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Description

Technical Field

[0001] The present invention relates, in general, to an electronically controlled fuel injection valve and, more particularly,
to an electronically controlled fuel injection valve which can independently control the time to inject fuel and the amount
of fuel to be injected in response to a control signal sent from the operating condition of an engine, and when fuel is not
injected, prevent a nozzle part from being constantly subjected to high pressure due to the nozzle part being not supplied
with fuel.

Background Art

[0002] In response to the development of electronic control technologies, it is the rapidly-growing trend to electronically
control engines. Fuel injection methods using a common rail are being widely applied to electronically controlled engines
since fuel injection can be performed under high pressure even with a low load and can be easily performed in response
to a control signal (see WO 01/53688 A and JP 2000 08 7821 A).
[0003] A variety of research and development is being performed on electronically controlled fuel injection valves that
are key devices of common rail fuel injection systems. In order to improve the performance of the fuel injection valve, a
large number of patent applications are being filed for various types of fuel injection valve driving mechanisms.
[0004] A traditional mechanical fuel injection valve is configured such that fuel is injected by lifting up a needle using
only the pressure of fuel that is fed into a chamber of a nozzle part. Since injection characteristics such as the time to
inject fuel and the amount of fuel to be injected are always uniform, control over fuel injection cannot be performed
independently from the operating condition of an engine and this can be problematic.
[0005] In addition, in the case of a traditional electronically controlled fuel injection valve, fuel is constantly supplied
to the nozzle part through a fuel supply port and the nozzle part is constantly subjected to high pressure. Consequently,
a large amount of fuel leaks into the combustion chamber when accidents, such as damage to the needle of the nozzle
or to a valve seat, occur.

Disclosure

Technical Problem

[0006] Accordingly, the present invention has been made keeping in mind the above problems occurring in the related
art, and is intended to provide an electronically controlled fuel injection valve which can control the time to inject fuel
and the amount of fuel to be injected in response to a control signal sent independently from the operating condition of
an engine unlike a traditional mechanical fuel injection valve, and which employs a control method for fuel injection that
increases the force of lifting up a cutoff needle of an injection controller by delivering high-pressure fuel to a lower
pressure chamber via a control needle, thereby rapidly controlling fuel injection. This invention prevents a nozzle part
from being constantly subjected to high pressure due to the nozzle part being not supplied with fuel when fuel is not
injected, prevents a large amount of fuel from leaking into a combustion chamber when a part such as a needle is
damaged, and simplifies the structure of a second flow path, thereby facilitating fabrication.

Technical Solution

[0007] In order to accomplish the above objects, the present invention provides an electronically controlled fuel injection
valve that includes: a valve body having defined therein a first flow path along which fuel is fed through a fuel supply
port, the valve body having a control valve housing in an upper portion thereof; a nozzle part coupled to a lower portion
of the valve body, the nozzle part having defined therein a nozzle chamber which is filled with fuel that is supplied via
the first flow path so that a needle disposed therein is pressed upward, whereby the needle is lifted up so that fuel is
injected toward a nozzle hole; an injection controller disposed inside the valve body so as to be able to open and close
the first flow path in order to control the nozzle part to inject fuel; a nozzle pressing part positioned below the injection
controller, the nozzle pressing part applying a downward force to the needle of the nozzle part; an upper pressure
chamber formed above the injection controller, the upper pressure chamber creating a pressure when the upper pressure
chamber is filled with fuel injected through the fuel supply port, the pressure moving the injection controller downward;
a lower pressure chamber positioned below the upper pressure chamber, the lower pressure chamber creating a pressure
when the lower pressure chamber is filled up with fuel, the pressure lifting up the injection controller; a cutoff pressure
chamber positioned below the lower pressure chamber, the cutoff pressure chamber creating a pressure when the cutoff
pressure chamber is filled with fuel that flows through the first flow path, the pressure lifting up the injection controller;
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a second flow path formed in the valve body via the control valve housing, the second flow path being connected to the
lower pressure chamber, thereby allowing fuel to be supplied to the lower pressure chamber; a control needle disposed
within the control valve housing, the control needle opening and closing the second flow path in response to a control
signal, thereby controlling a flow rate of fuel that is supplied to the lower pressure chamber; a control chamber formed
in the valve body so as to be connected to the lower pressure chamber, such that the control chamber is filled with fuel
from the lower pressure chamber when fuel is discharged; and a control orifice connected to the control chamber, and
the control orifice allowing fuel inside the control chamber to be discharged out of the valve body.
[0008] In addition, the injection controller may include: a cutoff part disposed at a center of the valve body, the cutoff
part being lifted up by a force under a pressure of fuel that fills the lower pressure chamber and the cutoff pressure
chamber so as to open and close the first flow path, thereby controlling supply of fuel to the nozzle part; a pressure
piston disposed above the cutoff part, the pressure piston applying a downward force to the cutoff part under a pressure
of fuel that fills the upper pressure chamber; and a spring disposed and inserted into the pressure piston, the spring
applying a downward force to the cutoff part.
[0009] Furthermore, the cutoff part may include: a spindle forced in an upward direction under the pressure of fuel
that fills the lower pressure chamber; and a cutoff needle disposed under the spindle so as to be separate from the
spindle, wherein the cutoff needle is forced in an upward direction under a pressure of fuel that fills the cutoff pressure
chamber, and when actuated upward together with the spindle, opens the first flow path.
[0010] In order to accomplish the above objects, the present invention also provides an electronically controlled fuel
injection valve that includes: a valve body having defined therein a first flow path along which fuel is fed through a fuel
supply port, the valve body having a control valve housing in an upper portion thereof; a nozzle part coupled to a lower
portion of the valve body, the nozzle part having defined therein a nozzle chamber which is filled with fuel that is supplied
via the first flow path so that a needle disposed therein is pressed upward, whereby the needle is lifted up so that fuel
is injected toward a nozzle hole; an injection controller disposed inside the valve body so as to be able to open and close
the first flow path in order to control the nozzle part to inject fuel; a nozzle pressing part positioned below the injection
controller, the nozzle pressing part applying a downward force to the needle of the nozzle part; an upper pressure
chamber formed above the injection controller, the upper pressure chamber creating a pressure when the upper pressure
chamber is filled with fuel injected through the fuel supply port, the pressure moving the injection controller downward;
a lower pressure chamber positioned below the upper pressure chamber, the lower pressure chamber creating a pressure
when the lower pressure chamber is filled up with fuel, the pressure lifting up the injection controller; a cutoff pressure
chamber positioned below the lower pressure chamber, the cutoff pressure chamber creating a pressure when the cutoff
pressure chamber is filled with fuel that flows through the first flow path, the pressure lifting up the injection controller;
a second flow path formed inside the injection controller via the control valve housing, the second flow path being
connected to the lower pressure chamber, thereby allowing fuel to be supplied to the lower pressure chamber; a control
needle disposed within the control valve housing, the control needle opening and closing the second flow path in response
to a control signal, thereby controlling a flow rate of fuel that is supplied to the lower pressure chamber; a control chamber
formed in the valve body so as to be connected to the lower pressure chamber, such that the control chamber is filled
with fuel from the lower pressure chamber when fuel is discharged; and a control orifice connected to the control chamber,
and the control orifice allowing fuel inside the control chamber to be discharged out of the valve body.
[0011] In addition, the injection controller may include: a cutoff part disposed so as to be fitted into the control valve
housing, the cutoff part being positioned below the upper pressure chamber, and being lifted up by a force caused by
a pressure of fuel that fills the lower pressure chamber and the cutoff pressure chamber, thereby opening and closing
the cutoff part; and a spring disposed so as to be fitted into the cutoff part, the spring applying a downward force to the
cutoff part.
[0012] Furthermore, the cutoff part may include: a spindle having an insertion hole into which the control valve housing
is insertable and a plurality of connection holes inside the insertion hole, the connecting holes being connected to the
lower pressure chamber such that the second flow path formed in the control valve housing is connectable to the lower
pressure chamber, the spindle being forced in an upward direction under a pressure of fuel that fills the lower pressure
chamber; and a cutoff needle disposed under the spindle so as to be separate from the spindle, wherein the cutoff needle
is forced in an upward direction under a pressure of fuel that fills the cutoff pressure chamber, and when actuated upward
together with the spindle, opens the first flow path.
[0013] In addition, the valve body may further have a fuel drain hole which prevents fuel in the cutoff pressure chamber
from leaking to the lower pressure chamber through an interval between the outer circumference of the cutoff needle
and the inner circumference of the valve body so that a pressure of leaking fuel does not additionally act on the spindle.
[0014] Furthermore, the nozzle pressing part may include: a needle spindle having a concave chamber in an upper
portion thereof which can be filled with fuel when the first flow path is opened by the injection controller, the needle
spindle being disposed above the needle, and applying a downward force to the needle under a pressure of fuel; and
a nozzle spring disposed above the needle spindle, the nozzle spring applying a downward force to the needle spindle.
[0015] As described above, the present invention has the following merits. It is possible to control the time to inject
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fuel and the amount of fuel to be injected in response to a control signal sent independently from the operating condition
of an engine, which is unlike a traditional mechanical fuel injection valve. A control method for fuel injection increases
the force of lifting up a cutoff needle of an injection controller by delivering high-pressure fuel to a lower pressure chamber
via a control needle, thereby rapidly controlling fuel injection.
[0016] In addition, the simplified structure facilitates replacement of parts. Since the spindle and the piston are sepa-
rately fabricated such that surfaces which require precision machining are minimized, it is possible to facilitate precision
machining of parts, thereby reducing fabrication cost. It is easy to machine the second flow path by placing the second
flow path within the control valve housing. Since the surfaces that require precision machining are minimized, it is possible
to facilitate precision machining of parts, thereby reducing fabrication cost.
[0017] Furthermore, when fuel is not being injected, the cutoff needle prevents the nozzle part from being constantly
subjected to high pressure by cutting off fuel delivery to the nozzle part. This prevents a large amount of fuel from leaking
into the combustion chamber when any part malfunctions or is damaged, thereby creating a safer mechanism. It is easy
to reduce the size of the spring which presses down the needle of the nozzle part or to increase the pressure at which
the nozzle part is opened or closed.

Description of Drawings

[0018]

FIG. 1 is an example view showing a fuel injection valve according to a first embodiment of the present invention;
FIG. 2 is an example view specifically showing the installation structure of the control needle of the fuel injection
valve according to the first embodiment of the present invention;
FIG. 3 is an example view specifically showing the structure of the spindle and the lower pressure chamber of the
fuel injection valve according to the first embodiment of the present invention;
FIG. 4 is an example view showing the fuel drain hole which is formed in the contact area between the spindle and
the cutoff needle of the cutoff part according to the first embodiment of the present invention;
FIG. 5 is an example view showing the operating state and the flow of fuel when fuel is not injected in response to
closing of the control needle of the fuel injection valve according to the first embodiment of the present invention;
FIG. 6 is an example view showing the operating state and the flow of fuel when fuel is injected in response to
opening of the control needle of the fuel injection valve according to the first embodiment of the present invention;
FIG. 7 is an example view showing the operating state and the flow of fuel when fuel injection is completed in
response to re-closing of the control needle of the fuel injection valve according to the first embodiment of the present
invention;
FIG. 8 is an example view showing a fuel injection valve according to a second embodiment of the present invention;
FIG. 9 is an example view specifically showing the installation structure of the control needle of the fuel injection
valve according to the second embodiment of the present invention;
FIG. 10 is an example view specifically showing the structure of the spindle and the lower pressure chamber of the
fuel injection valve according to the second embodiment of the present invention;
FIG. 11 is an example view showing the fuel drain hole which is formed in the contact area between the spindle and
the cutoff needle of the cutoff part according to the second embodiment of the present invention;
FIG. 12 is an example view showing the operating state and the flow of fuel when fuel is not injected in response
to closing of the control needle of the fuel injection valve according to the second embodiment of the present invention;
FIG. 13 is an example view showing the operating state and the flow of fuel when fuel is injected in response to
opening of the control needle of the fuel injection valve according to the second embodiment of the present invention;
and
FIG. 14 is an example view showing the operating state and the flow of fuel when fuel injection is completed in
response to re-closing of the control needle of the fuel injection valve according to the second embodiment of the
present invention.

<Description of the Reference Numerals in the Drawings>
100: fuel injection valve 200: valve body
210: fuel supply port 220: first flow path
221: second flow path 230: upper pressure chamber
231: lower pressure chamber
232: cutoff pressure chamber

233: control chamber 234: control orifice
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Mode for Invention

[0019] Reference will now be made in detail to embodiments of the present invention and their functions in conjunction
with the accompanying drawings. In the following description of the present invention, detailed descriptions of known
functions and components incorporated herein will be omitted when they may make the subject matter of the present
invention unclear.
[0020] FIG. 1 is an example view showing a fuel injection valve according to a first embodiment of the present invention,
FIG. 2 is an example view specifically showing the installation structure of the control needle of the fuel injection valve
according to the first embodiment of the present invention, FIG. 3 is an example view specifically showing the structure
of the spindle and the lower pressure chamber of the fuel injection valve according to the first embodiment of the present
invention, FIG. 4 is an example view showing the fuel drain hole which is formed in the contact area between the spindle
and the cutoff needle of the cutoff part according to the first embodiment of the present invention, FIG. 5 is an example
view showing the operating state and the flow of fuel when fuel is not injected in response to closing of the control needle
of the fuel injection valve according to the first embodiment of the present invention, FIG. 6 is an example view showing
the operating state and the flow of fuel when fuel is injected in response to opening of the control needle of the fuel
injection valve according to the first embodiment of the present invention, and FIG. 7 is an example view showing the
operating state and the flow of fuel when fuel injection is completed in response to re-closing of the control needle of
the fuel injection valve according to the first embodiment of the present invention.
[0021] As shown in the figures, according to the present invention, the fuel injection valve 100 includes a valve body
200, a nozzle part 500, an injection controller 300, a nozzle pressing part 400, an upper pressure chamber 230, a lower
pressure chamber 231, a cutoff pressure chamber 232, a second flow path 221, a control needle 240, a control chamber
233 and a control orifice 234. The valve body 200 has defined therein a first flow path 220 along which fuel is fed through
a fuel supply port 210, and has a control valve housing 241 in the upper portion thereof. The nozzle part 500 is coupled
to the lower portion of the valve body 200, and has defined therein a nozzle chamber 510 which is filled with fuel that is
supplied via the first flow path 220 so that a needle 520 disposed therein is pressed upward, whereby the needle 520
is lifted up so that fuel is injected toward a nozzle hole 530. The injection controller 300 is disposed inside the valve body
200 such that it can open and close the first flow path 220 in order to control the nozzle part 500 to inject fuel. The nozzle
pressing part 400 is disposed inside the valve body 200, is positioned below the injection controller 300, and applies a
downward force to the needle 520 of the nozzle part 500. The upper pressure chamber 230 is formed above the injection
controller 300, and creates a pressure when it is filled with fuel fed through the fuel supply port 210, the pressure moving
the injection controller 300 downward. The lower pressure chamber 231 is positioned below the upper pressure chamber
230, and creates a pressure when it is filled up with fuel, the pressure lifting up the injection controller 300. The cutoff
pressure chamber 232 is positioned below the lower pressure chamber 231, and creates a pressure when it is filled with
fuel that flows through the first flow path 220, the pressure lifting up the injection controller 300. The second flow path
221 is formed in the valve body 200 via the control valve housing 241, and is connected to the lower pressure chamber
231. The injection controller 300 allows fuel to be supplied to the lower pressure chamber 231. The control needle 240
is disposed within the control valve housing 241, and opens and closes the second flow path 221 in response to a control
signal, thereby controlling the flow rate of fuel that is supplied to the lower pressure chamber 231. The control chamber
233 is formed in the valve body 200 so as to be connected to the lower pressure chamber 231, such that it is filled with
fuel from the lower pressure chamber 231 when fuel is discharged. The control orifice 234 is connected to the control
chamber 233, and allows fuel inside the control chamber 233 to be discharged out of the valve body 200.
[0022] The control needle 240 is configured such that it can be actuated by an actuator (not shown) which operates
in response to a control signal so as to open and close the second flow path 221, thereby controlling the flow rate of fuel

(continued)

235: fuel drain hole 240: control needle
241: control valve housing
300: injection controller
310: cutoff part 320: spindle
321: insertion hole 322: connection hole
330: cutoff needle 333: pressure acting surface

340: spring 350: pressure piston
400: nozzle pressing part 410: needle spindle
411: chamber 420: nozzle spring
500: nozzle part 510: nozzle chamber
520: needle 530: nozzle hole
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that flows into the lower pressure chamber 231.
[0023] The injection controller 300 includes a cutoff part 310, a pressure piston 350 and a spring 340. The cutoff part
310 is disposed at the center of the valve body 200, and can be lifted up by a force under the pressure of fuel that fills
the lower pressure chamber 231 and the cutoff pressure chamber 232 so as to open and close the first flow path 220,
thereby controlling the supply of fuel to the nozzle part 500. The pressure piston 310 is disposed above the cutoff part
310, and applies a downward force to the cutoff part 310 under the pressure of fuel that fills the upper pressure chamber
230. The spring 340 is disposed such that it is inserted into the pressure piston 350, and applies a downward force to
the cutoff part 310.
[0024] In the first embodiment of the present invention, since the cutoff part 310 and the pressure piston 350 are
separate, it is easy to adjust the intervals from the outer circumferences of the pressure piston 350 and the cutoff part
310 which require precision machining to the inner circumference of the inner space of the valve body 200 in which they
are disposed, thereby facilitating the fabrication of the valve and reducing fabrication cost.
[0025] That is, the intervals from the outer circumferences of the pressure piston 350 and the cutoff part 310 to the
inner circumference of the inner space of the valve body 200 must be precisely machined to a very small size in order
to prevent high-pressure fuel, that fills the inside of the upper pressure chamber 230 and the lower pressure chamber
231, from leaking through the interval. When the cutoff part 310 and the pressure piston are formed integrally, machining
is difficult since one part has a large number of surfaces that must be precisely machined. In contrast, the first embodiment
of the present invention is designed such that the surfaces of each part that require precision machining are minimized
by separately configuring the cutoff part 310 and the pressure piston 350. This consequently leads to an advantage in
that it becomes easy to precisely machine the parts.
[0026] In the meantime, the cutoff part 310 includes a spindle 320 which is forced in the upward direction under the
pressure of fuel that fills the lower pressure chamber 231 and a cutoff needle 330 which is disposed under the spindle
320 so as to be separate from the spindle 320. The cutoff needle 330 is forced in the upward direction under the pressure
of fuel that fills the cutoff pressure chamber 232, and when actuated upward together with the spindle 320, opens the
first flow path 220.
[0027] Since the cutoff part 310 is configured such that the spindle 320 and the cutoff needle 330 are separate from
each other, the surfaces of each part that require precision machining are designed to be minimized as in the case in
which the cutoff part 310 and the pressure piston 350 are configured separate from each other, thereby leading to a
design advantage of facilitating precise machining of the parts.
[0028] In the meantime, the control chamber 233 and the control orifice 234 are formed such that they are connected
to the lower pressure chamber 231 to discharge fuel inside the lower pressure chamber 231 out of the valve body 200
when the spindle is actuated in the upward direction. In contrast, when the spindle 320 is not actuated, the control
chamber 233 and the control orifice 234 are disconnected from the lower pressure chamber 231 so that fuel is not
discharged.
[0029] In addition, the valve body 200 also has a fuel drain hole 235 which prevents fuel in the cutoff pressure chamber
232 from leaking to the lower pressure chamber 231 through the interval between the outer circumference of the cutoff
needle 330 and the inner circumference of the valve body 200 so that the pressure of leaking fuel does not additionally
act on the spindle 320.
[0030] The fuel drain hole 235 is formed such that it is positioned at a contact area between the spindle 320 and the
cutoff needle 330, whereby fuel can more easily drain from the cutoff pressure chamber 232.
[0031] In addition, the nozzle pressing part 400 includes a needle spindle 410 and a nozzle spring 420. The needle
spindle 410 has a concave chamber 411 in the upper portion thereof which can be filled with fuel when the first flow path
220 is opened by the cutoff part 310 of the injection controller 300. The needle spindle 410 is disposed above the needle
520, and applies a downward force to the needle 520 under the pressure of fuel. The nozzle spring 420 is disposed
above the needle spindle 410, and applies a downward force to the needle spindle 410.
[0032] In addition, pressure acting surfaces 333 having a stepped shape are formed on the spindle 320 and the cutoff
needle 330 such that a driving force can act in the upward direction in response to the pressure of fuel that fills the lower
pressure chamber 231 and the cutoff pressure chamber 232.
[0033] A description will be given of the operating state of the fuel injection valve having the above-described config-
uration according to the first embodiment of the present invention.
[0034] First, when fuel is not injected, high-pressure fuel supplied through the fuel supply port 210 fills the cutoff
pressure chamber 232 through the upper pressure chamber 230 which is formed above the injection controller 300, i.
e. above the pressure piston 350, and the first flow path 220.
[0035] During the standby period in which fuel is not injected as such, fuel is not delivered to the lower pressure
chamber 231 through the second flow path 221, since the control needle 240 stays closing the second flow path 221.
[0036] Accordingly, the cutoff part 310 stays closed since the total of a force that acts in the downward direction on
the upper portion of the pressure piston 350, which is under the pressure of fuel that has filled the upper pressure
chamber 230, and a force from the spring 340 that acts in the downward direction is greater than a force that acts in the
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upward direction on the cutoff part 310 through the cutoff pressure chamber 232.
[0037] As the first flow path 220 is closed by the cutoff part 310 in this way, and high-pressure fuel is not delivered to
the nozzle part 500, the needle 520 also stays closed under the force of the nozzle spring 420 that acts in the downward
direction, whereby fuel is not injected through the nozzle hole 530.
[0038] When starting fuel injection, as the actuator operates in response to a control signal to lift up the control needle
240, the second flow path 221 which has been closed by the control needle 240 is opened, thereby allowing high-
pressure fuel to be delivered to the lower pressure chamber 231. The pressure of fuel that fills the lower pressure
chamber 231 acts on the pressure acting surface 333 formed on the spindle 320 of the cutoff part 310.
[0039] Accordingly, as the force caused by the pressure of fuel that acts in the upward direction on the spindle 320
and the cutoff needle 330 of the cutoff part 310 becomes greater than the total of the force that acts on the upper portion
of the pressure piston 350 under the pressure of fuel that has filled the upper pressure chamber 230 and the force from
the spring 340 that acts in the downward direction, the cutoff needle 330 is lifted up, thereby opening the first flow path
220, whereby high-pressure fuel is delivered to the chamber 411 defined above the needle spindle 410 and to the nozzle
chamber 510 of the nozzle part 500.
[0040] When the force that lifts up the needle of the nozzle part 500, under the pressure of fuel that has been delivered
to the nozzle chamber 510, exceeds the total of the force acting in the downward direction that is caused by fuel that
has filled the chamber 411 in the upper portion of the needle spindle 410 and the force acting in the downward direction
on the needle spindle 410 that is caused by the nozzle spring 420, the needle 520 of the nozzle part 500 is lifted up,
and fuel is injected through the nozzle hole 530.
[0041] Here, the pressure of opening the nozzle is determined by the force acting on the upper portion of the needle
spindle 410 caused by the pressure of fuel that fills the chamber 411 formed in the upper portion of the needle spindle
410 and the force of the nozzle spring 420. In this case, it is possible to reduce the load of the nozzle spring 420 more
than in the case of pressing the needle 520 of the nozzle part 500 using only the nozzle spring 420. Accordingly, it is
easy to reduce the size of the nozzle spring 420 or increase the pressure for opening the nozzle part 500.
[0042] When completing fuel injection, the control needle 240 moves downward in response to a control signal, thereby
closing the second path 221.
[0043] When the second flow path 221 is closed as such, fuel is no longer supplied to the lower pressure chamber
231 but is discharged through control orifice 234 so that the pressure inside the lower pressure chamber 231 decreases.
[0044] Consequently, the force for lifting up the spindle 320 and the cutoff needle 330, caused by the pressure of fuel
that fills the cutoff pressure chamber 232, becomes smaller than the total of the force acting on the upper portion of the
pressure piston 350 caused by the pressure of fuel that fills the upper pressure chamber 230 and the force from the
spring 340 for pressing the cutoff needle 330.
[0045] Consequently, the cutoff needle 330 moves down to close the first flow path 220, so that high-pressure fuel is
no longer delivered to neither the chamber 411 formed in the upper portion of the needle spindle 410 nor the nozzle
chamber 510 of the nozzle part 500 through the first flow path 220.
[0046] In addition, after the cutoff needle 330 is closed as above, fuel that has remained in the first flow path 220 is
injected toward the nozzle hole 530 of the nozzle part 500. This consequently decreases the pressure in the nozzle
chamber 510, thereby decreasing the force needed for lifting up the needle 520 of the nozzle part 500. When this force
becomes smaller than the total of the force acting on the upper portion of the needle spindle 410 caused by fuel that
has filled the chamber 411 in the upper portion of the needle spindle 410 and the force caused by the nozzle spring 420,
the needle 520 of the nozzle part 500 moves downward to close the flow path to the nozzle hole 530, thereby completing
fuel injection.
[0047] In the fuel injection valve according to the first embodiment of the present invention as described above, the
control needle 240 can operate in response to a control signal to control the time to inject fuel and the amount of fuel to
be injected independently from the operating condition of an engine, unlike the traditional mechanical fuel injection valve.
[0048] In addition, since a control method for fuel injection increases the force of lifting up the cutoff needle 330 of the
injection controller 300 by delivering high-pressure fuel to the lower pressure chamber 231 via the control needle 240,
control over fuel injection is rapid.
[0049] Furthermore, parts can be easily assembled and replaced due to the simple structure. In particular, there is an
advantage in the design in that the nozzle part 500 can be easily replaced.
[0050] In addition, there is a safety function of closing the cutoff needle 330 to cut off the first flow path 220 so that
fuel is not delivered to the nozzle part 500, thereby preventing the nozzle part 550 from being under constant high
pressure when fuel injection is not being injected. This function also prevents a large amount of fuel from leaking into a
combustion chamber when accidents, such as damage to the needle 520 of the nozzle part 500 or to a valve seat, occur.
[0051] Furthermore, since the pressure at which the nozzle part 500 is opened is determined by the force caused by
the pressure acting on the upper portion of the needle spindle 410 and the force from the nozzle spring 420, the force
of the nozzle spring 420 can be reduced more than in the case in which the needle 520 of the nozzle part 500 is pressed
using only the nozzle spring 420, thereby leading to a design advantage in that the size of the nozzle spring 420 can be
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reduced. It is also easy to increase the pressure at which the nozzle part 500 is opened or closed.
[0052] FIG. 8 is an example view showing a fuel injection valve according to a second embodiment of the present
invention, FIG. 9 is an example view specifically showing the installation structure of the control needle of the fuel injection
valve according to the second embodiment of the present invention, FIG. 10 is an example view specifically showing
the structure of the spindle and the lower pressure chamber of the fuel injection valve according to the second embodiment
of the present invention, FIG. 11 is an example view showing the fuel drain hole which is formed in the contact area
between the spindle and the cutoff needle of the cutoff part according to the second embodiment of the present invention,
FIG. 12 is an example view showing the operating state and the flow of fuel when fuel is not injected in response to
closing of the control needle of the fuel injection valve according to the second embodiment of the present invention,
FIG. 13 is an example view showing the operating state and the flow of fuel when fuel is injected in response to opening
of the control needle of the fuel injection valve according to the second embodiment of the present invention, and FIG.
14 is an example view showing the operating state and the flow of fuel when fuel injection is completed in response to
re-closing of the control needle of the fuel injection valve according to the second embodiment of the present invention.
[0053] As shown in the figures, according to the second embodiment of the present invention, the fuel injection valve
100 includes a valve body 200, a nozzle part 500, an injection controller 300, a nozzle pressing part 400, an upper
pressure chamber 230, a lower pressure chamber 231, a cutoff pressure chamber 232, a second flow path 221, a control
needle 240, a control chamber 233 and a control orifice 234. The valve body 200 has defined therein a first flow path
220 along which fuel is fed through a fuel supply port 210, and has a control valve housing 241 in the upper portion
thereof. The nozzle part 500 is coupled to the lower portion of the valve body 200, and has defined therein a nozzle
chamber 510 which is filled with fuel that is supplied via the first flow path 220 so that a needle 520 disposed therein is
pressed upward, whereby the needle 520 is lifted up so that fuel is injected toward a nozzle hole 530. The injection
controller 300 is disposed inside the valve body 200 such that it can open and close the first flow path 220 in order to
control the nozzle part 500 to inject fuel. The nozzle pressing part 400 is disposed inside the valve body 200, is positioned
below the injection controller 300, and applies a downward force to the needle 520 of the nozzle part 500. The upper
pressure chamber 230 is formed above the injection controller 300, and creates a pressure when it is filled with fuel fed
through the fuel supply port 210, the pressure moving the injection controller 300 downward. The lower pressure chamber
231 is positioned below the upper pressure chamber 230, and creates a pressure when it is filled up with fuel, the
pressure lifting up the injection controller 300. The cutoff pressure chamber 232 is positioned below the lower pressure
chamber 231, and creates a pressure when it is filled with fuel that flows through the first flow path 220, the pressure
lifting up the injection controller 300. The second flow path 221 is formed inside the injection controller 300 via the control
valve housing 241, and is connected to the lower pressure chamber 231. The injection controller 300 allows fuel to be
supplied to the lower pressure chamber 231. The control needle 240 is disposed within the control valve housing 241,
and opens and closes the second flow path 221 in response to a control signal, thereby controlling the flow rate of fuel
that is supplied to the lower pressure chamber 231. The control chamber 233 is formed in the valve body 200 so as to
be connected to the lower pressure chamber 231, such that it is filled with fuel from the lower pressure chamber 231
when fuel is discharged. The control orifice 234 is connected to the control chamber 233, and allows fuel inside the
control chamber 233 to be discharged out of the valve body 200.
[0054] The control needle 240 is configured such that it can be actuated by an actuator (not shown) which operates
in response to a control signal so as to open and close the second flow path 221, thereby controlling the flow rate of fuel
that flows into the lower pressure chamber 231.
[0055] The injection controller 300 includes a cutoff part 310 and a spring 340. The cutoff part 310 is disposed such
that it is fitted into the control valve housing 241, and is positioned below the upper pressure chamber 230. The cutoff
part 310 is lifted up by a force caused by the pressure of fuel that fills the lower pressure chamber 231 and the cutoff
pressure chamber 232, thereby opening and closing the cutoff part 310. The spring 340 is disposed such that it is fitted
into the cutoff part 310, and applies a downward force to the cutoff part 310.
[0056] The cutoff part 310 includes a spindle 320 and a cutoff needle 330. The spindle 320 has an insertion hole 321
into which the control valve housing 241 can be inserted and a plurality of connection holes 322 inside the insertion hole
321, the connecting holes 322 being connected to the lower pressure chamber 231 such that the second flow path 221
formed in the control valve housing 241 can be connected to the lower pressure chamber 231. The spindle 320 is forced
in the upward direction under the pressure of fuel that fills the lower pressure chamber 231. The cutoff needle 330 is
disposed under the spindle 320 so as to be separate from the spindle 320. The cutoff needle 330 is forced in the upward
direction under the pressure of fuel that fills the cutoff pressure chamber 232, and when actuated upward together with
the spindle 320, opens the first flow path 220.
[0057] In the second embodiment of the present invention as described above, the second flow path 221 is formed in
the control valve housing 241, and the control valve housing 241 is inserted into the insertion hole 321 of the spindle
320. Accordingly, the second flow path 221 is positioned inside the spindle 320.
[0058] Since the second flow path is formed in the control valve housing 241 as above, the structure of the second
flow path 221 is simplified, and the second flow path 221 can be more easily machined than in the case where the flow
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path is formed in the valve body 200.
[0059] In addition, since the spindle 320 and the cutoff needle 330 of the cutoff part 310 are configured separate from
each other, it is easy to adjust the intervals from the outer circumferences of the spindle 320 and the cutoff needle 330
which require precision machining to the inner circumference of the inner space of the valve body 200 in which they are
disposed, thereby facilitating the fabrication of the valve and reducing fabrication cost.
[0060] That is, the intervals from the outer circumferences of the pressure piston 350 and the cutoff part 310 to the
inner circumference of the inner space of the valve body 200 must be precisely machined to a very small size in order
to prevent high-pressure fuel, that is to be filled inside the upper pressure chamber 230 and the lower pressure chamber
231, from leaking through the interval. When the spindle 320 and the cutoff needle 330 are formed integrally, machining
is difficult since one part has a large number of surfaces that must be precisely machined. In contrast, the present
invention is designed such that the surfaces of each part that require precision machining are minimized by separately
configuring the spindle 320 and the cutoff needle 330. This consequently leads to an advantage of facilitating precise
machining of the parts.
[0061] In the meantime, the control chamber 233 and the control orifice 234 are formed such that they are connected
to the lower pressure chamber 231 to discharge fuel inside the lower pressure chamber 231 out of the valve body 200
when the spindle is actuated in the upward direction. In contrast, when the spindle 320 is not actuated, the control
chamber 233 and the control orifice 234 are disconnected from the lower pressure chamber 231 so that fuel is not
discharged.
[0062] In addition, the valve body 200 also has a fuel drain hole 235 which prevents fuel in the cutoff pressure chamber
232 from leaking to the lower pressure chamber 231 through the interval between the outer circumference of the cutoff
needle 330 and the inner circumference of the valve body 200 so that the pressure of leaking fuel does not additionally
act on the spindle 320.
[0063] The fuel drain hole 235 is formed such that it is positioned at a contact area between the spindle 320 and the
cutoff needle 330, whereby fuel can more easily drain from the cutoff pressure chamber 232.
[0064] In addition, the nozzle pressing part 400 includes a needle spindle 410 and a nozzle spring 420. The needle
spindle 410 has a concave chamber 411 in the upper portion thereof which can be filled with fuel when the first flow path
220 is opened by the cutoff part 310 of the injection controller 300. The needle spindle 410 is disposed above the needle
520, and applies a downward force to the needle 520 under the pressure of fuel. The nozzle spring 420 is disposed
above the needle spindle 410, and applies a downward force to the needle spindle 410.
[0065] In addition, pressure acting surfaces 333 having a stepped shape are formed on the spindle 320 and the cutoff
needle 330 such that a driving force can act in the upward direction in response to the pressure of fuel that fills the lower
pressure chamber 231 and the cutoff pressure chamber 232.
[0066] A description will be given of the operating state of the fuel injection valve having the above-described config-
uration according to the second embodiment of the present invention.
[0067] First, when fuel is not injected, high-pressure fuel supplied through the fuel supply port 210 fills the cutoff
pressure chamber 232 through the upper pressure chamber 230 which is formed above the injection controller 300, i.
e. above the pressure piston 350, and the first flow path 220.
[0068] During the standby period in which fuel is not injected as such, fuel is not delivered to the lower pressure
chamber 231 through the second flow path 221, since the control needle 240 stays closing the second flow path 221.
[0069] Accordingly, the cutoff part 310 stays closed since the total of a force that acts in the downward direction on
the upper portion of the spindle 320, which is under the pressure of fuel that has filled the upper pressure chamber 230,
and a force from the spring 340 that acts in the downward direction is greater than a force that acts in the upward direction
on the cutoff part 310 through the cutoff pressure chamber 232.
[0070] As the first flow path 220 is closed by the cutoff part 310 and high-pressure fuel is not delivered to the nozzle
part 500, the needle 520 also stays closed under the force of the nozzle spring 420 that acts in the downward direction,
whereby fuel is not injected through the nozzle hole 530.
[0071] When starting fuel injection, as the actuator operates in response to a control signal to lift up the control needle
240, the second flow path 221 which has been closed by the control needle 240 is opened, thereby allowing high-
pressure fuel to be delivered to the lower pressure chamber 231 through the second flow path 221 defined in the control
valve housing 241 and through the connection holes 322 inside the spindle 320. The pressure of fuel that fills the lower
pressure chamber 231 acts on the pressure acting surface 333 of the spindle 320.
[0072] Accordingly, as the force caused by the pressure of fuel that acts in the upward direction on the spindle 320
and the cutoff needle 330 of the cutoff part 310 through the cutoff chamber 232 and the lower pressure chamber 231
becomes greater than the total of the force that acts on the upper portion of the spindle 320 under the pressure of fuel
that has filled the upper pressure chamber 230 and the force from the spring 340 that acts in the downward direction,
the cutoff needle 330 is lifted up, thereby opening the first flow path 220, whereby high-pressure fuel is delivered to the
chamber 411 defined above the needle spindle 410 and to the nozzle chamber 510 of the nozzle part 500.
[0073] When the force that lifts up the needle 520 of the nozzle part 500 under the pressure of fuel that has been
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delivered to the nozzle chamber 510 exceeds the total of the force acting in the downward direction that is caused by
fuel that has filled the chamber 411 in the upper portion of the needle spindle 410 and the force acting in the downward
direction on the needle spindle 410 that is caused by the nozzle spring 420, the needle 520 of the nozzle part 500 is
lifted up, and fuel is injected through the nozzle hole 530.
[0074] Here, the pressure of opening the nozzle is determined by the force acting on the upper portion of the needle
spindle 410 caused by the pressure of fuel that fills the chamber 411 formed in the upper portion of the needle spindle
410 and the force of the nozzle spring 420. In this case, it is possible to reduce the load of the nozzle spring 420 than
in the case of pressing the needle 520 of the nozzle part 500 using only the nozzle spring 420. Accordingly, it is easy
to reduce the size of the nozzle spring 420 or increase the pressure for opening the nozzle part 500.
[0075] When completing fuel injection, the control needle 240 moves downward in response to a control signal, thereby
closing the second path 221.
[0076] When the second flow path 221 is closed as such, fuel is no longer supplied to the lower pressure chamber
231 but is discharged through control orifice 234, so that the pressure inside the lower pressure chamber 231 decreases.
[0077] Consequently, the force for lifting up the spindle 320 and the cutoff needle 330 caused by the pressure of fuel
that fills the cutoff pressure chamber 232 becomes smaller than the total of the force acting on the upper portion of the
spindle 320 caused by the pressure of fuel that fills the upper pressure chamber 230 and the force from the spring 340
for pressing the cutoff needle 330.
[0078] Consequently, the cutoff needle 330 moves down to close the first flow path 220, so that high-pressure fuel is
no longer delivered to neither the chamber 411 formed in the upper portion of the needle spindle 410 nor the nozzle
chamber 510 of the nozzle part 500 through the first flow path 220.
[0079] In addition, after the cutoff needle 330 is closed as above, fuel that has remained in the first flow path 220 is
injected toward the nozzle hole 530 of the nozzle part 500. This consequently decreases the pressure in the nozzle
chamber 510, thereby decreasing the force needed for lifting up the needle 520 of the nozzle part 500. When this force
becomes smaller than the total of the force acting on the upper portion of the needle spindle 410 caused by fuel that
has filled the chamber 411 in the upper portion of the needle spindle 410 and the force caused by the nozzle spring 420,
the needle 520 of the nozzle part 500 moves downward to close the flow path to the nozzle hole 530, thereby completing
fuel injection.
[0080] In the fuel injection valve according to the second embodiment of the present invention as above, the control
needle 240 can operate in response to a control signal to control the time to inject fuel and the amount of fuel to be
injected independently from the operating condition of an engine, unlike the traditional mechanical fuel injection valve.
[0081] In addition, since the second flow path 221 is formed through the control valve housing 241, it is easier than
forming the second flow path 221 in the valve body 200. This consequently facilitates the fabrication of the valve.
[0082] Furthermore, since a control method for fuel injection increases the force of lifting up the cutoff needle 330 of
the injection controller 300 by delivering high-pressure fuel to the lower pressure chamber 231 via the control needle
240, control over fuel injection is rapid.
[0083] In addition, parts can be easily assembled and replaced due to the simple structure. In particular, there is an
advantage in the design in that the nozzle part 500 can be easily replaced.
[0084] Furthermore, there is a safety function of closing the cutoff needle 330 to cut off the first flow path 220 so that
fuel is not delivered to the nozzle part 500, thereby preventing the nozzle part 550 from being under constant pressure
when fuel injection is not being injected. This function also prevents a large amount of fuel from leaking into a combustion
chamber when accidents, such as damage to the needle 520 of the nozzle part 500 or to a valve seat, occur.
[0085] In addition, since the pressure at which the nozzle part 500 is opened is determined by the force caused by
the pressure acting on the upper portion of the needle spindle 410 and the force from the nozzle spring 420, the force
of the nozzle spring 420 can be reduced than in the case in which the needle 520 of the nozzle part 500 is pressed using
only the nozzle spring 420, thereby leading to an advantage in that the size of the nozzle spring 420 can be reduced. It
is also easy to increase the pressure at which the nozzle part 500 is opened or closed.
[0086] Although the present invention has been described hereinabove with respect to the certain exemplary embod-
iments, it should be understood that the present invention is not limited to the foregoing embodiments. It is apparent to
a person having ordinary skill in the art to which the present invention belongs that a variety of changes can be made
without departing from the concept of the present invention that is defined in the appended claims, as long as such
changes fall within the scope of the claims.

Claims

1. An electronically controlled fuel injection valve (100) comprising:

a valve body (200) having defined therein a first flow path (220) along which fuel is fed through a fuel supply
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port (210), the valve body having a control valve housing in an upper portion thereof ;
a nozzle part (500) coupled to a lower portion of the valve body, the nozzle part having defined therein a nozzle
chamber which is filled with fuel that is supplied via the first flow path so that a needle (520) disposed therein
is pressed upward, whereby the needle is lifted up so that fuel is injected toward a nozzle hole (530);
an injection controller (300) disposed inside the valve body so as to be able to open and close the first flow path
in order to control the nozzle part to inject fuel;
a nozzle pressing part (400) positioned below the injection controller, the nozzle pressing part applying a down-
ward force to the needle of the nozzle part;
an upper pressure chamber (230) formed above the injection controller, the upper pressure chamber creating
a pressure when the upper pressure chamber is filled with fuel injected through the fuel supply port, the pressure
moving the injection controller downward;
a lower pressure chamber (231) positioned below the upper pressure chamber, the lower pressure chamber
creating a pressure when the lower pressure chamber is filled up with fuel, the pressure lifting up the injection
controller;
a cutoff pressure chamber (232) positioned below the lower pressure chamber, the cutoff pressure chamber
creating a pressure when the cutoff pressure chamber is filled with fuel that flows through the first flow path,
the pressure lifting up the injection controller;
a second flow path (221) formed in the valve body via the control valve housing, the second flow path being
connected to the lower pressure chamber, thereby allowing fuel to be supplied to the lower pressure chamber;
a control needle (240) disposed within the control valve housing, the control needle opening and closing the
second flow path in response to a control signal, thereby controlling a flow rate of fuel that is supplied to the
lower pressure chamber;
a control chamber (238) formed in the valve body so as to be connected to the lower pressure chamber (231),
such that the control chamber is filled with fuel from the lower pressure chamber when fuel is discharged; and
a control orifice (234) connected to the control chamber, and the control orifice allowing fuel inside the control
chamber to be discharged out of the valve body.

2. The electronically controlled fuel injection valve according to claim 1, wherein the injection controller comprises:

a cutoff part (310) disposed at a center of the valve body, the cutoff part being lifted up by a force under a
pressure of fuel that fills the lower pressure chamber (231) and the cutoff pressure chamber (232) so as to open
and close the first flow path, thereby controlling supply of fuel to the nozzle part;
a pressure piston (350) disposed above the cutoff part, the pressure piston applying a downward force to the
cutoff part under a pressure of fuel that fills the upper pressure chamber; and
a spring (340) disposed and inserted into the pressure piston, the spring applying a downward force to the cutoff
part.

3. The electronically controlled fuel injection valve according to claim 2, wherein the cutoff part comprises:

a spindle (320) forced in an upward direction under the pressure of fuel that fills the lower pressure chamber; and
a cutoff needle (330) disposed under the spindle so as to be separate from the spindle, wherein the cutoff needle
is forced in an upward direction under a pressure of fuel that fills the cutoff pressure chamber, and when actuated
upward together with the spindle, opens the first flow path.

4. An electronically controlled fuel injection valve (100) comprising:

a valve body (200) having defined therein a first flow path (220) along which fuel is fed through a fuel supply
port (210), the valve body having a control valve housing in an upper portion thereof;
a nozzle part (500) coupled to a lower portion of the valve body, the nozzle part having defined therein a nozzle
chamber which is filled with fuel that is supplied via the first flow path so that a needle (520) disposed therein
is pressed upward, whereby the needle is lifted up so that fuel is injected toward a nozzle hole (530);
an injection controller (300) disposed inside the valve body so as to be able to open and close the first flow path
in order to control the nozzle part to inject fuel;
a nozzle pressing part (400) positioned below the injection controller, the nozzle pressing part applying a down-
ward force to the needle of the nozzle part;
an upper pressure chamber (230) formed above the injection controller, the upper pressure chamber creating
a pressure when the upper pressure chamber is filled with fuel injected through the fuel supply port, the pressure
moving the injection controller downward;
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a lower pressure chamber (231) positioned below the upper pressure chamber, the lower pressure chamber
creating a pressure when the lower pressure chamber is filled up with fuel, the pressure lifting up the injection
controller;
a cutoff pressure chamber (232) positioned below the lower pressure chamber, the cutoff pressure chamber
creating a pressure when the cutoff pressure chamber is filled with fuel that flows through the first flow path,
the pressure lifting up the injection controller;
a second flow path (221) formed inside the injection controller via the control valve housing, the second flow
path being connected to the lower pressure chamber, thereby allowing fuel to be supplied to the lower pressure
chamber;
a control needle (240) disposed within the control valve housing, the control needle opening and closing the
second flow path in response to a control signal, thereby controlling a flow rate of fuel that is supplied to the
lower pressure chamber;
a control chamber (238) formed in the valve body so as to be connected to the lower pressure chamber (231)
such that the control chamber is filled with fuel from the lower pressure chamber when fuel is discharged; and
a control orifice (234) connected to the control chamber, and the control orifice allowing fuel inside the control
chamber to be discharged out of the valve body.

5. The electronically controlled fuel injection valve according to claim 4, wherein the injection controller comprises:

a cutoff part (310) disposed so as to be fitted into the control valve housing, the cutoff part being positioned
below the upper pressure chamber, and being lifted up by a force caused by a pressure of fuel that fills the
lower pressure chamber (231) and the cutoff pressure chamber (232), thereby opening and closing the cutoff
part; and
a spring (340) disposed so as to be fitted into the cutoff part, the spring applying a downward force to the cutoff part.

6. The electronically controlled fuel injection valve according to claim 5, wherein the cutoff part comprises:

a spindle having an insertion hole into which the control valve housing (241) is insertable and a plurality of
connection holes inside the insertion hole, the connecting holes being connected to the lower pressure chamber
such that the second flow path formed in the control valve housing is connectable to the lower pressure chamber,
the spindle being forced in an upward direction under a pressure of fuel that fills the lower pressure chamber; and
a cutoff needle (330) disposed under the spindle so as to be separate from the spindle, wherein the cutoff needle
is forced in an upward direction under a pressure of fuel that fills the cutoff pressure chamber (232) and when
actuated upward together with the spindle, opens the first flow path.

7. The electronically controlled fuel injection valve according to claim 3 or 6, wherein the valve body further has a fuel
drain hole (235) which prevents fuel in the cutoff pressure chamber from leaking to the lower pressure chamber
through an interval between the outer circumference of the cutoff needle and the inner circumference of the valve
body so that a pressure of leaking fuel does not additionally act on the spindle.

8. The electronically controlled fuel injection valve according to claim 1 or 4, wherein the nozzle pressing part comprises:

a needle spindle (410) having a concave chamber in an upper portion thereof which can be filled with fuel when
the first flow path is opened by the injection controller, the needle spindle being disposed above the needle,
and applying a downward force to the needle under a pressure of fuel; and
a nozzle spring (420) disposed above the needle spindle, the nozzle spring applying a downward force to the
needle spindle.

Patentansprüche

1. Elektronisch gesteuertes Kraftstoffeinspritzventil (100), welches umfasst:

einen Ventilkörper (200), in welchem ein erster Strömungsweg (220) definiert ist, entlang welchem Kraftstoff
durch eine Kraftstoffversorgungsöffnung (210) gespeist wird, und welcher ein Steuerventilgehäuse (241) in
seinem oberen Bereich hat;
ein Düsenteil (500), welches mit einem unteren Bereich des Ventilkörpers (200) verbunden ist und in welchem
ein Düsenraum (510) definiert ist, welcher mit Kraftstoff befüllt wird, der über den ersten Strömungsweg (220)
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zur Verfügung gestellt wird, so dass eine Nadel (520), welche darin angeordnet ist, nach oben gedrückt wird,
wodurch die Nadel (520) angehoben wird, so dass Kraftstoff zu einer Düsenöffnung (530) eingespritzt wird;
eine Einspritzsteuerung (300), welche innerhalb des Ventilkörpers (200) angeordnet ist, so dass der erste
Strömungsweg (220) geöffnet und geschlossen werden kann, um das Düsenteil (500) so zu steuern, dass
Kraftstoff eingespritzt wird;
ein Düsendruckteil (400), welches unter der Einspritzsteuerung (300) angeordnet ist, und eine abwärts gerichtete
Kraft auf die Nadel (520) des Düsenteils (500) ausübt;
eine obere Druckkammer (230), welche über der Einspritzsteuerung (300) gebildet ist und welche Druck erzeugt,
wenn die obere Druckkammer (230) mit Kraftstoff gefüllt wird, welcher durch die Kraftstoffversorgungsöffnung
(210) eingespritzt wird, wobei der Druck die Einspritzsteuerung (300) abwärts bewegt;
eine untere Druckkammer (231), welche unter der oberen Druckkammer (230) angeordnet ist und welche Druck
erzeugt, wenn die untere Druckkammer (231) mit Kraftstoff gefüllt wird, wobei der Druck die Einspritzsteuerung
(300) anhebt;
eine Absperrdruckkammer (232), welche unter der unteren Druckkammer (231) angeordnet ist und welche
Druck erzeugt, wenn die Absperrdruckkammer (232) mit Kraftstoff gefüllt wird, der durch den ersten Strömungs-
weg (220) fließt, wobei der Druck die Einspritzsteuerung (300) anhebt;
einen zweiten Strömungsweg (221), welcher in dem Ventilkörper (200) durch das Steuerventilgehäuse (241)
gebildet ist und welcher mit der unteren Druckkammer (231) verbunden ist, und es ermöglicht, der unteren
Druckkammer (231) Kraftstoff zur Verfügung zu stellen;
eine Steuernadel (240), welche innerhalb des Steuerventilgehäuses (241) angeordnet ist und welche den zwei-
ten Strömungsweg (221) als Reaktion auf ein Steuersignal öffnet und schließt, und dabei den Durchfluss des
Kraftstoffs steuert, der der unteren Druckkammer (231) zur Verfügung gestellt wird;
eine Steuerkammer (238), welche in dem Ventilkörper (200) so gebildet ist, dass sie mit der unteren Druck-
kammer (231) verbunden ist, so dass die Steuerkammer (238) mit Kraftstoff von der unteren Druckkammer
(231) gefüllt wird, wenn Kraftstoff abgeführt wird; und
eine Steueröffnung (234), welche zu der Steuerkammer (238) verbunden ist und es ermöglicht, Kraftstoff in-
nerhalb der Steuerkammer (238) aus dem Ventilkörper (200) abzuführen.

2. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 1, wobei die Einspritzsteuerung (300) um-
fasst:

ein Absperrteil (310), welches im Zentrum des Ventilkörpers (200) angeordnet ist und welches durch eine durch
den Druck des die untere Druckkammer (231) und die Absperrdruckkammer (232) füllenden Kraftstoffs ausge-
übte Kraft angehoben wird, so dass der erste Strömungsweg (220) geöffnet und geschlossen wird, und dabei
die Zufuhr von Kraftstoff zum Düsenteil (500) steuert;
ein Druckkolben (350), welcher über dem Absperrteil (310) angeordnet ist und eine auf das Absperrteil (310)
durch den Druck des die obere Druckkammer (230) füllenden Kraftstoffs abwärts gerichtete Kraft ausübt; und
eine Feder (340), welche im Druckkolben (350) angeordnet und eingefügt ist und auf das Absperrteil (310) eine
abwärts gerichtete Kraft ausübt.

3. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 2, wobei das Absperrteil (310) umfasst:

eine Spindel (320), welche durch den Druck des die untere Druckkammer (231) füllenden Kraftstoffs in eine
Aufwärtsrichtung gezwungen wird; und
eine Absperrnadel (330), welche unter der Spindel (320) angeordnet ist, so dass sie von der Spindel (320)
getrennt ist, wobei die Absperrnadel (330) aufgrund des Drucks des die Absperrdruckkammer (232) füllenden
Kraftstoffs in eine Aufwärtsrichtung gezwungen wird, und wenn sie sich zusammen mit der Spindel (320) aufwärts
bewegt, den ersten Strömungsweg (220) öffnet.

4. Elektronisch gesteuertes Kraftstoffeinspritzventil (100), welches umfasst:

einen Ventilkörper (200), in welchem ein erster Strömungsweg (220) definiert ist, entlang welchem Kraftstoff
durch eine Kraftstoffversorgungsöffnung (210) gespeist wird, und welcher ein Steuerventilgehäuse (241) in
seinem oberen Bereich hat;
ein Düsenteil (500), welches mit einem unteren Bereich des Ventilkörpers (200) verbunden ist und in welchem
ein Düsenraum (510) definiert ist, welcher mit Kraftstoff befüllt wird, der über den ersten Strömungsweg (220)
zur Verfügung gestellt wird, so dass eine Nadel (520), welche darin angeordnet ist, nach oben gedrückt wird,
wodurch die Nadel (520) angehoben wird, so dass Kraftstoff zu einer Düsenöffnung (530) eingespritzt wird;
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eine Einspritzsteuerung (300), welche innerhalb des Ventilkörpers (200) angeordnet ist, so dass der erste
Strömungsweg (220) geöffnet und geschlossen werden kann, um das Düsenteil (500) so zu steuern, dass
Kraftstoff eingespritzt wird;
ein Düsendruckteil (400), welches unter der Einspritzsteuerung (300) angeordnet ist, und eine abwärts gerichtete
Kraft auf die Nadel (520) des Düsenteils (500) ausübt;
eine obere Druckkammer (230), welche über der Einspritzsteuerung (300) gebildet ist und welche Druck erzeugt,
wenn die obere Druckkammer (230) mit Kraftstoff gefüllt wird, welcher durch die Kraftstoffversorgungsöffnung
(210) eingespritzt wird, wobei der Druck die Einspritzsteuerung (300) abwärts bewegt;
eine untere Druckkammer (231), welche unter der oberen Druckkammer (230) angeordnet ist und welche Druck
erzeugt, wenn die untere Druckkammer (231) mit Kraftstoff gefüllt wird, wobei der Druck die Einspritzsteuerung
(300) anhebt;
eine Absperrdruckkammer (232), welche unter der unteren Druckkammer (231) angeordnet ist und welche
Druck erzeugt, wenn die Absperrdruckkammer (232) mit Kraftstoff gefüllt wird, der durch den ersten Strömungs-
weg (220) fließt, wobei der Druck die Einspritzsteuerung (300) anhebt;
einen zweiten Strömungsweg (221), welcher in der Einspritzsteuerung (300) durch das Steuerventilgehäuse
(241) gebildet ist und welcher mit der unteren Druckkammer (231) verbunden ist, wodurch es ermöglicht wird,
der unteren Druckkammer (231) Kraftstoff zur Verfügung zu stellen;
eine Steuernadel (240), welche innerhalb des Steuerventilgehäuses (241) angeordnet ist und welche den zwei-
ten Strömungsweg (221) als Reaktion auf ein Steuersignal öffnet und schließt, und dabei den Durchfluss des
Kraftstoffs steuert, der der unteren Druckkammer (231) zur Verfügung gestellt wird;
eine Steuerkammer (238), welche in dem Ventilkörper (200) so gebildet ist, dass sie mit der unteren Druck-
kammer (231) verbunden ist, so dass die Steuerkammer (238) mit Kraftstoff von der unteren Druckkammer
(231) gefüllt wird, wenn Kraftstoff abgeführt wird; und
eine Steueröffnung (234), welche zu der Steuerkammer (238) verbunden ist und es ermöglicht, Kraftstoff in-
nerhalb der Steuerkammer (238) aus dem Ventilkörper (200) abzuführen.

5. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 4, wobei die Einspritzsteuerung (300) um-
fasst:

ein Absperrteil (310), welches so angeordnet ist, dass es in das Steuerventilgehäuse (241) passt, welches unter
der oberen Druckkammer (230) angeordnet ist und welches durch eine vom Druck des die untere Druckkammer
(231) und die Absperrdruckkammer (232) füllenden Kraftstoffs verursachte Kraft angehoben wird, wodurch das
Absperrteil (310) öffnet und schließt; und
eine Feder (340), welche so angeordnet ist, dass sie in das Absperrteil (310) passt und eine abwärts gerichtete
Kraft auf das Absperrteil (310) ausübt.

6. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 5, wobei das Absperrteil (310) umfasst:

eine Spindel (320), welche eine Einführöffnung (321), in welche das Steuerventilgehäuse (241) einführbar ist,
und eine Vielzahl von Anschlussöffnungen (322) innerhalb der Einführöffnung (321) hat, die Anschlussöffnungen
(322), welche mit der unteren Druckkammer (231) derart verbunden sind, dass der zweite Strömungsweg (221),
welcher in dem Steuerventilgehäuse (241) gebildet ist, mit der unteren Druckkammer (231) verbindbar ist, die
Spindel (320), welche aufgrund des Drucks des die untere Druckkammer (231) füllenden Kraftstoffs in eine
Aufwärtsrichtung gezwungen wird; und
eine Absperrnadel (330), welche unter der Spindel angeordnet ist, so dass sie von der Spindel (320) getrennt
ist, wobei die Absperrnadel (330) aufgrund des Drucks des die Absperrdruckkammer (232) füllenden Kraftstoffs
in eine Aufwärtsrichtung gezwungen wird, und wenn sie zusammen mit der Spindel (320) aufwärts bewegt, den
ersten Strömungsweg (220) öffnet.

7. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 3 oder 6, wobei der Ventilkörper (200) weiter
eine Kraftstoffabflussöffnung (235) hat, welche Kraftstoff in der Absperrdruckkammer (232) hindert durch einen
Zwischenraum zwischen dem Außenumfang der Absperrnadel (330) und dem Innenumfang des Ventilkörpers (200)
in die untere Druckkammer (231) zu entweichen, so dass Druck von entweichendem Kraftstoff nicht zusätzlich auf
die Spindel (320) wirkt.

8. Elektronisch gesteuertes Kraftstoffeinspritzventil (100) nach Anspruch 1 oder 4, wobei das Düsendruckteil (400)
umfasst:
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eine Nadelspindel (410), welche eine konkave Kammer in ihrem oberen Bereich hat, welche mit Kraftstoff gefüllt
werden kann, wenn der erste Strömungsweg (220) durch die Einspritzsteuerung (300) geöffnet ist, welche über
der Nadel (520) angeordnet ist und welche aufgrund des Druck des Kraftstoffs eine abwärts gerichtete Kraft
auf die Nadel (520) ausübt; und
eine Düsenfeder (420), welche über der Nadelspindel (410) angeordnet ist und welche eine abwärts gerichtete
Kraft auf die Nadelspindel (410) ausübt.

Revendications

1. Vanne d’injection de carburant à commande électronique (100) comprenant :

un corps de vanne (200) dans lequel est défini un premier chemin de passage (220) le long duquel du carburant
est introduit à travers un orifice d’alimentation en carburant (210), le corps de vanne ayant un boîtier de vanne
de commande dans une partie supérieure de celui-ci ;
une partie de buse (500) accouplée à une partie inférieure du corps de vanne, une chambre de buse étant
définie à l’intérieur de la partie de buse, laquelle chambre se remplit du carburant qui est envoyé par le premier
chemin de passage de telle manière qu’une aiguille (520) placée à cet endroit est poussée vers le haut, moyen-
nant quoi l’aiguille se soulève, de sorte que du carburant est injecté vers un trou de buse (530) ;
un contrôleur d’injection (300) placé à l’intérieur du corps de vanne de manière à être apte à ouvrir et fermer
le premier chemin de passage afin de commander la partie de buse pour injecter du carburant ;
une partie de pression de buse (400) placée sous le contrôleur d’injection, la partie de pression de buse appliquant
une force orientée vers le bas à l’aiguille de la partie de buse ;
une chambre de pression supérieure (230) formée au-dessus du contrôleur d’injection, la chambre de pression
supérieure créant une pression quand la chambre de pression supérieure est remplie avec le carburant injecté
par l’orifice d’alimentation en carburant, la pression déplaçant le contrôleur d’injection vers le bas ;
une chambre de pression inférieure (231) placée sous la chambre de pression supérieure, la chambre de
pression inférieure créant une pression quand la chambre de pression inférieure est remplie avec du carburant,
la pression soulevant le contrôleur d’injection ;
une chambre de pression de coupure (232) placée sous la chambre de pression inférieure, la chambre de
pression de coupure créant une pression quand la chambre de pression de coupure est remplie avec le carburant
qui circule dans le premier chemin de passage, cette pression soulevant le contrôleur d’injection ;
un deuxième chemin de passage (221) formé dans le corps de vanne à travers le boîtier de vanne de commande,
le deuxième chemin de passage étant connecté à la chambre de pression inférieure, permettant ainsi au
carburant d’être envoyé dans la chambre de pression inférieure ;
une aiguille de commande (240) placée dans le boîtier de vanne de commande, l’aiguille de commande ouvrant
et fermant le deuxième chemin de passage en réponse à un signal de commande, commandant ainsi un débit
de carburant qui est envoyé dans la chambre de pression inférieure ;
une chambre de commande (238) formée dans le corps de vanne de manière à être connectée à la chambre
de pression inférieure (231), de telle manière que la chambre de commande se remplit avec le carburant
provenant de la chambre de pression inférieure quand le carburant est refoulé ; et
un orifice de commande (234) connecté à la chambre de commande, et l’orifice de commande permettant au
carburant présent à l’intérieur de la chambre de commande d’être refoulé hors du corps de vanne.

2. Vanne d’injection de carburant à commande électronique selon la revendication 1, dans laquelle le contrôleur
d’injection comprend :

une partie de coupure (310) placée au centre du corps de vanne, la partie de coupure étant soulevée par une
force sous la pression du carburant qui remplit la chambre de pression inférieure (231) et la chambre de pression
de coupure (232) afin d’ouvrir et de fermer le premier chemin de passage, commandant de ce fait l’envoi de
carburant vers la partie de buse ;
un piston de pression (350) placé au-dessus de la partie de coupure, le piston de pression appliquant une force
orientée vers le bas sur la partie de coupure sous une pression du carburant qui remplit la chambre de pression
supérieure ; et
un ressort (340) placé et inséré dans le piston de pression, le ressort appliquant une force orientée vers le bas
sur la partie de coupure.

3. Vanne d’injection de carburant à commande électronique selon la revendication 2, dans laquelle la partie de coupure
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comprend :

une broche (320) poussée vers le haut sous la pression du carburant qui remplit la chambre de pression
inférieure ; et
une aiguille de coupure (330) placée sous la broche de façon à être séparée de la broche, dans laquelle l’aiguille
de coupure est poussée vers le haut sous la pression du carburant qui remplit la chambre de pression de
coupure, et lorsqu’elle est actionnée vers le haut en même temps que la broche, elle ouvre le premier chemin
de passage.

4. Vanne d’injection de carburant à commande électronique (100) comprenant :

un corps de vanne (200) dans lequel est défini un premier chemin de passage (220) le long duquel du carburant
est introduit à travers un orifice d’alimentation en carburant (210), le corps de vanne ayant un boîtier de vanne
de commande dans une partie supérieure de celui-ci ;
une partie de buse (500) accouplée à une partie inférieure du corps de vanne, une chambre de buse étant
définie à l’intérieur de la partie de buse, laquelle chambre se remplit du carburant qui est envoyé par le premier
chemin de passage de telle manière qu’une aiguille (520) placée à cet endroit est poussée vers le haut, moyen-
nant quoi l’aiguille se soulève, de sorte que du carburant est injecté vers un trou de buse (530) ;
un contrôleur d’injection (300) placé à l’intérieur du corps de vanne de manière à être apte à ouvrir et fermer
le premier chemin de passage afin de commander la partie de buse pour injecter du carburant ;
une partie de pression de buse (400) placée sous le contrôleur d’injection, la partie de pression de buse appliquant
une force orientée vers le bas à l’aiguille de la partie de buse ;
une chambre de pression supérieure (230) formée au-dessus du contrôleur d’injection, la chambre de pression
supérieure créant une pression quand la chambre de pression supérieure est remplie avec le carburant injecté
par l’orifice d’alimentation en carburant, la pression déplaçant le contrôleur d’injection vers le bas ;
une chambre de pression inférieure (231) placée sous la chambre de pression supérieure, la chambre de
pression inférieure créant une pression quand la chambre de pression inférieure est remplie avec du carburant,
la pression soulevant le contrôleur d’injection ;
une chambre de pression de coupure (232) placée sous la chambre de pression inférieure, la chambre de
pression de coupure créant une pression quand la chambre de pression de coupure est remplie avec le carburant
qui circule dans le premier chemin de passage, cette pression soulevant le contrôleur d’injection ;
un deuxième chemin de passage (221) formé dans le corps de vanne à travers le boîtier de vanne de commande,
le deuxième chemin de passage étant connecté à la chambre de pression inférieure, permettant ainsi au
carburant d’être envoyé dans la chambre de pression inférieure ;
une aiguille de commande (240) placée dans le boîtier de vanne de commande, l’aiguille de commande ouvrant
et fermant le deuxième chemin de passage en réponse à un signal de commande, commandant ainsi un débit
de carburant qui est envoyé dans la chambre de pression inférieure ;
une chambre de commande (238) formée dans le corps de vanne de manière à être connectée à la chambre
de pression inférieure (231), de telle manière que la chambre de commande se remplit avec le carburant
provenant de la chambre de pression inférieure quand le carburant est refoulé ; et
un orifice de commande (234) connecté à la chambre de commande, et l’orifice de commande permettant au
carburant présent à l’intérieur de la chambre de commande d’être refoulé hors du corps de vanne.

5. Vanne d’injection de carburant à commande électronique selon la revendication 4, dans laquelle le contrôleur
d’injection comprend :

une partie de coupure (310) positionnée de manière à être logée dans le boîtier de vanne de commande, la
partie de coupure étant placée sous la chambre de pression supérieure, et étant soulevée par une force pro-
voquée par la pression du carburant qui remplit la chambre de pression inférieure (231) et la chambre de
pression de coupure (232), en ouvrant et fermant de ce fait la partie de coupure ; et
un ressort (340) positionné de manière à être logé dans la partie de coupure, le ressort appliquant une force
orientée vers le bas sur la partie de coupure.

6. Vanne d’injection de carburant à commande électronique selon la revendication 5, dans laquelle la partie de coupure
comprend :

une broche comportant un trou d’insertion dans lequel le boîtier de vanne de commande (241) peut être inséré
et une pluralité de trous de connexion à l’intérieur du trou d’insertion, les trous de connexion étant connectés
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à la chambre de pression inférieure de telle manière que le deuxième chemin de passage formé dans le boîtier
de vanne de commande peut être connecté à la chambre de pression inférieure, la broche étant poussée vers
le haut sous la pression du carburant qui remplit la chambre de pression inférieure ; et
une aiguille de coupure (330) placée sous la broche de façon à être séparée de la broche, dans laquelle l’aiguille
de coupure est poussée vers le haut sous la pression du carburant qui remplit la chambre de pression de
coupure (232), et lorsqu’elle est actionnée vers le haut en même temps que la broche, elle ouvre le premier
chemin de passage.

7. Vanne d’injection de carburant à commande électronique selon la revendication 3 ou 6, dans laquelle le corps de
vanne comporte en outre un trou d’évacuation de carburant (235) qui empêche le carburant présent dans la chambre
de pression de coupure de fuir vers la chambre de pression inférieure par un intervalle situé entre la circonférence
extérieure de l’aiguille de coupure et la circonférence intérieure du corps de vanne, afin qu’une pression de carburant
de fuite n’agisse pas de façon additionnelle sur la broche.

8. Vanne d’injection de carburant à commande électronique selon la revendication 1 ou 4, dans laquelle la partie de
pression de buse comprend :

une broche d’aiguille (410) comportant une chambre concave dans une partie supérieure de celle-ci qui peut
se remplir de carburant quand le premier chemin de passage est ouvert par le contrôleur d’injection, la broche
d’aiguille étant placée au-dessus de l’aiguille, et appliquant une force orientée vers le bas à la l’aiguille sous
une pression de carburant ; et
un ressort de buse (420) placé au-dessus de la broche d’aiguille, le ressort de buse appliquée une force orientée
vers le bas à la broche d’aiguille.
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