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(54) FUEL INJECTION PUMP FOR INTERNAL COMBUSTION ENGINE

(57)  Inafuel injection pump (1) which is constituted
so as to control incoming and outgoing of fuel to a suction-
and-overflow hole (8) in which an early stage control
groove (10) is formed with an upper-side control edge
portion (11) and a lower-side control edge portion (12)
of a pump plunger (4) reciprocating in the inside of a
pump plunger bushing (3), a suction-and-overflow hole
(8) includes a small-diameter hole (81) having an opening
surface (14) to observe the inside of the pump plunger
bushing (3) and a large-diameter hole (82) which is com-
municated with another end (81B) of the small-diameter
hole (81), and a bottom portion (10A) of the early stage
control groove (10) extends in an upwardly inclined man-
ner in the direction away from the opening surface (14),
and an inner surface of a communicating end portion of
the large-diameter hole (82) with the small-diameter hole
(81) is formed into a spherical surface portion (82C). The
high-pressure fuel which is fed to the inside of the large-
diameter hole (82) can ensure a large distance between
the fed high-pressure fuel and a wall surface of the large-
diameter hole (82) due to a spherical surface portion
(82C) of the large-diameter hole (82) thus reducing a
cavitation erosion effect.
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Description
Technical field

[0001] The presentinvention relates to a fuel injection
pump for an internal combustion engine which can re-
duce the generation of cavitation erosion.

Background Art

[0002] Theinside of a pump chamber of a fuel injection
pump for an internal combustion engine assumes an ex-
tremely high pressure. As a result, in performing a dis-
charge control of fuel, the pressure vibration having a
high pressure peak is generated in a suction-and-over-
flow hole and an intake chamber and hence, air bubbles
or hollow cavities are formed in the inside of the fuel and
hollow cavities which are already formed with this high
pressure peak rupture. When the rupture of the hollow
cavities occurs in the vicinity of a wall portion of the suc-
tion-and-overflow hole, the cavitation erosion is generat-
ed and a material which forms the pump is worn and
when such a phenomenon takes place for a long period,
functions of the pump are damaged.

[0003] To overcome this drawback, J-UT-B-7-54618
discloses a pump of a type having the constitution in
which an early stage control groove is formed in a wall
portion of a suction-and-overflow hole on a lower side
opposite to an upper control edge portion, a control edge
portion on a lower side of a pump plunger firstly skids on
the early stage control groove and, thereafter, the control
edge portion on the lower side of a pump plunger skids
on a main transverse cross section of the suction-and-
overflow hole, wherein a bottom portion of the early stage
control groove extends upwardly in an inclined manner
in the direction away from a skid surface of the pump
plunger.

[0004] According to this proposed constitution, a fuel
injection flow which is generated in an early stage flows
into the inside of the suction-and-overflow hole along the
inclination of the bottom portion. As a result, a hollow
cavity which is formed in the inside of the suction-and-
overflow hole can be discharged toward the suction-and-
overflow hole whereby it is possible to obtain an advan-
tageous effect that the generation of the cavitation ero-
sion which performs undesired actions in the inside of
the suction-and-overflow hole can be avoided in these
holes or at least reduced.

[0005] However, recently, the use of low-viscosity fuel
is increased and, conditions imposed on the use of fuel
forcogeneration is becoming strictand hence, depending
on the above-mentioned prior art, there may arise a draw-
back that the cavitation erosion is generated and such
drawback occurs due to the use of the fuel injection pump
for approximately 3000 to 5000 hours depending on cas-
es.

[0006] Itis an object of the present invention to provide
a fuel injection pump for an internal combustion engine
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which can overcome the above-mentioned problems of
the related art.

[0007] Itis an object of the present invention to provide
a fuel injection pump for an internal combustion engine
which can further reduce the generation of the cavitation
erosion by optimizing a shape of a suction-and-overflow
hole formed in a plunger barrel of a fuel injection pump.

DISCLOSURE OF THE INVENTION

[0008] According to the present invention, it is pro-
posed a fuel injection pump for an internal combustion
engine in which incoming and outgoing of fuel to at least
one suction-and-overflow hole which is formed in a pump
plunger bushing are controlled with an upper-side control
edge portion and a lower-side control edge portion of a
pump plunger reciprocating in the inside of the pump
plunger bushing, and an early stage control groove is
formed in a wall portion of the suction-and-overflow hole,
wherein the suction-and-overflow hole includes a small-
diameter hole having an opening which faces the inside
of the pump plunger bushing at one end thereof and a
large-diameter hole which is communicated with another
end of the small-diameter hole, the suction-and-overflow
hole is formed in a state that the early stage control
groove extends toward the large-diameter hole from the
opening of the small-diameter hole, and a bottom portion
of the early stage control groove extends in an upwardly
inclined manner in the direction away from the opening,
and an inner surface of a communicating end portion of
the large-diameter hole with the small-diameter hole is
formed into a spherical surface. Here, an axis of the large-
diameter hole may be displaced from an axis of the small-
diameter hole in the direction opposite to the early stage
control groove.

[0009] According to the present invention, high-pres-
sure fuel which flows in the inside of the suction-and-
overflow hole along the early stage control groove flows
into the inside of the small-diameter hole along the incli-
nation of the bottom portion of the early stage control
groove and, when the high-pressure fuel is fed to the
inside of the large-diameter hole, it is possible to ensure
a large distance between the fed high-pressure fuel and
a wall surface of the large-diameter hole due to an arcu-
ate bottom surface shape of the large-diameter hole and
hence, it is possible to remarkably reduce a cavitation
erosion effect attributed to the rupture of a hollow cavity
inside the high-pressure fuel whereby the lowering of a
lifetime of the fuel injection pump can be effectively sup-
pressed.

BRIEF DESCRIPTION OF DRAWINGS
[0010]
Fig. 1 is a cross-sectional view showing one embod-

iment of the present invention.
Fig. 2 is a cross-sectional view taken along a line A-
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Ain Fig. 1.

Fig. 3 is a view as viewed from the direction of an
arrow B in Fig. 2.

Fig. 4 is a cross-sectional view taken along a line C-
Cin Fig. 3.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] Todescribe the presentinventionin more detail,
the present invention is explained in conjunction with at-
tached drawings.

[0012] Fig. 1 is a cross-sectional view showing one
embodiment of a fuel injection pump according to the
present invention. The fuel injection pump 1 serves to
inject and supply pressurized high-pressure fuel into an
internal combustion engine, wherein a pump plunger
bushing 3 is fitted into the inside of the casing 2, a plunger
chamber 5 is defined by the pump plunger bushing 3 and
the pump plunger 4. Numeral 6 indicates a pressure valve
and numeral 7 indicates a pressure valve casing, wherein
the pressure valve casing 7 is fastened to the casing 2
by bolts. Suction-and-overflow holes 8 for fuel are formed
inthe pump plunger bushing 3, and suction-and-overflow
chambers 9 are formed in the casing 2 in a state that the
suction-and-overflow chambers 9 face the suction-and-
overflow holes 8 in an opposed manner. Further, an early
stage control groove 10 is formed in the suction-and-
overflow hole 8.

[0013] An upper-side control edge portion 11 and a
lower-side control edge portion 12 are formed in the pump
plunger 4, wherein due to the movement of the pump
plunger 4 in the axial direction, these upper-side control
edge portion 11 and lower-side control edge portion 12
skid on the early-stage control groove 10. In this case,
the lower-side control edge portion 12 which defines the
completion of supply firstly skids on the early stage con-
trol groove 10 which extends in an inclined manner at
the time of completion of supply and, thereafter, the whole
opening surface 14 of the suction-and-outflow hole 8 is
opened. As a result, due to the fuel injection flow which
flows in an inclined manner in the early stage, the pres-
sure in the inside of the suction-and-overflow chamber 9
is increased relatively gently. Here, in this embodiment,
two sets of suction-and-overflow holes 8 and suction-
and-overflow chambers 9 are provided, wherein suction-
and-overflow operations of the fuel are performed alter-
nately with the phase difference of 180°.

[0014] Next, the suction-and-overflow hole 8 is ex-
plained in conjunction with Fig. 2 to Fig. 4. Here, Fig. 2
is a cross-sectional view taken along a line A-Ain Fig. 1,
Fig. 3 is a view as viewed from the direction of an arrow
B in Fig. 2, and Fig. 4 is a cross-sectional view taken
along a line C-C in Fig. 3. The suction-and-overflow hole
8 includes a cylindrical small-diameter hole 81 having an
opening surface 14 which has one end 81A thereof
opened on a pump plunger 4 side, and a large-diameter
hole 82 which has one end 82A thereof opened on a
suction-and-overflow chamber 9 side and has a diameter
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larger than a diameter of the small-diameter hole 81,
wherein an inner surface of another end portion of the
large-diameter hole 82 is formed into a spherical surface
portion 82C which is formed into a spherical shape. Fur-
ther, another end 81B of the small-diameter hole 81 is
communicated with the large-diameter hole 82 in a state
that another end 81B faces the inside of the large-diam-
eter hole 82 from a portion of the spherical surface portion
82C which is formed as a bottom surface in another end
portion of the large-diameter hole 82.

[0015] In this embodiment, as can be easily under-
stood from Fig .3 and Fig. 4, an axis 81x of the small-
diameter hole 81 and an axis 82x of the large-diameter
hole 82 are displaced from each other by a predetermined
value k. This displacement direction is the direction in
which the axis 82x is arranged opposite to the early stage
control groove 10 with respect to the axis 81x. The early
stage control groove 10 is formed as a trough-like groove
having an arcuate cross-sectional bottom surface 10A in
a portion of the small-diameter hole 81 and, at the same
time, the bottom surface 10A of the early stage control
groove 10 is inclined to make an angle 6 with respect to
the axis 81x (see Fig. 4).

[0016] Next, the manner of operations of suction, pres-
surizing and injection of the fuel in the fuel injection pump
1 is explained.

[0017] The suction of the fuel is performed in a state
that the pump plunger 4 is lowered and the upper-side
control edge portion 11 allows the opening surface 14 of
the small-diameter hole 81 to open to the plunger cham-
ber 5. When the pump plunger 4 is lifted so that the upper-
side control edge portion 11 interrupts the opening sur-
face 14 from the plunger chamber 5, the pressurizing of
the fuel in the inside of the plunger chamber 5 starts, and
when the lower-side control edge 12 starts opening of
the early stage control groove 10, the high-pressure fuel
which is obtained by pressurizing the fuel in the inside of
the plunger chamber 5 flows into the inside of the suction-
and-overflow hole 8 as the fuel injection flow along the
early stage control groove 10.

[0018] This fuel injection flow flows along the bottom
surface 10A of the early stage control groove 10 and
hence, the flow direction assumes a direction indicated
by an arrow R which is parallel to the bottom surface 10A
(see Fig. 4). As aresult, the fuel injection flow which flows
in from the small-diameter hole 81 is fed out to the inside
of the large-diameter hole 82 vigorously. As mentioned
previously, the axes 81x, 82x are displaced from each
other by the predetermined value k and, atthe same time,
spherical surface portion 82C is formed on the bottom
surface of another end portion of the large-diameter hole
82 and hence, a large spaces are ensured in front of the
fuel injection flow which is fed out into the inside of the
large-diameter hole 82.

[0019] Accordingly, by allowing the fuel injection flow
to flow into the inside of the suction-and-overflow hole 8,
the hollow cavities which are generated in the inside of
the high-pressure fuel enter the suction-and-overflow
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chamber 9 through this ensured large space. As a result,
the provability that the hollow cavities which are gener-
ated in the high-pressure fuel in the inside of the suction-
and-overflow hole 8 rupture in the vicinity of the inner
wall surface of the large-diameter hole 82 can be remark-
ably lowered thus effectively suppressing the generation
of the cavitation erosion. Here, when it is possible to en-
sure a wide space which can reduce the influence of the
cavitation erosion in front of the fuel injection flow fed out
to the inside of the large-diameter hole 82 due to the
spherical surface portion 82C, it is not always necessary
to displace the axis 81x and the axis 82x and the prede-
termined value k may be set to 0.

INDUSTRIAL APPLICABILITY

[0020] As has been described heretofore, the fuel in-
jection pump according to the present invention can ef-
fectively prevent the generation of the cavitation erosion
in the suction-and-overflow hole and hence, the present
invention is useful in improving the fuel injection pump
for the internal combustion engine.

Claims

1. Afuel injection pump for an internal combustion en-
gine in which incoming and outgoing of fuel to at least
one suction-and-overflow hole which is formed in a
pump plunger bushing are controlled with an upper-
side control edge portion and a lower-side control
edge portion of a pump plunger reciprocating in the
inside of the pump plunger bushing, wherein
an early stage control groove is formed in a wall por-
tion of the suction-and-overflow hole, the suction-
and-overflow hole includes a small-diameter hole
having an opening which faces the inside of the pump
plunger bushing at one end thereof and a large-di-
ameter hole which is communicated with another
end of the small-diameter hole, the suction-and-
overflow hole is formed in a state that the early stage
control groove extends toward the large-diameter
hole from the opening of the small-diameter hole,
and a bottom portion of the early stage control groove
extends in an upwardly inclined manner in the direc-
tion away from the opening, and an inner surface of
a communicating end portion of the large-diameter
hole with the small-diameter hole is formed into a
spherical surface.

2. A fuel injection pump for an internal combustion en-
gine according to claim 1, wherein an axis of the
large-diameter hole is displaced from an axis of the
small-diameter hole in the direction opposite to the
early stage control groove by a predetermined value.

3. Afuelinjection pump for an internal combustion en-
gine according to claim 1, wherein an axis of the
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large-diameter hole is displaced in a state that the
axis of the large-diameter hole is shifted in parallel
in the direction opposite to the early stage control
grove with respect to an axis of the small-diameter
hole.

A fuel injection pump for an internal combustion en-
gine according to claim 1, wherein the early stage
control groove is a trough-shaped groove having an
arcuate bottom surface shape in cross-section.

A fuel injection pump for an internal combustion en-
gine according to claim 1, wherein the bottom sur-
face of the early stage control groove makes a pre-
determined angle with respect to the axis of the
small-diameter hole.
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