rendering the 
cylindrical tubes into a ?anged-shape and having one side of 
the press contact portion in a plane surface contact and the 
other side of the press contact portion in cylindrical surface 
contact. 

[0130] The above structure can prevent cavitation damage 
even in the case of using the soft material such as aluminum 
for the pump body 1. 

[0131] In addition, it is possible, even in the case of using 
the materials of signi?cantly different coefficients of linear 
expansion for the pump body 1 and the cylinder 20, to 
prevent the plunger 2 from sticking caused by deformation 
of a sliding hole of the cylinder due to change of tempera 
ture. 

[0132] Moreover, it is possible, even in the case of using 
the material of high thermal conductivity for the pump body 
1, to prevent the burnout of the solenoid 200 and the galling 
of the plunger 2. 

[0133] Accordingly, it is possible, by rendering the pump 
body all-aluminum, to provide the pump of high reliability 
that is loWer-cost and lighter-Weight due to improvement in 
cuttability. 

[0134] A fourth embodiment of the present invention Will 
be described by referring to FIG. 15. 

[0135] An annular seal member 301 made of resin (Te?on 
for instance) is used as a gasoline seal structure in order to 
improve the pressure resistance to the fuel. 

[0136] An rubber annular seal member 302 is mounted 
outside the resin annular seal member 301, and they are 
?xed by being sandWiched by a spacer 304 and a seal holder 
305. The rubber annular seal member 302 provides an 
adequate clamping pressure betWeen the resin annular seal 
member 301 and the plunger 2, so that good seal perfor 
mance is obtained. 

[0137] An X ring 303 made of resin is used as a seal 
located on the oil side. The X ring is used not only because 
of the abrasion resistance but because it also has a function 
of forming a gasoline seal betWeen it and the holder 21 and 
forming an oil seal betWeen it and the plunger. To be more 
speci?c, it has tWo seal functions formed by one seal. Thus, 
the seal for the gasoline becomes more effective. 

[0138] The spacer 304 is made of aluminum, and the seal 
holder 305 uses an iron metal alloy called SUM 23 in JIS 
standards. 

[0139] The spacer has a ?ange portion formed on its 
circumference, and the ?ange portion is sandWiched and 
?xed by the seal holder 305 and a step portion formed on an 
inner circumference of the holder 21. A seal effect can also 
be expected betWeen the spacer 304 and the X ring 303. A 
seal effect can also be expected betWeen an X ring accepting 
surface of the holder and the X ring 303. 
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[0140] The seal holder 305 is press-?tted in the holder, and 
the seal mechanism can thereby be unitiZed With a bottom 
portion of the holder to be held. The cylinder 20 is ?xed on 
the pump body 1 by the cylinder holder 21 thus having the 
seal mechanism mounted, and the plunger is lastly mounted, 
that is, after applying the grease thereto so that the X ring is 
not damaged. Thus, assembly Workability can be improved. 

[0141] The gasoline leaked and accumulated in a fuel 
reservoir 300a ?oWs back in the clearance betWeen the 
cylinder and the plunger to reach a fuel reservoir 20a, and 
is returned to the suction chamber 10a from the passage 20b 
(see the broken line in FIG. 4). 

[0142] A return passage Was thereby removed. It is espe 
cially effective, from the vieWpoints of reducing the man 
hours and costs, that the return passage for returning only 
beloW 1 cc per minute of leaked gasoline to a gasoline tank 
is removed. 

[0143] Hereinafter, the embodiments and advantages of 
the present invention Will be described. 

[0144] It is possible, by dividing the materials of the ?rst 
and second press contact portions to use a hard material for 
the pressuriZation chamber side and the soft material for the 
outside, to prevent the ?rst press contact portion from 
getting damaged by the cavitation and improve the seal 
performance of the second press contact portion. 

[0145] Moreover, it is possible, preferably by rendering 
hardness of the second press contact material softer than that 
of the housing, to reduce the deformation of the seal surface 
on the housing side so as to keep good seal performance just 
by replacing the press contact material upon disassembling 
and reassembling. 

[0146] In addition, the pressuriZation chamber and the loW 
pressure chamber are formed With the same material, and an 
isolating Wall betWeen them has strength that is the Weakest 
in the pressuriZation chamber. 

[0147] Thus, if the pressure in the pressuriZation chamber 
rises abnormally due to some failure, this Weakest portion 
gets damaged and the high pressure fuel is released to the 
loW pressure chamber so as to prevent the fuel leakage to the 
outside. 

[0148] Alternatively, there is the cylinder holder, for ?xing 
the cylinder, of the material different from the housing, 
Where the engagement portion C of the cylinder holder and 
the housing is provided betWeen the cylinder-?xing portion 
A on the housing side and the cylinder-?xing portion B on 
the cylinder holder side. 

[0149] It is thereby possible, in the case of combining 
materials of different coefficients of linear expansion, that is, 
aluminum for the housing and steel for the cylinder, an 
expansion length on the aluminum side is smaller than that 
on the cylinder side, so that the expansion length on the 
aluminum side can be rendered equal to the expansion 
length on the cylinder side When the temperature is high. 
Accordingly, there is neither clearance generated on the 
contact surface of the cylinder and the housing nor deterio 
ration of the seal performance due to reduction in the press 
contact force. 

[0150] In addition, it is preferable to ?t the cylinder into 
the cylinder holder and locate this ?tting portion and the 










