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(54)  Fuel injection valve

(57) In a normally closed type fuel injection valve, an
accurate valve function can be achieved over a long pe-
riod of time by making a durability sufficient while secur-
ing gas and liquid tightness of a valve function portion.
A fuel injection valve (1) provided with a stopper core (3)
forming a stationary core, a movable valve (10) having
avalve member (15) in aleading end side of a rod portion
(101) extending from an enlarged portion (102) forming
a movable core, and a seat member (5), and the valve
being closed by the urging force of a valve closing spring
(16), wherein the rod portion (101) has asliding hole (103)
in a leading end side, the valve member (15) having a
valve element (151) is inserted so as to be slidable in an
axial direction and is urged by a coil spring (17) on a
proximal end side, the urging force when the valve is
closed is set weaker than the valve closing spring (16),
the valve element (151) closely contacts the valve seat
(52) in the state that the valve member (15) is moved
backward within the sliding hole (103)by a predetermined
amount so as to compress the coil spring (17) when the
valve is closed, and the valve element (151) is separated
from the valve seat (52) while engaging with the rod por-
tion (101) side by a stopper (152) provided in the rear
end side so as to move backward when the valve is
opened.
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Description
Technical Field

[0001] The presentinvention relates to an electromag-
netically driven type injection valve (injector) which is
controlled so as to be opened and closed on the basis
of an electric signal transmitted from a control apparatus
and supplies a high-pressure liquid fuel or gas fuel to an
engine.

Background Art

[0002] Forexample, there has been known an electro-
magnetically driven type fuel injection valve controlled
so as to be opened and closed on the basis of an electric
signal output from a control apparatus, for example, as
described in Japanese Unexamined Utility Model Publi-
cation No. 55-180066. The electromagnetically driven
type fuel injection valve generally employs a normally
closed type electromagnetically driven type having a
structure such that a stopper core 3 serving as a station-
ary core is excited by supplying an electric current to an
electromagnetic coil (not shown) to attract a plunger 112
of a movable valve 11 serving as a movable core, to
cause a needle 111 to move backward 111 and a valve
element 110 provided in the leading end of the needle to
be separated from a valve seat 52 of a seat member 5
so that the valve is opened, and the movable valve 11 is
pushed back under the urging force of a valve closing
spring 16 by stopping the supply of the electric current
so that the valve is closed, for example, as shown in Fig.
3.

[0003] In the electromagnetically driven type fuel in-
jection valve 100 of the normally closed type as men-
tioned above, itis desired that the movable valve 11 sub-
tly responds to the electric signal, and that an accurate
valve function is achieved over a long period of time.
Accordingly, in the case of a liquid fuel as typified by a
gasoline, a material having a comparatively high hard-
ness and a high durability such as a metal or the like is
employed for the valve element 110 and the seat member
5, taking into consideration a durability against a collision
between the parts, and a high precision finish is applied
to the valve functioning unit constituted by the valve el-
ementand the valve seat for securing gas and liquid tight-
ness.

[0004] Onthe other hand, in the case of a fuel injection
valve using a high-pressure gas fuel such as CNG, LPG
or the like, it is generally harder to secure the gas and
liquid tightness in the valve functioning unit than in the
valve for the liquid fuel. Accordingly, it is often the case
that the parts made of an elastic material having a low
hardness such as a rubber, a resin or the like are used
in the valve element 110 or the seat member 5 constitut-
ing the valve functioning unit, and it is intended to secure
the gas and liquid tightness by utilizing the elastic defor-
mation.
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[0005] However, a "permanent set in fatigue" or a
change due to abrasion occurs in the collision portion
between the parts made of the elastic material, after the
collisions between the parts on the basis of the valve
opening and closing motion are repeated many times.
The change or the deformation tends to more significantly
appear than in the valve for the liquid fuel using the ma-
terial having the high hardness, and a problem occurs
that the durability becomes insufficient so as to make it
hard to secure the accurate valve function over a long
period of time.

Disclosure of the Invention
Technical Problem

[0006] An object of the present invention is to achieve
an accurate valve function over a long period of time by
solving the problem that the durability becomes insuffi-
cient and itis hard to achieve the accurate valve function
over a long period of time which problem occurs in the
conventional electromagnetically driven fuel injection
valve of the normally closed type using the valve closing
spring, for the high-pressure gas fuel such as the CNG,
LPG or the like, as mentioned above, and making the
durability thereof sufficient while securing the gas and
liquid tightness of the valve functioning unit. Means for
Solving the problem

[0007] In accordance with the present invention, there
is provided an electromagnetically driven type fuel injec-
tion valve comprising: a stopper core forming a stationary
core; a movable valve having a plunger portion forming
a movable core on the proximal end side, a rod portion
extending from the plunger portion in the leading end
direction, and a valve member provided on the rod portion
on the leading end side thereof; a seat member having
a valve seat which a valve element of the valve member
provided on the leading end side thereof closely contacts
or is separated from; and the valve being closed by an
urging force of a valve closing spring arranged on the
proximal end side of the movable valve when an electric
current is not applied. The electromagnetically driven
type fuel injection valve is characterized in that the rod
portion has a sliding hole at least in a portion on the lead-
ing end side, the valve member is inserted in the sliding
hole so as to be slidable in an axial direction with a portion
of the valve member on the leading end side thereof pro-
truding from the leading end surface of the rod portion,
a spring member arranged in the sliding hole urges the
proximal end side of the valve member, and the urging
force of the spring member when the valve is closed is
set weaker than the valve closing spring, so that the valve
member is moved backward by a predetermined amount
within the sliding hole and the valve element closely con-
tacts the valve seat with the spring member in compres-
sion when the valve is closed, and the valve member
engages by a stopper provided on the valve member on
the rear end side thereof with the sliding hole side and



3 EP 1 835 167 A1 4

is moved backward together with the rod portion and the
valve element is separated from the valve seat when the
valve is opened

[0008] In this way, the impact caused by the collision
between the valve element and the valve seat can be
easily absorbed, the durability becomes excellent and
the excellent valve function can be achieved over a long
period of time, by arranging such that the valve member
is urged by the spring member in the state that the urging
force is weaker than the valve closing spring and the
valve member is slidable in the leading end side of the
rod portion. Further, since the valve element closely con-
tacts the valve seat in such a manner that the protruding
amount of the valve member is adjusted by the spring
member provided in the rod portion, it is not necessary
to make the finish precision of the valve functioning unit
constituted by the valve element and the valve seat high.
[0009] Further, inthe case that atleast one of the valve
member and the valve seat is made of an elastic material,
itis easy to secure a close-contact characteristic between
the valve element and the valve seat, and it is possible
to make the gas and liquid tightness of the valve func-
tioning unit higher. Further, in this case, since the impact
absorbing force is increased by the elasticity of the spring
member having the weaker urging force than the valve
closing spring, in the valve element of the valve member
as mentioned above, the durability can be easily secured
even if the elastic material is used in the collision portion.

Effect of the Invention

[0010] In accordance with the present invention slida-
bly provided in such a manner as to energize the valve
member by the spring member in the state in which the
energizing force is weaker than the valve closing spring,
in the leading end side of the movable valve, itis possible
to make the durability sufficient while securing the gas
and liquid tightness of the valve function portion, and it
is possible to achieve the accurate valve function over a
long period.

Brief Description of the Drawings
[0011]

Fig. 1 is a longitudinal cross sectional view showing
a fuel injection valve in accordance with an embod-
iment of the present invention in the closed state;
Fig. 2 is a longitudinal cross sectional view showing
the fuel injection valve in Fig. 1 in the opened state;
and

Fig. 3 is a longitudinal cross sectional view showing
a prior art.

Best Mode for Carrying Out the Invention

[0012] The description will be given below of a best
mode for carrying out the present invention with refer-
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encetothe accompanyingdrawings. Inthis case, an elas-
tic material in the present invention indicates a material
having a comparatively low hardness such as a rubber,
a resin or the like which is easily elastically deformed by
applying a pressure at a normal temperature.

[0013] Fig. 1 shows alongitudinal cross sectional view
of a fuel injection valve 1 in the present embodiment. A
casing 2 accommodating a movable valve 10 so as to be
slidable up and down within a sliding hole 22 is formed
as an approximately cylindrical member and is provided
with an injection hole 9 in the leading end side. A seat
member 5 is arranged in the inner surface of the opening
oftheinjection hole 9, the seatmember 5 being structured
such that a fuel hole 51 passes therethrough along the
center thereof and a valve seat 52 is formed by cutting
the upper surface at the periphery of the fuel hole in an
approximately conical shape. A guide member 8 is ar-
ranged on the upper surface side of the seat member 5,
the guide member 8 being formed in an approximately
cylindrical shape with an open upper end, a guide hole
81 therein and an insertion hole 82 passing through the
bottom wall.

[0014] Further, the movable valve 10 has at the prox-
imal end side thereof an enlarged portion 22 serving as
a plunger portion made of a magnetic material, which is
enlarged in the centrifugal direction in a disc shape hav-
ing the outer diameter approximately coinciding with the
inner diameter of the sliding hole 22 on the proximal end
side thereof, and a cylindrical rod portion 101 extends
from the lower surface of the enlarged portion 22 and the
outer diameter of the rod portion 101 on the leading end
side thereof approximately coincides with the inner di-
ameter of the guide hole 81 of the guide member 8, so
the rod portion 101 is inserted in the guide hole 81. Fur-
ther, a stopper core 3 is arranged on the proximal end
side (the upper side in the figure) of the enlarged portion
102, and the stopper core 3 is constituted by a magnetic
material, and serves as a stationary core excited by ap-
plying an electric current to a coil (not shown).

[0015] The rod portion 101 is a hollow member having
an approximately columnar space therein an inner side,
and has an insertion hole 104 passing through the bottom
wall on the leading end side thereof. A lid member 14 is
arranged in the hollow space on the leading end side
from the center portion thereof in a close-contact state
with the inner wall of the rod portion 101, the hollow space
being sectioned by the lid member 14 into upper and
lower spaces, in which the space on the leading end side
(lower side in the figure) is formed as a sliding hole 103.
A valve member 15 shaped in a cartridge case of a bullet
is inserted at its proximal end portion thereof in the sliding
hole 103 and is slidable therein in the axial direction (ver-
tical direction in the figure), the leading end portion of the
valve member 15 extending through the insertion hole
104.

[0016] The valve member 15 has on the proximal end
thereof a stopper 152 enlarged in a flange shape, which
is brought into contact with the bottom wall of the sliding
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hole 103 so as to be locked, thereby preventing the valve
member 15 from falling away from the sliding hole 103.
Further, a coil spring 17 corresponding to a spring mem-
ber is interposed between the top wall of the sliding hole
103 and the proximal end surface of the valve member
15 so as for urging the valve member 15 in the leading
end direction (downward direction in the figure).

[0017] A valve element 151 on the leading end side of
the valve member 15 is formed in an approximately con-
ical shape or an approximately spherical shape, pro-
trudes through the insertion hole 82 provided in the bot-
tom wall of the guide member 8, and closely contacts the
valve seat 52 formed by depressing the upper surface of
the seat member 5 arranged on the leading end side
thereof in an approximately conical shape, thereby clos-
ing the fuel hole 51. In this case, if at least one of the
valve member 15 and the seat member 5 is made of an
elastic material having a low hardness and being easily
elastically deformable such as a rubber or the like, it is
possible to further increase gas and liquid tightness of
the valve functioning unit constituted by the valve ele-
ment 151 and the valve seat 52.

[0018] Further, the spring pressure of the coil spring
17 urging the valve member 15 in the leading end direc-
tion is made weaker than that of the valve closing spring
16 urging the entire movable valve 10 when the valve is
closed, and the urging force by which the leading end
side of the valve member 15 is protruded from the leading
end surface of the rod portion 101 is set weaker than the
urging force of the valve closing spring 16 when the valve
is closed. Accordingly, when the leading end surface of
the rod portion 101 is brought into contact with the bottom
wall of the guide member 8 and the rod portion 101 is
stopped by being urged by the valve closing spring 16,
the valve member 15 is moved backward at a predeter-
mined amount within the sliding hole 103 and the coil
spring 17 is compressed, with the valve element 151 in
close contact with the valve seat 52. This point corre-
sponds is the remarkable feature of the presentinvention.
[0019] Next, the description will be given of the oper-
ation of the present embodiment with reference to Figs.
1and 2.

[0020] Fig. 1 is a longitudinal cross sectional view
showing the fuel injection valve 1 in accordance with the
present embodiment in the closed state. An electric cur-
rent is not supplied to the coil (not shown), the stopper
core 3 is under a non-excited state, the movable valve
10 is moved in the leading end direction by the urging
force of the valve closing spring 16, and the valve element
151 of the valve member 15 protruding from the leading
end side of the rod portion 101 closely contacts the valve
seat 52 of the seat member 5, whereby the fuel hole 51
becomes in the closed state.

[0021] At this time, a gap X is formed between the rear
end surface of the enlarged portion 102 of the movable
valve 10 and the stopper core 3, and this is the amount
of the valve stroke. Further, the valve member 15 is
moved backward within the sliding hole 103 of the mov-
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able valve 10, while compressing the coil spring 17 by
the amount Y. In other words, the coil spring 17 is set
such that the urging force thereof is weaker than that of
the valve closing spring 16 at this time, and the dimen-
sional relation between the members is set such that the
valve member 15 protrudes in the state that the valve
element 151 on the leading end side closely contacts the
valve seat 52 and the rear end side of the valve member
15 is moved backward within the sliding hole 103 by the
amount Y, when the leading end surface of the rod portion
101 is brought into contact with the bottom surface of the
guide member 8.

[0022] Further, the stopper core 3 is excited by sup-
plying the electric current to the coil (not shown) and the
movable valve 10 is attracted by the amount X against
the urging force of the valve closing spring 16, thereby
the movable valve 10 contacts the stopper core 3 so as
to form the state shown in Fig. 2. At this time, the rod
portion 101 is also moved backward (lifted up) by the
amount X, the amount X is larger than the amount Y of
the backward movement of the valve member 15 within
the sliding hole 103 as mentioned above, and the valve
element 151 is separated from the valve seat 52 due to
this difference of the amounts so as to open the valve.
[0023] In accordance with the structure mentioned
above, since itis possible to reduce the impact generated
between the valve element 151 and the valve seat 52
during the valve closing motion, and itis possible to make
the pressing force when the valve is closed smaller than
the conventional fuel injection valve to which the urging
force of the valve closing spring 16 is directly applied, it
is easy to secure the durability of the valve functioning
unit. Further, since an allowable range corresponding to
the amount Y exists when the valve is closed in the valve
functioning unit, an accurate valve function can be easily
achieved even if the finish precision is not high, and the
present invention is advantageous in reducing the cost.
[0024] Particularly, in the case that the elastic material
is employed for the valve seat or the valve element in the
light of securing the gas and liquid tightness of the valve
functioning unit, at a time of using the gas fuel such as
CNG, LPG or the like for the used fuel, it is possible to
easily reduce the impact and the pressure applied to the
member made of the elastic material in accordance with
the present invention. Accordingly, it is easy to secure
the durability thereof and it is possible to achieve an ac-
curate valve function over a long period of time.

Claims

1. An electromagnetically driven type fuel injection
valve comprising:

a stopper core (3) forming a stationary core;

a movable valve (10) having a plunger portion
(102) forming a movable core on the proximal
end side, a rod portion (101) extending from the
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plunger portion (102) in the leading end direc-
tion, and a valve member (15) provided on the

rod portion (101) on the leading end side thereof;
aseatmember (5) having a valve seat(52) which

a valve element (151) of the valve member(15) &
provided on the leading end side thereof closely
contacts or is separated from; and

the valve being closed by an urging force of a
valve closing spring (16) arranged on the prox-
imal end side of the movable valve (10) when 70
an electric current is not applied;

characterized in that the rod portion (101) has a
sliding hole (103) at least in a portion on the leading

end side, the valve member (15) is inserted in the 15
sliding hole (103) so as to be slidable in an axial
direction with a portion of the valve member (15) on

the leading end side thereof protruding from the lead-

ing end surface of the rod portion (101), a spring
member (17) arranged in the sliding hole (103) urges 20
the proximal end side of the valve member (15), and

the urging force of the spring member (17) when the
valve is closed is set weaker than the valve closing
spring (16), so that the valve member (15) is moved
backward by a predetermined amount withinthe slid- 25
ing hole and the valve element (151) closely contacts

the valve seat (52) with the spring member (16) in
compression when the valve is closed, and the valve
member (15) engages by a stopper provided on the
valve member (15) on the rear end side thereof with 30
the sliding hole side and is moved backward together

with the rod portion (102) and the valve element (152)

is separated from the valve seat when the valve is
opened.

35
The fuel injection valve as claimed in claim 1, char-
acterized in that at least one of the valve member
(15) and the valve seat (52) is made of an elastic
material.
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