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(54) HIGH FLOW RATE FUEL VALVE AND FUEL SUPPLY PUMP WITH THE VALVE

(57) A high flow rate fuel valve suitable for an accu-
mulator fuel injection device by which a large amount of
fuel is amplified using a piston and used and a fuel sup-
ply pump using the high flow rate fuel valve are provided.

For this purpose, in a fuel supply pump with a fuel
inlet valve and fuel outlet valve, the fuel inlet valve has
a valve main body, a valve body received in the valve
main body, an inlet chamber provided inside the valve
main body, inlet holes, a seat portion where the valve
body and part of valve main body are in contact with
each other. The inlet holes are arranged in a non-radial
pattern relative to the inlet chamber.
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Description

Technical Field

[0001] The present invention relates to a high flow
rate fuel valve and a fuel supply pump with the valve.
Particularly, the present invention relates to a high flow
rate fuel valve suitable for a fuel supply pump used in
an accumulator fuel injection device (APCRS: Amplified
Piston Common Rail System) that amplifies the pres-
sure of a large flow rate of fuel through the use of a pres-
sure piston, and a fuel supply pump with the valve.

Backgrounds

[0002] Conventionally, various accumulator fuel injec-
tion devices (CRSs: Common Rail Systems) using pres-
sure accumulators (common rails) have been proposed
in order to inject high-pressure fuels efficiently in diesel
engines and so on.
[0003] For instance, as shown in Fig. 20, for switching
the pressures of a pressure accumulator depending on
the driving conditions of an engine, JP 06-93936 A has
proposed an accumulator fuel injection device having a
first pressure accumulator 236 responsible for a main
injection and a second pressure accumulator 278 re-
sponsible for a pilot injection. These pressure accumu-
lators 236, 278 are switched by a switching device 286
to carry out a fuel injection.
[0004] For obtaining the injection pressure, which is
perfect for engine performance, JP 2885076 B has pro-
posed an accumulator fuel injection device having a
pressure-amplifying piston for amplifying the pressure
of a fuel and a cylinder chamber, located between a
pressure accumulator and a fuel injection valve. More
specifically, as shown in Fig. 21, there is disclosed an
accumulator fuel injection device 380 that comprises a
pressure accumulator 395; an oil supply channel 360 for
a fuel; an oil control channel 361; a switching valve 362
for fuel injection control; a pressure amplifying piston
378 for elevating the fuel pressure to 70 to 120 MPa (ap-
proximately 700 to 1,200 kgf/cm2); a cylinder chamber
383 for housing the pressure amplifying piston 378; a
hydraulic circuit 363; a piston-work switching valve
(three-way solid valve for amplifier) 364; and a controller
(not shown).
[0005] On the other hand, in JP 06-101597 A, as
shown in Fig. 22, there is proposed a fuel injection valve
having a fuel spiral member and the angle formed be-
tween a fuel spiral flow channel and a circular flow chan-
nel is restricted. More specifically, the fuel provided with
a revolving force by the fuel spiral member on the up-
stream side of a valve sheet flows between the tip por-
tion of a valve body and the valve sheet toward a fuel
injection hole and the spiral movement of the fuel flow
forms a hollow portion in a flow channel between the tip
of the valve body and the fuel injection hole.
[0006] Similarly, in JP 10-47208 A, as shown in Fig.

23, there is proposed a fuel injection valve that performs
fuel injection by setting revolving energy to the flow of
fuel. More specifically, there is disclosed a fuel injection
valve where the numbers of periphery portions, flow
channel portions, and revolving grooves are defined as
4 to 8, respectively. Each of the revolving grooves is ec-
centric with a predetermined distance from a valve axis.
In addition, the side of the revolving groove far from the
valve axis is tangentially connected to the periphery of
a circular groove. The side surfaces of the respective
grooves facing to the revolving groove are arranged in
parallel with each other.
[0007] However, the accumulator fuel injection device
disclosed in JP 06-93936 A needs to be provided with
two kinds of the pressure accumulator, their switching
device, and so on. Therefore, there is a problem in that
the accumulator fuel injection device is complicated and
grown in size. In the accumulator fuel injection device,
furthermore, there is an another problem in that a large
amount of fuel cannot be pressurized sufficiently be-
cause the fuel is difficult to flow quickly to the fuel injec-
tion valve when the cam and plunger of the fuel supply
pump are driven at high speed. As the flow rate of fuel
is restricted, a large amount of fuel cannot be pressu-
rized sufficiently.
[0008] For the accumulator fuel injection device dis-
closed in JP 2885076B, a pressure amplifying piston is
placed between the pressure accumulator and the fuel
injection valve to intend to provide a multi-stage pres-
sure injection. In thiscase,there is also proposed a pres-
sure pump for supplying the high-pressure fuel to the
pressure accumulator. However, such a pressure pump
is one of the conventional pressure pumps used for the
conventional accumulator fuel injection devices. Any fu-
el injection valve adapted for the pressure pump, which
intends to supply a large amount of high-pressure fuel,
is not designed.
[0009] Furthermore, the fuel injection valves dis-
closed in JP 06-101597 A and JP 10-47208 A are diffi-
cult to be used as high flow fuel valves because their
structures differ fundamentally from the high flow fuel
valves in that the proportion of the length of an injection
hole to the diameter of the injection hole is restricted
within a predetermined range, a revolving body is in-
stalled, and so on.
[0010] Therefore, as a result of concentrated study,
the present inventors have found out that, by providing
a plurality of inlet holes and arranging the inlet holes in
a non-radical pattern relative to an inlet chamber, fuel
can be allowed to pass through the inlet holes quickly
in a quantitative manner to pressurize a large amount
of fuel sufficiently even in the case of driving a cum and
a plunger at high speed.
[0011] Specifically, for addressing APCRS, an object
of the present invention is to provide a fuel supply pump
and a high flow value suitable for the fuel supply pump,
wherein the fuel supply pump allows fuel to quickly pass
through a pressure chamber of a high pressure pump
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to pressurize the fuel sufficiently when the cam and
plunger in a fuel supply pump are driven at high speed
to discharge a large amount of the fuel.

Disclosure of the Invention

[0012]

[1] According to the present invention, the above
problems can be solved by providing a high flow fuel
valve that comprises a valve main body, a valve
body movably installed in the inside of the valve
main body, an inlet chamber installed in the inside
of the valve main body, inlet holes, and a seat por-
tion where the valve body and part of the valve main
body are in contact with each other, wherein a plu-
rality of inlet holes is formed and the inlet holes are
arranged in a non-radical pattern relative to the inlet
chamber.

That is, as constituted above, the fuel can be
introduced into the inlet chamber through a plurality
of the inlet holes arranged in a non-radical pattern
without substantially altering the direction of fuel
flow. Even though the streams of fuel are introduced
from plural directions, their mutual collisions in the
inlet chamber can be lessened. Therefore, fuel,
even in an extremely large amount, can be passed
quickly and quantitatively through the high flow fuel
valve.
[2] In addition, for constituting the high flow fuel
valve of the present invention, it is preferable that
the horizontal cross sectional shape of the inlet
chamber is substantially a circle and the inlet holes
are arranged in the tangential direction of the inlet
chamber.

As constituted above, the fuel can be intro-
duced as a rotational flow in one direction. In addi-
tion, even though the fuel is introduced from plural
directions, the mutual collisions in the inlet chamber
are lessened and the streams of fuel can be easily
combined together as rotational flow in one direc-
tion, resulting in smooth flow.
[3] In addition, for constituting the high flow fuel
valve of the present invention, it is preferable that
the inlet holes are inclined in the vertical direction
with respect to the inlet chamber.

As constituted above, utilizing the gravity, the
fuel can be introduced as a further controlled rota-
tional flow in one direction. In addition, the mutual
collisions of streams of fuel flow tangentially from
plural directions can be lessened and the streams
of fuel can be easily combined together as rotational
flow in one direction.
[4] In addition, for constituting the high flow fuel
valve of the present invention, the diameter of the
inlet hole is preferably in the range of 2 to 12 mm.

As constituted above, for example, fuel at a flow
rate of approximately 500 to 1,500 liters per hour

can be easily ensured, allowing the fuel supply
pump to process a large amount of fuel under high
pressure. In addition, it is easy to attain ultra-high
pressure conditions of 180 MPa or more even in an
accumulator fuel injection device used together with
a pressure amplifying piston coupled with the fuel
supply pump.
[5] Furthermore, for constituting the high flow fuel
valve of the present invention, the seat diameter of
the valve body is preferably 8 mm or more.

As constituted above, for example, fuel at a flow
rate of approximately 500 to 1, 500 liters per hours
can be easily ensured, allowing the fuel supply
pump to process a large amount of fuel under high
pressure. In addition, it is easy to attain ultra-high
pressure conditions of 180 MPa or more even in an
accumulator fuel injection device used together with
a pressure amplifying piston coupled with the fuel
supply pump.
[6] Furthermore, for constituting the high flow fuel
valve of the present invention, a fuel-passing area
of the inlet hole is larger than a fuel-passing area of
the seat portion.

As constituted above, in the inlet chamber, fuel
can be introduced into an inlet chamber without
substantially changing the direction of fuel flow and
the residence time in the inlet chamber can be
shortened. Therefore, the fuel, even in a large
amount, can be allowed to pass quickly through the
high flow fuel valve in a quantitative manner.
[7] Furthermore, another aspect of the present in-
vention is a fuel supply pump comprising a fuel inlet
valve and a fuel out let valve, wherein the fuel inlet
valve is constructed of: a valve main body, a valve
body movably installed in the inside of the valve
main body, an inlet chamber installed in the inside
of the valve main body, inlet holes, and a seat por-
tion where the valve body and part of the valve main
body are in contact with each other, where a plural-
ity of the inlet holes is formed and arranged in a ra-
dial pattern relative to the inlet chamber.

That is, as constituted above, the fuel, even in
a large amount, can be allowed to pass quickly
through the high flow fuel valve in a quantitative
manner, allowing the fuel supply pump to process
a large amount of fuel under high pressure. In ad-
dition, as constituted above, it is easy to attain ultra-
high pressure conditions of 180 MPa or more even
in an accumulator fuel injection device used togeth-
er with a pressure amplifying piston coupled with
the fuel supply pump.
[8] Furthermore, for constituting the fuel supply
pump of the present invention, the fuel supply pump
is used in an accumulator fuel injection device for
pressurizing fuel at a flow rate of 500 to 1,500 litters
per hour to a value of 50 MPa or more.

Using such an accumulator fuel injection de-
vice, a large amount of fuel can be easily pressu-
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rized. Therefore, the combustion efficiency in the fu-
el injection system can be raised. Also, the gener-
ation of erosion can be easily prevented, while the
durability can be increased.

Brief Description of the Drawings

[0013]

Fig. 1 is a diagram that illustrates a high flow valve
of the present invention, where (a) and (b) are
cross-sectional views thereof, respectively.
Fig. 2 is a cross-sectional view of the high flow fuel
valve of the present invention in an installed state.
Fig. 3 is a cross-sectional view of another high flow
fuel valve.
Fig. 4 is a diagram for illustrating a high flow flue
valve equipped with a second valve spring (coil
spring).
Fig. 5 is a diagram for illustrating a high flow valve
equipped with a second valve spring (flat spring).
Fig. 6 is a diagram for illustrating a high flow valve
using a non-linear spring.
Fig. 7 is a characteristic diagram that illustrates the
relationship between the lift of the high flow fuel
valve and the flow rate per unit time.
Fig. 8 is a diagram that illustrates the conventional
fuel valve, where (a) and (b) are cross-sectional
views thereof, respectively.
Fig. 9 is a diagram that illustrates another conven-
tional fuel valve, where (a) and (b) are cross-sec-
tional views thereof, respectively.
Fig. 10 is a diagram that illustrates the conventional
fuel valve, where (a) and (b) are cross sectional
views for illustrating throttle positions in the fuel
valve, respectively.
Fig. 11 is a diagram that illustrates another conven-
tional fuel valve, where (a) and (b) are cross sec-
tional views for illustrating throttle positions in the
fuel valve, respectively.
Fig. 12 is a diagram that illustrates the fuel valve of
the present invention, where (a) and (b) are cross
sectional views for illustrating throttle positions in
the conventional fuel valve, respectively.
Fig. 13 is a cross sectional view of a fuel supply
pump equipped with a high flow valve as a fuel inlet
valve or a fuel outlet valve.
Fig. 14 is a cross sectional view of an 10 valve con-
structed of a fuel inlet valve and a fuel outlet valve.
Fig. 15 is a diagram for illustrating the system of an
accumulator fuel injection device (APCRS: Ampli-
fied Piston Common Rail System) in the form of a
pressure amplifying piston system.
Fig. 16 is a diagram for illustrating the action of a
proportional control valve (FMU) installed in a fuel
supply pump.
Fig. 17 is a diagram for illustrating the configuration
of an accumulator fuel injection device (APCRS:

Amplified Piston Common Rail System) in the form
of a pressure amplifying piston system.
Fig. 18 is a schematic diagram for illustrating a
method for raising the pressure of fuel in the accu-
mulator fuel injection device (APCRS: Amplified
Piston Common Rail System) in the form of a pres-
sure amplifying piston system.
Fig. 19 is a diagram for illustrating a timing chart of
high-pressure fuel injection.
Fig. 20 is a diagram for illustrating the configuration
of the conventional accumulator fuel injection de-
vice.
Fig. 21 is a diagram for illustrating the configuration
of another conventional accumulator fuel injection
device.
Fig. 22 is a diagram for illustrating the configuration
of the conventional fuel injection system.
Fig. 23 is a diagram for illustrating the configuration
of another conventional fuel injection system.

Best Mode for Carrying Out the Invention

[0014] Hereinafter, the high flow fuel valve and the fu-
el supply pump provided therewith will be described
concretely with proper references to the drawings.

[First Embodiment]

[0015] As illustrated in (a) and (b) of Fig. 1, a first em-
bodiment of the present invention is a high flow fuel
valve 73 that comprises a valve main body 19, a valve
body 20 movably installed in the inside of the valve main
body 19, an inlet chamber 19a formed in the inside of
the valve main body 19, inlet holes 19c, and a seat por-
tion 23 where part of the valve body 20 and part of the
valve main body 19 are contact with each other. The
high flow fuel valve 73 is characterized in that a plurality
of inlet holes 19c is formed and these inlet holes 19c are
arranged in a non-radical pattern relative to the inlet
chamber 19a.
[0016] Hereinafter, the high flow fuel valve 73 will be
described more concretely by way of individually de-
scribing its structural components.

1. Valve Main Body

[0017] A valve main body is not specifically limited to
a certain configuration as far as it retains a valve body
and performs a predetermined movement. Preferably,
however, the valve main body may be in the shape of a
cap opened downwardly as shown in Fig. 1(b).
[0018] In addition, as shown in Fig. 1(b), the external
shape of the valve main body 19 is substantially in the
form of a cylinder, while no protrusion, rib, or the like is
formed thereon so as to be substantially flat. In other
words, conventionally, for centering, a rib portion 33 is
formed on the upper portion of the valve main body 19
as shown in Fig. 8(b) and then the rib portion 33 is used
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for fixing the valve main body in position with respect to
a barrel or the like. Therefore, there are problems in that
the valve main body is hardly produced and the cost
thereof increases. Therefore, as shown in Fig. 2, The
problems in producing the valve main body can be
solved by carrying out the centering by adjusting the in-
ner diameter of a valve retaining portion 71 and the ex-
ternal diameter of a valve 73, while no rib portion or the
like is formed on the valve main body.
[0019] Furthermore, as described latter, a valve body
is installed in the valve main body. Preferably, the valve
body is movable in the inside of the valve main body.
That is, it is preferable to constitute a poppet valve struc-
ture.
[0020] Here, a method for driving the valve body in-
stalled in the valve main body is, but not specifically lim-
ited to, preferably a mechanical driving method using a
valve spring 21 provided above the valve main body 19.
Alternatively, an electro-magnetic driving method may
be preferably applied.

2. Valve Body

[0021] Furthermore, it is preferable that the valve
body has a sheet diameter of 8 mm or more. This is be-
cause such a configuration of the valve body leads to
secure fuel at a flow rate of approximately 500 to 1,500
litters per hour and to supply the fuel to a fuel supply
pump to pressurize a large amount of fuel. In addition,
this is also because an ultra-high pressure injection of
180 MPa or more can be easily attained even if the fuel
supply pump is coupled with an accumulator fuel injec-
tion device used together with a pressure amplifying pis-
ton.
[0022] However, the high flow fuel valve itself grows
in size as the sheet diameter of the valve body increases
too much. Therefore, it may lead to be difficult in instal-
lation of the high flow valve and high-precision move-
ment of the valve body, or decrease in durability or me-
chanical strength of the valve body.
[0023] Therefore, the sheet diameter of the valve
body is preferably in the range of 8 to 15 mm, more pref-
erably in the range of 8 to 12 mm.

3. Inlet Holes

[0024]

(1) Number of Inlet holes
Furthermore, as shown in Fig. 1(a), the first em-

bodiment is characterized in that plural of inlet holes
19c are formed. That is, an extremely large amount
fuel can be introduced into an inlet chamber through
a plurality of the inlet holes. Thus, the number of the
inlet holes may be two or more, preferably in the
range of three to five, more preferably three or four.

(2) Arrangement 1

Furthermore, s shown in Fig. 1(a), the arrange-
ment of plural inlet holes is characterized in that the
plural inlet holes 19c are arranged so as to be in a
non-radical direction with respect to an inlet cham-
ber 19a. Specifically, the plural inlet holes 19c are
arranged such that the directions of fuel flow from
the respective inlet holes 19c are staggered from
the corresponding phantom lines extending toward
the center of an inlet chamber 19a.

This is because the fuel can be introduced into
the inlet chamber through a plurality of the inlet
holes arranged in a non-radical pattern without sub-
stantially altering the direction of fuel flow. In addi-
tion, even though the streams of fuel are introduced
from plural directions, their mutual collisions in the
inlet chamber can be lessened because of their in-
troduction from the directions in a non-radial pat-
tern.

Therefore, a high flow fuel valve in which a plu-
rality of inlet holes is arranged in a non-radial pat-
tern allows fuel to pass through the inlet holes quick-
ly in a quantitative manner while keeping the lift of
the valve comparatively low even though the fuel is
of an extremely large amount as much as approxi-
mately 500 to 1,500 liters per hour.

Furthermore, as shown in Fig. 1(a), it is prefer-
able that the inlet chamber 19a substantially have
a circular horizontal cross sectional shape and also
the inlet holes 19c are arranged along the tangential
directions of the inlet chamber 19a, respectively.

This is because, as the inlet holes are arranged in
such a configuration, the fuel can be introduced as
rotational flow in one direction into the inlet cham-
ber. In addition, this is also because, the flue is in-
troduced in tangentially directions. Even though the
fuel is introduced from plural directions, the mutual
collisions in the inlet chamber are lessened and the
streams of fuel can be easily combined together as
rotational flow in one direction.

However, the inlet hole does not necessarily need
to be arranged in the tangential direction. For ex-
ample, if it is within the limits of ±20 degrees to the
tangential direction, it is tolerance level.

(3) Arrangement 2
Furthermore, according the high flow fuel valve

of the present invention, as shown in Fig. 3, it is pref-
erable to arrange an inlet hole 19c in an oblique di-
rection with respect to an inlet chamber 19a. That
is, the inlet hole is preferably arranged so as to in-
cline the direction along which fuel is introduced
from the inlet hole at a given angle (θ) with respect
to a horizontal plane on which the inlet chamber that
receives the fuel is present.

This is because further accelerated fuel can be
introduced into the inlet chamber by arranging the
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inclined inlet holes and thus a much more amount
of fuel can be introduced easily. In addition, the
above arrangement of inclined inlet holes reduces
mutual collisions between the streams of fuel flow
from plural tangential directions to easily bring them
together as rotational flow in one direction.

Furthermore, when each of the inlet holes 19c
is perpendicularly inclined to the inlet chamber 19a,
as shown in Fig. 3, the inlet hole 19c has preferably
an inclined angle (θ) of 1 to 45 degrees with respect
to the horizontal direction.

This is because the effect of inclined inlet holes
may not be exerted when the inclined angle of inlet
hole is less than 1 degree. On the other hand, the
inlet flow-ability of fuel into the inlet chamber may
decrease when the inlet hole has an inclined angle
of more than 45 degrees. Therefore, the inclined an-
gle of the inlet hole is preferably in the range of 5 to
30 degrees, more preferably in the range of 10 to
25 degrees.

(4) Diameter
Furthermore, each of the inlet holes has a di-

ameter of preferably 2 to 12 mm because of the fol-
lowing reasons. The inlet holes of less than 2mm
lead to, for example, the difficulty of ensuring fuel
with a flow rate of 500 to 1,500 liters per hour and
thus a large amount of fuel is hardly pressurized in
a fuel supply pump. Therefore, in an accumulator
fuel injection device used together with a pressure
amplifying piston coupled with the fuel supply
pump, for example, it is difficult to attain the ultra-
high pressure conditions of 180 MPa or more.

On the other hand, when the diameter of the
inlet hole exceeds 12 mm, the mechanical strength
or durability of the inlet hole may decrease.

Therefore, the diameter of the inlet hole is more
preferably in the range of 2.5 to 11.5 mm, further
preferably in the range of 3 to 11 mm.

(5) Area of Inlet Holes
The area of inlet holes (total area of openings),

the fuel-passing area of plural inlet holes is prefer-
ably larger than the fuel-passing area of a seat por-
tion.

[0025] This is because, as the fuel-passing area of
plural inlet holes is considered as described above, fuel
can be introduced into an inlet chamber without sub-
stantially changing the direction of fuel flow and the res-
idence time in the inlet chamber can be shortened.
Therefore, the fuel, even in a large amount, can be al-
lowed to pass quickly through the high flow fuel valve in
a quantitative manner.
[0026] More specifically, furthermore, the area (open-
ing area) of one inlet hole is preferably in the range of
15 to 250 mm2.
[0027] This is because, if the area of the inlet hole is

less than 15 mm2, for example, the fuel at a flow rate of
approximately 500 to 1,500 litters per hour cannot be
ensured and thus a large amount of the fuel is difficult
to be pressurized in a fuel supply pump. Therefore, in
an accumulator fuel injection device used together with
a pressure amplifying piston coupled with the fuel supply
pump, for example, it is difficult to attain the ultra-high
pressure conditions of 180 MPa or more.
[0028] On the other hand, the area of the inlet hole
exceeds 250 mm2, the mechanical strength or durability
of the inlet hole may decrease.
[0029] Therefore, the area of the inlet hole is more
preferably in the range of 20 to 200 mm2, further pref-
erably in the range of 25 to 150 mm2.
[0030] Here, for plural inlet holes 19c shown in Fig. 1
(a), the term "area of one inlet hole" means the area of
one opening portion 19b opened toward the inlet cham-
ber 19a.

4. Seat Portion

[0031] As shown in Fig. 1(b), the first embodiment is
characterized in that part of a valve body 20 and part of
a valve main body 19 are contact with each other to pro-
vide a seat portion 23 as a fuel-passing portion for cor-
rectly controlling the mount of fuel passed. Specifically,
the valve body moves up and down by means of a valve
spring or the like, so that the valve body and valve main
body can be partially contact with each other to form
such a seat portion. Therefore, the fuel, even in a large
amount, can be allowed to pass quickly through the high
flow fuel valve in a quantitative manner.
[0032] In addition, as mentioned above, the seat por-
tion is more preferably constructed such that the fuel-
passing area of the seat portion is smaller than the area
of the inlet hole.

5. Valve Spring

[0033]

(1) First Valve Spring

[0034] Furthermore, as shown in Fig. 1(b), it is pref-
erable to provide a valve spring (first spring) for driving
a valve body 20 above a valve main body 19.
[0035] As constituted above, the valve body can be
moved up and down by the valve spring to allow the
valve main body and valve body to be easily contact with
each other, while absorbing a seat impact at the time of
lifting the valve body.

(2) Second Valve Spring

[0036] Furthermore, as shown in Fig. 4, a second
valve spring 24 is preferably installed together with the
first valve spring (first spring) 21. That is, the second
valve spring 24 is provided such that it is brought into
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contact with a valve body 20 from an initial stage of lifting
the valve body 20. It is preferable to install the second
valve spring 24 having a comparatively high spring con-
stant together with the first spring 21 having a compar-
atively low spring constant from the middle stage of the
lifting so as to be brought into contact with the valve body
20.
[0037] As constituted above, the valve body can be
easily lifted at initial valve opening, so that the fuel inlet
efficiency to a plunger can be increased. In addition, as
the valve opening proceeds, an increasing lifting speed
is lowered by the second valve spring to reduce impact
force at full lift. Therefore, even in the case of the high
flow fuel valve, reduction in durability and strength can
be prevented and also impact noises at the time of seat-
ing the valve body can be reduced.
[0038] In addition, the second valve spring may be al-
ternatively a spring 24 as shown in Fig. 4 or a flat spring
25 as shown in Fig. 5(a) to Fig. 5(c).

(3) Non-Linear Spring

[0039] Furthermore, as an alternative to the use of the
first and second valve springs together, a non-linear
spring 26 as shown in Fig. 6 is preferably used. That is,
for example, the spring is constructed such that the
spring has a conical shape gradually increasing in di-
ameter toward the bottom. Therefore, the spring con-
stant can be variable and the same effects as those ob-
tained by installing the first and second valve springs
can be obtained without increasing the number of the
valve spring.

6. Performance

(1) Fuel-Passing Amount (Flow velocity)

[0040] Furthermore, for the fuel-passing amount (flow
velocity) in the high flow fuel valve of the first embodi-
ment, the flow rate of fuel per unit time when the lift of
a valve body is almost 1 mm is preferably in the range
of 500 to 1,500 liters per hour, more preferably in the
range of 800 to 1,300 liters per hour.
[0041] This is because, as constituted above, a small-
sized and low-height high flow fuel valve, which is ca-
pable of ensuring a large flow rate of fuel with a com-
paratively small lift of the valve body, can be provided.
[0042] Here, preferably, the high flow fuel valve of the
first embodiment has a performance curve shown in Fig.
7. That is, in Fig. 7, the lift (relative value) of the valve
body is plotted on the abscissa and the flow rate of fuel
per unit of time, i.e., flow velocity (relative value) is plot-
ted on the ordinate.
[0043] In Fig. 7, the line A corresponds to the conven-
tional fuel valve. As shown in Fig. 8, this is a fuel valve
32 having a sheet diameter of 7.6 mm, in which three
inlet holes 19c are arranged in a radial pattern along the
periphery of a circular inlet chamber 18 (Type 1).

[0044] Likewise, the line B corresponds to a modified
example of the conventional valve having an enlarged
sheet diameter. As shown in Fig. 9, this is a fuel valve
34 having a sheet diameter of 10 mm, in which three
inlet holes 19c are arranged in a radial pattern along the
periphery of a circular inlet chamber 18 (Type 2).
[0045] Furthermore, the line C corresponds to one ex-
ample of the high flow fuel valve of the present invention.
As shown in Fig. 1, this is a high flow fuel valve 73 having
a sheet diameter of 10 mm, in which three inlet holes
19c are arranged in a non-radial pattern along the tan-
gent of a circular inlet chamber 18 (Type 3).

(2) Throttle and Characteristics

[0046] Furthermore, in Fig. 10 (a) and Fig. 10 (b) to
Fig. 12 (a) and Fig. 12(b), throttle positions decided from
the distribution of fuel velocities in the respective fuel
valves (small lift and large lift) are shown, respectively.
[0047] That is, Fig. 10(a) and Fig. 10(b) illustrate throt-
tle positions of the conventional fuel valve shown in Fig.
8, respectively. These figures correspond to the valve
of Type 1 described above. In addition, Fig. 11(a) and
Fig. 11(b) illustrate throttle positions of the modified ex-
ample of the conventional fuel valve shown in Fig. 9,
respectively. These figures correspond to the valve of
Type 2 described above. Furthermore, Fig. 12(a) and
Fig. 12(b) illustrate throttle positions of the high flow fuel
valve shown in Fig. 1, respectively. These figures cor-
respond to the valve of Type 3 described above.
[0048] As is evident from these figures, in the valve of
Type 1, it is confirmed that the throttle position is located
near the seat position irrespective of the lift. For the flow
velocity characteristics of the valve, it is confirmed that
predetermined flow velocity cannot be attained because
of an insufficient sheet diameter in spite of an increase
in valve lift as indicated by the line A in Fig. 7.
[0049] Furthermore, in the case of the valve of Type
2 having an enlarged sheet diameter, it is confirmed that
the throttle position moves toward the inlet chamber 18
from the seat portion as the lift increases. For the flow
velocity characteristics of the valve, however, the flow
velocity increases more than that of Type 1 as indicated
by the line B in Fig. 7, but it does not reach to predeter-
mined flow rate. That is, in the valve of Type 2, the flow
velocity is restricted by the throttle of the inlet chamber
even though the sheet diameter is enlarged.
[0050] On the other hand, in the valve of Type 3, it is
confirmed that inlet holes are tangentially arranged and
the sheet diameter is enlarged, so that the throttle posi-
tion can be only found on the seat position irrespective
of the lift of the valve and the throttle of the inlet chamber
18 is improved, even compared with the valve of Type 2.
[0051] Furthermore, in terms of the flow characteris-
tics of the valve of Type 3, as indicated by the line C in
Fig. 7, it is confirmed that the predetermined flow veloc-
ity can be obtained at a predetermined lift of the valve
as the throttle of the inlet chamber is improved.

11 12



EP 1 557 559 A1

8

5

10

15

20

25

30

35

40

45

50

55

[Second Embodiment]

[0052] As shown in Fig. 13, a second embodiment of
the present invention is a fuel supply pump 50 having a
fuel inlet valve 73 and a fuel outlet valve 19 and is char-
acterized by the following configuration. The fuel inlet
valve 73 comprises a valve main body 19, a valve body
20 movably installed in the inside of the valve main body
19, an inlet chamber 19a formed in the inside of the
valve main body 19, inlet holes 19c, a seat portion 23
where part of the valve body 20 and part of the valve
main body 19 are contact with each other, wherein a plu-
rality of inlet holes 19c is formed and these inlet holes
19c are arranged in a non-radical pattern.
[0053] Hereinafter, the fuel supply pump 50 will be de-
scribed more concretely by way of individually describ-
ing its structural components.

1. Fuel Inlet Valve

[0054] The second embodiment is characterized in
that a fuel inlet valve used is the high flow fuel valve
described in the first embodiment. Thus, it is preferable
to design an 10 valve 70 constructed of a fuel inlet valve
73 and a fuel outlet valve 60.
[0055] In addition, when the high flow fuel valve of the
first embodiment is used as a fuel inlet valve, even if the
flow of fuel per unit of time is approximately 500 to 1,500
liters per hour, the fuel can be quantitatively supplied to
a fuel supply pump in a extremely precise manner.

2. Fuel Supply Pump

[0056] For example, the configuration of the fuel sup-
ply pump is, but not specifically limited to, preferably one
having a fuel supply pump 50 shown in Fig. 13. That is,
the fuel supply pump is preferably constructed of a pump
housing 52, a barrel (cylinder) 53, a plunger 54, a fuel
compression chamber 74, a tappet 58, and a cam 60.
[0057] Furthermore, the plunger 54 slides along the
inside of the barrel 53 in the pump housing 52 to form a
fuel compression chamber 74 for pressurizing fuel. The
plunger 54 is preferably constructed so as to perform
reciprocal motion in response to the rotary movement
of the cam 60. Therefore, the fuel fed under pressure
from a feed pump 64 is effectively pressurized by the
plunger 54 in the fuel compression chamber 74, result-
ing in high pressure fuel.
[0058] In this example of the fuel supply pump 50, for
example, two sets of the barrel (cylinder) 53 and the
plunger 54 are installed in the pump housing 52. For
pressurizing a much more amount of fuel, two or more
sets are preferably used.

3. Amplified Piston Common Rail System (APCRS)

[0059] Furthermore, the fuel supply pump of the sec-
ond embodiment is preferably a part of an amplified pis-

ton common rail system using a mechanical pressure
amplifying system such as piston.
[0060] That is, as shown in Fig. 15, the fuel supply
pump 103 is preferably constructed of a fuel tank 102,
a feed pump (low pressure pump) 104 for supplying the
fuel from the fuel tank 102, a fuel supply pump (high
pressure pump) 103, a common rail 106 provided as a
pressure accumulator for pressure-accumulation of the
fuel fed under pressure from the fuel supply pump 103,
a piston amplifier 108, and a fuel injection system 110.

(1) Fuel Tank

[0061] The capacity and form of a fuel tank 102 ex-
emplified in Fig. 15 are preferably defined in considera-
tion of, for example, the circulation of fuel at a flow rate
of approximately 500 to 1,500 liters per hour.

(2) Feed Pump and Fuel Supply Pump

[0062] The feed pump 104 is, as shown in Fig. 15, pro-
vided for feeding fuel (diesel oil) in the fuel tank 102 to
the fuel supply pump 103 under pressure. It is preferable
that a filter 105 is placed between the feed pump 104
and the fuel supply pump 103. Preferably, for example,
the feed pump 104 has a gear pump structure mounted
on the end of the cam such that the feed pump 104 can
be driven by directly connecting with the axis of the cam
or through an appropriate gear ratio.
[0063] In addition, the fuel supply pump 103 is a de-
vice for pressurizing fuel supplied from the feed pump
104 at high pressure. The fuel supply pump 103 is con-
structed such that, after pressurizing the fuel, the fuel is
fed to the common rail 106 under pressure through a
high pressure channel 107.
[0064] Furthermore, the fuel fed under pressure from
the feed pump 104 through the filter 105 is preferably
supplied to the fuel supply pump 103 through a propor-
tional control valve (FMU) 120 for adjusting the amount
of fuel injected as shown in Fig. 16. Preferably, the pro-
portional control valve 120 controls the amount of cur-
rent passing through a coil 124 under the control of ECU
to proportionally adjust the position of an anchor 125.
That is, the position of a piston 127 at the tip portion of
the anchor 125 is adjusted in response to the position
of the anchor 125, so that the fuel-passing area between
a slit 122 formed in the piston 127 and the fuel supply
portion 129 can be varied to control the fuel supplied to
an inlet valve (not shown) in the fuel supply pump 103.
[0065] Furthermore, as shown in Fig. 16, in addition
to feed the fuel supplied from the feed pump 104 to the
proportional control valve 120 and the fuel supply pump
103 under pressure, it is preferable to construct that the
fuel is returned to the fuel tank 102 through a overflow
valve (OFV) 134 installed in parallel with the proportion-
al control valve 120. Moreover, it is preferable that part
of the fuel is fed under pressure to a bearing (not shown)
of the fuel supply pump 103 and then used as a fuel
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lubricating oil of the bearing.
[0066] By the way, the fuel supplypump 103 is a de-
vice for pressurizing the fuel supplied from the feed
pump 104 at high pressure as described above. The fuel
supply pump 103 is preferably constructed such that,
after pressurizing the fuel, the fuel is fed to the common
rail 106 under pressure through the high pressure chan-
nel 107.

(3) One way Valve

[0067] Furthermore, as shown in Fig. 15, it is prefer-
able to install a one way valve (not shown) on the outlet
of the fuel supply pump 103, or both of the common rail
106 described below and the fuel supply pump 103.
[0068] This is because, as constituted above, the fuel
can be only fed from the fuel supply pump 103 to the
common rail 106. Therefore, the adverse current at the
time of opening an electromagnetic control valve can be
effectively prevented to effectively prevent a decrease
in pressure in the common rail 106.

(4) Common Rail

[0069] Furthermore, as shown in Fig. 15, the common
rail 106 is connected to a plurality of injectors (injection
valves) 110. Preferably, the accumulated pressure fuel
at high pressure by the common rail 106 is injected into
an internal combustion engine (not shown) from each of
the injectors 110.
[0070] Furthermore, but not shown in the figure, the
amount of discharge from each of these injectors 110 is
preferably controlled through an injector driving unit
(IDU). The IDU is connected to an electrical controlling
unit (ECU) provided as a controller described letter. The
IDU is driven by drive signals from the ECU.
[0071] Moreover, a pressure detector 117 is connect-
ed to the side end of the common rail 106 and a pres-
sure-detection signal obtained by the pressure detector
117 is preferably sent to the ECU. That is, it is preferable
to control an electromagnetic control valve (not shown)
and also control the drive of IDU in response to the pres-
sure detected when the ECU receives the pressure-de-
tection signal from the pressure detector 117.

(5) Piston amplifier

[0072] Furthermore, as exemplified in Fig. 17, a piston
amplifier (pressure amplifying piston) is constructed of
a cylinder 155, a mechanical piston 154, a compression
chamber 158, an electromagnetic valve 170, and a cir-
culation pathway 157. It is preferable that the mechan-
ical piston 154 is equipped with a pressure-receiving
portion 152 having a comparatively large area and a
pressure portion 156 having a comparatively small area.
[0073] That is, the mechanical piston 154 housed in
the cylinder 155 is pushed and moved by the fuel having
a common rail pressure at the pressure-receiving por-

tion 152. The common rail pressure of the compression
chamber 158 is preferably adjusted to one that allows
fuel having a pressure of approximately 50 MPa to be
pressurized by the pressure portion 156 having a com-
paratively small area to make the pressure of the fuel
within the range of 150 to 300 MPa.
[0074] Furthermore, for pressurizing the mechanical
piston 154, a large amount of fuel having the common
rail pressure is used. After pressurization, it is preferable
to flow the fuel back to the fuel tank or the like through
an electromagnetic driven overflow valve 170. That is,
a major part of the fuel having the common rail pressure
is pressurized by the mechanical piston 154 and then
flows back to the fuel tank or the like together with spilled
fuel. Then, the fuel is preferably used for pressurizing
the mechanical piston 154 again.
[0075] On the other hand, the fuel pressurized by the
pressure portion 156 is fed to a fuel injection system (fu-
el injection nozzle) 163, effectively injected, and com-
busted.
[0076] Therefore, providing the piston amplifier as de-
scribed above, the mechanical piston can be effectively
pushed by the fuel having a common rail pressure with-
out excessively increasing the size of the common rail.
[0077] That is, as illustrated in the schematic diagram
of Fig. 18, according to the ARCRS system, a mechan-
ical piston is equipped with a pressure-receiving portion
having a comparatively large area and a pressure por-
tion having a comparatively small area. While consider-
ing the stroke of the mechanical piston, it is possible to
effectively pressurize e fuel having the common rail
pressure to a desired level with a small pressure.
[0078] More concretely, the fuel from the common rail
(pressure: p1, volume: V1, work load: W1) can be re-
ceived by a pressure-receiving portion having a com-
paratively large area and then changed to higher-pres-
sure fuel (pressure: p2, volume: V2, work load: W2) by
a mechanical piston equipped with a pressure portion
having a comparatively small area.

(6) Fuel Injection System

(i) Basic Configuration

[0079] Furthermore, the configuration of the fuel in-
jection system (fuel injection nozzle) 110 is, but not spe-
cifically limited to, preferably constructed as follows: As
shown in Fig. 17, for example, the fuel injection system
110 comprises a seat surface 164 on which a needle
valve body 162 can be placed on a seat surface 164, an
injection hole 165 formed on the downstream side from
the valve body abutting portion of the seat surface 164.
Preferably, it is constructed that the fuel supplied from
the upstream side of the seat surface 164 at the time of
lifting a needle valve body 162 is introduced into the in-
jection hole 165.
[0080] Furthermore, such a fuel injection nozzle sys-
tem 166 is preferably of an electromagnetic valve type,
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in which the needle valve body 162 is always energized
toward the seat surface 164 by the spring 161 and opens
and shuts the needle valve body 162 by switching en-
ergization / no energization of solenoide 180.

(ii) Injection Timing Sheet

[0081] Furthermore, as to a time chart of high-pres-
sure fuel injection, it is preferable to indicate a fuel in-
jection chart having two-staged injection conditions as
indicated by the solid line as exemplified in Fig. 19.
[0082] This is because such a two-stage injection tim-
ing chart can be attained by a combination of the com-
mon rail pressure and amplification with a piston ampli-
fier, and thus the combustion efficiency of fuel can be
raised, while cleaning an exhaust gas.
[0083] Furthermore, according to the present inven-
tion, it is also preferable to indicate a fuel injection chart
as indicated by the dashed line B in Fig. 19, a combina-
tion of the common rail pressure and amplification with
a piston amplifier.
[0084] By the way, when the piston amplifier is not
used, the conventional injection timing chart becomes
a single-stage injection timing chart with a low injection
amount as indicated by the dashed line C in Fig. 19.

(7) Movement

[0085] Next, the fuel supply pump 103, the actions of
the piston amplifier 108, and the fuel injection valve 110
in the second embodiment will be described. That is, as
shown in Fig. 15, at the time of operating the fuel injec-
tion system (fuel injection nozzle system) 110, the fuel
in the fuel tank 102 is supplied from the feed pump 104
to the fuel supply pump 103. Then, the high-pressure
fuel is supplied from the fuel supply pump 103 to the
high pressure channel 107 under pressure.
[0086] Subsequently, as shown in Fig. 17, the fuel is
subjected to pressure accumulation at approximately 50
MPa in the common rail 106 and then the fuel is prefer-
ably pressurized under ultra-high pressure conditions of
180 MPa or more as the piston amplifier 108 is provided
between the common rail 106 and the fuel injection
valve 110.
[0087] Furthermore, for actuating the piston amplifier
108, a large amount of fuel is used. Thus, in the case of
the example shown in Fig. 17, the high flow fuel valve
(not shown) installed in the fuel supply pump 103 is func-
tioned effectively.
[0088] That is, the high flow fuel valve, in which a plu-
rality of inlet holes are formed and arranged in a non-
radial pattern relative to the inlet chamber, is used as a
fuel inlet valve of the fuel supply pump 103. Therefore,
for example, the fuel at a flow rate of approximately 500
to 1, 500 litters per hours can be passed quickly and
quantitatively. In addition, a large amount of fuel can be
processed by both the fuel supply pump 103 and the
common rail 106.

Industrial Applicability

[0089] According to the high flow fuel valve of the
present invention, a plurality of inlet holes is formed and
these inlet holes are arranged in a non-radical pattern
relative to the inlet chamber. Therefore, for example,
even the fuel at a flow rate of approximately 500 to 1,500
liter per hour can be passed quickly and quantitatively.
[0090] In addition, according to the high flow fuel of
the present invention, even if the lift of the valve body is
comparatively low, a large amount of fuel at a flow rate
of 1,000 liters per hour or more can be passed. There-
fore, the positional change of the valve body decreases
and the impact at the time of seating can be eased now.
[0091] Furthermore, according to the high flow fuel
valve of the present invention, a large amount of fuel
can be allowed to pass through the inlet holes quickly
in a quantitative manner without excessively enlarging
the diameter or cross-sectional area of the inlet hole.
Therefore, the reduction of durability or strength of the
high flow fuel valve itself can be prevented.
[0092] Consequently, the high flow fuel valve of the
present invention can be suitably used as a high flow
fuel valve of the fuel supply pump used in an amplified
piston common rail system (APCRS) that pressurizes a
large amount of fuel using a piston.
[0093] In addition, according to the fuel supply pump
provided with the high flow fuel valve of the present in-
vention is equipped with the high flow valve having a
plurality of inlet holes arranged in a non-radial pattern
relative to the inlet chamber. Therefore, for example,
even the fuel at a flow rate of approximately 500 to 1,500
liter per hour can be passed quickly and quantitatively.

Claims

1. A high flow fuel valve, comprising a valve main
body, a valve body movably installed in the inside
of the valve main body, an inlet chamber installed
in the inside of the valve main body, inlet holes, a
seat portion where the valve body and part of the
valve main body are in contact with each other,
wherein a plurality of the inlet holes is formed and
arranged in a radial pattern relative to the inlet
chamber.

2. The high flow fuel valve as described in claim 1,
wherein a horizontal cross sectional shape of the
inlet chamber is substantially a circle and the inlet
holes are arranged in a tangential direction of the
inlet chamber.

3. The high flow fuel valve as described in claim 1 or
2, wherein the inlet holes are inclined in the vertical
direction with respect to the inlet chamber.

4. The high flow fuel valve as described in one of
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claims 1 to 3, wherein the inlet hole has a diameter
of 2 to 12 mm.

5. The high flow fuel valve as described in one of
claims 1 to 4, wherein a seat diameter of the valve
body is 8 mm or more.

6. The high flow fuel valve as described in one of
claims 1 to 5, wherein a fuel-passing area of the inlet
hole is larger than a fuel-passing area of the seat
portion.

7. A fuel supply pump comprising a fuel inlet valve and
a fuel out let valve, wherein the fuel inlet valve is
constructed of a valve main body, a valve body mov-
ably installed in the inside of the valve main body,
an inlet chamber installed in the inside of the valve
main body, inlet holes, and a seat portion where the
valve body and part of the valve main body are in
contact with each other, where a plurality of the inlet
holes is formed and arranged in a radial pattern rel-
ative to the inlet chamber.

8. The fuel supply pump as described in claim 7,
wherein the fuel supply pump is used in an accu-
mulator fuel injection device for pressurizing fuel at
a flow rate of 500 to 1,500 liters per hour to a value
of 50 MPa or more.
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