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(57) ABSTRACT

A solenoid valve includes a plunger configured to be mov-
able in two opposite directions, a damper member inserted
into the plunger and having at least a part protruding
outward from the plunger, and a pilot member disposed in a
lower region of the plunger and having a pilot flow path
formed therein, in which the damper member comes into
close contact with the pilot member and closes the pilot flow
path when the plunger moves downward by a predetermined
distance toward the pilot member.
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SOLENOID VALVE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2022-0021685 filed in
the Korean Intellectual Property Office on Feb. 18, 2022, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure relates to a solenoid valve,
and more particularly, to a solenoid valve capable of con-
trolling a flow of a fluid.

BACKGROUND

[0003] A solenoid valve is configured to close or open a
flow path by moving a plunger by adjusting a magnetic field
generated by electric current flowing through a coil. More
specifically, the plunger disposed at one side of the coil
moves depending on intensity of the magnetic field, thereby
controlling an operation of closing or opening the flow path.
[0004] Meanwhile, a damper is disposed on the plunger to
reduce noise and impact that occur when the plunger col-
lides with a member that guides a movement direction of the
plunger or core.

[0005] In addition, in a case in which a pilot structure is
adopted to reduce a force applied by the solenoid valve to
close or open the flow path, a pilot sealing member is
disposed on the plunger and seals a pilot flow path provided
in the pilot structure.

[0006] However, in the related art, since both the damper
and the pilot sealing member are disposed on the plunger, an
additional process of fixing the components to the plunger
needs to be performed. In addition, in the related art, a
pressure in a space between the plunger and the damper, and
a pressure in a space between the plunger and the pilot
sealing member are increased during a process of operating
the solenoid valve, which causes the damper and the pilot
sealing member to swell or separate from the plunger. In
some cases, a separate vent hole through which a fluid is
discharged is formed in the plunger in order to solve the
above-mentioned problem. However, a process of forming
the separate vent hole also increases the number of pro-
cesses, which causes a problem of increasing the time and
costs required to manufacture the solenoid valve.

SUMMARY

[0007] The present disclosure has been made in an effort
to reduce the time and costs required to manufacture a
solenoid valve by integrating a damper and a pilot sealing
member disposed on the solenoid valve.

[0008] An exemplary embodiment of the present disclo-
sure provides a solenoid valve including a plunger config-
ured to be movable in two opposite directions, a damper
member inserted into the plunger and having at least a part
protruding outward from the plunger, and a pilot member
disposed in a lower region of the plunger and having a pilot
flow path formed therein, in which the damper member
comes into close contact with the pilot member and closes
the pilot flow path when the plunger moves downward by a
predetermined distance toward the pilot member.
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[0009] The solenoid valve may further include a core unit
disposed above the damper member and facing the damper
member, the core unit being configured to come into contact
with the damper member when the plunger moves by a
predetermined distance toward the core unit, and the core
unit may have a recessed core region having a shape
recessed inward.

[0010] A front recessed damper region may be formed in
a region of the damper member that faces the recessed core
region.

[0011] The damper member may have a lateral recessed

damper region formed in a lateral surface of the damper
member and having a shape recessed in a width direction W
intersecting a longitudinal direction L of the damper mem-
ber.

[0012] An entire lateral region of the damper member may
be sealed by the plunger from the outside.

[0013] A region of the damper member, which faces the
core unit, may have a shape convexly protruding toward the
core unit except for the front recessed damper region.
[0014] An internal space S may be formed in a lower
region of the plunger, the pilot member may be inserted into
the internal space S, the plunger may have an inner protru-
sion region protruding toward the internal space and formed
on an inner surface that defines the internal space, and the
pilot member may have an outer protrusion region protrud-
ing outward and formed on a portion of the pilot member
that is inserted into the internal space S, the outer protrusion
region being configured to interfere with the inner protrusion
region.

[0015] A distance D1 in an upward/downward direction H
between the damper member and a lowermost end of the
outer protrusion region may be shorter than a distance D2 in
the upward/downward direction H between the damper
member and an uppermost end of the inner protrusion
region.

[0016] The front recessed damper region may have a
shape that penetrates the damper member in a horizontal
direction.

[0017] The solenoid valve may further include a sealing
member inserted into a lower region of the pilot member.
[0018] The solenoid valve may further include an orifice
member disposed below the pilot member and having a
communication flow path that communicates with the pilot
flow path.

[0019] A through flow path may be formed in one surface
of the plunger and communicate with the internal space S.
[0020] According to the present disclosure, it is possible to
reduce the time and costs required to manufacture the
solenoid valve by integrating the damper and the pilot
sealing member disposed on the solenoid valve.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1 is a view schematically illustrating a cross-
sectional structure of a solenoid valve according to the
present disclosure in which a damper member closes a pilot
flow path of a pilot member.

[0022] FIG. 2 is a view schematically illustrating a cross-
sectional structure of the solenoid valve according to the
present disclosure in which a plunger moves upward, and the
damper member moves away from the pilot member, such
that the pilot flow path is opened.

[0023] FIG. 3 is a view schematically illustrating a cross-
sectional structure of the solenoid valve according to the
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present disclosure in which the plunger further moves
upward from the state illustrated in FIG. 2, the damper
member comes into contact with a core unit, such that the
pilot member moves away from an orifice member.

DETAILED DESCRIPTION

[0024] Hereinafter, a solenoid valve 10 according to the
present disclosure will be described with reference to the
drawings.

[0025] FIG. 1 is a view schematically illustrating a cross-
sectional structure of a solenoid valve according to the
present disclosure in which a damper member closes a pilot
flow path of a pilot member. FIG. 2 is a view schematically
illustrating a cross-sectional structure of the solenoid valve
according to the present disclosure in which a plunger
moves upward, and the damper member moves away from
the pilot member, such that the pilot flow path is opened.
FIG. 3 is a view schematically illustrating a cross-sectional
structure of the solenoid valve according to the present
disclosure in which the plunger further moves upward from
the state illustrated in FIG. 2, the damper member comes
into contact with a core unit, such that the pilot member
moves away from an orifice member.

[0026] The solenoid valve 10 according to the present
disclosure is configured to open or close a flow path by
moving a plunger 100 by controlling a magnetic field
generated by electric current flow through a coil (not illus-
trated).

[0027] The solenoid valve 10 may include the plunger 100
configured to be movable in two opposite directions. Refer-
ring to the drawings, the plunger 100 may move in a vertical
(upward/downward) direction H of the solenoid valve 10.
[0028] In addition, the solenoid valve 10 may include a
damper member 200 inserted into the plunger 100, and
having at least a part protruding outward from the plunger
100. The drawings illustrate that the damper member 200 is
inserted into the plunger 100 in the vertical direction, and
that the damper member 200 protrudes outward through an
upper region of the plunger 100. The damper member 200
may be configured to reduce noise and impact by preventing
the plunger 100 from colliding directly with another com-
ponent, i.e., a core unit 400 to be described below during a
process in which the plunger 100 moves. The damper
member 200 may be a non-magnetic element. For example,
the damper member 200 may be made of a rubber material.
[0029] In addition, the solenoid valve 10 may further
include a pilot member 300 disposed in a lower region of the
plunger 100 and having a pilot flow path P formed therein.
For example, as illustrated in the drawings, an internal space
S may be formed in the lower region of the plunger 100, and
the pilot member 300 may be inserted into the internal space
S.

[0030] The pilot flow path P formed in the pilot member
300 may be opened or closed depending on operating states
of the solenoid valve 10. Therefore, a sealing member for
sealing the pilot flow path P needs to be provided in the
solenoid valve 10.

[0031] According to the present disclosure, the damper
member 200 may serve not only to reduce noise and impact
due to the movement of the plunger 100, but also to
selectively seal the pilot flow path P. Therefore, according to
the present disclosure, it is possible to eliminate a separate
sealing member configured to seal the pilot flow path P in the
pilot member 300.
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[0032] To achieve the above-mentioned object, according
to the present disclosure, the damper member 200 may close
the pilot flow path P by coming into close contact with the
pilot member 300 when the plunger 100 moves downward
by a predetermined distance toward the pilot member 300.
More specifically, the damper member 200 may face the
internal space S formed in the lower region of the plunger
100. Therefore, as illustrated in the drawings, the damper
member 200 may have a shape extending in the upward/
downward direction H from the upper region of the plunger
100 to the internal space S. In this case, it is possible to
prevent the damper member 200 from swelling or separating
from the plunger 100 because a pressure in a space between
the damper member 200 and the plunger 100 increases.
Therefore, it is not necessary for the plunger 100 to have a
vent hole that allows the space between the damper member
200 and the plunger 100 to communicate with the outside of
the solenoid valve 10 in order to reduce the pressure in the
space between the damper member 200 and the plunger 100.
That is, according to the present disclosure, the entire lateral
region of the damper member 200 based on a horizontal
(width) direction W may be sealed by the plunger 100 from
the outside. This configuration may be understood as a
configuration in which the above-mentioned vent hole is not
formed in the plunger 100 of the solenoid valve 10 according
to the present disclosure.

[0033] Meanwhile, referring to the drawings, the solenoid
valve 10 according to the present disclosure may further
include the core unit 400 disposed above the damper mem-
ber 200 and facing the damper member 200. The core unit
400 may come into contact with the damper member 200
when the plunger 100 moves by a predetermined distance
toward the core unit 400. The core unit 400 may be con-
figured to improve driving efficiency of the solenoid valve
10 by providing the plunger 100 with the magnetic field
generated by the electric current flowing through the coil
(not illustrated). Therefore, the plunger 100 may be a
magnetic element that may be magnetized by the magnetic
field.

[0034] Meanwhile, the core unit 400 may have a recessed
core region 410 having a shape recessed inward. A front
recessed damper region 210 having a shape recessed inward
may be formed in a region of the damper member 200 that
faces the recessed core region 410.

[0035] As described above, when the plunger 100 moves
by a predetermined distance toward the core unit 400, the
damper member 200 comes into contact with the core unit
400. However, when the plunger 100 moves away from the
core unit 400 again, the damper member 200 fixed to the
plunger 100 also needs to move away from the core unit 400.
[0036] According to the present disclosure, the damper
member 200 may have the front recessed damper region
210. Therefore, an area in which the damper member 200
and the core unit 400 are in contact with each other may be
reduced even in the state in which the damper member 200
and the core unit 400 are in contact with each other. Further,
outside air may enter and exit the front recessed damper
region 210, which may minimize an unnecessary bonding
force between the damper member 200 and the core unit
400. Therefore, it is possible to assuredly allow the damper
member 200 having been in contact with the core unit 400
to move away from the core unit 400 when the plunger 100
moves away from the core unit 400. More particularly, the
front recessed damper region 210 may be provided in the
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form of a slit that penetrates the damper member 200 in a
horizontal direction so that the outside air may freely enter
the front recessed damper region 210.

[0037] Referring to the drawings, the damper member 200
may have a lateral recessed damper region 220 formed in a
lateral surface of the damper member 200 and having a
shape recessed in the width direction W intersecting a
longitudinal direction L. of the damper member 200. The
plunger 100 may protrude inward toward the lateral recessed
damper region 220.

[0038] As described above, the damper member 200 may
be a non-magnetic element, whereas the plunger 100 may be
a magnetic element. The lateral recessed damper region 220
may be configured to minimize a volume in the plunger 100
occupied by the damper member 200 which is the non-
magnetic element. Therefore, a magnetic force made by the
magnetic field generated by the electric current flowing
through the coil (not illustrated) may increase a force
applied to the plunger 100. Furthermore, since the plunger
100 has the structure protruding inward toward the lateral
recessed damper region 220, the interference between the
plunger 100 and the damper member 200 may prevent the
damper member 200 from moving in the upward/downward
direction relative to the plunger 100.

[0039] Meanwhile, as illustrated in the drawings, the
region of the damper member 200, which faces the core unit
400, may have a shape convexly protruding toward the core
unit 400 except for the front recessed damper region 210. In
this case, it is possible to minimize noise and impact that
occur because of the contact between the damper member
200 and the core unit 400 caused by the movement of the
plunger 100.

[0040] Meanwhile, according to the present disclosure, the
pilot member 300 may also move together with the plunger
100 when the plunger 100 moves. To this end, the solenoid
valve 10 according to the present disclosure may have a
structure in which the plunger 100 and the pilot member 300
may interfere with each other.

[0041] More specifically, referring to the drawings, the
plunger 100 may have an inner protrusion region 110
protruding toward the internal space S and formed on an
inner surface that defines the internal space S. Further, the
pilot member 300 may have an outer protrusion region 310
protruding outward and formed on a portion of the pilot
member 300 that is inserted into the internal space S, the
outer protrusion region 310 being configured to interfere
with the inner protrusion region 110. More particularly, the
inner protrusion region 110 and the outer protrusion region
310 may each have a shape protruding in the horizontal
direction W, and the outer protrusion region 310 may be
disposed above the inner protrusion region 110. Therefore,
when the plunger 100 moves upward by a predetermined
distance or more, the pilot member 300 may also be moved
upward together with the plunger 100 by the interference
between the outer protrusion region 310 and the inner
protrusion region 110.

[0042] Meanwhile, when the plunger 100 moves upward
by a predetermined distance or more, the interference
between the inner protrusion region 110 and the outer
protrusion region 310 enables the pilot member 300 to also
move upward together with the plunger 100 as described
above (see FIG. 3). In contrast, when the plunger 100 moves
upward by a distance less than the predetermined distance,
the pilot member 300 may not move upward (see FIG. 2).
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When the plunger 100 moves upward by a distance less than
the predetermined distance, the damper member 200 may be
spaced apart from the pilot member 300, such that the pilot
flow path P is opened. In contrast, when the plunger 100
moves upward by the predetermined distance or more, the
pilot member 300 may also move upward, such that an
additional flow path is formed between the pilot member
300 and an orifice member 600 to be described below.
[0043] To achieve the above-mentioned object, according
to the present disclosure, a distance D1 in the vertical
direction H between the damper member 200 and a lower-
most end of the outer protrusion region 310 may be shorter
than a distance D2 in the vertical direction H between the
damper member 200 and an uppermost end of the inner
protrusion region 110.

[0044] Referring to the drawings, the solenoid valve 10
according to the present disclosure may include a sealing
member 500 inserted and coupled into a lower region of the
pilot member 300, and the orifice member 600 disposed
below the pilot member 300 and having a communication
flow path Q that communicates with the pilot flow path P.
The sealing member 500 may be disposed in a region facing
the orifice member 600. Therefore, when the sealing mem-
ber 500 comes into contact with the orifice member 600, it
is possible to ensure sealability between the sealing member
500 and the orifice member 600. Therefore, the sealing
member 500 may face the orifice member 600. However,
because the sealing member 500 is fixedly coupled to the
pilot member 300, the sealing member 500 may move away
from the orifice member 600 when the pilot member 300
moves upward.

[0045] In addition, according to the present disclosure, a
through flow path U may be formed in one surface of the
plunger 100 and communicate with the internal space S.
[0046] A method of operating the solenoid valve 10
according to the present disclosure will be described below
with reference to the above-mentioned contents and the
drawings.

[0047] When a magnetic field is formed at the periphery of
the plunger by electric current flowing through the core (not
illustrated) in a state in which the plunger 100 is spaced apart
downward from the core unit 400 and the damper member
200 is in close contact with the pilot member 300 as
illustrated in FIG. 1, the plunger 100 is moved upward by the
magnetic force, and the damper member 200 is moved
upward away from the pilot member 300, as illustrated in
FIG. 2. Therefore, the fluid introduced through the through
flow path U flows into the pilot flow path P of the pilot
member 300 and flows downward through the communica-
tion flow path Q.

[0048] Meanwhile, the pilot flow path P, the communica-
tion flow path Q, and the portion below the communication
flow path Q are filled with the fluid, such that the force
applied by the fluid to press the solenoid valve 10 including
the pilot member 300 upward increases. Therefore, as illus-
trated in FIG. 3, the pilot member 300 and the plunger 100
additionally move upward, such that the damper member
200 comes into contact with the core unit 400. Therefore, the
pilot member 300 may move away from the orifice member
600, and the fluid may be additionally introduced through
the space between the pilot member 300 and the orifice
member 600.

[0049] The present disclosure has been described with
reference to the limited embodiments and the drawings, but
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the present disclosure is not limited thereto. The present
disclosure may be carried out in various forms by those
skilled in the art, to which the present disclosure pertains,
within the technical spirit of the present disclosure and the
scope equivalent to the appended claims.

1. A solenoid valve comprising:

a plunger configured to be movable in two opposite
directions;

a damper member inserted into the plunger and having at
least a part protruding outward from the plunger; and

a pilot member positioned in a lower region of the
plunger, the pilot member having a pilot flow path

wherein the damper member comes into contact with the
pilot member and closes the pilot flow path when the
plunger moves downward by a predetermined distance
toward the pilot member.

2. The solenoid valve of claim 1, further comprising:

a core unit positioned above the damper member and
facing the damper member, the core unit being config-
ured to come into contact with the damper member
when the plunger moves by a predetermined distance
toward the core unit,

wherein the core unit has a recessed core region having a
shape recessed inward.

3. The solenoid valve of claim 2, wherein a front recessed
damper region is formed in a region of the damper member
that faces the recessed core region.

4. The solenoid valve of claim 1, wherein the damper
member has a lateral recessed damper region formed in a
lateral surface of the damper member, wherein the recessed
damper region has a shape recessed in a horizontal direction
intersecting a longitudinal direction of the damper member.

5. The solenoid valve of claim 1, wherein an entire lateral
region of the damper member is sealed by the plunger from
an outside.
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6. The solenoid valve of claim 3, wherein a region of the
damper member facing the core unit has a shape convexly
protruding toward the core unit, except for the front recessed
damper region.

7. The solenoid valve of claim 1, wherein an internal
space is formed in a lower region of the plunger, the pilot
member is inserted into the internal space, the plunger has
an inner protrusion region protruding toward the internal
space and formed on an inner surface that defines the
internal space, and the pilot member has an outer protrusion
region protruding outward and formed on a portion of the
pilot member that is inserted into the internal space, the
outer protrusion region being configured to interfere with the
inner protrusion region.

8. The solenoid valve of claim 7, wherein a distance in a
vertical direction between the damper member and a low-
ermost end of the outer protrusion region is shorter than a
distance in the vertical direction between the damper mem-
ber and an uppermost end of the inner protrusion region.

9. The solenoid valve of claim 3, wherein the front
recessed damper region has a shape that penetrates the
damper member in a horizontal direction.

10. The solenoid valve of claim 1, further comprising:

an orifice member positioned below the pilot member, the
orifice member having a communication flow path that
communicates with the pilot flow path.
11. The solenoid valve of claim 1, further comprising:
a sealing member inserted into a lower region of the pilot
member.
12. The solenoid valve of claim 7, wherein a through flow
path is formed in one surface of the plunger and communi-
cates with the internal space.
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