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SOLENOID DRIVING DEVICE AND SOLENOID
VALVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2003-312737 filed on Sep. 4, 2003,
in the Japan Patent Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a solenoid driving
device and a solenoid valve.

[0004] 2. Description of the Related Art

[0005] Conventionally, for example, various types of sole-
noid valves may be disposed in a hydraulic circuit of an
automatic transmission. Each of the solenoid valves may
have a solenoid unit made up of a solenoid driving device
and a valve unit. The valve unit may be operated by
supplying electric current to a coil of the solenoid unit,
thereby opening and closing the pneumatic paths, adjusting
the flow of oil, and regulating the oil pressure.

[0006] Next, a solenoid valve, using as an example a linear
solenoid valve, will now be described. FIG. 2 is a cross-
sectional view of a conventional linear solenoid valve. In the
drawing, reference numeral 11 denotes a solenoid unit, and
reference numeral 12 denotes a regulator valve unit made up
of a valve unit operated by driving the solenoid unit 11. The
solenoid unit 11 comprises a coil assembly 13, a plunger 14
which is disposed so as to advance toward and retreat from
the coil assembly 13 (i.e., movement in the horizontal
direction in the drawing), and a yoke 20 disposed so as to
enclose the coil assembly 13. Also, the coil assembly 13 has
a coil 17 formed by winding a coil wire 16 on a bobbin 15,
end portions 18 and 19 disposed on both ends of the coil 17,
and a terminal 21 for supplying electric current to the coil
17, wherein the bobbin 15 and end portions 18 and 19 are
integrally assembled by welding, brazing, sintered bonding,
adhesion, or the like.

[0007] A thick flange portion 28 having a tapered shape on
the inner side thereof is formed on the regulator valve 12
side of the bobbin 15. A tapered edge portion 31 protrudes
backwards (toward the right in the drawing) from near the
inner circumference edge of the end portion 19 so as to
correspond to the inner circumference face of the flange
portion 28.

[0008] The coil assembly 13 is formed cylindrically
except for the terminal 21 portion, with a hollow portion 22,
having a constant diameter in the axial direction, formed
within the coil assembly (within the bobbin 15 and end
portions 18 and 19) and the plunger 14 slideably fit into the
hollow portion 22. The plunger 14 has a uniform diameter
and is longer than the coil 17 in the axial direction.

[0009] The rear end (the right end in the drawing) of the
spool 26 of the regulator valve 12 is brought into contact
with the center of the front edge face (the left end in the
drawing) S1 of the plunger 14, and a contact portion 27 with
a spherical shape having a predetermined height is integrally
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formed on the edge face at the side away from the regulator
valve 12, i.e., the rear edge face (the right end in the
drawing) S2.

[0010] The bobbin 15 is formed of a non-magnetic mem-
ber, and, upon electric current being supplied to the coil 17
at the solenoid unit 11, a magnetic flux is generated so that
a magnetic path is formed from the yoke 20 through the end
portion 18, plunger 14 and end unit 19 and back to the yoke
20, whereby a force S is formed between the edge portion 31
and the plunger 14 in the magnetic path.

[0011] The force generated by coil 17 then acts on the
plunger 14 with a predetermined force, providing the
plunger 14 with thrust. Consequently, the thrust is transmit-
ted to the spool 26, the regulator valve 12 is operated, and
the oil pressure is regulated.

[0012] When thrust is generated at the plunger 14 upon
electric current being supplied to the coil wire 16, thereby
advancing or retracting the plunger 14 within the hollow
portion 22, friction is generated between the outer face of the
plunger 14 and the inner face of the coil assembly 13
because the plunger 14 is supported by the coil assembly 13
when it is fit into the hollow portion 22. Accordingly, the
outer face of the plunger 14 is processed so as to form an
outer layer with a small friction coefficient x. Also, the outer
layer is formed with a non-magnetic material such that fine
foreign matter, such as iron powder or the like, does not
intrude between the outer face of the plunger 14 and the
inner face of the coil assembly 13 (e.g., see Japanese
Unexamined Patent Application Publication No. 2003-
134781).

[0013] However, with conventional linear solenoid valves,
there is the need to use fluororesin (PTFE: PolyTetra Fluoro
Ethylene), molybdenum disulfide, amorphous carbon
(DLC), or the like as a non-magnetic member having a small
friction coefficient x. Therefore, there is a limit as to how
thick the film can be formed for the outer layer.

[0014] Accordingly, it is difficult to sufficiently sever the
magnetism between the plunger 14 and end portions 18 and
19, therefore, the force against the plunger 14 in the radial
direction (side force) cannot be sufficiently prevented.

[0015] In this case, the plunger 14 does not slide well
through the coil assembly 13, therefore, the plunger 14
cannot advance and retreat smoothly, oil pressure cannot be
accurately regulated with the regulator valve 12, and con-
sequently, the performance of the linear solenoid valve
deteriorates.

SUMMARY OF THE INVENTION

[0016] Accordingly, it is an object of the present invention
to solve the above and other problems of the aforementioned
conventional linear solenoid valve, and to provide a solenoid
driving device and solenoid valve capable of smoothly
advancing and retreating the plunger. Thus, the performance
of the solenoid valve is improved.

[0017] To this end, according to a first aspect of the preset
invention, a solenoid driving device comprises: a coil
formed by winding a coil wire on a bobbin formed of a
non-magnetic material; end portions formed of a magnetic
material which are disposed adjacent to both ends of the coil;
a yoke formed of a magnetic material which is disposed
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encompassing the coil and the end portions; and a plunger
disposed slidably in a hollow portion formed within the
bobbin and end portions in the radial direction; the plunger
comprising a base formed of a magnetic material, a first
layer formed of a non-magnetic material which is disposed
outside of the base in the radial direction, and a second layer
that is formed of a non-magnetic material having a friction
coefficient smaller than that of the first layer and disposed
outside of the first layer in the radial direction.

[0018] The first layer may be formed thicker than the
second layer and may be formed by plating processing. Also,
the second layer may be formed of any one of fluororesin,
molybdenum disulfide, or amorphous carbon.

[0019] According to a second aspect of the preset inven-
tion, a solenoid valve comprises: a coil formed by winding
a coil wire on a bobbin formed of a non-magnetic material;
end portions formed of a magnetic material which are
disposed adjacent to both ends of the coil; a yoke formed of
a magnetic material which is disposed encompassing the coil
and the end portions; a plunger disposed slidably in a hollow
portion formed within the bobbin and end portions in the
radial direction; a valve main unit integrally assembled with
the yoke; and a spool disposed within the valve main unit so
as to be capable of advancing and retreating within the valve
main unit with one end in contact with the plunger; the
plunger comprising a base formed of a magnetic material, a
first layer formed of a non-magnetic material which is
disposed outside of the base in the radial direction, and a
second layer that is formed of a non-magnetic material
having a friction coefficient smaller than that of the first
layer and disposed outside of the first layer in the radial
direction.

[0020] Thus, according to the configuration described
above, the plunger slides easily between the bobbin and end
portions and can be smoothly advanced and retreated,
thereby improving the performance of the solenoid valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other features of the present inven-
tion will be readily apparent by describing, in detail, exem-
plary embodiments thereof with reference to the accompa-
nying drawings, in which:

[0022] FIG. 1is a cross-sectional view of a linear solenoid
valve according to an embodiment of the present invention;

[0023] FIG. 2 is a cross-sectional view of a conventional
linear solenoid valve; and

[0024] FIG. 3 is a cross-sectional view illustrating prin-
cipal components of a plunger according to the present
embodiment.

DESCRIPTION OF ILLUSTRATIVE,
NON-LIMITING EMBODIMENTS OF THE
INVENTION

[0025] An illustrative, non-limiting embodiment of
present invention will be described in detail with reference
to the accompanying drawings. Here, a linear solenoid valve
will be described as an example of the solenoid valve.

[0026] FIG. 1is a cross-sectional view of a linear solenoid
valve according to an embodiment of the present invention,
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and FIG. 3 is a cross-sectional diagram illustrating principal
components of a plunger according to an embodiment of the
present invention.

[0027] In the drawings, reference numeral 10 denotes a
linear solenoid value. The linear solenoid valve 10 is con-
nected to a line pressure oil path and the like of a hydraulic
circuit of an automatic transmission via a modulator valve
(not shown), and predetermined oil pressure generated at the
modulator valve (i.e., the regulator pressure) is supplied to
the linear solenoid valve 10 as input pressure. The linear
solenoid valve 10 operates based on electric current and
outputs oil pressure, corresponding to the electric current, to
a control valve (not shown) as predetermined output pres-
sure (pilot pressure).

[0028] Reference numeral 11 denotes a solenoid unit made
up of the solenoid driving device, and reference numeral 12
denotes a regulator value unit serving as a valve unit
operated by driving the solenoid unit 11, wherein the linear
solenoid valve 10 is attached to an automatic transmission
casing (not shown) with the solenoid unit 11 facing up and
the regulator valve 12 facing down. The solenoid unit 11
comprises a coil assembly 13, a plunger 54 disposed so as
to be capable of advancing and retreating (moving in the left
and right directions in FIG. 1) with respect to the coil
assembly 13 and a yoke 20, which is a cylindrical case
encompassing the coil assembly 13.

[0029] Also, the coil assembly 13 comprises a coil 17
formed by winding a coil wire 16 on a bobbin 15, a
ring-shaped end portion 58 serving as a first end yoke
disposed adjacent to the rear end of the coil 17 (the right end
in FIG. 1), a ring-shaped end portion 59 serving as a second
end yoke disposed adjacent to the front end of the coil 17
(the left end in FIG. 1), and a terminal 21 for supplying
electric current to the coil 17.

[0030] The coil assembly 13 is formed in a cylindrical
shape except for the terminal 21 portion, with a hollow
portion 22, having a constant diameter in the axial direction,
formed within the coil assembly 13 (in the inner radial
direction of the bobbin 15 and end portions 58 and 59) and
the plunger 54 slidably fit into the hollow portion 22.
Accordingly, the plunger 54 is supported by the coil assem-
bly 13 when it is inserted into the hollow portion 22.

[0031] The bobbin 15 is formed of a non-magnetic mate-
rial, examples of which include a non magnetic metal such
as stainless steel (SUS) and synthetic resin. The bobbin 15
has a cylindrical portion 51, a ring-shaped flange portion 52
formed facing in the outwards radial direction at the rear end
of the cylindrical portion 51, and a ring-shaped flange
portion 53 formed facing in the outwards radial direction at
the front end of the cylindrical portion 51, so as to have a
cross-sectional shape of a box with one side open. The
bobbin 15 and the end portions 58 and 59 are integrally
assembled by welding, brazing, sintered bonding, adhesion,
or the like.

[0032] The end portions 58 and 59 are formed of a
magnetic material, i.e., ferromagnetic material such as elec-
tromagnetic soft iron. Electromagnetic soft iron that
includes 95% or more pure iron, preferably approximately
99% or more (“approximately” meaning that 99% or more
rounded off at the decimal, i.e., essentially pure iron), may
be used.
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[0033] The yoke 20 is formed as a cylinder having a
bottom, comprising a cylindrical portion 55 and a round
bottom 56, and is integrally formed by plastic metal working
such as deep-drawing or cold-forging. A notch 57 is formed
at a predetermined portion of the front end of the cylindrical
portion 55, with the terminal 21 being attached to the coil
assembly 13 via the notch 57.

[0034] The yoke 20 is formed of a magnetic material, i.e.,
ferromagnetic material such as a low-carbon steel with little
carbon so as to facilitate plastic metal working. For example,
yoke 20 may be formed with the same electromagnetic soft
iron as that used in the end portions 58 and 59.

[0035] Also, a crimped portion 81 is formed at the front
end of the cylindrical portion 55 of the yoke 20. When the
coil assembly 13 is fit into the yoke 20 and the valve main
unit 62 is set into the regulator valve 12, the crimped portion
81 and flange portion 63 formed at the rear end of the valve
main unit 62 are crimped. Thus, the solenoid unit 11 and
regulator valve 12 are integrally assembled.

[0036] The plunger 54 has a uniform diameter and is
formed longer than the coil 17 in the axial direction. The rear
end of the spool 26 of the regulator valve 12 is brought into
contact with the center of the front end face (the left edge
face in FIG. 1) SI of the plunger 54, and a contact portion
27 with a spherical shape having a predetermined height is
integrally formed on the rear edge face (the right end in the
drawing) S2. The surface of the contact portion 27 is
subjected to surface processing, thereby forming an outer
layer formed of a non-magnetic material.

[0037] Also, an oil channel 30 having a predetermined
diameter passes through the plunger 54 in the axial direction
so that the front side and the rear side of the plunger 54
communicate via the oil channel 30. Accordingly, oil flows
back and forth between the front side and the rear side of the
plunger 54 in the hollow portion 22 in accordance with the
plunger 54 advancing and retreating.

[0038] The contact portion 27 is formed on the plunger 54
and an outer layer of non-magnetic material is formed on the
surface of the contact portion 27. Therefore, the generation
of a magnetic flux between the yoke 20 and contact portion
27 can be prevented in a state wherein the contact portion 27
is in contact with the yoke 20, thereby severing the magne-
tism.

[0039] Note that while the contact portion 27 has a spheri-
cal shape with the present embodiment, various shapes may
be used, such as a round column, square column, ring, and
so forth. Also, with the present embodiment, the contact
portion 27 is formed on the plunger 54. However, an
arrangement may be made wherein the rear edge face S2 of
the plunger 54 is formed flat with the contact portion formed
on the yoke 20 protruding toward the plunger 54, or contact
portions may be formed on both the plunger 54 and yoke 20.

[0040] The flange portion 53 is disposed on the regulator
valve 12 side and is formed thick. The inner circumference
face of the flange portion 53 is formed with a tapered shape.
The tapered shape is such that the inner diameter of the
flange portion 53 is the greatest at the front edge of the flange
portion 53, grows smaller toward the rear side, and becomes
the same as the inner diameter or the cylindrical portion 51
at the rear end of the flange portion 53.
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[0041] Also, an edge portion 61 having a cross-sectional
triangular shape which has a tapered outer circumferential
face corresponding to the inner circumferential face of the
flange portion 53 is formed near the inner circumference
edge of the end portion 59, so as to protrude backwards, such
that the inner circumference face of the flange portion 53 and
the outer circumference face of the edge portion 61 come
into contact. Accordingly, the outer diameter of the edge
portion 61 is the greatest at the front edge of flange portion
53, grows smaller toward the rear, and becomes equal to the
inner diameter of the end portion 59. In this case, the edge
portion 61 is formed tapered to a point toward the rear, so
magnetic saturation is formed at the edge portion 61.

[0042] Note that with the present embodiment, the outer
circumferential face of the edge portion 61 and the inner
circumferential face of the flange portion 53 are tapered.
However, arrangements may be made wherein the outer
circumferential face and the inner circumferential face are
curved in convex or concave shapes or with varying incli-
nation angles in a single article.

[0043] The plunger 54 is formed of a ferromagnetic mate-
rial similar to the end portions 58 and 59 and the yoke 20,
such as electromagnetic soft iron or the like.

[0044] The outer circumferential face of the plunger 54 is
subjected to surface processing, with a layer structure of
multiple layers, two in the present embodiment, being
formed. Accordingly, as shown in FIG. 3, the plunger 54
comprises a base 83 formed of a magnetic material (i.e., a
ferromagnetic material), an intermediate layer 84 serving as
a first layer formed on the outside of the base 83 in the radial
direction, and an outmost layer 85 serving as a second layer
formed on the outside of the intermediate layer 84 in the
radial direction. Note that the intermediate layer 84 and the
outmost layer 85 make up an outer layer 70.

[0045] The intermediate layer 84 is formed sufficiently
thicker than the outmost layer 85, and intermediate layer 84
is formed of a non-magnetic material by, for example,
plating processing. Plating processing forms a coating film
such as Ni—P plating, Sn plating, Cu plating, and so forth.

[0046] On the other hand, the outmost layer 85 is a
material with a friction coefficient u smaller than that of the
intermediate layer 84, and outmost layer 85 is also formed
of a non-magnetic material by, for example, coating pro-
cessing. An example of a material with a small friction
coefficient u is a self-lubricated material or the like. Note
that in the coating processing, a coating film of fluororesin
(PTFE: PolyTetra Fluoro Ethylene), molybdenum disulfide,
amorphous carbon (DLC), or the like is formed. Also, the
outmost layer 85 can be formed by nitriding processing
(tufftride treatment or the like), chromizing, diffusion bond-
ing processing (processing wherein a wear-resistant metal or
low-resistance metal is formed on the surface by bonding),
and so forth.

[0047] The regulator valve 12 comprises a valve main unit
62, a spool 26 fit into the valve main unit 62 so as to be
capable of advancing and retreating, an end plate 64 snapped
to the front end of the valve main unit 62 for preventing the
spool 26 from falling out of the valve main unit 62, and a
spring 44 serving as a pressing member for pressing the
spool 26 toward the solenoid unit 11 side with a predeter-
mined spring force, being disposed between the end plate 64
and the front end of the spool 26.
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[0048] The spool 26 comprises a spring seat 60 formed at
the front end to be inserted into the spring 44, a large-
diameter land 66 formed behind and adjacent to the spring
seat 60, a small-diameter groove 67 formed behind and
adjacent to the land 66, a large-diameter land 68 formed
behind and adjacent to the groove 67, a small-diameter
groove 69 formed behind and adjacent to the land 68, an
intermediate-diameter land 71 formed behind and adjacent
to the groove 69, and a small-diameter plunger contact
portion 72 formed behind and adjacent to the land 71.

[0049] The valve main unit 62 comprises an input port p1
from which input pressure supplied from the modulator
valve is supplied, an output port p2 for outputting output
pressure to the control valve, a closed-off feedback port p3
and a drain port p4. The feedback port p3 communicates
with the output port p2 via a feedback oil channel (not
shown) so that output pressure is supplied as feedback
pressure which generates a pressing force corresponding to
the difference in area between lands 68 and 71, thereby
forcing the spool 26 forward with the pressing force. Note
that a notch k is formed on the input port pl.

[0050] Accordingly, the spool 26 receives the thrust of the
plunger 54, the spring force of the spring 44 and the pressing
force of the feedback pressure and advances or retreats
integrally with the plunger 54 when the plunger contact
portion 72 is in contact with the plunger 54.

[0051] Because the plunger 54 is directly supported by the
cylindrical portion 51 and end portions 58 and 59, there is
no need to provide a stator core within the coil 17 in the
radial direction as with conventional arrangements. Accord-
ingly, not only can the solenoid unit 11 be reduced by that
much, but also the number of windings in the coil wire can
be increased, thereby increasing magnetomotive force.

[0052] Also, because the bobbin 15, intermediate layer 84
and outmost layer 85 are formed of non-magnetic material,
there is no intrusion of fine foreign matter such as iron
powder or the like between the outer circumferential face of
the plunger 54 and the inner circumferential face of the coil
assembly 13. Accordingly, the plunger 54 can be smoothly
advanced and retreated.

[0053] Also, with regard to the intermediate layer 84, there
is no need to use a non-magnetic material with a small
friction coefficient u such as fluororesin, molybdenum dis-
ulfide, or amorphous carbon. Accordingly, the intermediate
layer 84 can be formed by Ni—P plating, Sn plating, Cu
plating, or the like. By using a material having a greater
friction coefficient u# than the outmost layer 85 as a non-
magnetic material, the intermediate layer 84 can be easily
formed with a great thickness, thereby increasing the thick-
ness of the outer layer 70.

[0054] As a result, the magnetism can be cut off between
the plunger 54 and end portions 58 and 59, thus, radial-
direction force can be suppressed from being applied to the
plunger 54. This improves the sliding of the plunger 54
against the coil assembly 13. Therefore, the plunger 54 can
be advanced and retreated smoothly, oil pressure can be
accurately regulated by the regulator valve 12, and accord-
ingly, the performance of the linear solenoid valve 10 can be
improved.

[0055] Next, the operation of the linear solenoid valve 10
of the above-described configuration will be described. At
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the initial position of the plunger 54, the contact portion 27
is in contact with the bottom portion 56. Upon electric
current being supplied to the coil 17 via the terminal 21, a
magnetic flux is generated, but because the bobbin 15 is
formed of a non-magnetic material, the magnetic flux passes
around the bobbin 15 and forms a magnetic path from the
yoke 20 through the end portion 58, plunger 54 and end
portion 59 and back to the yoke 20, thus forming a force S
between the edge portion 61 and plunger 54 in the magnetic
path.

[0056] Because a gap is formed between the rear edge face
S2 of the plunger 54 and the yoke 20 which corresponds to
the contact portion 27 formed there and also, as described
above, the surface of the contact portion 27 has been
processed so as to form an outer layer 70 of non-magnetic
material thereupon, there is no leakage of magnetic flux
from the rear edge of the plunger 54. Also, because the
clearance between the inner circumference of the end por-
tions 58 and 59 and the outer circumference of the plunger
54 is sufficiently small, the magnetic resistance of the
magnetic path can be reduced.

[0057] The force generated by coil 17 then forces the
plunger 54 with a predetermined force, thereby generating a
thrust at the plunger 54. Consequently, the thrust is trans-
mitted to the spool 26, along with the feedback pressure
against the spring force from the spring 44, so that the
regulator valve 12 is operated and the spool 26 advances
(moves toward the left side in FIG. 1). In this case, the spool
26 is advanced integrally with the plunger 54 against the
spring force (based on the stroke of the plunger 54), thereby
controlling the position of the spool 26. Accordingly, the
flow ratio of the input port p1 and drain port p4 is controlled
so that the oil pressure is linearly regulated and the regulated
oil pressure is output from the output port p2 as the output
pressure.

[0058] Because the edge portion 61 is tapered to a point,
the cross-sectional area of the magnetic path is small at the
edge portion 61. Accordingly, magnetic saturation is gener-
ated in the edge portion 61 according to the value of the
electric current supplied to the coil 17 (i.e., the electric
current value) and the stroke of the plunger 54. Conse-
quently, the force to stroke the plunger 54 is relatively flat
at all electric current values.

[0059] Also, the plunger 54 and end portion 59 are always
overlapped in the axial direction so as to ensure a predeter-
mined magnetic flux handover portion. In the event that the
cross-sectional area for magnetic flux passage is approxi-
mately the same for the plunger 54 and the yoke 20, setting
the amount of overlapping of the end portion 58 with the
plunger 54 so as to be equal to or greater than the cross-
sectional area for magnetic flux passage, regardless of the
stroke of the plunger 54, allows not only the solenoid unit 11
to be reduced in size but also the magnetic efficiency to be
improved.

[0060] Cutting off the supply of electric current to the coil
17 causes the spool 26 and the plunger 54 to retreat (move
toward the right direction in FIG. 1) due to the spring force.
Accordingly, the contact portion 27 collides with the bottom
portion 56. Because the contact portion 27 has a spherical
shape and the yoke 20 is formed of a relatively soft metal
such as low-carbon steel or the like and is formed by plastic
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metal working such as deep-drawing or cold-forging, the
shock is small and the plunger 54 rapidly returns to the
initial position.

[0061] Note that the present invention is by no means
restricted to the exemplary embodiment described above;
rather, a wide range of modifications may be made within
the spirit and scope of the invention.

What is claimed is:
1. A solenoid driving device comprising:

a coil disposed on a bobbin formed of a non-magnetic
material;

end portions formed of a magnetic material which are
disposed adjacent to both ends of said coil;

a yoke formed of a magnetic material which is disposed
encompassing said coil and said end portions; and

a plunger disposed slidably in a hollow portion formed
within said bobbin and end portions in the radial
direction; said plunger comprising

a base formed of a magnetic material,

a first layer formed of a non-magnetic material which
is disposed outside of said base in the radial direc-
tion, and

a second layer formed of a non-magnetic material
which has a friction coefficient smaller than that of
said first layer and is disposed outside of said first
layer in the radial direction.

2. The solenoid driving device according to claim 1,
wherein said first layer is formed thicker than said second
layer.

3. The solenoid driving device according to claim 1,
wherein said first layer is formed by plating processing.
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4. The solenoid driving device according to claim 1,
wherein said second layer comprises of any one of fluo-
roresin, molybdenum disulfide, and amorphous carbon.

5. A solenoid valve comprising:

a coil disposed on a bobbin formed of a non-magnetic
material;

end portions formed of a magnetic material which are
disposed adjacent to both ends of said coil;

a yoke formed of a magnetic material which is disposed
encompassing said coil and said end portions;

a plunger disposed slidably in a hollow portion formed
within said bobbin and end portions in the radial
direction;

a valve main unit integrally assembled with said yoke;
and

a spool disposed within said valve main unit, so as to be
capable of advancing and retreating within said valve
main unit, with one end in contact with said plunger;

said plunger comprising
a base formed of a magnetic material,

a first layer formed of a non-magnetic material which
is disposed outside of said base in the radial direc-
tion, and

a second layer formed of a non-magnetic material
which has a friction coefficient smaller than that of
said first layer and is disposed outside of said first
layer in the radial direction.
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