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(57) ABSTRACT

A high-pressure pump is configured to pressurize fuel. The
high-pressure pump includes a relief valve device that is
placed in a relief passage, which has one end part connected
to a discharge passage in a housing while another end part
of the relief passage is configured to be communicated with
a suction passage in the housing. The discharge passage is
configured to conduct the fuel, which is pressurized in and
discharged from a pressurizing chamber. The relief valve
device is configured to enable or limit a flow of the fuel
between one side of the relief passage, at which the dis-
charge passage is located, and another side of the relief
passage, which is opposite to the discharge passage, at a
valve opening time or a valve closing time of the relief valve
device.
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FIG. 5
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HIGH-PRESSURE PUMP

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Patent Application No. PCT/JP2018/008220
filed on Mar. 5, 2018, which designated the U.S. and claims
the benefit of priority from Japanese Patent Application No.
2017-43212 filed on Mar. 7, 2017. The entire disclosures of
all of the above applications are incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a high-pressure
pump.

BACKGROUND
[0003] Previously, there is known a high-pressure pump

that is installed to an internal combustion engine to pres-
surize fuel and supplies the pressurized fuel to the internal
combustion engine. The high-pressure pump includes a
relief valve device that releases fuel from a discharge
passage when a pressure of the discharge passage becomes
an abnormally high pressure.

SUMMARY

[0004] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its full
scope or all of its features.

[0005] According to the present disclosure, there is pro-
vided a high-pressure pump that is configured to pressurize
fuel. The high-pressure pump includes a relief valve device
that is placed in a relief passage, which has one end part
connected to a discharge passage in a housing while another
end part of the relief passage is configured to be communi-
cated with a suction passage in the housing. The discharge
passage is configured to conduct the fuel, which is pressur-
ized in and discharged from a pressurizing chamber. The
relief valve device is configured to enable or limit a flow of
the fuel between one side of the relief passage, at which the
discharge passage is located, and another side of the relief
passage, which is opposite to the discharge passage, at a
valve opening time or a valve closing time of the relief valve
device.

BRIEF DESCRIPTION OF DRAWINGS

[0006] The drawings described herein are for illustrative
purposes only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

[0007] FIG. 1 is a cross-sectional view showing a high-
pressure pump according to a first embodiment.

[0008] FIG. 2 is a cross-sectional view showing the high-
pressure pump according to the first embodiment.

[0009] FIG. 3 is a cross-sectional view taken along line
III-111 in FIG. 1.

[0010] FIG. 4A is a cross-sectional view showing a relief
valve device of the high-pressure pump in a valve closing
state according to the first embodiment.

[0011] FIG. 4B is a cross-sectional view showing the relief
valve device of the high-pressure pump in a valve opening
state according to the first embodiment.

Dec. 12,2019

[0012] FIG. 5 is a cross-sectional view showing a high-
pressure pump according to a second embodiment.

[0013] FIG. 6 is a cross-sectional view showing the high-
pressure pump according to the second embodiment.
[0014] FIG. 7 is a cross-sectional view showing the high-
pressure pump according to the second embodiment.

[0015] FIG. 8 is a cross-sectional view taken along line
VII-VII in FIG. 5.

DETAILED DESCRIPTION

[0016] Previously, there is proposed a high-pressure pump
that is installed to an internal combustion engine to pres-
surize fuel and supplies the pressurized fuel to the internal
combustion engine. The high-pressure pump includes a
relief valve device. When a pressure of a discharge passage
becomes an abnormally high pressure, which is equal to or
larger than a predetermined value, the relief valve device is
opened to release the high pressure fuel of the discharge
passage to a low pressure side. The relief valve device is
placed in a relief passage that is formed at the housing.
[0017] Inthe above high-pressure pump, the relief passage
includes a transverse passage and a longitudinal passage.
The transverse passage extends from the discharge passage
along a plane that is perpendicular to an axis of a plunger.
The longitudinal passage extends from a distal end part of
the transverse passage in a pressurization direction that is a
moving direction of the plunger at a time of reducing a
volume of a pressurizing chamber. The longitudinal passage
is connected to a damper chamber that is located on a side
of the pressurizing chamber, which is opposite to the
plunger. The relief valve device is placed in the longitudinal
passage of the relief passage such that a relief valve seat side
of the relief valve device, i.e., an inlet side of the relief valve
device faces the transverse passage side, and an outlet side
of the relief valve device faces the damper chamber side. A
pulsation damper, which is configured to damp a pressure
pulsation of the fuel, is placed in the damper chamber. The
damper chamber is communicated with the pressurizing
chamber through a suction valve device.

[0018] When the fuel, which is pressurized to the high
pressure and is located in the discharge passage and the
transverse passage, flows into the damper chamber, which
has a low pressure, through the relief valve device, the fuel
is depressurized and thereby has a high temperature and a
low pressure. Therefore, bubbles generated by fuel evapo-
ration, i.e., vapor may possibly be generated in the fuel.
When the vapor is suctioned into the pressurizing chamber,
a vapor lock phenomenon may be generated. When the
vapor lock phenomenon is generated, there is a possibility of
that the high-pressure pump cannot pressurize and discharge
the fuel.

[0019] In the above high-pressure pump, the relief valve
device is placed in a portion of the relief passage, which is
adjacent to the damper chamber. Therefore, a length of a
path that connects between the relief valve device and the
pressurizing chamber is relatively short. Thus, the fuel,
which flows from the discharge passage and passes through
the relief valve device, is suctioned into the pressurizing
chamber within a relatively short time period after passing
through the relief valve device. As a result, when the vapor
is generated in the fuel, which has passed through the relief
valve device, the vapor is suctioned into the pressurizing
chamber to possibly cause the vapor lock phenomenon.
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[0020] In recent years, from the viewpoint of fuel con-
sumption and combustion improvement, the pressure of the
fuel in the system, i.e., the discharge pressure of the high-
pressure pump has been progressively increased. The valve
opening pressure of the relief valve device is increased in
response to the increase in a discharge pressure of the fuel,
so that the vapor tends to be generated in the fuel that has
passed through the relief valve device, and thereby the above
described disadvantage becomes prominent.

[0021] According to the present disclosure, there is pro-
vided a high-pressure pump, which is configured to pres-
surize fuel. The high-pressure pump includes a housing, a
suction valve device, a discharge valve device, a plunger and
a relief valve device.

[0022] The housing includes: an inflow port that is con-
figured to be supplied with the fuel; a plunger hole; a
pressurizing chamber that is formed at one end part of the
plunger hole and is configured to pressurize the fuel in the
pressurizing chamber; a suction passage that is connected to
the pressurizing chamber, wherein the suction passage is
configured to be communicated with the inflow port and is
configured to conduct the fuel to be suctioned into the
pressurizing chamber; a discharge passage that is configured
to conduct the fuel, which is pressurized in and discharged
from the pressurizing chamber; and a relief passage that has
one end part connected to the discharge passage while
another end part of the relief passage is configured to be
communicated with the suction passage.

[0023] The suction valve device is placed in the suction
passage. The suction valve device is configured to enable or
limit a flow of the fuel between one side of the suction
passage, at which the pressurizing chamber is located, and
another side of the suction passage, which is opposite to the
pressurizing chamber, at a valve opening time or a valve
closing time of the suction valve device.

[0024] The discharge valve device is placed in the dis-
charge passage. The discharge valve device is configured to
enable or limit a flow of the fuel between one side of the
discharge passage, at which the pressurizing chamber is
located, and another side of the discharge passage, which is
opposite to the pressurizing chamber, at a valve opening
time or a valve closing time of the discharge valve device.
[0025] The plunger is placed at an inside of the plunger
hole such that one end part of the plunger is placed at the
pressurizing chamber. The plunger is configured to recipro-
cate in an axial direction to increase or decrease a volume of
the pressurizing chamber.

[0026] The relief valve device is placed in the relief
passage. The relief valve device is configured to enable or
limit a flow of the fuel between one side of the relief
passage, at which the discharge passage is located, and
another side of the relief passage, which is opposite to the
discharge passage, at a valve opening time or a valve closing
time of the relief valve device. Therefore, when the pressure
of the discharge passage becomes equal to or larger than the
valve opening pressure of the relief valve device, the relief
valve device is opened. Thereby, the fuel, which is located
on the discharge passage side of the relief valve device,
flows to the opposite side of the relief valve device, which
is opposite to the discharge passage. In this way, it is
possible to limit the increase of the pressure of the discharge
passage to the abnormally high pressure.

[0027] In the present disclosure, one end part of the relief
passage is connected to the discharge passage, and another
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end part of the relief passage is displaced away from the one
end part of the relief passage in a counter-pressurization
direction that is a moving direction of the plunger at a time
of increasing the volume of the pressurizing chamber, and
the relief passage extends from the one end part to the
another end part of the relief passage. Therefore, the fuel,
which is pressurized to the high pressure and is located in the
discharge passage, flows in the relief passage in the counter-
pressurization direction and passes through the relief valve
device. Then, the flow direction of the fuel is inverted such
that the fuel flows in a pressurization direction that is a
moving direction of the plunger at a time of reducing the
volume of the pressurizing chamber. Thereafter, the fuel is
drawn into the pressurizing chamber through the suction
valve device placed in the suction passage. As discussed
above, in the present disclosure, a length of the path, which
connects between the relief valve device and the pressuriz-
ing chamber, is longer than that of the previously proposed
technique. Therefore, even when the vapor is generated in
the fuel after passing through the relief valve device, the fuel
can be cooled before the fuel is drawn into the pressurizing
chamber, and thereby the vapor in the fuel can be lost. In this
way, it is possible to limit the suctioning of the vapor into the
pressurizing chamber. Thus, the generation of the vapor lock
phenomenon is limited, and thereby it is possible to limit the
disablement of the pressurization and the discharge of the
fuel at the high-pressure pump.

[0028] Hereinafter, a high-pressure pump of various
embodiments of the present disclosure will be described
with reference to the drawings. In the following embodi-
ments, substantially identical structural portions will be
indicated by the same reference signs and will not be
described redundantly for the sake of simplicity. Further-
more, in the following embodiments, the substantially iden-
tical structural portions have the identical or similar effects
and advantages.

First Embodiment

[0029] FIGS. 1 to 3 show a high-pressure pump according
to a first embodiment.

[0030] The high-pressure pump 1 is installed to a vehicle
(not shown). The high-pressure pump 1 is a pump that
supplies fuel under a high pressure to, for example, an
engine 2 that serves as an internal combustion engine. The
fuel, which is supplied from the high-pressure pump 1 to the
engine 2, is, for example, gasoline. Specifically, a fuel
supply subject of the high-pressure pump 1 is a gasoline
engine.

[0031] The fuel, which is stored in a fuel tank (not shown),
is supplied to the high-pressure pump 1 by a fuel pump (not
shown) through a pipe 3 (see FIGS. 2 and 3). The high-
pressure pump 1 pressurizes the fuel supplied from the fuel
pump and discharges the pressurized fuel to a fuel rail (not
shown) through a pipe 4 (see FIGS. 1 and 3). In this way, the
fuel in the fuel rail is accumulated and is injected in the
engine 2 from fuel injection valves connected to the fuel rail.
[0032] As shown in FIGS. 1 to 3, the high-pressure pump
1 includes a housing 10, a pulsation damper 16, a suction
valve device 30, a discharge valve device 40, a plunger 50,
a spring (serving as a plunger urging member) 54, an
electromagnetic drive device 60, a relief valve device 70 and
a seal member 78.

[0033] The housing 10 includes a housing main body 11.
[0034] The housing main body 11 is made of metal, such
as stainless steel. The housing main body 11 includes an
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upper recess 101, a lower recess 102, an inflow recess 103,
a discharge recess 104, a damper recess 105, an extended
tubular portion 111, an extended tubular portion 112, an
inflow port 201, a plunger hole 202, a pressurizing chamber
203, a suction passage 204, a discharge passage 205, a relief
passage 206, a fuel reservoir 207, a plurality of inflow-side
upper passages 211, an inflow-side lower passage 212, a
plurality of damper-side upper passages 221, a damper-side
lower passage 222 and a connection passage 231.

[0035] The upper recess 101 is formed such that the upper
recess 101 is in a circular form and is recessed from one end
surface toward the other end surface of the housing main
body 11. The lower recess 102 is formed such that the lower
recess 102 is in a ring form and is recessed from the other
end surface toward the one end surface of the housing main
body 11. Here, the upper recess 101 and the lower recess 102
are formed to be coaxial with each other. The expression of
“coaxial” should not be limited to a precisely coaxial state
and may include a state where the axes are slightly deviated
from each other. Furthermore, in a case where two members
are placed coaxial with each other, the axes of the members
may possibly deviate relative to one another depending on a
state of use. This is also true in the following description.

[0036] The inflow recess 103 is formed such that the
inflow recess 103 is in a circular form and is recessed from
a peripheral wall of the housing main body 11, which is
located between the one end surface and the other end
surface of the housing main body 11, toward a center of the
housing main body 11. The discharge recess 104 is formed
such that the discharge recess 104 is in a circular form and
is recessed from the peripheral wall of the housing main
body 11, which is located between the one end surface and
the other end surface of the housing main body 11, toward
the center of the housing main body 11. The damper recess
105 is formed such that the damper recess 105 is in a circular
form and is recessed from the peripheral wall of the housing
main body 11, which is located between the one end surface
and the other end surface of the housing main body 11,
toward the center of the housing main body 11.

[0037] The inflow recess 103, the discharge recess 104 and
the damper recess 105 are formed such that an axis of the
inflow recess 103, an axis of the discharge recess 104 and an
axis of the damper recess 105 are perpendicular to the axis
of the upper recess 101 and of the lower recess 102. The
expression of “perpendicular” should not be limited to the
two straight lines precisely perpendicular to each other and
may include two straight lines that are slightly non-perpen-
dicular to each other. This is also true in the following
description.

[0038] The discharge recess 104 and the damper recess
105 are located on the upper recess 101 side of the inflow
recess 103 in the axial direction of the upper recess 101 (see
FIGS. 1 to 3). The damper recess 105 is formed such that the
axis of the damper recess 105 is parallel to the axis of the
inflow recess 103. Here, the expression of “parallel” should
not be limited to the two straight lines precisely parallel to
each other and may include two straight lines that are
slightly non-parallel to each other. This is also true in the
following description.

[0039] The extended tubular portion 111 is formed such
that the extended tubular portion 111 is in a substantially
cylindrical tubular form and extends from the inside of the
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lower recess 102 at the other end surface of the housing main
body 11. The extended tubular portion 112 is formed such
that the extended tubular portion 112 is in a substantially
cylindrical tubular form and extends from the outside of the
lower recess 102 at the other end surface of the housing main
body 11.

[0040] The inflow port 201 is formed at a bottom of the
inflow recess 103.

[0041] The plunger hole 202 is formed such that the
plunger hole 202 is in a substantially cylindrical tubular
form and connects between a bottom of the upper recess 101
and the other end surface of the housing main body 11. The
plunger hole 202 is formed to be coaxial with the upper
recess 101 and the lower recess 102. In the present embodi-
ment, an axial extent of the plunger hole 202, which is
measured in the axial direction of the plunger 50, is equal to
or larger than one half of an axial extent of the housing main
body 11, which is measured in the axial direction of the
plunger 50.

[0042] The pressurizing chamber 203 is formed at an end
part of the plunger hole 202 located on the upper recess 101
side.

[0043] The suction passage 204 is formed at a portion of
the upper recess 101, which is located on the pressurizing
chamber 203 side, and the suction passage 204 is connected
to the pressurizing chamber 203.

[0044] The discharge passage 205 is formed to connect
between the pressurizing chamber 203 and the discharge
recess 104. The discharge passage 205 is formed such that
an axis of the discharge passage 205 is perpendicular to an
axis Ax1 of the plunger hole 202.

[0045] The relief passage 206 is formed such that the relief
passage 206 connects between the discharge passage 205
and a bottom of the lower recess 102. The relief passage 206
is formed such that an axis of the relief passage 206 is
parallel to the axis Ax1 of the plunger hole 202.

[0046] The fuel reservoir 207 is formed at the lower recess
102. Specifically, the fuel reservoir 207 is shaped in a ring
form. One end part of the relief passage 206 is connected to
the discharge passage 205, and another end part of the relief
passage 206 is connected to the fuel reservoir 207. Here, the
pressurizing chamber 203 and the discharge passage 205 are
located on a side of the center of the housing main body 11,
which is opposite to the fuel reservoir 207 in the axial
direction.

[0047] The inflow-side upper passages 211 are formed to
connect between the inflow port 201 and the suction passage
204. In the present embodiment, the number of the inflow-
side upper passages 211 formed at the housing main body 11
is two, and axes of these inflow-side upper passages 211 are
parallel to the axis Ax1 of the plunger hole 202. In this way,
the suction passage 204 is formed such that the suction
passage 204 is connected to the pressurizing chamber 203
and is communicated with the inflow port 201 through the
inflow-side upper passages 211.

[0048] The inflow-side lower passage 212 is formed to
connect between the inflow port 201 and the fuel reservoir
207. In the present embodiment, the number of the inflow-
side lower passage 212 formed at the housing main body 11
is one, and an axis of the inflow-side lower passage 212 is
parallel to the axis Ax1 of the plunger hole 202.

[0049] The damper-side upper passages 221 are formed to
connect between a space at an inside of the damper recess
105 and the suction passage 204. In the present embodiment,
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the number of the damper-side upper passages 221 formed
at the housing main body 11 is two, and axes of these
damper-side upper passages 221 are parallel to the axis Ax1
of the plunger hole 202.

[0050] The damper-side lower passage 222 is formed to
connect between the space at the inside of the damper recess
105 and the fuel reservoir 207. In the present embodiment,
the number of the damper-side lower passage 222 formed at
the housing main body 11 is one, and an axis of the
damper-side lower passage 222 is parallel to the axis Ax1 of
the plunger hole 202.

[0051] The damper-side upper passages 221 and the
damper-side lower passage 222 are formed on an opposite
side of the plunger hole 202, which is opposite to the
inflow-side upper passages 211 and the inflow-side lower
passage 212 (see FIG. 3).

[0052] The connection passage 231 is formed to connect
between the fuel reservoir 207 and the suction passage 204.
In the present embodiment, the number of the connection
passage 231 formed at the housing main body 11 is one, and
an axis of the connection passage 231 is parallel to the axis
Ax1 of the plunger hole 202. The connection passage 231 is
located between the inflow recess 103 and the damper recess
105 in the circumferential direction of the plunger hole 202
and is positioned adjacent to the discharge recess 104 (see
FIG. 3).

[0053] Here, one end part of the relief passage 206 is
connected to the discharge passage 205, and the other end
part of the relief passage 206 is communicated with the
suction passage 204 through the fuel reservoir 207, the
inflow-side lower passage 212, the inflow port 201, the
inflow-side upper passages 211, the damper-side lower pas-
sage 222, the space at the inside of the damper recess 105,
the damper-side upper passages 221 and the connection
passage 231.

[0054] In the present embodiment, an inlet 12 is provided.
The inlet 12 is shaped in a tubular form and is made of metal,
such as stainless steel. One end part of the inlet 12 is
threadably engaged with an inner wall of the inflow recess
103 of the housing main body 11. The pipe 3 is connected
to the other end part of the inlet 12. Thereby, the fuel flows
from the pipe 3 into the inflow port 201 through the inlet 12.
A filter 19 is installed at the inside of the inlet 12. The filter
19 can capture foreign objects contained in the fuel that
flows into the inflow port 201 through the inlet 12.

[0055] The fuel, which enters the inflow port 201, can flow
to the suction passage 204 through the inflow-side upper
passages 211. Furthermore, the fuel, which enters the inflow
port 201, can flow to the fuel reservoir 207 through the
inflow-side lower passage 212.

[0056] The fuel in the suction passage 204 and the fuel in
the fuel reservoir 207 can flow back and forth between the
suction passage 204 and the fuel reservoir 207 through the
damper-side upper passages 221, the space at the inside of
the damper recess 105 and the damper-side lower passage
222.

[0057] Furthermore, the fuel in the suction passage 204
and the fuel in the fuel reservoir 207 can flow back and forth
between the suction passage 204 and the fuel reservoir 207
through the connection passage 231.

[0058] In the present embodiment, a discharge outlet 13 is
provided. The discharge outlet 13 is shaped in a tubular form
and is made of metal, such as stainless steel. An outer
peripheral wall of one end part of the discharge outlet 13 is
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threadably engaged with the inner wall of the discharge
recess 104 of the housing main body 11. A discharge passage
130 is formed at an inside of the discharge outlet 13. The
discharge passage 130 is connected to the discharge passage
205. The pipe 4 is connected to the other end part of the
discharge outlet 13.

[0059] In the present embodiment, a damper chamber
forming portion 15 is provided. The damper chamber form-
ing portion 15 includes a first member 151, a second
member 152, a projection 153 and a plurality of holes 154.
The first member 151 is shaped in a substantially circular
disk form and is made of metal, such as stainless steel. The
second member 152 is shaped in a bottomed cylindrical
tubular form and is made of metal, such as stainless steel.
The first member 151 is placed to close an opening of the
second member 152. Thereby, a damper chamber 208, which
is shaped in a substantially circular disk form, is formed
between the first member 151 and the second member 152.
[0060] The projection 153 is formed to project from a
center of the first member 151 toward a side that is opposite
to the second member 152. The damper chamber forming
portion 15 is formed such that the projection 153 is thread-
ably engaged with an inner wall of the damper recess 105 of
the housing main body 11. Here, the first member 151 and
the second member 152 are placed such that an axis of the
first member 151 and the second member 152 is perpen-
dicular to the axis Ax1 of the plunger hole 202.

[0061] The holes 154 extend through the first member 151
and the projection 153. The holes 154 connect between the
damper chamber 208 and the space at the inside of the
damper recess 105.

[0062] The pulsation damper 16 is placed at the damper
chamber 208. For example, the pulsation damper 16 is
formed such that outer peripheral edges of two diaphragms
are joined together to form a hollow circular disk form, and
a gas of a predetermined pressure is sealed at the inside of
the pulsation damper 16. Here, the pulsation damper 16 is
placed at the damper chamber 208 such that an axis of the
pulsation damper 16 is perpendicular to the axis Ax1 of the
plunger hole 202.

[0063] The pulsation damper 16 is resiliently deformed
according to a change in a pressure at the inside of the
damper chamber 208. Thereby, the pressure pulsation at the
inside of the damper chamber 208 can be reduced.

[0064] The suction valve device 30 is placed in the suction
passage 204.
[0065] The suction valve device 30 includes a suction

valve seat element 31, a suction valve seat 32, a suction
valve 33, a spring 34, a stopper 35 and a pressing portion 36.
[0066] The suction valve seat element 31 is shaped in a
substantially cylindrical tubular form and is made of metal,
such as stainless steel. The suction valve seat element 31 is
placed at the suction passage 204 such that the suction valve
seat element 31 is coaxial with the plunger hole 202. The
suction valve seat element 31 includes a plurality of holes
that are placed on a radially outer side of a center hole and
connect between one end surface and the other end surface
of the suction valve seat element 31. The suction valve seat
32 is formed around the above-described holes at the end
surface of the suction valve seat element 31 located on the
pressurizing chamber 203 side.

[0067] The suction valve 33 is shaped in a substantially
circular disk form and is made of metal, such as stainless
steel.
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[0068] The stopper 35 is shaped in a substantially circular
disk form and is made of metal, such as stainless steel. The
stopper 35 is placed on the pressurizing chamber 203 side of
the suction valve 33 such that an outer periphery of the
stopper 35 is fitted to an inner wall of the upper recess 101
of the housing main body 11. Here, an outer periphery of the
surface of the stopper 35, which is located on the pressur-
izing chamber 203 side, contacts the bottom of the upper
recess 101. Furthermore, an outer periphery of an opposite
side of the stopper 35, which is opposite to the pressurizing
chamber 203, contacts an outer periphery of the suction
valve seat element 31. The stopper 35 includes a plurality of
holes that connect between one surface and an opposite
surface of the stopper 35.

[0069] The suction valve 33 is configured to reciprocate
between the suction valve seat element 31 and the stopper
35. One end surface of the suction valve 33 is configured to
contact the suction valve seat 32. The suction valve 33 opens
or closes the suction passage 204 when the suction valve 33
is spaced away from or contacts the suction valve seat 32.
Specifically, the suction valve device 30 is configured to
enable or limit a flow of the fuel between the pressurizing
chamber 203 side of the suction passage 204 and the
opposite side of the suction passage 204, which is opposite
to the pressurizing chamber 203, at the valve opening time
or the valve closing time of the suction valve device 30.
Here, in order to limit wearing, a thin film coating, such as
DLC (diamond like carbon), may be applied to at least one
of: a contact area of the suction valve 33, which is config-
ured to contact the suction valve seat 32; and a contact area
of the suction valve seat 32, which is configured to contact
the suction valve 33.

[0070] The other end surface of the suction valve 33 is
configured to contact the stopper 35. When the suction valve
33 contacts the stopper 35, the stopper 35 limits movement
of'the suction valve 33 toward the pressurizing chamber 203.
[0071] The suction valve seat element 31 and the stopper
35 are fixed such that the suction valve seat element 31 and
the stopper 35 are clamped between the support 611 of the
electromagnetic drive device 60 and the housing main body
11 as described later.

[0072] The spring 34 is, for example, a coil spring and is
placed between the suction valve 33 and the stopper 35. The
spring 34 urges the suction valve 33 toward the suction valve
seat 32.

[0073] The discharge valve device 40 is placed in the
discharge passage 205 and the discharge passage 130.

[0074] The discharge valve device 40 includes a discharge
valve seat 42, a discharge valve 43, a spring 44 and a stopper
45.

[0075] The discharge valve seat 42 is formed at the inner

wall of the housing main body 11, which forms the discharge
passage 205.

[0076] The discharge valve 43 is shaped in a substantially
circular disk form and is made of metal, such as stainless
steel. The discharge valve 43 is configured to reciprocate on
a side of the discharge valve seat 42, which is opposite to the
pressurizing chamber 203. One end surface of the discharge
valve 43 is configured to contact the discharge valve seat 42.
The discharge valve 43 opens or closes the discharge pas-
sage 205 when the discharge valve 43 is spaced away from
or contacts the discharge valve seat 42. Specifically, the
discharge valve device 40 is configured to enable or limit a
flow of the fuel between the pressurizing chamber 203 side
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of the discharge passage 205 and the opposite side of the
discharge passage 205, which is opposite to the pressurizing
chamber 203, at a valve opening time or a valve closing time
of the discharge valve device 40. Here, in order to limit
wearing, a thin film coating, such as the DLC, may be
applied to at least one of: a contact area of the discharge
valve 43, which is configured to contact the discharge valve
seat 42; and a contact area of the discharge valve seat 42,
which is configured to contact the discharge valve 43.
[0077] The stopper 45 is placed at an end part of the
discharge outlet 13, which is located on the pressurizing
chamber 203 side, such that the stopper 45 is fitted to an
inner peripheral wall of the discharge outlet 13 through an
outer peripheral wall of the stopper 45.

[0078] An end surface of the discharge valve 43, which is
opposite to the pressurizing chamber 203, is configured to
contact the stopper 45. When the discharge valve 43 contacts
the stopper 45, the stopper 45 limits movement of the
discharge valve 43 toward the side that is opposite to the
pressurizing chamber 203.

[0079] The spring 44 is, for example, a coil spring and is
placed between the discharge valve 43 and the stopper 45.
The spring 44 urges the discharge valve 43 toward the
discharge valve seat 42. Thereby, the discharge valve 43 is
urged against the discharge valve seat 42.

[0080] When a pressure of the fuel in the space located on
the pressurizing chamber 203 side of the discharge valve
seat 42 becomes larger than a sum (a valve opening pressure
of the discharge valve device 40) of the pressure of the fuel
in the space located on the pipe 4 side of the discharge valve
seat 42 and the urging force of the spring 44, the discharge
valve 43 is moved away from the discharge valve seat 42 and
is thereby opened. In this way, the fuel on the pressurizing
chamber 203 side of the discharge valve seat 42 is dis-
charged toward the pipe 4 through the discharge valve seat
42. A valve opening pressure of the discharge valve device
40 can be set by adjusting the urging force of the spring 44.
[0081] The plunger 50 is placed at the plunger hole 202 of
the housing main body 11. The plunger 50 is shaped in a
substantially cylindrical rod form and is made of metal, such
as stainless steel. The plunger 50 includes a large diameter
portion 51 and a small diameter portion 52. An outer
diameter of the small diameter portion 52 is smaller than an
outer diameter of the large diameter portion 51. The large
diameter portion 51 and the small diameter portion 52 are
coaxial with each other and are formed integrally in one
piece. The plunger 50 is placed in the plunger hole 202 such
that one end part of the plunger 50, i.e., an end part of the
large diameter portion 51 is placed in the pressurizing
chamber 203. The plunger 50 is configured to reciprocate in
the axial direction to increase and decrease a volume of the
pressurizing chamber 203.

[0082] The outer diameter of the large diameter portion 51
of the plunger 50 is substantially equal to or slightly smaller
than an inner diameter of the plunger hole 202. Thereby, an
outer peripheral wall of the large diameter portion 51 is
slidable along the inner peripheral wall of the plunger hole
202, and thereby the plunger 50 is supported by the plunger
hole 202 in a manner that enables reciprocation of the
plunger 50 in the axial direction.

[0083] When the plunger 50 is moved to increase the
volume of the pressurizing chamber 203, the suction valve
device 30 is opened, and the fuel is drawn into the pressur-
izing chamber 203 through the suction valve device 30. In
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contrast, when the plunger 50 is moved to decrease the
volume of the pressurizing chamber 203, the suction valve
device 30 is closed, and the fuel in the pressurizing chamber
203 is pressurized.

[0084] Hereinafter, a moving direction of the plunger 50 at
a time of decreasing the volume of the pressurizing chamber
203 will be referred to as a pressurization direction, and a
moving direction of the plunger 50 at a time of increasing
the volume of the pressurizing chamber 203 will be referred
to as a counter-pressurization direction.

[0085] In the present embodiment, a seat upper 14 is
provided. The seat upper 14 is shaped in a tubular form and
is made of metal, such as stainless steel. The seat upper 14
is placed on the radially outer side of the plunger 50 and the
extended tubular portion 111 and is fitted to the inner wall of
the extended tubular portion 112 through an outer peripheral
wall of the seat upper 14. The seat upper 14 forms the fuel
reservoir 207 between the seat upper 14 and the lower recess
102 of the housing main body 11. Specifically, the fuel
reservoir 207 is formed on the radially outer side of the
plunger 50.

[0086] The seat upper 14 is installed such that a clearance
in a substantially cylindrical tubular form is formed
between: an inner peripheral wall of the seat upper 14; and
an outer peripheral wall of the extended tubular portion 111
and an outer peripheral wall of the small diameter portion
52. A seal 55, which is in an annular form, is placed between
the inner peripheral wall of the seat upper 14 and the outer
peripheral wall of the small diameter portion 52 of the
plunger 50. The seal 55 includes a radially inner ring made
of fluorine resin and a radially outer ring made of rubber. A
thickness of a fuel oil film, which is formed around the small
diameter portion 52 of the plunger 50, is adjusted by the seal
55, so that leakage of the fuel to the engine 2 is limited.
Furthermore, an oil seal 56 is placed at an end part of the seat
upper 14, which is opposite to the pressurizing chamber 203.
The oil seal 56 adjusts a thickness of an oil film, which is
formed around the small diameter portion 52 of the plunger
50, so that intrusion of the oil into the high-pressure pump
1 is limited.

[0087] A variable volume chamber 209, a volume of
which changes at the time of reciprocation of the plunger 50,
is formed between the seal 55 and a step surface while the
step surface is formed between the large diameter portion 51
and the small diameter portion 52 of the plunger 50.

[0088] The variable volume chamber 209 is connected to
the fuel reservoir 207 through a space between the inner
peripheral wall of the seat upper 14 and the outer peripheral
wall of the extended tubular portion 111.

[0089] A spring seat 53, which is shaped in a substantially
circular disk form, is installed to an end part of the small
diameter portion 52 of the plunger 50, which is opposite to
the large diameter portion 51.

[0090] The spring 54 is placed between the spring seat 53
and the seat upper 14. The spring 54 is, for example, a coil
spring. One end part of the spring 54 is connected to the
plunger 50 through the spring seat 53, and the other end part
of the spring 54 contacts the seat upper 14. The spring 54
urges the plunger 50 through the spring seat 53 toward the
side, which is opposite to the pressurizing chamber 203, i.e.,
in the counter-pressurization direction.

[0091] When the high-pressure pump 1 is installed to the
engine 2, a lifter 6 is installed to the end part of the small
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diameter portion 52 of the plunger 50, which is opposite to
the large diameter portion 51.

[0092] In the state where the high-pressure pump 1 is
installed to the engine 2, the lifter 6 contacts a cam 5 of the
cam shaft, which is rotated synchronously with a drive shaft
of the engine 2. Thereby, when the engine 2 is rotated, the
plunger 50 is reciprocated in the axial direction through the
rotation of the cam 5. At this time, the volume of the
pressurizing chamber 203 and the volume of the variable
volume chamber 209 are periodically changed.

[0093] The electromagnetic drive device 60 is placed on
the opposite side of the suction valve device 30, which is
opposite to the plunger 50. The electromagnetic drive device
60 includes supports 611, 612, a tubular member 613, yokes
621, 622, a needle 63, a movable core 64, a stationary core
65, a spring 66, a coil 67 and a connector 69.

[0094] The support 611 is shaped in a substantially cylin-
drical tubular form and is made of, for example, a magnetic
material. The support 611 is installed to the housing main
body 11 such that one end part of the support 611 is
threadably engaged with an inner wall of the upper recess
101 of the housing main body 11. Specifically, the support
611 is installed to an opening of the upper recess 101 of the
housing main body 11 such that the support 611 is coaxial
with the plunger hole 202. An end surface of the support 611,
which is located on the pressurizing chamber 203 side,
contacts an end surface of the suction valve seat element 31,
which is opposite to the pressurizing chamber 203. The
support 611 urges the stopper 35 against the bottom of the
upper recess 101 of the housing main body 11 through the
suction valve seat element 31. Specifically, the support 611
fixes the suction valve seat element 31 and the stopper 35
such that the suction valve seat element 31 and the stopper
35 are clamped between the support 611 and the housing
main body 11. A plurality of grooves 610 is formed at an
inner periphery of an end surface of the support 611 located
on the suction valve seat element 31 side. Therefore, at the
suction passage 204, the fuel, which is located on the suction
valve seat element 31 side of the support 611, can flow into
a space at the inside of the support 611 through the grooves
610.

[0095] The support 612 is shaped in a substantially cylin-
drical tubular form and is made of, for example, a non-
magnetic material. The support 612 is formed coaxial with
the support 611 such that an outer peripheral wall of the
support 612 is fitted to an inner peripheral wall of and end
part of the support 611, which is located on the pressurizing
chamber 203 side.

[0096] The tubular member 613 is shaped in a substan-
tially cylindrical tubular form and is made of, for example,
a non-magnetic material. The tubular member 613 is placed
on a side of the support 611, which is opposite to the
pressurizing chamber 203, such that the tubular member 613
is coaxial with the support 611.

[0097] The yoke 621 is shaped in a bottomed cylindrical
tubular form and is made of, for example, a magnetic
material. The yoke 621 has a hole at a center of a bottom of
the yoke 621. The yoke 621 is placed on a side of the support
611, which is opposite to the pressurizing chamber 203, such
that the support 611 is placed at the inside of the hole of the
yoke 621. The yoke 621 is coaxial with the support 611.

[0098] The yoke 622 is shaped in a substantially circular
disk form and is made of, for example, a magnetic material.
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The yoke 622 is installed to the yoke 621 such that the yoke
622 closes an opening of the yoke 621.

[0099] The needle 63 is shaped in a rod form and is made
of, for example, metal. The needle 63 is supported by a
center hole of the support 612 in a manner that enables
reciprocation of the needle 63. One end part of the needle 63
is inserted through a center hole of the suction valve seat
element 31 and is configured to contact the end surface of
the suction valve 33 that is opposite to the pressurizing
chamber 203. The needle 63 is coaxial with the plunger hole
202.

[0100] The movable core 64 is shaped in a substantially
cylindrical tubular form and is made of, for example, a
magnetic material. The movable core 64 is installed to the
other end part of the needle 63.

[0101] The stationary core 65 is made of, for example, a
magnetic material and is placed on a side of the tubular
member 613, which is opposite to the support 611.

[0102] The spring 66 is, for example, a coil spring and is
placed between an annular projection of the needle 63,
which radially outwardly projects from an outer peripheral
wall of the needle 63, and the support 612. The spring 66
urges the needle 63 toward the pressurizing chamber 203
side. An urging force of the spring 66 is set to be larger than
an urging force of the spring 34. Therefore, the suction valve
33 is spaced from the suction valve seat 32. A center of an
end surface of the suction valve 33, which is located on the
pressurizing chamber 203 side, contacts a projection that
projects from a center of the stopper 35. The needle 63 and
the movable core 64 are spaced from the stationary core 65.
[0103] The coil 67 is formed into a substantially cylindri-
cal tubular form by winding an electrically conductive wire
material. The coil 67 is placed at the inside of the yoke 621
and the yoke 622 such that the coil 67 is on the radially outer
side of the tubular member 613 and the stationary core 65.
The coil 67 is coaxial with the yoke 621.

[0104] The connector 69 extends from an opening formed
at a portion of the yoke 621 toward the radially outer side of
the yoke 621. The connector 69 includes terminals 691. Each
of the terminals 691 is shaped in a rod form and is made of
an electrically conductive material. One end of each terminal
691 is electrically connected to the coil 67. A harness 7 is
connected to the connector 69. In this way, an electric power
is supplied to the coil 67 through the harness 7 and the
terminals 691.

[0105] When the electric power is supplied to the coil 67,
a magnetic circuit is formed through the support 611, the
yokes 621, 622, the stationary core 65 and the movable core
64 while bypassing the tubular member 613. Thus, the
movable core 64 is magnetically attracted to the stationary
core 65 together with the needle 63. Therefore, the suction
valve 33 is moved toward the suction valve seat 32 by the
urging force of the spring 34 and contacts the suction valve
seat 32, so that the suction valve 33 is closed.

[0106] When the supply of the electric power to the coil 67
is stopped, the magnetic circuit is lost. Thereby, the movable
core 64 is moved together with the needle 63 by the urging
force of the spring 66 toward the pressurizing chamber 203.
Therefore, the suction valve 33 is urged by the needle 63
toward the pressurizing chamber 203 and is thereby spaced
away from the suction valve seat 32, so that the suction valve
33 is opened.

[0107] As described above, when the electric power is
supplied to the electromagnetic drive device 60, the elec-
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tromagnetic drive device 60 can drive the suction valve 33
of the suction valve device 30 such that the suction valve
device 30 is closed. In the present embodiment, the electro-
magnetic drive device 60 and the suction valve device 30
form a normally open type valve device where the suction
valve device 30 is opened at the time of stopping the supply
of the electric power to the electromagnetic drive device 60,
and the suction valve device 30 is closed at the time of
supplying the electric power to the electromagnetic drive
device 60.

[0108] As shown in FIGS. 2 and 3, a plurality of insertion
holes 106 is formed at the housing main body 11. Each of the
insertion holes 106 is formed such that the insertion hole 106
connects between the one end surface and the other end
surface of the housing main body 11. An axis of each
insertion hole 106 is parallel to the axis Ax1 of the plunger
hole 202. The number of the insertion holes 106 is two, and
these insertion holes 106 are formed such that the plunger
hole 202 is placed between the insertion holes 106. Specifi-
cally, the two insertion holes 106 are arranged one after the
other in the circumferential direction of the plunger hole 202
at 180 degree intervals (see FIG. 3).

[0109] In the present embodiment, the housing main body
11 is fixed to an engine head 90 of the engine 2 by bolts 8,
which are provided to correspond with the insertion holes
106.

[0110] An installation hole 91 and fixation holes 92 are
formed at the engine head 90.

[0111] The high-pressure pump 1 is installed to the engine
2 such that the outer peripheral wall of the extended tubular
portion 112 of the housing main body 11 is fitted to an inner
peripheral wall of the installation hole 91. Specifically, the
housing 10 is installed to the engine 2 such that the side of
the plunger hole 202, which is opposite to the pressurizing
chamber 203, faces the engine 2.

[0112] The bolts 8 are respectively inserted through the
insertion holes 106, and one end part of each bolt 8 is
threadably engaged into a corresponding one of the fixation
holes 92 of the engine head 90, so that the housing main
body 11 is securely held between heads of the other end parts
of the bolts 8 and the engine head 90 (see FIG. 2). In this
way, the high-pressure pump 1 can be fixed to the engine 2.

[0113] The relief valve device 70 is placed at the relief
passage 206.
[0114] The relief passage 206 extends from the discharge

passage 205 in the counter-pressurization direction and is
connected to the fuel reservoir 207 (see FIG. 1). The relief
passage 206 includes a small diameter region 113, a large
diameter region 114, a step surface 115 and a projection 116
(see FIGS. 4A and 4B).

[0115] The small diameter region 113 is formed at the side
of' the relief passage 206 where the discharge passage 205 is
placed, and the small diameter region 113 is connected to the
discharge passage 205. The large diameter region 114 is
formed on a side of the small diameter region 113 of the
relief passage 206, which is opposite to the discharge
passage 205, and the large diameter region 114 is connected
to the fuel reservoir 207. An inner diameter of the large
diameter region 114 is larger than an inner diameter of the
small diameter region 113.

[0116] The step surface 115 is located between the small
diameter region 113 and the large diameter region 114 and
is shaped in an annular planar form. The projection 116 is
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shaped in an ring form and projects from an inner periphery
of the step surface 115 toward the fuel reservoir 207.
[0117] The relief valve device 70 includes a relief tubular
member 71, a relief valve 73, a holder 74, a protrusion 75
and a spring 76.

[0118] The relief tubular member 71 includes a first tubu-
lar member 711, a second tubular member 712 and a spacer
713.

[0119] The first tubular member 711 is made of, for
example, metal. The first tubular member 711 includes a
tubular portion 715 and a bottom 716. The tubular portion
715 is shaped in a substantially cylindrical tubular form. The
bottom 716 is formed integrally with the tubular portion 715
in one piece such that the bottom 716 closes one end part of
the tubular portion 715. Specifically, the first tubular mem-
ber 711 is shaped in a bottomed cylindrical tubular form.
[0120] The first tubular member 711 has an inlet hole 701
that extends through a center of the bottom 716. Further-
more, the first tubular member 711 has a relief valve seat 72
that is formed around the inlet hole 701 at a surface of the
bottom 716, which is located on the tubular portion 715 side.
The relief valve seat 72 is tapered such that the relief valve
seat 72 progressively approaches a central axis of the tubular
portion 715 from the surface of the bottom 716, which is
located on the tubular portion 715 side, toward an opposite
side of the bottom 716, which is opposite to the tubular
portion 715.

[0121] Furthermore, the tubular portion 715 includes a
small-diameter tubular segment 705 and a large-diameter
tubular segment 706. The small-diameter tubular segment
705 is formed at the bottom 716 side of the tubular portion
715. The large-diameter tubular segment 706 is formed on
an opposite side of the small-diameter tubular segment 705,
which is opposite to the bottom 716. The small-diameter
tubular segment 705 and the large-diameter tubular segment
706 are coaxial with each other. An inner diameter of the
small-diameter tubular segment 705 is smaller than an inner
diameter of the large-diameter tubular segment 706.
[0122] The second tubular member 712 is made of, for
example, metal. A hardness of the second tubular member
712 is lower than a hardness of the first tubular member 711.
The second tubular member 712 includes a tubular portion
717 and a bottom 718. The tubular portion 717 is shaped in
a substantially cylindrical tubular form. The bottom 718 is
formed integrally with the tubular portion 717 in one piece
such that the bottom 718 closes one end part of the tubular
portion 717. Specifically, the second tubular member 712 is
shaped in a bottomed cylindrical tubular form.

[0123] At the second tubular member 712, a threaded part
77 is formed at an outer peripheral wall of a part of the
tubular portion 717, which is located on the bottom 718 side.
Furthermore, the second tubular member 712 has a plurality
of outlet holes 702 that extend through the bottom 718.
[0124] An end part of the tubular portion 717 of the second
tubular member 712, which is opposite to the bottom 718,
contacts an end part of the tubular portion 715 of the first
tubular member 711, which is opposite to the bottom 716.
The tubular portion 715 of the first tubular member 711 and
the tubular portion 717 of the second tubular member 712
are coaxial with each other and are fixed together by, for
example, welding to limit relative movement therebetween.
A plurality of fused parts 710 is formed at a contact between
the tubular portion 715 and the tubular portion 717. The
fused parts 710 are parts of the contact between the tubular
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portion 715 and the tubular portion 717, which are fused at
the time of welding the tubular portion 715 and the tubular
portion 717 together and then solidified upon cooling. In the
present embodiment, the fused parts 710 are arranged at
equal intervals in a circumferential direction of the tubular
portion 715 and the tubular portion 717.

[0125] An inner diameter of the tubular portion 717 of the
second tubular member 712 is equal to an inner diameter of
the large-diameter tubular segment 706 of the first tubular
member 711.

[0126] The spacer 713 is shaped in a substantially annular
ring form and is made of, for example, metal. The spacer 713
is placed at an inside of the second tubular member 712 such
that one end surface of the spacer 713 contacts the bottom
718. Here, the outlet holes 702 are communicated with a
space at an inside of the spacer 713.

[0127] The relief valve 73 is shaped in a spherical form
and is made of, for example, metal. A hardness of the relief
valve 73 is substantially equal to a hardness of the first
tubular member 711. The relief valve 73 is configured to
contact the relief valve seat 72 at an inside of the first tubular
member 711. When the relief valve 73 is spaced away from
the relief valve seat 72, the relief valve device 70 is opened.
When the relief valve 73 contacts the relief valve seat 72, the
relief valve device 70 is closed. Here, in order to limit
wearing, a thin film coating, such as the DLC, may be
applied to at least one of: a contact area of the relief valve
73, which is configured to contact the relief valve seat 72;
and a contact area of the relief valve seat 72, which is
configured to contact the relief valve 73.

[0128] Hereinafter, a direction of moving the relief valve
73 away from the relief valve seat 72 will be referred to as
a valve opening direction. Also, a direction of moving the
relief valve 73 toward the relief valve seat 72 to contact the
relief valve seat 72 will be referred to as a valve closing
direction.

[0129] The holder 74 is shaped in a substantially cylin-
drical rod form and is made of, for example, metal. The
holder 74 is configured to reciprocate in an axial direction at
the inside of the first tubular member 711. The holder 74 is
slidable along an inner peripheral wall of the small-diameter
tubular segment 705 of the first tubular member 711 through
an outer peripheral wall of the holder 74.

[0130] The holder 74 includes a receiving recess 741 and
a cutout 742. The receiving recess 741 is recessed from an
end surface of the holder 74, which is located on the bottom
716 side, toward the bottom 718. A portion of the relief valve
73 is received in the receiving recess 741. Here, a depth of
the receiving recess 741 is set to be larger than a lift amount
of the relief valve 73 to limit radial deviation of the position
of the relief valve 73 at the valve opening time of the relief
valve 73.

[0131] The cutout 742 is formed by cutting a circumfer-
ential portion of the outer periphery of the holder 74. The
cutout 742 is formed to extend from the end surface of the
holder 74, which is located on the bottom 716 side, toward
the bottom 718. A distal end part of the cutout 742, which is
located on the bottom 718 side, is placed on the bottom 716
side of an end surface of the holder 74, which is located on
the bottom 718 side (see FIGS. 4A and 4B). Furthermore, in
a state where the relief valve 73 contacts the relief valve seat
72, and a bottom of the receiving recess 741 of the holder 74
contacts the relief valve 73, a distal end part of the cutout
742, which is located on the bottom 718 side, is placed on
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the bottom 716 side of an end part of the small-diameter
tubular segment 705, which is located on the bottom 718
side (see FIG. 4A). In contrast, in a state where the relief
valve 73 and the holder 74 are respectively spaced from the
bottom 716 by a predetermined distance, the distal end part
of the cutout 742, which is located on the bottom 718 side,
is placed on the bottom 718 side of the end part of the
small-diameter tubular segment 705, which is located on the
bottom 718 side (see FIG. 4B). In this way, a flow passage
rl is formed between: the outer peripheral wall of the cutout
742 and of the holder 74; and the inner peripheral wall of the
small-diameter tubular segment 705 and of the large-diam-
eter tubular segment 706.

[0132] The protrusion 75 is formed integrally with the
holder 74 in one piece such that the protrusion 75 is shaped
in a substantially cylindrical rod form and protrudes from a
center of the end surface of the holder 74, which is located
on the bottom 718 side, toward the bottom 718. In a state
where the relief valve 73 and the holder 74 are respectively
spaced by the predetermined distance from the bottom 716,
a distal end part of the protrusion 75 contacts the bottom 718
of the second tubular member 712 (see FIG. 4B). When the
protrusion 75 contacts the bottom 718, movement of the
relief valve 73 and the holder 74 in the valve opening
direction is limited.

[0133] The spring 76 is, for example, a coil spring. The
spring 76 is placed between the holder 74 and the spacer 713
at the inside of the second tubular member 712. The spring
76 urges the holder 74 toward the relief valve seat 72.
Thereby, the relief valve 73 is urged against the relief valve
seat 72. Furthermore, the spacer 713 is urged against the
bottom 718.

[0134] As discussed above, the first tubular member 711
and the second tubular member 712 are fixed to each other
so that the relative movement between the first tubular
member 711 and the second tubular member 712 is limited.
Specifically, the relief valve device 70 is formed as an
assembly.

[0135] The relief valve device 70 is placed at an inside of
the large diameter region 114 of the relief passage 206 such
that a side of the relief valve device 70, which is located on
the first tubular member 711 side, faces the discharge
passage 205. The threaded part 77 of the second tubular
member 712 is threadably engaged with an inner peripheral
wall of the large diameter region 114 of the housing main
body 11. An outer diameter of the tubular portion 715 of the
first tubular member 711 and an outer diameter of an
unthreaded part of the tubular portion 717 of the second
tubular member 712, which is other than the threaded part
77, are smaller than an inner diameter of the large diameter
region 114 of the relief passage 206. Therefore, a clearance
cl, which is shaped in an annular form, is formed between:
an inner peripheral wall of the large diameter region 114 of
the housing main body 11; and an outer peripheral wall of
the tubular portion 715 and an outer peripheral wall of the
unthreaded part of the tubular portion 717, which is other
than the threaded part 77.

[0136] The seal member 78 is shaped in a substantially
annular ring form and is made of, for example, metal. A
hardness of the seal member 78 is lower than a hardness of
the first tubular member 711 and a hardness of the housing
main body 11. The seal member 78 is placed between the
step surface 115 of the relief passage 206 and the first tubular
member 711 of the relief valve device 70. An inner periphery
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of one end surface of the seal member 78 contacts the
projection 116 of the relief passage 206, and the other end
surface of the seal member 78 contacts an end surface of the
bottom 716 of the first tubular member 711, which is
opposite to the tubular portion 715. Therefore, the discharge
passage 205 is communicated with the inlet hole 701 of the
relief valve device 70 through the small diameter region 113
and the inside of the seal member 78.

[0137] In the present embodiment, in a manufacturing
process of the high-pressure pump 1, the relief valve device
70 is inserted into the relief passage 206 in a state where the
relief valve device 70 is formed as the assembly. Thereafter,
a jig is coupled to an outer periphery of the bottom 718 of
the second tubular member 712, and then the jig is rotated.
In this way, the threaded part 77 of the relief valve device 70
is threadably engaged with the inner peripheral wall of the
large diameter region 114 of the housing main body 11. At
this time, an axial force is applied from the projection 116
of the relief passage 206 and the bottom 716 of the relief
valve device 70 to the seal member 78. Thereby, the seal
member 78 is compressed in the axial direction between the
projection 116 and the bottom 716. Thus, the fluid tightness
is maintained between the bottom 716 of the first tubular
member 711 and the projection 116 of the relief passage 206.
Specifically, the seal member 78 is placed such that the seal
member 78 can maintain the fluid tightness between the
relief tubular member 71 and the housing main body 11.
[0138] When a pressure of the fuel in the space located on
the discharge passage 205 side of the relief valve seat 72
becomes larger than a sum (a valve opening pressure of the
relief valve device 70) of the pressure of the fuel in the space
located on the opposite side of the relief valve seat 72, which
is opposite to the discharge passage 205, and the urging
force of the spring 76, the relief valve 73 is moved away
from the relief valve seat 72 and is thereby opened. In this
way, the fuel on the discharge passage 205 side of the relief
valve seat 72 flows to the opposite side of the relief valve
seat 72, which is opposite to the discharge passage 205. The
valve opening pressure of the relief valve device 70 can be
set by adjusting the urging force of the spring 76 and a
thickness of the spacer 713.

[0139] The relief valve device 70 enables or limits the
flow of the fuel between the discharge passage 205 side of
the relief passage 206 and the other side of the relief passage
206, which is opposite to the discharge passage 205, at the
valve opening time or the valve closing time of the relief
valve device 70.

[0140] In the present embodiment, the housing main body
11 further includes a communication passage 241. The
communication passage 241 is formed to connect between a
space at an inside of the discharge recess 104 and the
connection passage 231 (see FIG. 3).

[0141] The discharge outlet 13 further includes an inner
projection 131 and an outer projection 132. The inner
projection 131 is shaped in a ring form and projects from an
inner periphery of an end surface of the discharge outlet 13,
which is located on the pressurizing chamber 203 side,
toward the pressurizing chamber 203. The outer projection
132 is shaped in a ring form and projects from an outer
periphery of the end surface of the discharge outlet 13,
which is located on the pressurizing chamber 203 side,
toward the pressurizing chamber 203.

[0142] The discharge outlet 13 is threadably engaged with
the housing main body 11 such that the inner projection 131
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and the outer projection 132 are urged against a bottom of
the discharge recess 104 of the housing main body 11.
Thereby, the fluid tightness is maintained between the dis-
charge outlet 13 and the inner wall of the housing main body
11.

[0143] Here, an end part of the communication passage
241, which is opposite to the connection passage 231, opens
between the inner projection 131 and the outer projection
132. Therefore, even if the pressure of the fuel in the
discharge passage 205 and the discharge passage 130
becomes high and thereby leaks to a space between the inner
projection 131 and the outer projection 132 through the
location between the bottom of the discharge recess 104 of
the housing main body 11 and the inner projection 131, the
leaked fuel can be released to the connection passage 231,
which has the low pressure, through the communication
passage 241. In this way, it is possible to limit the leakage
of the fuel, which is in the discharge passage 205 and the
discharge passage 130, to the outside of the housing main
body 11 through a location between the bottom of the
discharge recess 104 of the housing main body 11 and the
outer projection 132 and a location between the inner
peripheral wall of the discharge recess 104 of the housing
main body 11 and the outer peripheral wall of the discharge
outlet 13.

[0144] Next, an operation of the high-pressure pump 1
will be described with reference to FIGS. 1 to 3.

(Suction Stroke)

[0145] In a state where the supply of the electric power to
the coil 67 of the electromagnetic drive device 60 is stopped,
the suction valve 33 is urged toward the pressurizing cham-
ber 203 by the spring 66 and the needle 63. Therefore, the
suction valve 33 is spaced away from the suction valve seat
32, ie., is opened. In this state, when the plunger 50 is
moved toward the cam 5, i.e., in the counter-pressurization
direction, the volume of the pressurizing chamber 203 is
increased. Thus, the fuel, which is located on the side of the
suction valve seat 32 of the suction passage 204, which is
opposite to the pressurizing chamber 203, is moved to the
other side of the suction valve seat 32 where the pressurizing
chamber 203 is placed, and then the fuel is drawn into the
pressurizing chamber 203.

[0146] In the suction stroke, the fuel of the inflow port 201
can flow into the inflow-side upper passages 211, and the
fuel in the inflow-side upper passages 211 can flow into the
suction passage 204. Furthermore, the fuel in the suction
passage 204 can flow into the pressurizing chamber 203, and
the fuel in the fuel reservoir 207 can flow into the inflow-
side lower passage 212, the damper-side lower passage 222
and the connection passage 231. Also, the fuel in the
damper-side upper passages 221 and the connection passage
231 can flow into the suction passage 204, and the fuel in the
variable volume chamber 209 can flow into the fuel reser-
voir 207.

(Metering Stroke)

[0147] In the valve opening state of the suction valve 33,
when the plunger 50 is moved toward the side that is
opposite to the cam 5, i.e., in the pressurization direction, the
volume of the pressurizing chamber 203 is reduced, and the
fuel in the pressurizing chamber 203 is returned to the side
of the suction valve seat 32 of the suction passage 204,
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which is opposite to the pressurizing chamber 203. When the
electric power is supplied to the coil 67 in the middle of the
metering stroke, the movable core 64 is attracted to the
stationary core 65 together with the needle 63, so that the
suction valve 33 contacts the suction valve seat 32 and is
thereby closed. The amount of fuel, which is returned from
the pressurizing chamber 203 to the suction passage 204, is
adjusted by adjusting the timing of closing the suction valve
33 at the time of moving the plunger 50 in the pressurization
direction. As a result, the amount of fuel pressurized in the
pressurizing chamber 203 is determined. The metering
stroke, during which the fuel is returned from the pressur-
izing chamber 203 to the suction passage 204, ends when the
suction valve 33 is closed.

[0148] In the metering stroke, the fuel in the pressurizing
chamber 203 can outflow to the suction passage 204, and the
fuel in the suction passage 204 can outflow to the inflow-side
upper passages 211, the damper-side upper passages 221 and
the connection passage 231. Furthermore, the fuel in the
inflow-side lower passage 212, the damper-side lower pas-
sage 222 and the connection passage 231 can outflow to the
fuel reservoir 207, and the fuel in the fuel reservoir 207 can
outflow to the variable volume chamber 209.

(Pressurizing Stroke)

[0149] When the plunger 50 is moved further in the
pressurization direction in the state where the suction valve
33 is closed, the volume of the pressurizing chamber 203 is
reduced, and the fuel in the pressurizing chamber 203 is
compressed and is pressurized. When the pressure of the fuel
in the pressurizing chamber 203 becomes equal to or larger
than the valve opening pressure of the discharge valve 43,
the discharge valve 43 is opened. Therefore, the fuel flows
from the pressurizing chamber 203 toward the pipe 4, i.e.,
toward the fuel rail through the discharge passage 205 and
the discharge passage 130.

[0150] When the supply of the electric power to the coil 67
is stopped, the plunger 50 is moved in the counter-pressur-
ization direction. Thus, the suction valve 33 opens once
again. In this way, the pressurizing stroke for pressurizing
the fuel ends, and the suction stroke for suctioning the fuel
from the suction passage 204 into the pressurizing chamber
203 starts once again.

[0151] By repeating the suction stroke, the metering stroke
and the pressurizing stroke discussed above, the suctioned
fuel is pressurized and is discharged by the high-pressure
pump 1 to supply the pressurized fuel to the fuel rail. The
amount of fuel supplied from the high-pressure pump 1 to
the fuel rail is adjusted by controlling, for example, the
timing of supplying the electric power to the coil 67 of the
electromagnetic drive device 60.

[0152] When the plunger 50 is reciprocated in the state
where the suction valve 33 is opened during, for example,
the suction stroke or the metering stroke, pressure pulsation
of the fuel may possibly occur in the damper chamber 208.
The pulsation damper 16, which is installed in the damper
chamber 208, is resiliently deformed in response to a change
in the fuel pressure in the damper chamber 208, so that the
pulsation damper 16 can damp the pressure pulsation of the
fuel in the damper chamber 208.

[0153] Furthermore, in the state where the high-pressure
pump 1 continues the discharge of the fuel to the fuel rail
side, the fuel, which flows from the inlet 12 into the inflow
port 201, flows into the pressurizing chamber 203 through
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the inflow-side upper passages 211 and the suction passage
204. The fuel, which flows from the inlet 12 into the inflow
port 201, flows to the fuel reservoir 207 through the inflow-
side lower passage 212. Furthermore, when the plunger 50
reciprocates, the volume of the variable volume chamber
209 increases and decreases. Therefore, at this time, the fuel
flows back and forth between the fuel reservoir 207 and the
variable volume chamber 209. In this way, the housing main
body 11 and the plunger 50, which are heated to have a high
temperature by the heat generated though the slide move-
ment between the plunger 50 and the inner peripheral wall
of the plunger hole 202 of the housing main body 11, the
heat generated through the pressurization of the fuel in the
pressurizing chamber 203 and the heat generated from the
engine 2, can be cooled with the low temperature fuel. In this
way, galling of the plunger 50 and the inner peripheral wall
of the plunger hole 202 of the housing main body 11 can be
limited.

[0154] Furthermore, a portion of the fuel, which is pres-
surized to the high pressure in the pressurizing chamber 203,
can flow into the variable volume chamber 209 through a
clearance between the plunger 50 and the inner peripheral
wall of the plunger hole 202 of the housing main body 11.
In this way, an oil film is formed between the plunger 50 and
the inner peripheral wall of the plunger hole 202, so that the
galling of the plunger 50 and the inner peripheral wall of the
plunger hole 202 can be effectively limited. The fuel, which
flows from the pressurizing chamber 203 into the variable
volume chamber 209, can flow into the pressurizing cham-
ber 203 once again through the fuel reservoir 207, the
inflow-side lower passage 212, the inflow port 201, the
inflow-side upper passages 211, the damper-side lower pas-
sage 222, the damper-side upper passages 221, the connec-
tion passage 231 and the suction passage 204.

[0155] In the present embodiment, when the pressure of
the discharge passage 205 becomes equal to or larger than
the valve opening pressure of the relief valve device 70, the
relief valve device 70 is opened (see FIG. 4B). Therefore,
the fuel in the discharge passage 205 can flow to the fuel
reservoir 207 through: the small diameter region 113 of the
relief passage 206; the inside of the seal member 78; the inlet
hole 701 of the relief valve device 70; the relief valve seat
72; the flow passage rl between the cutout 742 of the holder
74 and the tubular portion 715; the inside of the spacer 713;
and the outlet holes 702. The fuel, which flows into the fuel
reservoir 207 through the relief valve device 70, can flow
into the suction passage 204 through the connection passage
231, the inflow-side lower passage 212, the inflow port 201,
the inflow-side upper passages 211, the damper-side lower
passage 222 and the damper-side upper passages 221.
[0156] When the fuel, which is pressurized to the high
pressure and is located in the discharge passage 205, flows
into the fuel reservoir 207, which has the low pressure,
through the relief valve device 70, the fuel is depressurized
and thereby has a high temperature and a low pressure.
Therefore, bubbles generated by fuel evaporation, i.e., vapor
may possibly be generated in the fuel. Particularly, in a case
where the valve opening pressure of the relief valve device
70 is set to be relatively high, the vapor tends to be
generated.

[0157] In the present embodiment, the relief passage 206
extends from the discharge passage 205 in the counter-
pressurization direction, which is the moving direction of
the plunger 50 at the time of increasing the volume of the
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pressurizing chamber 203. Therefore, the fuel, which is
pressurized to the high pressure and is located in the
discharge passage 205, flows in the relief passage 206 in the
counter-pressurization direction and passes through the
relief valve device 70. Thereafter, the fuel flows into the fuel
reservoir 207 and then flows through the connection passage
231, the inflow-side lower passage 212, the inflow port 201,
the inflow-side upper passages 211, the damper-side lower
passage 222 and the damper-side upper passages 221. Thus,
the flow direction of the fuel is inverted such that the fuel
flows in the pressurization direction, which is the moving
direction of the plunger 50 at the time of decreasing the
volume of the pressurizing chamber 203. Thereafter, the fuel
is drawn into the pressurizing chamber 203 through the
suction valve device 30 of the suction passage 204. As
discussed above, in the present embodiment, a length of a
path, which connects between the relief valve device 70 and
the pressurizing chamber 203, is relatively long. Therefore,
even when the vapor is generated in the fuel after passing
through the relief valve device 70, the fuel can be cooled
before the fuel is drawn into the pressurizing chamber 203,
and thereby the vapor in the fuel can be lost. In this way, the
suctioning of the vapor into the pressurizing chamber 203
can be limited.

[0158] As described above, in the present embodiment, the
high-pressure pump 1, which is configured to pressurize
fuel, includes the housing 10, the suction valve device 30,
the discharge valve device 40, the plunger 50 and the relief
valve device 70.

[0159] The housing 10 includes: the inflow port 201 that
is configured to be supplied with the fuel; the plunger hole
202; the pressurizing chamber 203 that is formed at the one
end part of the plunger hole 202 and is configured to
pressurize the fuel in the pressurizing chamber 203; the
suction passage 204 that is connected to the pressurizing
chamber 203, wherein the suction passage 204 is configured
to be communicated with the inflow port 201 and is con-
figured to conduct the fuel to be suctioned into the pressur-
izing chamber 203; the discharge passage 130, 205 that is
configured to conduct the fuel that is pressurized in and
discharged from the pressurizing chamber 203; and the relief
passage 206 that has the one end part connected to the
discharge passage 205 while the other end part of the relief
passage 206 is configured to be communicated with the
suction passage 204.

[0160] The suction valve device 30 is placed in the suction
passage 204. The suction valve device 30 is configured to
enable or limit the flow of the fuel between one side of the
suction passage 204, at which the pressurizing chamber 203
is placed, and the other side of the suction passage 204,
which is opposite to the pressurizing chamber 203, at the
valve opening time or the valve closing time of the suction
valve device 30.

[0161] The discharge valve device 40 is placed in the
discharge passage 130, 205. The discharge valve device 40
is configured to enable or limit the flow of the fuel between
the one side of the discharge passage 205, at which the
pressurizing chamber 203 is placed, and the other side of the
discharge passage 205, which is opposite to the pressurizing
chamber 203, at the valve opening time or the valve closing
time of the discharge valve device 40.

[0162] The plunger 50 is placed at the inside of the plunger
hole 202 such that the one end part of the plunger 50 is
placed at the pressurizing chamber 203. The plunger 50 is
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configured to reciprocate in the axial direction to increase or
decrease the volume of the pressurizing chamber 203.

[0163] The relief valve device 70 is placed in the relief
passage 206. The relief valve device 70 is configured to
enable or limit the flow of the fuel between the one side of
the relief passage 206, at which the discharge passage 205 is
located, and the other side of the relief passage 206, which
is opposite to the discharge passage 205, at the valve
opening time or the valve closing time of the relief valve
device 70. Therefore, when the pressure of the discharge
passage 205 becomes equal to or larger than the valve
opening pressure of the relief valve device 70, the relief
valve device 70 is opened. Therefore, the fuel on the
discharge passage 205 side of the relief valve device 70
flows to the other side of the relief valve device 70, which
is opposite to the discharge passage 205, through the relief
valve device 70. In this way, it is possible to limit generation
of the abnormally high pressure in the discharge passage
205.

[0164] In the present embodiment, one end part of the
relief passage 206 is connected to the discharge passage 205,
and the other end part of the relief passage 206 is displaced
away from the one end part of the relief passage 206 in the
counter-pressurization direction, and the relief passage 206
extends from the one end part to the other end part of the
relief passage 206. Therefore, the fuel, which is pressurized
to the high pressure and is located in the discharge passage
205, flows in the relief passage 206 in the counter-pressur-
ization direction and passes through the relief valve device
70. Thereafter, the flow direction of the fuel is inverted such
that the fuel flows in the pressurization direction. Thereafter,
the fuel is drawn into the pressurizing chamber 203 through
the suction valve device 30 at the suction passage 204. As
discussed above, in the present embodiment, the length of
the path, which connects between the relief valve device 70
and the pressurizing chamber 203, is relatively long. There-
fore, even when the vapor is generated in the fuel after
passing through the relief valve device 70, the fuel can be
cooled before the fuel is drawn into the pressurizing cham-
ber 203, and thereby the vapor in the fuel can be lost. In this
way, the suctioning of the vapor into the pressurizing
chamber 203 can be limited. Thus, generation of the vapor
lock phenomenon is limited, and thereby it is possible to
limit the disablement of the pressurization and the discharge
of the fuel at the high-pressure pump 1.

[0165] Furthermore, in the present embodiment, the hous-
ing 10 includes the fuel reservoir 207 that is placed at the
side of the plunger 50, which is opposite to the pressurizing
chamber 203, while the fuel reservoir 207 is located on the
radially outer side of the plunger 50 and is configured to
accumulate the fuel. The relief passage 206 is connected to
the suction passage 204 through the fuel reservoir 207.
Therefore, the fuel, which flows from the discharge passage
205 and passes through the relief valve device 70, can merge
into the suction passage 204 through the fuel reservoir 207.
In the present embodiment, since the fuel reservoir 207 is
present between the relief valve device 70 and the suction
passage 204, it is possible to increase the length of the path
that connects between the relief valve device 70 and the
pressurizing chamber 203. Therefore, even when the vapor
is generated in the fuel after passing through the relief valve
device 70, the fuel can be cooled before the fuel is drawn
into the pressurizing chamber 203, and thereby the vapor in
the fuel can be reliably lost.
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[0166] Furthermore, in the present embodiment, the fuel,
which flows from the discharge passage 205 and passes
through the relief valve device 70, is enabled to flow into the
pressurizing chamber 203 through the fuel reservoir 207 and
the inflow port 201. Therefore, even if the fuel in the fuel
reservoir 207 is heated by the heat received from the engine
2 or the like and becomes the high temperature, the fuel is
cooled after passing through the inflow port 201. In this way,
the vapor contained in the fuel can be lost before the fuel
enters the pressurizing chamber 203.

[0167] Furthermore, in the present embodiment, the fuel,
which enters the inflow port 201, is enabled to flow to the
suction valve device 30 through the fuel reservoir 207.
Therefore, even if the temperature of the fuel in the fuel
reservoir 207 rises due to the heat received from the engine
2 or the like, the fuel from the inflow port 201 pushes the
fuel in the fuel reservoir 207 toward the suction valve device
30. Therefore, it is possible to limit the rise of the tempera-
ture of the fuel in the fuel reservoir 207 to the high
temperature that would be caused by the heat received from
the engine 2 or the like. As a result, it is possible to limit the
inflow of the high temperature fuel into the suction valve
device 30. Thus, it is possible to effectively limit the
suctioning of the vapor into the pressurizing chamber 203.
[0168] Furthermore, in the present embodiment, the hous-
ing 10 includes the housing main body 11, at which the
plunger hole 202 is formed. In the present embodiment, the
spring (serving as the plunger urging member) 54 and the
seat upper 14 are further provided. The spring 54 has the one
end part connected to the plunger 50 and is configured to
urge the plunger 50 in the counter-pressurization direction.
The seat upper 14 is placed on the radially outer side of the
plunger 50 and forms the fuel reservoir 207 between the seat
upper 14 and the housing main body 11. The other end part
of'the spring 54 is engaged to the seat upper 14. As discussed
above, in the present embodiment, the seat upper 14, to
which the spring 54 is engaged, forms the fuel reservoir 207.
Therefore, it is not required to separately provide a member,
which forms the fuel reservoir 207. Thus, the number of the
components can be reduced.

[0169] Furthermore, in the present embodiment, the
damper chamber 208 and the pulsation damper 16 are
further provided. The damper chamber 208 is branched from
the damper-side lower passage 222 and the damper-side
upper passages 221, which connect between the fuel reser-
voir 207 and the suction passage 204. The pulsation damper
16 is placed at the damper chamber 208 and is configured to
damp the pressure pulsation of the fuel. In this way, it is
possible to limit the transmission of the pressure pulsation to
the pipe 3 and the vibration of the high-pressure pump 1.
Furthermore, the damper chamber 208 is branched from the
passage, which connects between the fuel reservoir 207 and
the suction passage 204. Therefore, it is possible to limit the
flow of the high temperature fuel, which is heated to the high
temperature at the fuel reservoir 207, into the damper
chamber 208. In this way, it is possible to limit the increase
of the temperature of the damper chamber 208. Therefore, it
is possible to limit a change in the characteristic of the
pulsation damper 16 that would be result from the increase
of the temperature of the damper chamber 208.

[0170] Furthermore, according to the present embodiment,
the housing 10 is configured to be installed to the engine 2
such that the side of the plunger hole 202, which is opposite
to the pressurizing chamber 203, faces the engine 2. In the
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state where the housing 10 is installed to the engine 2, the
relief valve device 70 is placed on the engine 2 side of the
discharge valve device 40.

[0171] In the high-pressure pump 1, in order to ensure the
required flow rate at the high fuel pressure, the slide length
of the plunger 50 needs to be increased to reduce a leak flow
rate. It is desirable that the discharge passage 205, in which
the discharge valve device 40 is placed, is located adjacent
to the pressurizing chamber 203, i.e., is located on the side
of the plunger 50 that is opposite to the engine 2 in order to
reduce a dead volume of the high-pressure pump 1. In this
case, a relatively large space can be ensured on the lower
side of the discharge valve device 40, i.e., on the engine 2
side of the discharge valve device 40. Therefore, by placing
the relief valve device 70 in this space, it is possible to limit
an increase in the size of the housing 10. Furthermore, since
the length of the spring 76, which urges the relief valve 73
toward the relief valve seat 72, can be increased, the urging
force of the spring 76 can be increased. Therefore, a seat
diameter of the relief valve 73 can be set to be relatively
large, and thereby a diameter of the flow passage on the
upstream side of the relief valve seat 72, ie., an inner
diameter of the inlet hole 701 can be made relatively large.
Thus, a required relief flow rate, which is required at the
time of generating an abnormal pressure at the discharge
passage 205, can be ensured.

[0172] Furthermore, in the present embodiment, the relief
valve device 70 is arranged such that the relief valve device
70 entirely overlaps with the plunger 50 in the axial direction
of the plunger 50. Therefore, the relief valve device 70 can
be placed at the housing main body 11 while limiting an
increase in the size of the housing main body 11 in the axial
direction of the plunger 50.

[0173] Furthermore, in the present embodiment, the relief
valve device 70 is placed at the location that is other than the
inflow port 201, the plunger hole 202, the pressurizing
chamber 203, the suction passage 204 and the discharge
passage 205 in the housing 10, i.e., the relief valve device 70
is placed at a remaining space of the housing main body 11.
Therefore, the relief valve device 70 can be placed at the
housing main body 11 while limiting an increase in the size
of the housing main body 11.

[0174] Furthermore, in the present embodiment, the relief
valve device 70 includes: the relief tubular member 71, at
which the relief valve seat 72 is formed; the relief valve 73
that is received in the relief tubular member 71 and is
configured to contact the relief valve seat 72; and the spring
(serving as the relief urging member) 76 that is received in
the relief tubular member 71 and urges the relief valve 73
toward the relief valve seat 72. The relief valve device 70 is
formed as the assembly, as described above. Therefore, the
relief valve device 70 can be easily assembled to the housing
main body 11. Thereby, it is possible to limit a change in the
valve opening pressure of the relief valve device 70 between
the time before the assembling and the time after the
assembling, which would be caused by biting of a foreign
object between the components of the relief valve device 70.
[0175] Furthermore, in the present embodiment, the relief
tubular member 71 has the threaded part 77 that is config-
ured to be threadably coupled with the housing 10.

[0176] In a case where the relief tubular member is fixed
to the housing by press fitting or welding, the plunger hole
of the housing may possibly be deformed such that a
clearance of a sliding portion of the plunger is reduced, and
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thereby the plunger may possibly be seized. Further, in the
case of the conventional seal, which is implemented by the
press-fitting, i.e., the seal, which is implemented between
the inner peripheral wall of the housing and the outer
peripheral wall of the relief tubular member, it is difficult to
ensure the required sealing performance upon the recent
progress in the high pressurization.

[0177] However, in the present embodiment, the relief
tubular member 71 is threadably coupled to the housing 10.
Therefore, at the time of assembling the relief valve device
70 to the housing 10, the high pressure fuel can be reliably
sealed while limiting the deformation of the plunger hole
202 of the housing 10.

[0178] Furthermore, according to the present embodiment,
the relief tubular member 71 includes the first tubular
member 711, at which the relief valve seat 72 is formed, and
the second tubular member 712, which is formed separately
from the first tubular member 711 and has the threaded part
77. The first tubular member 711 and the second tubular
member 712 are fixed together such that the first tubular
member 711 and the second tubular member 712 are coaxial
with each other and are immovable relative to each other.
[0179] The member, which forms the relief valve seat 72,
needs to have the high hardness. Here, when the threaded
part 77 is formed at the member that has the high hardness,
a delayed fracture may possibly occur. In the present
embodiment, since the first tubular member 711 and the
second tubular member 712 are formed separately, the first
tubular member 711 can have the relatively high hardness,
and the second tubular member 712 can have the relatively
low hardness. In this way, the required hardness of the first
tubular member 711, at which the relief valve seat 72 is
formed, is ensured, and the threaded part 77 can be formed
at the second tubular member 712 to limit the delayed
fracture.

[0180] Furthermore, in the present embodiment, the first
tubular member 711 and the second tubular member 712 are
fixed together such that the first tubular member 711 and the
second tubular member 712 are immovable relative to each
other. Therefore, it is possible to limit a change in the valve
opening pressure of the relief valve device 70, which would
be caused by biting of the foreign object between the first
tubular member 711 and the second tubular member 712, at,
for example, the time of assembling the relief valve device
70 to the housing 10.

[0181] Furthermore, in the present embodiment, the fluid
tightness is maintained at the connection between the end
part of the relief tubular member 71, which is placed on the
side where the discharge passage 205 is located, and the
inner wall of the housing 10. As described above, an end
surface of the relief tubular member 71, which is located on
the discharge passage 205 side, is formed as the seal surface.
Thereby, the high pressure can be sealed while keeping the
small size of the radial space of the seal portion.

[0182] Furthermore, in the present embodiment, there is
provided the seal member 78. The seal member 78 has the
hardness that is lower than the hardness of the relief tubular
member 71 and the hardness of the housing 10. Furthermore,
the seal member 78 is placed between the end part of the
relief tubular member 71, which is placed on the side where
the discharge passage 205 is placed, and the inner wall of the
housing 10. The seal member 78 is configured to maintain
the fluid tightness between the relief tubular member 71 and
the housing 10.
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[0183] The housing 10 needs to have the high hardness to
withstand the high fuel pressure, and the relief tubular
member 71 needs to have the high hardness to ensure a
required seat performance of the relief valve 73. In order to
ensure the required sealing performance between the mem-
bers having the high hardness, a high contact surface pres-
sure, i.e., a high axial load is required. In the present
embodiment, the seal member 78, which has the hardness
that is lower than the hardness of the relief tubular member
71 and the hardness of the housing 10, is placed between the
end part of the relief tubular member 71, which is located on
the side where the discharge passage 205 is placed, and the
inner wall of the housing 10. In this way, the required sealing
performance can be ensured with a relatively small axial
force. Therefore, the strength of threaded part 77 can be
ensured at the relatively small space. In this way, the size of
the relief valve device 70 can be reduced while ensuring the
required sealing performance between the end part of the
relief tubular member 71, which is located on the side where
the discharge passage 205 is placed, and the inner wall of the
housing 10.

Second Embodiment

[0184] FIGS. 5to 8 show a high-pressure pump according
to a second embodiment. The second embodiment differs
from the first embodiment with respect to the configuration
of the relief valve device 70 and the arrangement of the
damper chamber 208.

[0185] In the second embodiment, the relief passage 206
extends from the discharge passage 205 toward the pressur-
izing chamber 203 and then extends toward the counter-
pressurization direction in parallel with the axis Ax1 of the
plunger hole 202. Thereafter, the relief passage 206 is
connected to the fuel reservoir 207. Specifically, one end
part of the relief passage 206 is connected to the discharge
passage 205, and the other end part of the relief passage 206
extends in the counter-pressurization direction.

[0186] The relief valve device 70 includes the relief tubu-
lar member 71, the relief valve 73, the holder 74 and the
spring 76.

[0187] The relief tubular member 71 includes the first
tubular member 711 and the second tubular member 712.
[0188] The first tubular member 711 is shaped into a
substantially cylindrical tubular form. The first tubular
member 711 is placed in the relief passage 206 such that an
outer peripheral wall of the first tubular member 711 is fitted
to an inner peripheral wall of the relief passage 206 of the
housing main body 11. The first tubular member 711 is
placed such that an axis of the first tubular member 711 is
parallel with the axis Ax1 of the plunger hole 202. The inlet
hole 701 is formed at the inside of the first tubular member
711. The relief valve seat 72 is formed around the inlet hole
701 at the end surface of the first tubular member 711
located on the fuel reservoir 207 side.

[0189] The second tubular member 712 is shaped into a
bottomed cylindrical tubular form. The second tubular mem-
ber 712 is placed in the relief passage 206 such that the outer
peripheral wall of the second tubular member 712 is fitted to
the inner peripheral wall of the relief passage 206 of the
housing main body 11 in a state where the bottom of the
second tubular member 712 faces the fuel reservoir 207. The
second tubular member 712 is located on the fuel reservoir
207 side of the first tubular member 711. An outlet hole 702
is formed at the bottom of the second tubular member 712.
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[0190] The relief valve 73 is shaped in a spherical form
and is configured to contact the relief valve seat 72.
[0191] The holder 74 is placed on the second tubular
member 712 side of the relief valve 73. The holder 74 holds
the relief valve 73.

[0192] The spring 76 is placed between the holder 74 and
the bottom of the second tubular member 712. The spring 76
urges the holder 74 and the relief valve 73 toward the relief
valve seat 72. Thereby, the relief valve 73 is urged against
the relief valve seat 72.

[0193] When a pressure of the fuel in the space located on
the discharge passage 205 side of the relief valve seat 72
becomes larger than a sum (a valve opening pressure of the
relief valve device 70) of the pressure of the fuel in the space
located on the opposite side of the relief valve seat 72, which
is opposite to the discharge passage 205, and the urging
force of the spring 76, the relief valve 73 is moved away
from the relief valve seat 72 and is thereby opened. In this
way, the fuel on the discharge passage 205 side of the relief
valve seat 72 flows to the opposite side of the relief valve
seat 72, which is opposite to the discharge passage 205. The
valve opening pressure of the relief valve device 70 can be
set by adjusting the urging force of the spring 76 and the
amount of press fitting of the second tubular member 712
into the relief passage 206.

[0194] In the second embodiment, the damper chamber
forming portion 15 is placed on the side of the pressurizing
chamber 203 of the housing main body 11, which is opposite
to the plunger 50. The damper chamber forming portion 15
is shaped in a bottomed cylindrical tubular form and is made
of, for example, metal. The damper chamber forming por-
tion 15 is placed to cover the end surface of the housing main
body 11, which is located on the upper recess 101 side.
Therefore, the damper chamber forming portion 15 forms
the damper chamber 208, which is shaped in a substantially
circular disk form, at a location between an inner wall of the
damper chamber forming portion 15 and the end surface of
the housing main body 11. The pulsation damper 16 is
placed at the damper chamber 208. Here, the damper cham-
ber forming portion 15 and the pulsation damper 16 are
coaxial with the plunger hole 202.

[0195] The damper chamber 208 is communicated with
the inflow-side upper passages 211 and the suction passage
204 (see FIG. 7). Specifically, in the second embodiment, the
damper chamber 208 is formed between the fuel reservoir
207 and the pressurizing chamber 203.

[0196] The suction valve device 30 includes the suction
valve seat element 31, the suction valve 33, the spring 34
and the stopper 35.

[0197] The suction valve seat element 31 is shaped in a
substantially annular form. The suction valve seat element
31 is placed in the suction passage 204 such that an outer
peripheral wall of the suction valve seat element 31 is fitted
to the inner peripheral wall of the suction passage 204 of the
housing main body 11. The suction valve seat 32 is formed
around a center hole at an end surface of the suction valve
seat element 31 located on the pressurizing chamber 203
side.

[0198] The suction valve 33 is shaped in a substantially
circular disk form and is configured to contact the suction
valve seat 32 through one end surface of the suction valve
33.

[0199] The stopper 35 is placed in the suction passage 204
such that an outer peripheral wall of the stopper 35 is fitted
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to an inner peripheral wall of the suction passage 204 of the
housing main body 11. The stopper 35 is placed on the side
of the suction valve 33 where the pressurizing chamber 203
is located.

[0200] The other end surface of the suction valve 33 is
configured to contact the stopper 35. When the suction valve
33 contacts the stopper 35, the stopper 35 limits movement
of'the suction valve 33 toward the pressurizing chamber 203.
[0201] The spring 34 is placed between the suction valve
33 and the stopper 35. The spring 34 urges the suction valve
33 toward the suction valve seat 32. Therefore, the suction
valve 33 is urged against the suction valve seat 32.

[0202] When a pressure of the fuel in the space located on
the side of the suction valve seat 32, which is opposite to the
pressurizing chamber 203, becomes larger than a sum (a
valve opening pressure of the suction valve device 30) of the
pressure of the fuel in the space located on the pressurizing
chamber 203 side of the suction valve seat 32 and the urging
force of the spring 34, the suction valve 33 is moved away
from the suction valve seat 32 and is thereby opened. Thus,
the fuel, which is located on the side of the suction valve seat
32 that is opposite to the pressurizing chamber 203, flows
toward the side of the suction valve seat 32 where the
pressurizing chamber 203 is located. The valve opening
pressure of the suction valve device 30 can be set by
adjusting the urging force of the spring 34.

[0203] In the second embodiment, the electromagnetic
drive device 60 discussed in the first embodiment is not
provided.

[0204] The discharge valve device 40 includes a discharge
valve seat element 41, the discharge valve 43, the spring 44
and a spring holder 46.

[0205] The discharge valve seat element 41 is shaped in a
substantially cylindrical tubular form. The discharge valve
seat element 41 is placed in the discharge passage 205 and
the discharge passage 130 such that an outer peripheral wall
of the discharge valve seat element 41 is fitted to the inner
peripheral wall of the discharge passage 205 of the housing
main body 11. A discharge valve seat 42 is formed around a
center hole at an end surface of the discharge valve seat
element 41 located on the side that is opposite to the
pressurizing chamber 203.

[0206] The discharge valve 43 is shaped in a substantially
circular disk form. The discharge valve 43 is configured to
reciprocate on the side of the discharge valve seat 42 that is
opposite to the pressurizing chamber 203. One end surface
of the discharge valve 43 is configured to contact the
discharge valve seat 42.

[0207] The spring holder 46 is shaped in a bottomed
cylindrical tubular form and is made of, for example, metal.
An inner peripheral wall of an opening end of the spring
holder 46 is fitted to an outer peripheral wall of the discharge
valve seat element 41.

[0208] The spring 44 is placed between the discharge
valve 43 and a bottom of the spring holder 46. The spring 44
urges the discharge valve 43 toward the discharge valve seat
42. Thereby, the discharge valve 43 is urged against the
discharge valve seat 42.

[0209] The spring holder 46 includes a plurality of holes
that connect between an inner wall and an outer wall of the
spring holder 46. Therefore, the fuel at an inside of the
spring holder 46 flows to an outside of the spring holder 46
through the holes of the spring holder 46.
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[0210] Inthe second embodiment, an outer diameter of the
plunger 50 is constant from one end part to the other end part
of the plunger 50. That is, the large diameter portion 51 and
the small diameter portion 52 discussed in the first embodi-
ment are not formed at the plunger 50.

[0211] Furthermore, in the second embodiment, the hous-
ing 10 includes a cylinder 17. The cylinder 17 is shaped in
a substantially cylindrical tubular form and is arranged such
that an outer peripheral wall of the cylinder 17 is fitted to an
inner peripheral wall of the plunger hole 202 of the housing
main body 11. An inner diameter of the cylinder 17 is set to
be substantially the same as or slightly larger than an outer
diameter of the plunger 50. An outer peripheral wall of the
plunger 50 is configured to slide along an inner peripheral
wall of the cylinder 17 and is supported by the cylinder 17
in a manner that enables the reciprocation of the plunger 50
in the axial direction.

[0212] Furthermore, in the second embodiment, the relief
valve device 70 is arranged such that the relief valve device
70 partially overlaps with the plunger 50 in the axial
direction of the plunger 50 (see FIG. 5).

[0213] Furthermore, in the second embodiment, the vari-
able volume chamber 209, which is discussed in the first
embodiment, is not formed at the housing 10. However, an
annular space 210 is formed between: the outer peripheral
wall of the plunger 50; and the cylinder 17 and the seal 55
(see FIGS. 6 and 7). The space 210 is communicated with
the fuel reservoir 207 through a gap between the outer
peripheral wall of the cylinder 17 and the inner peripheral
wall of the seat upper 14.

[0214] Other than the above described points, the structure
of the second embodiment is similar to that of the first
embodiment.

[0215] As described above, in the present embodiment, the
damper chamber 208 and the pulsation damper 16 are
additionally provided. The damper chamber 208 is formed
between the fuel reservoir 207 and the pressurizing chamber
203. The pulsation damper 16 is placed at the damper
chamber 208 and is configured to damp the pressure pulsa-
tion of the fuel. In this way, it is possible to limit the
transmission of the pressure pulsation to the pipe 3 and the
vibration of the high-pressure pump 1. Furthermore, the
fuel, which passes through the relief valve device 70 and is
thereby heated to the high temperature, can flow into the
damper chamber 208 through the fuel reservoir 207, so that
an increase in the temperature of the damper chamber 208
can be limited. Thereby, it is possible to limit a change in the
characteristic of the pulsation damper 16 that would be
caused by the increase in the temperature of the damper
chamber 208.

Other Embodiments

[0216] In another embodiment of the present disclosure,
the fuel, which flows from the discharge passage 205 and
passes through the relief valve device 70, may flow into the
pressurizing chamber 203 without passing through the fuel
reservoir 207.

[0217] Furthermore, in another embodiment of the present
disclosure, the fuel, which enters the inflow port 201, may
flow to the suction valve device 30 without passing through
the fuel reservoir 207.
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[0218] Furthermore, in another embodiment of the present
disclosure, the fuel reservoir 207 may be formed by the
housing main body 11 and a member that is different form
the seat upper 14.

[0219] Furthermore, in another embodiment of the present
disclosure, the fuel reservoir 207 may be eliminated from the
housing 10.

[0220] Furthermore, in another embodiment of the present
disclosure, the damper chamber 208 may be eliminated from
the housing 10. Furthermore, the pulsation damper 16 may
be eliminated.

[0221] Also, in another embodiment of the present disclo-
sure, the seal member 78 may be eliminated.

[0222] In another embodiment of the present disclosure,
the high-pressure pump may be implemented as a fuel pump
that discharges the fuel to another device that is other than
the engine of the vehicle.

[0223] As described above, the present disclosure should
not be limited to the above embodiments and may be
implemented in various other forms within a principle of the
present disclosure.

[0224] The present disclosure has been described with
reference to the embodiments. However, the present disclo-
sure should not be limited to the embodiments and the
structures described therein. The present disclosure covers
various modifications and variations on the scope of equiva-
lents. Also, various combinations and forms as well as other
combinations, each of which includes only one element or
more or less of the various combinations, are also within the
scope and spirit of the present disclosure.

What is claimed is:

1. A high-pressure pump that is configured to pressurize

fuel, comprising:

a housing that includes:
an inflow port that is configured to be supplied with the

fuel;

a plunger hole;

a pressurizing chamber that is formed at one end part of
the plunger hole and is configured to pressurize the
fuel in the pressurizing chamber;

a suction passage that is connected to the pressurizing
chamber, wherein the suction passage is configured
to be communicated with the inflow port and is
configured to conduct the fuel to be suctioned into
the pressurizing chamber;

a discharge passage that is configured to conduct the
fuel, which is pressurized in and discharged from the
pressurizing chamber; and

a relief passage that has one end part connected to the
discharge passage while another end part of the relief
passage is configured to be communicated with the
suction passage;

a suction valve device that is placed in the suction
passage, wherein the suction valve device is configured
to enable or limit a flow of the fuel between one side of
the suction passage, at which the pressurizing chamber
is located, and another side of the suction passage,
which is opposite to the pressurizing chamber, at a
valve opening time or a valve closing time of the
suction valve device;

a discharge valve device that is placed in the discharge
passage, wherein the discharge valve device is config-
ured to enable or limit a flow of the fuel between one
side of the discharge passage, at which the pressurizing
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chamber is located, and another side of the discharge

passage, which is opposite to the pressurizing chamber,

at a valve opening time or a valve closing time of the
discharge valve device;

a plunger that is placed at an inside of the plunger hole
such that one end part of the plunger is placed at the
pressurizing chamber, wherein the plunger is config-
ured to reciprocate in an axial direction to increase or
decrease a volume of the pressurizing chamber; and

a relief valve device that is placed in the relief passage and
is configured to enable or limit a flow of the fuel
between one side of the relief passage, at which the
discharge passage is located, and another side of the
relief passage, which is opposite to the discharge pas-
sage, at a valve opening time or a valve closing time of
the relief valve device, wherein:

one end part of the relief passage is connected to the
discharge passage, and another end part of the relief
passage is displaced away from the one end part of the
relief passage in a counter-pressurization direction that
is a moving direction of the plunger at a time of
increasing the volume of the pressurizing chamber, and
the relief passage extends from the one end part to the
another end part of the relief passage.

2. The high-pressure pump according to claim 1, wherein:

the housing includes a fuel reservoir that is placed at a
side of the plunger, which is opposite to the pressuriz-
ing chamber, while the fuel reservoir is located on a
radially outer side of the plunger and is configured to
accumulate the fuel; and

the relief passage is connected to the suction passage
through the fuel reservoir.

3. The high-pressure pump according to claim 2, wherein
the fuel, which flows from the discharge passage and passes
through the relief valve device, is enabled to flow into the
pressurizing chamber through the fuel reservoir and the
inflow port.

4. The high-pressure pump according to claim 2, wherein
the fuel, which enters the inflow port, is enabled to flow to
the suction valve device through the fuel reservoir.

5. The high-pressure pump according to claim 2, wherein:

the housing includes a housing main body, at which the
plunger hole is formed; and

the high-pressure pump further comprises:

a plunger urging member that has one end part con-
nected to the plunger and is configured to urge the
plunger in the counter-pressurization direction; and

a seat upper that is placed on a radially outer side of the
plunger and forms the fuel reservoir between the seat
upper and the housing main body, wherein another
end part of the plunger urging member is engaged to
the seat upper.

6. The high-pressure pump according to claim 2, further
comprising:

a damper chamber that is formed between the fuel reser-

voir and the pressurizing chamber; and

a pulsation damper that is placed at the damper chamber
and is configured to damp a pressure pulsation of the
fuel.

7. The high-pressure pump according to claim 2, further

comprising:

a damper chamber that is branched from a passage, which
connects between the fuel reservoir and the suction
passage; and
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a pulsation damper that is placed at the damper chamber
and is configured to damp a pressure pulsation of the
fuel.

8. The high-pressure pump according to claim 1, wherein:

the housing is configured to be installed to an internal
combustion engine such that a side of the plunger hole,
which is opposite to the pressurizing chamber, faces the
internal combustion engine; and

the relief valve device is placed on a side of the discharge
valve device, at which the internal combustion engine
is located, in a state where the housing is installed to the
internal combustion engine.

9. The high-pressure pump according to claim 1, wherein
the relief valve device partially or entirely overlaps with the
plunger in an axial direction of the plunger.

10. The high-pressure pump according to claim 1,
wherein the relief valve device is placed at a location that is
other than the inflow port, the plunger hole, the pressurizing
chamber, the suction passage and the discharge passage in
the housing.

11. The high-pressure pump according to claim 1, wherein
the relief valve device includes:

a relief tubular member, at which a relief valve seat is

formed;

a relief valve that is received in the relief tubular member
and is configured to contact the relief valve seat; and

a relief urging member that is received in the relief tubular
member and urges the relief valve toward the relief
valve seat.
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12. The high-pressure pump according to claim 11,
wherein the relief tubular member has a threaded part that is
configured to be threadably coupled with the housing.
13. The high-pressure pump according to claim 12,
wherein:
the relief tubular member includes a first tubular member,
at which the relief valve seat is formed, and a second
tubular member, which is formed separately from the
first tubular member and has the threaded part; and

the first tubular member and the second tubular member
are fixed together such that the first tubular member and
the second tubular member are coaxial with each other
and are immovable relative to each other.

14. The high-pressure pump according to claim 11,
wherein fluid tightness is maintained at a connection
between an end part of the relief tubular member, which is
placed on a side where the discharge passage is located, and
an inner wall of the housing.

15. The high-pressure pump according to claim 11, further
comprising a seal member that has a hardness lower than a
hardness of the relief tubular member and a hardness of the
housing, wherein:

the seal member is placed between an end part of the relief

tubular member, which is placed on a side where the
discharge passage is located, and an inner wall of the
housing; and

the seal member is configured to maintain fluid tightness

between the relief tubular member and the housing.
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