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Description

[0001] The presentinvention relates to a high pressure
fuel pump.

[0002] There is known a high pressure fuel pump,
which pressurizes fuel in a pressurizing chamber by a
plunger (See Japanese Unexamined Patent Publication
No. 2001-295730 corresponding to US Patent Applica-
tion Publication No. 2003/0103853 A1 and Japanese Un-
examined Patent Publication No. H08-68370 corre-
sponding to US Patent No. 5,567,134). In such a high
pressure fuel pump, fuel leakage occurs from a side of
a housing, which defines the pressurizing chamber, to a
side of a drive means, which drives the plunger, and lu-
bricant oil leakage occurs from the side of the drive
means to the side of the housing. Because of this, the
high pressure fuel pump recited in each of Japanese Un-
examined Patent Publication No. 2001-295730 and Jap-
anese Unexamined Patent Publication No. H08-68370
has a sealing means, which is engaged with an outer
peripheral surface of the plunger. In this way, the outer
peripheral surface of the plunger is fluid-tightly engaged
with an inner peripheral surface of the sealing means to
reduce leakage of fuel and leakage of lubricant oil. Fur-
thermore, a high pressure fuel pump recited in Japanese
Unexamined Patent Publication No. H11-6475 includes
a sealing means that is engaged with an inner peripheral
surface of the housing, which is in slidable engagement
with the outer peripheral surface of the plunger. In this
way, the inner peripheral surface of the housing is fluid-
tightly engaged with the sealing means to reduce leakage
of fuel and leakage of lubricant oil.

[0003] However, in recent years, a required delivery
rate of the high pressure fuel pump is increasing. Be-
cause of this, a size of the plunger and a size of the
cylinder, which receives the plunger, are increasing.
Therefore, in the case of the techniques recited in the
above Japanese Unexamined Patent Publications, it is
required to newly design a sealing means to correspond
with an increase in a diameter of the plunger and an in-
crease in a diameter of the cylinder. Therefore, a product
number of the sealing means and a product number of
molding dies are disadvantageously increased, and arel-
atively large number of steps is disadvantageously re-
quired for evaluating performance of the newly designed
sealing means.

[0004] Furthermore, the sealing means is engaged
with the outer peripheral surface of the plunger or with
the inner peripheral surface of the cylinder. Thus, when
the diameter of the plunger or the diameter of the cylinder
is substantially increased, the entire length of the contact
area of the sealing means is lengthened. Therefore, the
fuel and the oil can be easily leaked from the contact
area. It is conceivable to increase the engaging force for
engaging between the sealing means and the plunger or
the housing, which forms the cylinder. However, when
the engaging force is increased, wearing of the sealing
means may be induced by the engagement between the
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sealing means and the plunger or the housing. As a re-
sult, the durability and reliability of the sealing means is
disadvantageously reduced.

[0005] Furthermore, when the diameter of the plunger
is increased, the weight of the plunger is accordingly in-
creased. This causes anincrease in inertia of the plunger
at the time of reciprocal movement of the plunger. There-
fore, the ability of the plunger to follow the movement of
the drive means is disadvantageously reduced. In order
to increase the ability of the plunger to follow the move-
ment of the drive means, a weight of an urging member,
which urges the plunger against the drive means, needs
to be increased. As a result, the drive force for driving
the plunger is disadvantageously increased, thereby
causing a substantial increase in the size.

[0006] Accordingly, it is an objective of the present in-
vention to provide a high pressure fuel pump, which al-
leviates or eliminates a need for a modification of adesign
of a sealing means engaged with a plunger even when
adiameter of atleast a portion of the plunger or a diameter
of a cylinder changes. It is another objective of the
present invention to provide a high pressure fuel pump,
which has a relatively high sealing performance and a
relatively high reliability. It is another objective of the
present invention to provide a high pressure fuel pump,
which limits a substantial increase in a size of the high
pressure fuel pump.

[0007] To achieve the objectives of the present inven-
tion, there is provided a high pressure fuel pump, which
includes a housing, a plunger, a drive means and a seal-
ing means. The housing forms a cylinder therein. The
cylinder communicates with a fuel intake passage and a
fuel delivery passage in the housing. The plunger is re-
ciprocably, slidably supported in the cylinder and in-
cludes an axial end surface, a large diameter portion, a
small diameter portion. The axial end surface of the
plunger defines a pressurizing chamber in corporation
with the housing, and the plunger pressurizes fuel in the
pressurizing chamber. The large diameter portion has an
outer peripheral surface, which is slidably engaged with
an inner peripheral surface of the housing, which forms
the cylinder. The small diameter portion has an outer
diameter smaller than an outer diameter of the large di-
ameter portion and is connected to an opposite axial end
of the plunger, which is opposite from the pressurizing
chamber and the large diameter portion. The drive means
is for reciprocally driving the plunger. The drive means
is arranged at the opposite axial end of the plunger, which
is opposite from the pressurizing chamber. The sealing
means has a sliding surface, which is fluid-tightly en-
gaged with an outer peripheral surface of the small di-
ameter portion.

[0008] The invention, together with additional objec-
tives, features and advantages thereof, will be best un-
derstood from the following description, the appended
claims and the accompanying drawings in which:

FIG. 1 is a cross sectional view of a high pressure
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fuel pump according to a first embodiment of the
present invention;

FIG. 2 is a cross sectional view of the high pressure
fuel pump of the first embodiment of the present in-
vention, showing a plunger in a top dead center;
FIG. 3 is a cross sectional view of a high pressure
fuel pump according to a second embodiment of the
present invention;

FIG. 4 is a cross sectional view of a high pressure
fuel pump according to a third embodiment of the
present invention;

FIG. 5 is a cross sectional view of a high pressure
fuel pump according to a fourth embodiment of the
present invention;

FIG. 6 is a cross sectional view of a high pressure
fuel pump according to a fifth embodiment of the
present invention;

FIG. 7 is a cross sectional view of a high pressure
fuel pump according to a sixth embodiment of the
present invention;

FIG. 8 is a cross sectional view of a high pressure
fuel pump according to a seventh embodiment of the
present invention;

FIG. 9 is a cross sectional view of a high pressure
fuel pump according to an eighth embodiment of the
present invention; and

FIG. 10 is a cross sectional view of a high pressure
fuel pump according to a ninth embodiment of the
present invention.

[0009] Various embodiments of the present invention
will be described with reference to the accompanying
drawings.

(First Embodiment)

[0010] FIG. 1shows a high pressure fuel pump accord-
ing to a first embodiment of the present invention. The
high pressure fuel pump 10 of FIG. 1 is used as a fuel
pump of a gasoline engine. The high pressure fuel pump
10 pressurizes fuel drawn from a fuel tank and supplies
the pressurized fuel to injectors (not shown). The high
pressure fuel pump 10 controls a delivery rate of the high
pressure fuel by controlling opening and closing of a so-
lenoid valve 11. The high pressure fuel pump 10 includes
the solenoid valve 11 and a pump arrangement 30. The
pump arrangement 30 pressurizes the drawn fuel and
discharges the pressurized fuel. The high pressure fuel
pump 10 is not limited to the fuel pump of the gasoline
engine and can be alternatively used as a supply pump,
which supplies fuel to any other type of internal combus-
tion engine, such as a diesel engine.

[0011] The solenoid valve 11 includes a coil arrange-
ment 12 and a valve arrangement 20. The coil arrange-
ment 12 is fitted around a stationary core 21 of the valve
arrangement 20. The coil arrangement 12 is an electro-
magnetic drive arrangement, which supplies drive force
to the valve arrangement 20. The connector 13 is a resin
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mold, which covers a bobbin 14 and a coil 15 wound
around the bobbin 14. A terminal 16 is electrically con-
nected to the coil 15. The cover 17 is made of a metal
material and connects between the stationary core 21
and a cover member 26.

[0012] The valve arrangement 20 includes the station-
ary core 21, a movable core 22, a valve member 23, a
valve spring 24, a valve body 25, a sleeve 253 and a
stopper 254. The movable core 22 is reciprocably re-
ceived in the cover member 26. The valve member 23
reciprocates together with the movable core 22. The
valve spring 24 urges the movable core 22 in a downward
direction in FIG. 1. The valve body 25 has a valve seat
27, against which the valve member 23 is seatable.
[0013] The valve spring 24 urges the movable core 22
in a direction away from the stationary core 21. The sta-
tionary core 21 and the movable core 22 form a magnetic
circuit. When the coil 15 is energized, the stationary core
21 generates a magnetic attractive force. Thus, the mov-
able core 22 is attracted toward the stationary core 21 in
an upward direction in FIG. 1 against the urging force of
the valve spring 24. The valve body 25, the sleeve 253
and the stopper 254 are entirely received in a housing
cover 31 and a housing main body 32, which form a pump
housing of the pump arrangement 30. The housing cover
31 and the housing main body 32 form a housing of the
present invention. The cover member 26 is fixed to the
housing cover 31.

[0014] The valve body 25 is formed into a tubular body
and defines a communication hole 252 therein to com-
municate between a tubular internal passage 251 and a
fuel intake passage 28. The internal passage 251 and
the communication hole 252 communicate between the
intake passage 28 and a pressurizing chamber 33
through a fuel hole 254a of the stopper 254. When the
valve member 23 is seated against the valve seat 27 of
the valve body 25, the internal passage 251 is closed.
Thus, the communication between the intake passage
28 and the pressurizing chamber 33 is disconnected. Low
pressure fuel is supplied from the fuel tank to the intake
passage 28 by a low pressure pump (not shown). When
the connection between the intake passage 28 and the
pressurizing chamber 33 is opened and closed by the
valve portion 20, the rate of fuel delivered from the pres-
surizing chamber 33 to the intake passage 28 is changed.
Movement of the valve member 23 toward the pressu-
rizing chamber 33 side is limited when the valve member
23 contacts the stopper 254.

[0015] The pump housing of the pump arrangement
30 includes the housing cover 31 and the housing main
body 32. The housing cover 31 forms the intake passage
28 and is formed separately from the housing main body
32. The housing cover 31 covers a pressurizing chamber
33 side of the housing main body 32 and is connected
to an attachment member 35 by a plurality of bolts 34.
The housing main body 32 is clamped between the hous-
ing cover 31 and the attachment member 35 due to the
connecting force of the bolts 34.
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[0016] The housing main body 32 forms a cylinder 36,
inwhich aplunger40is reciprocably supported. The pres-
surizing chamber 33 is defined by an inner peripheral
surface 32a of the housing main body 32, an inner pe-
ripheral surface 253a of the sleeve 253, a plunger 40
side end surface of the stopper 254 and an end surface
41 of the plunger 40. Here, the inner peripheral surface
32a of the housing main body 32 forms the cylinder 36.
A plunger spring 50, which serves as a resilient member,
contacts a spring seat 51 at one end and also contacts
a seat 52 at the other end. The spring seat 51 and a
tappet guide 53 are clamped between the housing main
body 32 and the attachment member 35. The tappet
guide 53 is formed into a generally cylindrical body, and
an inner peripheral surface of the tappet guide 53 is sli-
dably engaged with an outer peripheral wall of a tappet
54. In this way, the tappet guide 53 supports the tappet
54 in an axially reciprocable manner. The tappet 54 has
a base 541 and a tubular portion 542. The tappet 54
reciprocates in an axial direction at a location radially
inward of the tappet guide 53.

[0017] The plunger 40 has a large diameter portion 42,
a small diameter portion 43, a reduced diameter portion
(or arecess of any shape recessed from an outer periph-
eral surface of the small diameter portion) 44 and a head
45. The large diameter portion 42 has an outer diameter,
which is larger than an outer diameter of the small diam-
eter portion 43 and an outer diameter of the reduced di-
ameter portion 44. In the plunger 40, the large diameter
portion 42, the small diameter portion 43, the reduced
diameter portion 44 and the head 45 are formed integral-
ly. An end surface 41 of the large diameter portion 42,
which is opposite from the small diameter portion 43,
defines the pressurizing chamber 33. An outer peripheral
wall (an outer peripheral surface) 42a of the large diam-
eter portion 42 slides along the inner peripheral surface
32aofthe housing main body 32, which forms the cylinder
36. The outer diameter of the small diameter portion 43
is smaller than the outer diameter of the large diameter
portion 42 but is larger than the outer diameter of the
reduced diameter portion 44. The small diameter portion
43 is connected to an opposite end of the large diameter
portion 42, which is opposite from the pressurizing cham-
ber 33. The reduced diameter portion 44 has the smallest
diameterin the plunger 40. The reduced diameter portion
44 is formed between the small diameter portion 43 and
the head 45. The head 45 is connected to the reduced
diameter portion 44 at the opposite end of the plunger
40, which is opposite from the pressurizing chamber 33.
An outer diameter of the head 45 is generally the same
as that of the small diameter portion 43. The head 45
contacts a pedestal 543, which is formed in the base 541
of the tappet 54. The plunger 40 is radially inwardly re-
cessed at a location between the small diameter portion
43 and the head 45 due to the presence of the reduced
diameter portion 44.

[0018] In the present embodiment, the outer diameter
of the reduced diameter portion 44 is set to be equal to
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or greaterthan 3 mm. The plunger 40 receives large axial
force from high pressure fuel of the pressurizing chamber
33 and a drive means 60. Thus, the sufficient outer di-
ameter of the plunger 40 needs to be maintained to
achieve the required strength of the plunger 40. There-
fore, in the present embodiment, the outer diameter of
the reduced diameter portion 44, which has the smallest
diameter in the plunger 40, is set to be equal to or greater
than 3 mm.

[0019] The drive means 60 includes a valve camshaft
61 of the engine and a pump cam 62, which is arranged
in the valve camshaft 61. The pump cam 62 is rotated
integrally with the valve camshaft 61. An outer end sur-
face of the tappet 54, which is located on an axially outer
side of the base 541, contacts the pump cam 62. In this
way, when the pump cam 62 is rotated together with the
valve camshaft 61, the tappet 54 is axially reciprocated
in conformity with a cam profile of the pump cam 62.
[0020] In contrast, an inner end surface of the tappet
54, which is located on an axially inner side of the base
541, contacts the seat 52. The plunger spring 50 has an
axially expanding force. In this way, the plunger spring
50, which contacts both of the spring seat 51 and the
seat 52, urges the seat 52 and the tappet 54 toward the
pump camshaft 62. An inner peripheral edge of the seat
52 is engaged with the reduced diameter portion 44 of
the plunger 40. The plunger 40 is radially inwardly re-
cessed due to the presence of the reduced diameter por-
tion 44. The inner peripheral edge of the seat 52 is en-
gaged with the reduced diameter portion 44, which is
radially inwardly recessed in the plunger 40. In this way,
the plunger spring 50 urges the tappet 54, which is en-
gaged with the seat 52, toward the pump cam 62 side.
Also, the plunger spring 50 urges the plunger 40 toward
the pump cam 62 side through the seat 52, which is en-
gaged with the reduced diameter portion 44. With above
structure, the plunger 40 and the tappet 54 are recipro-
cated in conformity with the cam profile of the pump cam
62 from a bottom dead center (also referred as a bottom
dead center position) shownin FIG. 1 to atop dead center
(also referred to as a top dead center position) shown in
FIG. 2.

[0021] The springseat51 isformed into a tubular body.
An oil seal 70, which serves as a sealing means, is ar-
ranged on a drive means 60 side of the spring seat 51.
In this way, the oil seal 70 is arranged on an opposite
side of the housing main body 32, which is opposite from
the pressurizing chamber 33 in the axial direction of the
plunger 40. That is, the oil seal 70 is arranged outside of
the housing main body 32.

[0022] The oil seal 70 is formed into a tubular body,
which surrounds the outer peripheral part of the plunger
40. The oil seal 70 includes a sealing portion 71, a sup-
porting portion 72 and a ring 73. An inner peripheral slid-
ing surface 71a of the sealing portion 71 is slidably en-
gaged with an outer peripheral surface 43a of the small
diameter portion 43 of the plunger 40. One axial end of
the supporting portion 72 supports the sealing portion
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71. The other axial end of the supporting portion 72 is
fixed to an inner peripheral part of the spring seat 51.
The supporting portion 72 is fixed to the spring seat 51
by, for example, press fitting, welding or the like. The ring
73 exerts radially inwardly clamping force and thereby
radially inwardly urges the sealing portion 71. In this way,
the sealing portion 71 is supported by the supporting por-
tion 72 and is urged against the small diameter portion
43 of the plunger 40. As shown in FIGS. 1 and 2, during
the traveling period of the plunger 40 from the bottom
dead center to the top dead center, the oil seal 70 is
engaged with the small diameter portion 43 of the plunger
40.

[0023] The sealing portion 71 is made of a resiliently
deformable material, such as a rubber material or a resin
material. An inner peripheral surface of the sealing por-
tion 71 forms a sliding surface 71a, which is fluid tightly
engaged with the outer peripheral surface 43a of the
small diameter portion 43 of the plunger 40. The fuel,
which is pressurized in the pressurizing chamber 33, is
partially leaked outside of the housing main body 32, spe-
cifically, to the drive means 60 side of the housing main
body 32 through the sliding area between the plunger 40
and the housing main body 32. The leaked fuel, which is
leaked between the plunger 40 and the housing main
body 32, lubricates between the plunger 40 and the hous-
ing main body 32.

[0024] In contrast, lubricant oil is supplied from the
drive means 60 side to the tapped 54 to facilitate the
sliding movement of the tappet 54 relative to the tappet
guide 53. Thus, at the oil seal 70, a space outside of the
supporting portion 72 is filled with the lubricant oil, and a
space inside of the supporting portion 72 is filled with the
fuel. The sealing portion 71 is fluid tightly engaged with
the small diameter portion 43 of the plunger 40, so that
the oil seal 70 limits mixing of the fuel and the lubricant
oil. The fuel, which is filled in the space inside of the
supporting portion 72 of the oil seal 70, is returned to, for
example, the fuel tank and/or the intake passage 28
through a return passage (not shown).

[0025] A delivery valve arrangement 80 is provided to
the housing main body 32. The delivery valve arrange-
ment 80 includes a casing 81. The housing main body
32 forms a fuel delivery passage 37, which is communi-
cated with the pressurizing chamber 33. The housing
main body 32 has a tubular portion 38 at radially outward
of the delivery passage 37. The casing 81 is formed into
a tubular body and receives a delivery valve 90. One
axial end of the casing 81 is fixed to the tubular portion
38. In the present embodiment, the casing 81 is fixed to
the housing main body 32 by, for example, thread en-
gagement. The casing 81 has a receiving portion 82 and
a fuel passage 83 therein. The receiving portion 82 re-
ceives the delivery valve 90.

[0026] The delivery valve 90 is received inside of the
casing 81. The delivery valve 90 includes a valve body
91, a valve member 92, a passage forming member 93
and aspring 94. The valve body 91 is formed into a tubular
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body and is arranged inside of the casing 81. A fuel pas-
sage 95, which is communicated with the delivery pas-
sage 37, is formed in the valve body 91. The valve mem-
ber 92 is seatable against a passage forming member
93 side end of the valve body 91. The passage forming
member 93 is arranged on an opposite side of the valve
body 91, which is opposite from the housing main body
32. The valve member 92 is formed into a circular disk-
like body and is reciprocable in the passage forming
member 93 in the axial direction of the passage forming
member 93. The spring 94 urges the valve member 92
toward the valve body 91 side.

[0027] When the pressure of the fuel passage 95 of
the valve body 91, which is communicated with the de-
livery passage 37, is increased through the pressuriza-
tion of the fuel in the pressurizing chamber 33, the urging
force of the fuel of the fuel passage 95, which urges the
valve member 92, is increased. Then, when the force,
which is applied from the fuel of the fuel passage 95 to
the valve member 92, becomes larger than the force,
which is applied from the fuel of the fuel passage 83 and
the spring 94 to the valve member 92, the valve member
92 is lifted away from the valve body 91. In this way, the
delivery passage 37 and the fuel passage 83 of the casing
81 are communicated with each other, and therefore the
pressurized fuel is delivered from the high pressure fuel
pump 10. In contrast, when the pressure of the fuel pas-
sage 83 is higher than that of the delivery passage 37,
the valve member 92 is seated against the valve body
91, and therefore the fuel flow from the fuel passage 83
tothe delivery passage 37 is stopped. That is, the delivery
valve 90 serves as a check valve, which only permits the
flow of the fuel from the pressurizing chamber 33 side to
the outside of the high pressure fuel pump 10.

[0028] In the high pressure fuel pump 10, the plunger
40 and the tappet 54 are reciprocated from the bottom
dead center shown in FIG. 1 to the top dead center shown
in FIG. 2 in conformity with the cam profile of the pump
cam 62. When the plunger 40 is moved from the top dead
center to the bottom dead center, the solenoid valve 11
is opened. Thus, a predetermined quantity of fuel is sup-
plied from the intake passage 28 to the pressurizing
chamber 33. When the plunger 40 is moved from the
bottom dead center to the top dead center, the fuel in the
pressurizing chamber 33 is discharged into the intake
passage 28. When a predetermined quantity of fuel is
discharged from the pressurizing chamber 33 into the
intake passage 28, the solenoid valve 11 is closed. The
fuel in the pressurizing chamber 33 is pressurized when
the plunger 40 is moved upward. When the pressure of
the fuel in the pressurizing chamber 33 is increased, the
pressure of the fuel in the delivery passage 37 is also
increased. When the pressure of the fuel in the delivery
passage 37 becomes larger than the pressure of the fuel
in the fuel passage 83, the delivery valve 90 is opened.
Thus, the fuel is discharged from the pressurizing cham-
ber 33 to the outside of the high pressure fuel pump 10.
[0029] In the first embodiment, the oil seal 70 is en-
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gaged with the small diameter portion 43 of the plunger
40. Thus, even when the outer diameter of the large di-
ameter portion 42 of the plunger 40 and the inner diam-
eter of the cylinder 36 are increased, it is not required to
change the diameter of the oil seal 70, which is engaged
with the small diameter portion 43. As aresult, even when
the specification is changed to change, for example, the
required delivery rate of the high pressure fuel pump 10
by changing the outer diameter of the large diameter por-
tion 42 of the plunger 40 and the inner diameter of the
cylinder 36, it is not required to change the design of the
oil seal 70. Furthermore, since it is not required to change
the design of the oil seal 70 in conformity with the plunger
40, anincrease in the product number of the oil seals 70
and an increase in the product number of dies for man-
ufacturing the oil seals 70 can be limited, and the number
of steps for testing the performance of the oil seals 70
can be reduced.

[0030] Furthermore, in the first embodiment, the oil
seal 70 is engaged with the small diameter portion 43 of
the plunger 40. Thus, even when the outer diameter of
the large diameter portion 42 of the plunger 40 is in-
creased, an entire length of the contacting area between
the plunger 40 and the oil seal 70 is not changed. There-
fore, even when the diameter of the large diameter por-
tion 42 of the plunger 40 is substantially increased, the
required sealing performance for sealing between the
plunger 40 and the oil seal 70 can be easily achieved.
Furthermore, it is not required to apply a large force to
urge the oil seal 70 against the plunger 40. Thus, the
friction between the oil seal 70 and the plunger 40 is
reduced, and therefore the reliability and durability there-
of are improved.

[0031] Furthermore, according to the first embodi-
ment, the outer diameter of the large diameter portion 42
is increased without changing the outer diameter of the
small diameter portion 43. Thus, even when the outer
diameter of the large diameter portion 42 is increased,
an increase in the entire weight of the plunger 40 is lim-
ited. When the weight of the plunger 40 is increased, the
inertia of the plunger 40 at the time of the reciprocal move-
ment of the plunger 40 is increased. As in the first em-
bodiment, in the case of driving the plunger 40 by the
pump cam 62, when the inertia of the plunger 40 becomes
excessively large, the abilities of the plunger 40 and of
the tappet 54 to follow the cam profile of the pump cam
62 and thereby to axially reciprocate are deteriorated. In
order to increase the abilities of the plunger 40 and of
the tappet 54 to follow the cam profile of the pump cam
62, the urging force of the plunger spring 50 needs to be
increased. The increase of the urging force of the plunger
spring 50 causes a substantial increase in the size of the
plunger spring 50. When the size of the plunger spring
50 is substantially increased, the size of the tappet 54
and the size the tappet guide 53 for receiving the tappet
54 are accordingly substantially increased. Furthermore,
when the urging force of the plunger spring 50 is in-
creased, the required drive force of the drive means 60

10

15

20

25

30

35

40

45

50

55

for driving the plunger 40 and the tappet 54 is increased.
Thus, the size of the drive means 60 needs to be sub-
stantially increased to achieve the required drive force.
Therefore, the entire size of the high pressure fuel pump
10 needs to be substantially increased to correspond with
the increase in the outer diameter of the plunger 40. How-
ever, according to the first embodiment, even when the
outer diameter of the large diameter portion 42 is in-
creased, an increase in the entire weight of the plunger
40 can be minimized. As a result, it is not required to
substantially increase the size of the plunger spring 50,
and therefore a substantial increase in the size of the
high pressure fuel pump 10 can be limited.

(Second to Fifth Embodiments)

[0032] FIGS. 3-6indicate second tofifthembodiments,
respectively, of the present invention. In the following de-
scription, components similar to those of the first embod-
iment will be indicated by the same numerals and will not
be described again for the sake of simplicity.

[0033] In the second embodiment, as shown in FIG.
3, the shape of the oil seal is different from that of the
first embodiment. In the second embodiment, the hous-
ing main body 32 further extends toward the drive means
side in comparison to that of the firstembodiment. A drive
means 60 side end of the housing main body 32 has a
receiving chamber 321, which is recessed on a pressu-
rizing chamber 33 side thereof. The oil seal 170 is ar-
ranged in the receiving chamber 321 of the housing main
body 32. The oil seal 170 includes a sealing portion 171,
a supporting portion 172 and aring 173. The sealing por-
tion 171 has a sliding surface 171a, which is slidably en-
gaged with the outer peripheral surface 43a of the small
diameter portion 43 of the plunger 40. One end of the
supporting portion 172 supports the sealing portion 171.
The other end of the supporting portion 172 is fixed to
the housing main body 32. The housing main body 32
and the supporting portion 172 are securely connected
to each other by, for example, press fitting, welding or
the like. According to the second embodiment, the total
axial length of the supporting portion 172 of the oil seal
170 can be reduced.

[0034] In the third embodiment, as shown in FIG. 4,
the shape of the oil seal is different from that of the first
embodiment. In the third embodiment, the housing main
body 32 further extends toward the drive means 60 side
in comparison to that of the first embodiment. A drive
means 60 side end of the housing main body 32 has a
receiving chamber 322, which is recessed on a pressu-
rizing chamber 33 side thereof. The oil seal 270 is pro-
vided in the receiving chamber 322 of the housing main
body 32. The oil seal 270 includes a sealing portion 271
and a ring 273. The ring 273 is fitted into a groove 323
of the housing main body 32. In this way, the ring 273
supports the sealing portion 271 from a side that is op-
posite from the pressurizing chamber 33. According to
the third embodiment, the portion, which corresponds to
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the supporting portion of the oil seal, can be omitted. As
a result, the number of the components can be reduced.
[0035] In the fourth embodiment, as shown in FIG. 5,
the way of installing the oils seal is different from that of
the first embodiment. In the fourth embodiment, the sup-
porting portion 72 of the oil seal 70 is installed to the
housing main body 32 rather than the spring seat 51.
That is, the supporting portion 72 is fixed to the outer
peripheral part of the housing main body 32 by, for ex-
ample, press fitting, welding or the like.

[0036] In the fifth embodiment, as shown in FIG. 6, the
shape of the plunger 40 is different from that of the first
embodiment. In the fifth embodiment, the large diameter
portion 42 of the plunger 40 is enlarged in comparison
tothat of the first embodiment. When the size of the plung-
er 40 is substantially increased to increase the flow rate
of the fuel, which is delivered from the high pressure fuel
pump 10, the large diameter portion 42 of the plunger 40
may be further substantially enlarged, as shown in FIG.
6. In this case, in the plunger 40, only the outer diameter
of the large diameter portion 42 is increased, and the
outer diameter of the small diameter portion 43 is kept
at the constant value. Thus, the designing of the oil seal
70 is not required, and an increase in the entire length
of the contact area between the plunger 40 and the oil
seal 70 and an increase in the weight of the plunger 40
will not occur.

(Sixth Embodiment)

[0037] FIG.7 shows a high pressure fuel pump accord-
ing to a sixth embodiment of the present invention. In the
following description, components similar to those of the
first embodiment will be indicated by the same numerals
and will not be described again for the sake of simplicity.
[0038] In the sixth embodiment, as shown in FIG. 7,
the shape of the oil seal is different from that of the first
embodiment. According to the sixth embodiment, an oll
seal 370 includes a sealing portion 371 and a supporting
portion 372. On end of the supporting portion 372 sup-
ports the sealing portion 371. An inner peripheral part of
the sealing portion 371 forms a sliding surface 371a. The
other end of the supporting portion 372, which is opposite
from the sealing portion 371, includes a fixing portion
373. Thefixing portion 373 is directly installed to the hous-
ing main body 32. The housing main body 32 includes a
tubular portion 324, which projects toward the valve cam-
shaft 61 side. The tubular portion 324 is formed into a
tubular body, which is communicated with the cylinder
36. The fixing portion 373 is connected to the tubular
portion 324. The fixing portion 373 is fixed to the tubular
portion 324 of the housing main body 32 by, for example,
press fitting, welding or the like.

[0039] Whenthe plunger40isinthe bottom dead cent-
er as shown in FIG. 7, the fixing portion 373 is located
on a valve camshaft 61 side of a valve camshaft 61 side
end of the large diameter portion 42. The bottom dead
center is a position where the plunger 40 is located in the
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closest position relative to the valve camshaft 61, and
thereby the volume of the pressurizing chamber 33 is
maximized. When the position of the fixing portion 373
is set in the above manner, the large diameter portion 42
of the plunger 40 will not be moved beyond the fixing
portion 373 on the valve camshaft 61 side of the fixing
portion 373.

[0040] In acase where the oil seal 370 is directly fixed
to the housing main body 32, the fixing portion 373 is
press fitted or welded to the housing main body 32. When
the fixing portion 373 is press fitted or is welded, the tu-
bular portion 324 of the housing main body 32 may pos-
sibly be deformed in some cases. When the housing main
body 32 is deformed, the cylinder 36, in which the plunger
40 is guided, is deformed to disturb smooth movement
of the plunger 40. Therefore, in the first embodiment, the
supporting portion 372 is fixed to the spring seat 51, which
is formed separately from the housing main body 32. In
this way, in the first embodiment, even though the spring
seat 51 may be deformed due to the fixing of the sup-
porting portion 372 to the spring seat 51, the deformation
of the housing 32 can be effectively limited.

[0041] Inthe sixth embodiment, when the fixing portion
373 is directly fixed to the tubular portion 324 of the hous-
ing main body 32, the tubular portion 324 may possibly
be slightly deformed. However, as discussed above,
when the plunger 40 is in the bottom dead center, the
fixing portion 373 is located on the valve camshaft 61
side of the valve camshaft 61 side end of the large diam-
eter portion 42. Thus, at the time of reciprocating the
plunger 40, the large diameter portion 42 of the plunger
40 will not enter the radially inner side of the fixing portion
373. Therefore, only the small diameter portion 43 of the
plunger 40 is moved at the radially inner side of the fixing
portion 373. As a result, even when the housing main
body 32 is deformed, the relative sliding movement be-
tween the outer peripheral wall 42a of the large diameter
portion 42 of the plunger 40 and the inner peripheral sur-
face 32a of the cylinder 36 will not be disturbed, and
therefore the smooth reciprocal movement of the plunger
40 will not be disturbed.

[0042] Furthermore, in the sixth embodiment, the oil
seal 370 can be directly fixed to the housing main body
32. Thus, there is no need to provide a dedicated sepa-
rate component, such as the spring seat 51 of the first
embodiment, which limits the deformation of the housing
main body 32. In this way, many components, such as
the deformation limiting component for limiting the defor-
mation of the housing main body 32 and the sealing mem-
ber for sealing between such a deformation limiting com-
ponent and the other component (e.g., the housing main
body 32), become unnecessary. As a result, the number
of components and the number of assembling steps can
be reduced.

(Seventh to Ninth Embodiments)

[0043] FIGS. 8 to 10 show the high pressure fuel
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pumps of seventh to ninth embodiments, respectively. In
the following description, components similar to those of
the first embodiment will be indicated by the same nu-
merals and will not be described again for the sake of
simplicity.

[0044] In the seventh embodiment, as shown in FIG.
8, an oil seal 470 includes sealing portions 471 and a
holder472. The sealing portions 471 are held by the hold-
er 472. Similar to the sixth embodiment, the holder 472
is directly fixed to the housing main body 32. The holder
472 is fixed to the housing main body 32 by, for example,
press fitting, welding or the like. The sealing portions 171
are provided at two axial locations along the plunger 40.
Each sealing member 471 may be a rubber sealing mem-
ber (e.g., an O-ring or an X-ring) or a resin sealing mem-
ber, which is made into a ring form.

[0045] In the eighth embodiment, as shown in FIG. 9,
an oil seal 570 includes sealing portions 571 and a holder
572. The sealing portions 571 are held by the holder 572.
The holder 572 is fixed to an inner peripheral part of the
housing main body 32. The holder 572 is fixed to the
housing main body 32 by, for example, press fitting, weld-
ing or the like or is held by a ring 580. The sealing mem-
bers 571 are not limited to rubber sealing members. For
example, the sealing members 571 may be resin sealing
members.

[0046] In the ninth embodiment, as shown in FIG. 10,
an oil seal 670 includes sealing portions 671, 672, a sup-
porting portion 673 and a holder 674. The sealing portion
671 is supported by the supporting portion 673, and the
sealing portion 672 is held by the holder 674. The sup-
porting portion 673 and the holder 674 are fixed to the
inner peripheral part of the housing main body 32. The
holder 674 is held by the housing main body 32. The
supporting portion 673 is fixed to the housing main body
32 by, for example, press fitting, welding or the like. In
the ninth embodiment, the sealing member 671 is a rub-
ber sealing member, and the sealing member 672 is a
resin sealing member. As discussed above, it is possible
to have a combination of different sealing members,
which are made of different materials, respectively.
[0047] The presentinventionis notlimited to the above
specific embodiments and can be embodied in various
ways without departing from the scope of the invention.
[0048] Additional advantages and modifications will
readily occur to those skilled in the art. The invention in
its broader terms is therefore not limited to the specific
details, representative apparatus, and illustrative exam-
ples shown and described. Also, it should be noted that
the component (s) of any one of the above embodiments
may be replaced with or combined with the component
(s) of any other one of the above embodiments without
departing from the spirit and scope of the invention.
[0049] Anoilseal (70)is engaged with a small diameter
portion (43) of a plunger (40). Thus, even when a diam-
eter of a large diameter portion (42) of the plunger (40)
and a diameter of the cylinder (36) are increased, a mod-
ification of a design of the oil seal (70), which is engaged
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with the small diameter portion (43), is not required.

Claims
1. A high pressure fuel pump comprising:

a housing (31, 32) that forms a cylinder (36)
therein, wherein the cylinder (36) communicates
with a fuel intake passage (28) and a fuel deliv-
ery passage (37) in the housing (31, 32);

a plunger (40) that is reciprocably, slidably sup-
ported in the cylinder (36) and includes:

an axial end surface (41) that defines a pres-
surizing chamber (33) in corporation with
the housing (31, 32), wherein the plunger
(40) pressurizes fuel in the pressurizing
chamber (33);

a large diameter portion (42) that has an
outer peripheral surface (42a), which is sli-
dably engaged with an inner peripheral sur-
face (32a) of the housing (31, 32), which
forms the cylinder (36); and

a small diameter portion (43) that has an
outer diameter smaller than an outer diam-
eter of the large diameter portion (42) and
is connected to an opposite axial end of the
plunger (40), which is opposite from the
pressurizing chamber (33) and the large di-
ameter portion (42);

a drive means (60) for reciprocally driving the
plunger (40), wherein the drive means (60) is
arranged at the opposite axial end of the plunger
(40), which is opposite from the pressurizing
chamber (33); and

a sealing means (70, 170, 270, 370, 470, 570,
670) that has a sliding surface, which is fluid-
tightly engaged with an outer peripheral surface
(43a) of the small diameter portion (43).

2. The high pressure fuel pump according to claim 1,
further comprising:

a resilient member (50) that urges the plunger
(40) toward the drive means (60) side; and

a seat (52) that conducts an urging force of the
resilientmember (50) to the plunger (40), where-
in the plunger (40) further includes a reduced
diameter portion (44), which is engaged with the
seat (52) and is located at an opposite end of
the small diameter portion (43) that is opposite
from the large diameter portion (42), and an out-
er diameter of the reduced diameter portion (44)
is smaller than the outer diameter of the small
diameter portion (43).
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The high pressure fuel pump according to claim 2,
wherein the outer diameter of the reduced diameter
portion (44) is equal to or greater than 3 mm.

The high pressure fuel pump according to any one
of claims 1 to 3, wherein:

the sealing means (70, 170, 270, 370, 470, 570,
670) includes a fixing portion (373), which is
fixed to the housing (31, 32); and

the fixing portion (373) is located closer to the
drive means (60) than a drive means side end
of the large diameter portion (42) when the
plunger (40) is positioned in a bottom dead cent-
er.

The high pressure fuel pump according to any one
of claims 1 to 4, wherein the sealing means (70, 370,
470) is located axially outward of the housing (31,
32) on aside opposite from the pressurizing chamber
(33) of the cylinder (36).
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