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Description

[0001] The present invention relates to an injector for
a fuel injection unit for an internal combustion engine
according to the preamble of claim 1 and especially re-
lates to the injector suitable for a common rail type fuel
injection unit.

[0002] A common rail type fuel’ injection system is
known which has a common rail identical to respective
cylinders and accumulating high-pressure fuel therein for
a diesel engine. The high-pressure fuel is pressure-fed
from a fuel supply pump, adjusted to be a predetermined
pressure in the common rail and injected at predeter-
mined timings into the respective cylinders by driving in-
jectors. Generally, the injectors configured for use with
the common rail injects fuel through injection holes by
lifting a nozzle needle up and down. An actuator drives
a control valve to increase and decrease a backpressure
ofthe nozzle needle tolift the nozzle needle up and down.
[0003] A structure of the injectors for the common rail
type fuel injection system is disclosed, for example, in
JP-2002-257002-A and its counterpart US-6,840,466-
B2. The structure is configured to drive the control valve
by amplifying a displacement of the actuator by a hydrau-
lic power transmission unit. The hydraulic power trans-
mission unit comprises a first piston having a large diam-
eter, a second piston having a small diameter and a dis-
placement amplifying chamber accumulating actuation
fluid in a chamber formed between the first and second
pistons. The hydraulic power transmission unit controls
the backpressure of the nozzle needle by communicating
a backpressure chamber of the nozzle needle selectively
to a low-pressure fuel passage or a high-pressure fuel
passage. The actuator is realized by a piezoelectric ac-
tuator, for example, which has a fine response to deliver
high performance in fuel injection control.

[0004] In the injector is leakage fuel leaked through
high-pressure sealing portions of respective components
and a sliding portion of the control valve and leakage fuel
discharged from the control chamber for applying the
backpressure to the nozzle needle to start fuel injection.
An injector body is provided with the low-pressure fuel
passage for collecting and discharging the leakage fuel
and the high-pressure fuel passage in which the high-
pressure fuel is supplied from the common rail. These
fuel passages can be formed, for example, at a side of
the actuator and the hydraulic power transmission unit
disposed along a center axis of the injector body.
[0005] Current demand to raise fuel injection pressure
exposes the high-pressure fuel passage to larger stress
and requires to increase strength of a periphery of the
high-pressure fuel passage. In accordance with the de-
mand, it is considered, for example, to shift center axes
of the actuator and the hydraulic power transmission unit
eccentrically to the center axis of the injector body as
showninFIGS. 3Aand 3B. InFIG. 3A, an injection nozzle
portion 103 is disposed at a lower end portion of the in-
jector body B. A nozzle needle 6 is disposed slidably in
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and coaxially with the injector body B. As shown in FIG.
3B, the injector body B has a longitudinal hole 31 for
installing the actuator 3 and the hydraulic power trans-
mission unit 4 eccentrically to the injector body B and a
high-pressure fuel passage 1 penetrating through a thick
wall portion at a side of the longitudinal hole 31. Low-
pressure fuel passages 2 are formed at plural positions
in the thick wall portion around the longitudinal hole 31
to be separated from the high-pressure fuel passage 1.
The actuator 3 and the hydraulic power transmission unit
4 form adriving portion 101 to drive a control valve portion
102 disposed below the driving portion 101.

[0006] In the structure as described above, the eccen-
tricarrangement of the actuator 3 and the hydraulic power
transmission unit 4 extends a space at a side of these
components. Thus, it is possible to increase strength of
the injector body B by disposing the high-pressure fuel
passage 1 in the space to spare a relatively thick wall
around the high-pressure fuel passage 1. An engine head
H on which the injector body B is mounted, however,
limits an outer diameter of the injector body B. In order
to dispose the longitudinal hole 31 for installing actuator
3 and the hydraulic power transmission unit 4 and the
high-pressure fuel passage 1 respectively having
enough diameters and wall thicknesses, the low-pres-
sure fuel passage 2 must be formed thin as shown in the
cross-sectional view of FIG. 3B. Further, a complicated
work is necessary to form a relatively long low-pressure
fuel passage 2’ connecting the low-pressure fuel pas-
sage 2 to a fuel drain port 21 at an upper side portion of
the injector body B to discharge the leakage fuel to out-
side.

[0007] According to the prior art disclosed in WO
01/53692 A, an injector for a fuel ejection unit is provided
which comprises an injector body member, an actuator
and a hydraulic power transmission unit for transmitting
an actuating force of the actuator to the valve for control-
ling a fuel injection. In this construction, a low-pressure
fuel passage groove is formed in a bobbin-like shaped
member, which is inserted in the longitudinal hole formed
in the injector body member. Further, the low-pressure
fuel passage groove has an annular cross-section so as
to surround the bobbin-like shaped member.

[0008] It is the object of a present invention to provide
an injector for a fuel injection unit having a compact size
and sufficient strength by securing sufficient diameters
and wall thicknesses of an installation hole for installing
an actuator and a hydraulic power transmission unit and
for the high-pressure fuel passage which can be formed
in a simple manufacturing process.

[0009] The object is solved by an injector having the
combination of the features of claim 1. Further advanta-
geous developments of the present invention are defined
in the dependent claims.

[0010] The injector for a fuel injection unit according
to the present invention has an injection body member,
an actuator and a hydraulic power transmission unit. The
hydraulic power transmission unit transmits an actuating
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force of the actuator to a valve for controlling a fuel in-
jection.

[0011] The injector further comprises a longitudinal
hole, a high-pressure fuel passage, a low-pressure fuel
chamber and a low-pressure fuel passage groove. The
longitudinal hole is formed in the injector body member
and installs the actuator and the hydraulic power trans-
mission unit therein. The high-pressure fuel passage is
formed in the injector body member at a radial side of
the longitudinal hole to supply a high-pressure fuel for
the fuel injection. The low-pressure fuel chamber is pro-
vided in the longitudinal hole and communicated to an
outer leakage passage. The low-pressure fuel passage
groove is formed on an inner circumferential face of the
longitudinal hole to extend in a longitudinal direction of
the longitudinal hole and to communicate with the low-
pressure fuel chamber and a low-pressure fuel passage
for discharging a leakage fuel leaked in the injector.
[0012] Other features and advantages of the present
invention will be appreciated, as well as methods of op-
eration and the function of the related parts, from a study
of the following detailed description, the appended
claims, and the drawings, all of which form a part of this
application. In the drawings:

FIG. 1A is a cross-sectional view showing an entire
structure of an injector according to an embodiment
of the present invention;

FIG. 1B is a cross-sectional view of the injector ac-
cording to the embodiment taken along a line IB - IB
in FIG. 1A;

FIG. 2A is a graph showing a relation between a
diameter of a low-pressure fuel passage (a worked
bore) and an overlap depth;

FIG. 2B is a cross-sectional view of an overlapped
portion of a longitudinal hole and a groove explaining
the overlap depth and a contact angle;

FIG. 3A is a cross-sectional view showing an entire
structure of a conventional injector; and

FIG. 3B is a cross-sectional view of the conventional
injector taken along a line IlIB - l1IB in FIG. 3A.

[0013] Described in the following is an embodiment
applying an injector according to the present invention
to a common rail injection system for a diesel engine.
FIG. 1A is a diagram showing an entire structure of the
injector |. FIG. 1B is a cross-sectional view taken along
alinelB-IBinFIG.1A. The injector | is fixed in a mounting
hole provided in a cylinder head H of an engine to inject
fuel into respective cylinders. In FIG. 1A, the injector |
comprises a driving portion 101 having a piezoelectric
actuator 3 and a hydraulic power transmission unit 4, a
control valve portion 102 having a valve 5 with three-way
valve structure and aninjection nozzle portion 103 having
anozzle needle 6. The driving portion 101 has an injector
body B1, which is an injector body member, to install the
piezoelectric actuator 3 and the hydraulic power trans-
mission unit 4 therein. A valve body B3 of the control
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valve portion 102 is disposed at a lower end side of the
injector body B1 to interpose a passage forming member
B2 therebetween. A nozzle body B5 of the injection noz-
zle portion 103 is disposed at a lower end side of the
valve body B3 to interpose a passage forming member
B4 therebetween. These body members B1 to B5 are
fastened and fixed to each other in oil-tight state by re-
tainers (not shown).

[0014] The injector | has a high-pressure fuel passage
1 formed in alongitudinal direction thereof for fuel supply.
The high-pressure fuel passage 1 is connected via a fuel
supply port 11 opening at an upper side portion of the
injector body B1 to an outer common rail (not shown).
The common rail accumulates fuel pressure-fed from a
high-pressure fuel supply pump at a predetermined high
pressure corresponding to an injection pressure. Further,
a fuel drain port 21 opens at an upper side portion of the
injector body B1 to return leakage fuel from the injector
| via a leakage fuel passage (not shown) to a fuel tank
(not shown).

[0015] The injection nozzle portion 103 retains a noz-
zle needle 6 having a stepped shape slidably in a cylinder
provided in the body member B5. A space around a lower
small diameter portion of the nozzle needle 6 forms an
oil accumulation chamber 62. High-pressure fuel is sup-
plied from a common rail to the oil accumulation chamber
62 through a high-pressure fuel passage 1 connected to
a side wall of the oil accumulation chamber 62. A lower
center portion of the body member B5 has a sac portion
63 and injection holes 64 to penetrate a wall forming the
sac portion 63. When the nozzle needle 6 is at a lower-
most position, a conically shaped tip portion of the nozzle
needle 6 seats on anozzle seat 65 provided ataboundary
portion between the oil accumulation chamber 62 and
the sac portion 63 to shut the sac portion 63 and interrupt
fuel supply from the oil accumulation chamber 62 to the
injection holes 64. Fuel injection commences by a lift up
of the nozzle needle 6 apart from the nozzle seat 65 to
open the sac portion 63.

[0016] A space defined by an upper end face of the
nozzle needle 6 and an inner wall face of the cylinder
forms a control chamber 61 for controlling a backpres-
sure of the nozzle needle 6. The control chamber 61 is
supplied with fuel as control oil from a passage 12 con-
nected to the high-pressure fuel passage 1 through a
valve chamber of the control valve portion 102, a passage
13 and an orifice 14 to generate the backpressure of the
nozzle needle 6. Further, the control chamber 61 is con-
nected via an orifice 15 to the high-pressure fuel passage
1 at any time. The backpressure pushes the nozzle nee-
dle 6 downward together with a spring 66 installed in the
control chamber 61 to urge the nozzle needle 6 in a valve
closing direction. High-pressure fuel in the oil accumula-
tion chamber 62 pushes the nozzle needle 6 upward to
urge the nozzle needle 6 in a valve opening direction.
[0017] The control valve portion 102 has a valve 5 hav-
ing three-way valve structure. A large diameter valve por-
tion of the valve 5 is disposed in a valve chamber 51
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connected to the control chamber 61 at any time. A lower
portion of the valve 5 is shaped as sort of a piston and
slides in a cylinder formed in the body member B3. A
lower end portion of the cylinder is a spring chamber 54
for installing a spring 55 urging the valve 5 upward. The
valve chamber 51 has a low-pressure side seat 52 on a
top face thereof and a high-pressure side seat 53 on a
bottom face thereof. The valve 5 selectively seats on any
one of these seats 52, 53. The large diameter valve por-
tion of the valve 5 has two conical faces for seating on
these seats 52, 53.

[0018] Each of the passage forming member B2 and
the body member B3 is provided with a low-pressure fuel
passage 23 penetrating an approximately center portion
thereof in a longitudinal direction. The low-pressure fuel
passage 23 is connected via a passage 24 to the spring
chamber 54 and via a passage 25 to a passage down-
stream the low-pressure side seat 52. When the valve 5
lifts down, the passage 24 discharges fuel in the spring
chamber 54 therethrough to smooth a valve opening mo-
tion of the valve 5. The control valve portion 102 discharg-
es fuel via these passages 24, 25 to the low-pressure
fuel passage 23. In addition, leakage fuel from the control
chamber 61 atan upper end portion of the injection nozzle
portion 103 also flows into the fuel passage 23.

[0019] In accordance with a seat position of the valve
5 switched by the driving portion 101, pressure in the
control chamber 61 connected to the valve chamber 51,
thatis, the backpressure of the nozzle needle 6 increases
and decreases. When the valve 5 is at an upper end
position to close the low-pressure side seat 52, the con-
trol chamber 61 is connected via the high-pressure side
seat 53 to the high-pressure fuel passage1 to act hydrau-
lic pressure to the nozzle needle 6 in the valve closing
direction. When the valve 5 is pushed down to close the
high-pressure side seat 53 to open the low-pressure side
seat 52, the control chamber 61 is connected via the low-
pressure side seat 52 to the low-pressure fuel passage
2 to decrease the backpressure of the nozzle needle 6.
[0020] The driving portion 101 transmits the driving
force of the piezoelectric actuator 3 as an actuator to the
valve 5 in the control valve portion 102 with the hydraulic
power transmission unit 4. The piezoelectric actuator 3
is installed in an upper portion of the longitudinal hole 31
formed intheinjector body B1. The hydraulic power trans-
mission unit 4 is installed in a lower portion of the longi-
tudinal hole 31. The piezoelectric actuator 3 has a con-
ventional structure including a piezostack in which piezo-
ceramic layers such as PZT and electrode layers are
alternately stacked. The piezoelectric actuator 3 extends
and shrinks in the stacking direction of the layers (up and
down direction) and is charged and discharged by a driv-
ing circuit (not shown).

[0021] As shown in FIG. 1B, the injector body B1 has
an approximately cylindrical shape and the longitudinal
hole 31 is provided eccentric to the center axis of the
injector body B. Thus, the injector body B1 has a thick
wall portion at a side of the longitudinal hole 31. The high-
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pressure fuel passage 1 is provided approximately at a
center of the thick wall portion. This is to secure enough
wall thickness around the high-pressure fuel passage 1.
As shown in FIG. 1A, each of the high-pressure fuel pas-
sage 1, the longitudinal hole 31 and the injector body B1
is disposed approximately in parallel to the center axis
of the injector body B. The longitudinal hole 31 and the
piezoelectric actuator 3 form a low-pressure fuel cham-
ber 22 having an annular shape therebetween. A pas-
sage 27 connected to the fuel drain port 21 opens to the
low-pressure fuel chamber 22.

[0022] The hydraulic power transmission unit 4 in-
cludes a large diameter piston 42 and a small diameter
piston 44 slidably installed in the cylindrically shaped cyl-
inder member 41 and a oil-tight chamber 43 accumulat-
ing actuating oil between the pistons 42, 44. The large
diameter piston 42 has an upper flange portion protruding
above the cylinder member 41 to be in contact with a
lower end face of the piezoelectric actuator 3. A spring
45 is interposed between the flange portion and an upper
end face of the cylinder member 41 to apply a predeter-
mined primary load via the large diameter piston 42 to
the piezoelectric actuator 3. Thus, the large diameter pis-
ton 42 slides upward and downward in contact with and
integrally with the piezoelectric actuator 3 in accordance
with an extension and shrinkage of the piezoelectric ac-
tuator 3.

[0023] A valve spring 46 is disposed in the oil-tight
chamber 43 to urge the small diameter piston 44 down-
ward. The small diameter piston 44 has a pin-shaped
lower portion extending into the passage-forming mem-
ber B2 to be in contact with an upper end face of the
valve 5 in the valve chamber 51. Thus, when the piezo-
electric actuator 3 extends to push the large diameter
piston 42 downward, the pressure is transformed into
hydraulic pressure and transmitted to a small diameter
piston 44 to amplify the displacement. By using the hy-
draulic power transmission unit 4, the displacement of
the piezoelectric actuator 3 is amplified in accordance
with a ratio of pressure-receiving areas of the large di-
ameter piston 42 and the small diameter piston 44.
[0024] As shown in FIG. 1A, an annular-shaped pas-
sage is formed around the pin-shaped lower portion of
the small diameter piston 44 to be connected to the low-
pressure side seat 52. The passage 25 connected to the
low-pressure fuel passage 23 opens to the annular-
shaped passage. An upper end of the low-pressure fuel
passage 23 is connected to a low-pressure fuel passage
groove 26 opening to a lower end face of the injector
body B1. As shown in FIG. 1B, the low-pressure fuel pas-
sage groove 26 includes a plurality of depressed grooves
32 having approximately half-round cross-section
formed to overlap with a periphery of the longitudinal hole
31 to be the low-pressure fuel passage 23.

[0025] The low-pressure fuel passage groove 26 is
formed at a periphery of the longitudinal hole 31 at a side
of the high-pressure fuel passage 1, thatis, approximate-
ly at a radial center portion of the injector body B1 in
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which relatively large wall thickness can be spared. Thus,
even when the sectional area of the low-pressure fuel
passage groove 26 is relatively large, the high-pressure
fuel passage 1 is provided with a surrounding wall with
enough thickness. Further, an upper end of the low-pres-
sure fuel passage groove 26 is disposed higher than the
upper end face of the cylinder member 41 installed in the
longitudinal hole 31. Accordingly, the upper end of the
low-pressure fuel passage groove 26 opens to the low-
pressure fuel chamber 22 to form a flow path from the
low-pressure fuel passage 23 via the low-pressure fuel
passage groove 26, the low-pressure fuel chamber 23
to the low-pressure fuel drain port 21.

[0026] Next, the operation of the injector having the
above-described structure will be described. FIG. 1A de-
picts a state in which the piezoelectric actuator 3 is elec-
trically discharged and shrunk and the valve 5 is at an
upper end position to close the low-pressure side seat
52. In this state, a communication between the passage
25 connected to the low-pressure fuel passage 23 and
the valve chamber 51 is interrupted, so that the pressure
in the control chamber 61 is increased by fuel flowing
from the high-pressure fuel passage 1 via the orifice 15,
the passage 12, valve chamber 51, the passage 13 or
the orifice 14. The pressure in the control chamber 61
and the restitutive force of the spring 66 seats the nozzle
needle 6 onto the nozzle seat 65 to interrupt a commu-
nication between the injection hole 64 and the oil accu-
mulation chamber 62.

[0027] In this state, by supplying current to the piezo-
electric actuator 3, the piezoelectric actuator 3 extends
to move the large diameter piston 42 downward and to
pressurize the actuating oil (light oil in this embodiment)
in the oil-tight chamber 43. The pressure of the actuating
oil moves the small diameter piston downward to push
the valve 5 down. Thus, the control chamber 61 becomes
communicated via the valve chamber 51, the low-pres-
sure side seat 52, the passage 25 with the low-pressure
fuel passage 23 to decrease the pressure in the control
chamber 4. When a force urging the nozzle needle 5
downward exceeds a force urging the nozzle needle 5
upward, the nozzle needle 5 lifts off the valve seat to start
fuel injection.

[0028] In the above-described structure, the injector
body B1 is provided with the longitudinal hole 31 installing
the piezoelectric actuator 3 and the displacement trans-
mission unit 4 to be eccentric thereto, an enough space
is spared at the side of the longitudinal hole 31 to form
the high-pressure fuel passage 1 therein. In addition, a
space in the longitudinal hole 31 is used as the low-pres-
sure fuel chamber 22 forming a part of the passage for
discharging the leakage fuel and the groove 32 integrally
provided at the periphery of the longitudinal hole 31 as
the low-pressure fuel groove 22 connected to the low-
pressure fuel passage for collecting the leakage fuel from
the control valve portion 102 and the fuel injection nozzle
portion 103, itis easier to spare and form a sectional area
of the low-pressure fuel passage (the sectional area of
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the low-pressure fuel passage groove 26) relative to the
structure shown in FIGS. 3A and 3B. Further, the low-
pressure fuel passage groove 26 may be short as long
asitis communicated with the low-pressure fuel chamber
23. Thus, it is possible to decrease a machining length
of the groove 32 and the length of the passage 27 for
communicating the low-pressure fuel passage 2 to the
fuel drain port 21. Thus, it is possible to secure the sec-
tional area of flow passages and the wall thickness and
to improve the workability.

[0029] As shownin FIG. 1B, it is useful to dispose the
radial centers of the high-pressure fuel passage 1, the
longitudinal hole 31 and the injector body B1 on an im-
aginary identical line and to dispose a plurality of the low-
pressure fuel passage grooves 26 symmetrically at an
upper and lower sides with respect to the imaginary iden-
tical line to spare enough thickness of the respective pas-
sages and secure enough strength of the periphery of
the respective passages. This structure of the low-pres-
sure fuel passage groove 26 can be formed by an ordi-
nary boring work. For example, a round shaped bore is
worked to form the low-pressure fuel passage groove 26
at first, then the longitudinal hole 31 is formed to overlap
with the bore formed for the low-pressure fuel passage
groove 26. It is also possible to form the low-pressure
fuel passage groove 26 by a subsequent work process
such as electric discharge machining.

[0030] The shape and size of the low-pressure fuel
passage groove 26 is determined in accordance with a
necessary sectional area of the flow passage and so on.
Specifically, in the conventional structure as shown in
FIG. 3B, a bore worked for the low-pressure fuel passage
2 has a diameter of 2.2 mm and a depth of 100 mm. In
the structure of the present invention as shown in FIG.
1B, the diameter of the round shaped bore, a part of which
the low-pressure fuel passage groove 2, has a diameter
of 3.5 mm and a depth of 45 mm. In an indicator of L/D
{(working length) / (working diameter)} generally used for
estimating workability, the ratio of {(the indicator in the
conventional structure)/(the indicator of the present in-
vention)} equals 1/3.5, which shows an improvement in
workability in the present invention.

[0031] Further, FIG. 2A shows a relation between the
diameter of the low-pressure fuel passage and the over-
lap degree to secure an equivalent sectional area of the
flow path relative to a conventional one. The diameter of
the low-pressure fuel passage is the diameter of the
round bore, a part of which is the groove 32 in FIG. 2B,
and the overlap degree is the depth of an overlap portion
between the round bore and the longitudinal hole 31. A
solid line in FIG. 2A is the overlapped depth in a case
that the sectional area of the flow path is equivalent to
the conventional one. If the overlapped depth is de-
creased, the sectional area of the flow path becomes
larger than the conventional one. When the overlapped
depth is smaller than this overlap degree, a contact angle
shown in the figure (the angle at which tangential lines
of the longitudinal hole 31 and the low-pressure fuel pas-
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sage groove 26 meet at an intersection thereof) becomes
smaller to cause the trimming burrs in the work process.
A dotted line in the FIG. 2A shows the overlap degree
when the contact angle is 90 degrees. It is desirable to
set the contact angle equal to or larger than 90 degrees
to restrict the generation of the trimming burrs, by setting
the overlapped depth larger than this overlap degree.
[0032] Accordingly, in view of the sectional area of the
flow passage and the workability, it is desirable to design
so that the diameter of the low-pressure fuel passage
and the overlap depth are disposed between the solid
line and the dotted line in the figure. Specifically, as
shown in FIG. 2, in a case that a round bore, a part of
which is the low-pressure fuel passage groove 2, has a
diameter of 3.5 mm, it is useful to set the overlapped
depth to 2 mm for increasing the sectional area of the
flow path and the contact angle and hence decreasing
the trimming burrs and improving the workability.
[0033] A piezoelectric actuator is applied in the above-
described embodiment. An actuatorin the presentinven-
tion, however, is not limited to the piezoelectric actuator.
Magneto-striction actuator and the like may be applied
which has a magneto-striction element generating a dis-
placement by flowing electricity similar to the piezoelec-
tric actuator. Further, it is not always necessary to apply
a three-way valve for the valve. The invention may have
other structures to open and close the nozzle needle by
other methods. Itis natural to change the structures such
as the control valve portion, the injection nozzle portion
and others.

Claims
1. Aninjector () for a fuel injection unit comprising:

an injector body member (B1);

an actuator (3); and

a hydraulic power transmission unit (4) for trans-
mitting an actuating force of the actuator (3) to
a valve (5) for controlling a fuel injection, the
injector (I) characterized in further comprising:
a longitudinal hole (31) formed in the injector
body member (B1) and installing the actuator
(3) and the hydraulic power transmission unit (4)
therein;

a high-pressure fuel passage (1) formed in the
injector body member (B1) at a radial side of the
longitudinal hole (31) to supply a high-pressure
fuel for the fuel injection; and

a low-pressure fuel chamber (22) provided in
the longitudinal hole (31) and communicated to
an outer leakage passage,

characterized in that:

the injector body member (B1) has a low-pres-
sure fuel passage groove (26) formed on an in-

10

15

20

25

30

35

40

45

50

55

ner circumferential face of the longitudinal hole
(31) to extend in a longitudinal direction of the
longitudinal hole (31) and to communicate with
the low-pressure fuel chamber (22) and a low-
pressure fuel passage (23) for discharging a
leakage fuel leaked in the injector (1);

the longitudinal hole (31) has a cross-section of
an approximately round shape; and

the low-pressure fuel passage groove (26) has
a cross-section of an approximately one half of
around shape such thatanother half of the round
shape overlaps with the cross-section of the lon-
gitudinal hole (31).

The injector (1) according to claim 1, wherein a center
axis of the longitudinal hole (31) is eccentric to a
center axis of the injector body member (B1).

The injector (I) according to claim 1 or 2, wherein
radial centers of the injector body member (B1), the
longitudinal hole (31) and the high-pressure fuel pas-
sage (1) are disposed approximately on an imagi-
nary identical line.

The injector () according to any one of claims 1 to
3, wherein a plurality of the low-pressure fuel pas-
sage grooves (26) are formed on a periphery of the
longitudinal hole (31), the plurality of the low-pres-
sure fuel passage grooves (26) being symmetrically
disposed with respect to a line of symmetry passing
through radial centers of the longitudinal hole (31)
and the high-pressure fuel passage (1).

The injector () according to any one of claims 1 to
4, wherein:

the hydraulic power transmission unit (4) has a
piston member (42, 44) sliding in a cylinder
member (41) to drive the valve (5);

the cylinder member (41) of the hydraulic power
transmission unit (4) is fixed in an end portion
of the longitudinal hole (31) at a side of the valve
(5); and

the low-pressure fuel passage groove (26) is
formed on the inner circumferential face around
the cylinder member (41) to have length larger
than a length of the cylinder member (41) in the
longitudinal direction of the longitudinal hole
(31).

The injector (l) according to any one of claims 1 to
5, wherein a tangential line of the longitudinal hole
(31) and a tangential line of the low-pressure fuel
passage groove (26) meet at an angle equal to or
larger than 90 degrees at an intersection of a circum-
ference of the longitudinal hole (31) and a circum-
ference of the low-pressure fuel passage groove
(26).
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7. The injector () according to any one of claims 1 to

6, wherein the actuator (3) is a piezoelectric actuator.

Patentanspriiche

Injektor (1) fur eine Kraftstoffeinspritzeinheit, der Fol-
gendes aufweist:

ein Injektorkdrperbauteil (B1);

einen Aktuator (3); und

eine Hydraulikkraftlibertragungseinheit (4) zum
Ubertragen einer Betatigungskraft des Aktua-
tors (3) an ein Ventil (5) zum Steuern einer Kraft-
stoffeinspritzung, wobei der Injektor () ferner
durch Folgendes gekennzeichnet ist:

ein langs laufendes Loch (31), das in dem
Injektorkdrperbauteil (B1) ausgebildet ist
und das den Aktuator (3) und die Hydrau-
likkraftibertragungseinheit (4) darin instal-
liert;

einen Hochdruckkraftstoffdurchgang (1),
der in dem Injektorkdrperbauteil (B1) an ei-
ner radialen Seite des langs laufenden
Lochs (31) ausgebildet ist, um einen Hoch-
druckkraftstoff fir die Kraftstoffeinspritzung
zuzufiihren; und

eine Niederdruckkraftstoffkammer (22), die
in dem langs laufenden Loch (31) vorgese-
hen ist und mit einem auleren Leckdurch-
gang in Verbindung steht,

dadurch gekennzeichnet, dass:

das Injektorkdrperbauteil (B1) eine Nieder-
druckkraftstoffdurchgangsnut  (26) auf-
weist, die in einer Innenumfangsflache des
langs laufenden Lochs (31) ausgebildet ist,
um sich in einer Langsrichtung des léngs
laufenden Lochs (31) zu erstrecken und um
mit der Niederdruckkraftstoffkammer (22)
und einem Niederdruckkraftstoffdurchgang
(23) zum Abgeben eines Leckkraftstoffs in
Verbindung zu stehen, der in den Injektor
(1) 1auft;

das langs laufende Loch (31) einen Quer-
schnitt einer ungefédhr runden Form auf-
weist; und

die  Niederdruckkraftstoffdurchgangsnut
(26) einen Querschnitt von ungefahr einer
Halfte einer runden Form aufweist, so dass
sich eine andere Halfte der runden Form mit
dem Querschnitt des langs laufenden
Lochs (31) Gberlappt.

Injektor (1) nach Anspruch 1, wobei eine Mittelachse
des langs laufenden Lochs (31) zu einer Mittelachse

10

20

25

30

35

40

45

50

55

3.

des Injektorkdrperbauteils (B1) exzentrisch ist.

Injektor (I) nach Anspruch 1 oder 2, wobei radiale
Mitten des Injektorkérperbauteils (B1), des langs
laufenden Lochs (31) und des Hochdruckkraftstoff-
durchgangs (1) ungefahr an einer imaginaren iden-
tischen Linie angeordnet sind.

Injektor (1) nach einem der Anspriiche 1 bis 3, wobei
eine Vielzahl der Niederdruckkraftstoffdurchgangs-
nuten (26) an einem Umfang des langs laufenden
Lochs (31) ausgebildet sind, wobei die Vielzahl der
Niederdruckkraftstoffdurchgangsnuten (26) sym-
metrisch mit Hinblick auf eine Symmetrielinie ange-
ordnet sind, die durch radiale Mitten des langs lau-
fenden Lochs (31) und des Hochdruckkraftstoff-
durchgangs (1) hindurchfihrt.

Injektor (I) nach einem der Anspriiche 1 bis 4, wobei:

die Hydraulikkraftibertragungseinheit (4) ein
Kolbenbauteil (42, 44) aufweist, das in einem
Zylinderbauteil (41) gleitet, um das Ventil (5) an-
zutreiben;

das Zylinderbauteil (41) der Hydraulikkraftiiber-
tragungseinheit (4) an einem Endabschnitt des
langs laufenden Lochs (31) an einer Seite des
Ventils (5) befestigt ist; und

die Niederdruckkraftstoffdurchgangsnut (26) an
der Innenumfangsflache um das Zylinderbauteil
(41) herum ausgebildet ist, um eine Lange gré-
Rer als eine Lange des Zylinderbauteils (41) in
der Langsrichtung des langs laufenden Lochs
(31) aufzuweisen.

Injektor (1) nach einem der Anspriiche 1 bis 5, wobei
eine tangentiale Linie des langs laufenden Lochs
(31) und ein tangentiale Linie der Niederdruckkraft-
stoffdurchgangsnut (26) sich bei einem Winkel
gleich wie oder gréRer als 90° an einem Schnittpunkt
eines Unfangs des langs laufenden Lochs (31) und
eines Umfangs der Niederdruckkraftstoffdurch-
gangsnut (26) treffen.

Injektor (1) nach einem der Anspriiche 1 bis 6, wobei
der Aktuator (3) ein piezoelektrischer Aktuator ist.

Revendications

1.

Injecteur (I) pour une unité d’injection de carburant
comprenant :

un élément formant corps d’injecteur (B1) ;

un actionneur (3) ; et

une unité de transmission de puissance hydrau-
lique (4) pour transmettre une force d’actionne-
ment de I'actionneur (3) a une soupape (5) afin
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de commander une injection de carburant,
l'injecteur (I) étant caractérisé en ce qu’il com-
prend en outre :

un trou longitudinal (31) formé dans I'élé-
ment formant corps d’injecteur (B1) et dans
lequel 'actionneur (3) et 'unité de transmis-
sion de puissance hydraulique (4) sont
installés ;

un passage de carburant a haute pression
(1) formé dans I'élément formant corps d’in-
jecteur (B1) sur un cété radial du trou lon-
gitudinal (31) pour fournir un carburant a
haute pression pour [linjection de
carburant ; et

une chambre de carburanta basse pression
(22) placée dans le trou longitudinal (31) et
communiquant avec un passage extérieur
de fuite,

caractérisé en ce que :

I'élément formant corps d’injecteur (B1) a
une rainure de passage de carburant a bas-
se pression (26) formée sur une face péri-
phérique intérieure du trou longitudinal (31)
de maniere a s’étendre dans une direction
longitudinale du trou longitudinal (31) et a
communiquer avec la chambre de carbu-
rant a basse pression (22) et un passage
de carburant a basse pression (23) afin
d’évacuer un carburant de fuite fuyant dans
linjecteur (1) ;

le trou longitudinal (31) a une section pré-
sentant une forme approximativement
ronde ; et

la rainure de passage de carburant a basse
pression (26) a une section présentant une
forme correspondant approximativement a
une moiti¢ d’'une forme ronde de sorte
qu’une autre moitié de la forme ronde re-
couvre la section du trou longitudinal (31).

Injecteur (1) selon la revendication 1, dans lequel un
axe central du trou longitudinal (31) est décalé par
rapport a un axe central de I'élément formant corps
d’injecteur (B1).

Injecteur (I) selon larevendication 1 ou 2, danslequel
les centres radiaux de I'élément formant corps d’in-
jecteur (B1), du trou longitudinal (31) et du passage
de carburant a haute pression (1) sont disposés ap-
proximativement sur une méme ligne imaginaire.

Injecteur (l) selon I'une quelconque des revendica-
tions 1 a 3, dans lequel une pluralité de rainures de
passage de carburant a basse pression (26) est for-
mée sur une périphérie du trou longitudinal (31), la
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6.

pluralité de rainures de passage de carburant a bas-
se pression (26) étant disposée symétriquement par
rapport a une ligne de symétrie passant par les cen-
tres radiaux du trou longitudinal (31) et du passage
de carburant a haute pression (1).

Injecteur (I) selon I'une quelconque des revendica-
tions 1 a 4, dans lequel :

l'unité de transmission de puissance hydrauli-
que (4) a un élément formant piston (42, 44)
coulissant dans un élément formant vérin (41)
pour commander la soupape (5) ;

I'élément formant vérin (41) de I'unité de trans-
mission de puissance hydraulique (4) est fixé
dans une portion d’extrémité du trou longitudinal
(31) sur un cété de la soupape (5) ; et

la rainure de passage de carburant a basse
pression (26) estformée surla face périphérique
intérieure autour de I'élément formant vérin (41)
de fagon a présenter une longueur plus grande
gu’une longueur de I'élément formant vérin (41)
dans la direction longitudinale du trou longitudi-
nal (31).

Injecteur (I) selon 'une quelconque des revendica-
tions 1 a5, dans lequel une ligne tangentielle du trou
longitudinal (31) et une ligne tangentielle de la rai-
nure de passage de carburant a basse pression (26)
se croisent a un angle supérieur ou égal a 90 degrés
a une intersection entre une circonférence du trou
longitudinal (31) et une circonférence de la rainure
de passage de carburant a basse pression (26).

Injecteur (1) selon 'une quelconque des revendica-
tions 1 a 6, dans lequel I'actionneur (3) est un ac-
tionneur piézoélectrique.
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FIG. 2A
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FIG. 3A
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