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(54) VALVE DEVICE AND BUFFER

(57) Provided is a valve device and a shock absorber
that can prevent them from being in a failure state at the
normal time and can freely set a passive valve even when
both pressure control and passage opening/closing are
performed by a solenoid valve. For this reason, the valve
device includes a first passage (P3) and a second pas-
sage (P4) connected downstream of the pressure intro-
ducing passage, a solenoid valve (4) that opens the first
passage (P3) to control the upstream pressure and clos-
es the second passage (P4) when energized, and that
closes the first passage (P3) and opens the second pas-
sage (P4) when not energized, and a passive valve (5)
provided downstream of the solenoid valve (4) in the sec-
ond passage (P4).
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Description

Technical Field

[0001] The present invention relates to a valve device
and a shock absorber including the valve device.

Background Art

[0002] The valve device is used, for example, as a
damping valve that makes the damping force of a shock
absorber interposed between a vehicle body and an axle
of a vehicle variable.
[0003] For example, as disclosed in JP 2014-173716
A, such a damping valve includes a main valve body that
gives resistance to the liquid flow generated when the
shock absorber extends and contracts, a pressure intro-
ducing passage for reducing and leading the pressure
upstream of the main valve body to the back face of the
main valve body, a first passage connected downstream
of the pressure introducing passage, a solenoid valve
including a pressure control valve valve body that con-
trols a valve opening pressure when opening the first
passage and an opening/closing valve valve body that
opens and closes the downstream side relative to the
pressure control valve valve body, a second passage
connected between the pressure control valve valve
body and the opening/closing valve valve body in the first
passage, and a passive valve provided in this second
passage, and when the solenoid valve is energized,
opens the opening/closing valve valve body to control
the valve opening pressure of the pressure control valve
valve body, and when the solenoid valve is not energized,
closes the opening/closing valve valve body to allow a
liquid to flow to the passive valve.
[0004] According to the above configuration, the valve
opening pressure of the pressure control valve valve
body can be controlled and the back pressure of the main
valve body can be controlled to the valve opening pres-
sure of the pressure control valve valve body at the nor-
mal time when the power is supplied to the solenoid valve.
When the back pressure of the main valve body is ad-
justed to have a large or a small value, the resistance
according to the main valve body changes. Therefore,
when the back pressure is controlled, the damping force
generated by the shock absorber can be made large or
small to change the damping force characteristics. On
the other hand, at the time of failure when the power
supply to the solenoid valve is cut off, the liquid passes
through the passive valve. Therefore, the back pressure
of the main valve body is determined by setting the pas-
sive valve at the time of failure. In other words, even when
the power supply to the solenoid valve is cut off, the shock
absorber can exert a predetermined damping force,
which results in fail-safe.

Summary of Invention

[0005] The valve body (solenoid valve valve body) of
the solenoid valve included in the conventional damping
valve described above has a configuration in which the
pressure control valve valve body and the opening/clos-
ing valve valve body that opens and closes the down-
stream side relative to the pressure control valve valve
body are integrated, and move linearly in the same di-
rection at the same time. When the solenoid valve valve
body moves to one side, the pressure control valve valve
body approaches the corresponding valve seat (pressure
control valve valve seat) and the opening/closing valve
valve body is away from the corresponding valve seat
(opening/closing valve valve seat). On the contrary, when
the solenoid valve valve body moves to the other side,
the pressure control valve valve body is away from the
pressure control valve valve seat and the opening/closing
valve valve body approaches the opening/closing valve
valve seat.
[0006] Further, the solenoid valve includes a spring
that pushes up the solenoid valve valve body in a direc-
tion in which the pressure control valve valve body and
the pressure control valve valve seat are away from each
other and the opening/closing valve valve body is seated
on the opening/closing valve valve seat, and a solenoid
that applies to the solenoid valve valve body a thrust in
a direction opposite to a direction of the force of the
spring. When the solenoid valve is energized, the sole-
noid valve valve body is pushed down by the thrust of
the solenoid against the biasing force of the spring to
open the opening/closing valve valve body, and the valve
opening pressure of the pressure control valve valve
body is adjusted to be large or small depending on the
energizing amount. On the other hand, when the solenoid
valve is not energized, the biasing force of the spring
pushes the solenoid valve valve body up to the maximum
and closes the opening/closing valve valve body.
[0007] In this way, in the related art, the pressure con-
trol valve valve body for pressure control when energized
and the opening/closing valve valve body that allows the
liquid to flow to the second passage when not energized
is integrated, and a single solenoid can perform both
pressure control and passage opening and closing. How-
ever, when the second passage provided with the pas-
sive valve is connected between the pressure control
valve valve body and the opening/closing valve valve
body in the first passage as in the conventional case, the
following problems may be pointed out.
[0008] In the conventional structure, when the flow rate
of the first passage increases with the damping force
characteristics softened by reducing the amount of cur-
rent supplied to the solenoid valve, the pressure differ-
ence between the upstream side and the downstream
side of the opening/closing valve valve body increases
and the pressure between the opening/closing valve
valve body and the pressure control valve valve body
rises, so that the raised pressure may push up the sole-
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noid valve valve body. When the solenoid valve valve
body is pushed up in this way, the opening/closing valve
valve body may close to be in a state of failure (failure
state) despite the normal time, and even at the normal
time, when the damping valve is in the failure state, the
damping force characteristics shift to a characteristic at
the time of failure.
[0009] Such a phenomenon naturally disappears when
the flow rate decreases, and returns to a normal state,
but until then, the back pressure of the main valve body
is dominated by the passive valve, and the pressure con-
trol by the solenoid valve does not work. Therefore, the
damping force cannot be adjusted until the normal state
is restored.
[0010] Simply reconnecting the second passage up-
stream of the pressure control valve valve body in the
first passage in order to solve the above problem requires
setting the valve opening pressure of the passive valve
higher than the upper limit pressure of the valve opening
pressure of the pressure control valve valve body. This
is because, in the above configuration, unless the valve
opening pressure of the passive valve is set higher than
the upper limit pressure of the valve opening pressure of
the pressure control valve valve body, the adjustment
range of the valve opening pressure of the pressure con-
trol valve valve body is narrowed and the damping force
adjustment range at the normal time is narrowed. When
the setting of the passive valve is limited in this way, the
damping force characteristics at the time of failure cannot
be freely set.
[0011] Occurrence of such a problem is not limited to
when the solenoid valve pressure-controls the back pres-
sure of the main valve body and when the valve device
is used as the damping valve of the shock absorber.
Therefore, the present invention is devised to solve such
a problem, and an object of the present invention is to
provide a valve device and a shock absorber that can
prevent them from being in a failure state at the normal
time and that can freely set a passive valve even when
the solenoid valve performs both the pressure control
and the passage opening/closing.
[0012] A valve device that solves the above problems
includes a first passage and a second passage connect-
ed downstream of the pressure introducing passage, a
solenoid valve that opens the first passage to control the
upstream pressure and closes the second passage when
energized, and closes the first passage and opens the
second passage when not energized, and a passive
valve provided downstream of the solenoid valve in the
second passage.

Brief Description of Drawings

[0013]

Fig. 1 is a longitudinal sectional view of a shock ab-
sorber including a damping valve that is a valve de-
vice according to an embodiment of the present in-

vention.
Fig. 2 is an enlarged longitudinal sectional view of
the damping valve portion of Fig. 1.
Fig. 3 is a longitudinal sectional view showing a part
of Fig. 2 in a further enlarged manner.
Fig. 4 is a circuit diagram of a solenoid valve portion
of a damping valve that is a valve device according
to the embodiment of the present invention.
Fig. 5 is an enlarged longitudinal sectional view of a
damping valve that is a valve device according to a
first modification of the embodiment of the present
invention.
Fig. 6 is an enlarged plan view of a leaf spring of a
passive valve in the damping valve that is the valve
device according to the first modification of the em-
bodiment of the present invention.

Description of Embodiments

[0014] Embodiments of the present invention will be
described below with reference to the drawings. Like ref-
erence symbols in the several drawings indicate like
parts.
[0015] As shown in Fig. 1, the valve device according
to the embodiment of the present invention is used as a
damping valve V of a shock absorber D. The shock ab-
sorber D is used for a vehicle suspension in the present
embodiment, and includes a cylinder 1, a piston 10 slid-
ably inserted into the cylinder 1, and a piston rod 11 hav-
ing one end connected to the piston 10 and the other end
protruding to the outside of the cylinder 1.
[0016] The cylinder 1 is connected to one of the vehicle
body and the axle of the vehicle, and the piston rod 11
is connected to the other. In this way, the shock absorber
D is interposed between the vehicle body and the axle.
Further, when the vehicle vibrates up and down due to
traveling on a bumpy road surface, the piston rod 11
moves in and out of the cylinder 1 to extend and contract
the shock absorber D, and the piston 10 moves up and
down (in the axial direction) in the cylinder 1 in Fig. 1.
[0017] An annular head member 12 into which the pis-
ton rod 11 is allowed to be inserted is attached to one
end of the cylinder 1 in the axial direction. The head mem-
ber 12 slidably supports the piston rod 11 and closes one
end of the cylinder 1. On the other hand, the other end
of the cylinder 1 is closed by a bottom cap 13. In this way,
the cylinder 1 is hermetically sealed, and the cylinder 1
is filled with liquid and gas.
[0018] More specifically, a free piston 14 is slidably in-
serted into the cylinder 1 opposite to the piston rod 11
when viewed from the piston 10. Then, a liquid chamber
L filled with a liquid such as hydraulic oil is formed on the
piston 10 side of the free piston 14. On the other hand,
a gas chamber G in which compressed gas is enclosed
is formed opposite to the piston 10 as viewed from the
free piston 14.
[0019] Thus, in the shock absorber D, the liquid cham-
ber L and the gas chamber G in the cylinder 1 are parti-
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tioned by the free piston 14. Further, the liquid chamber
L is partitioned by the piston 10 into an extension side
chamber L1 on the piston rod 11 side and a compression
side chamber L2 on the opposite side (opposite to the
piston rod). The damping valve V is attached to the piston
10. Then, the damping valve V gives resistance to the
flow of the liquid passing between the extension side
chamber L1 and the compression side chamber L2.
[0020] According to the above configuration, when the
shock absorber D extends, when the piston 10 moves in
the cylinder 1 to the upper side in Fig. 1 and compresses
the extension side chamber L1, the liquid in the extension
side chamber L1 moves to the compression side cham-
ber L2 through the damping valve V, and the damping
valve V gives resistance to the flow of the liquid. There-
fore, when the shock absorber D extends, the pressure
of the extension side chamber L1 rises and the shock
absorber D exerts an extension side damping force that
hinders the extension operation.
[0021] On the contrary, when the piston 10 moves in
the cylinder 1 to the lower side in Fig. 1 to compress the
compression side chamber L2 when the shock absorber
D contracts, the liquid in the compression side chamber
L2 moves to the extension side chamber L1 through the
damping valve V, and the damping valve V gives resist-
ance to the flow of the liquid. Therefore, when the shock
absorber D contracts, the pressure of the compression
side chamber L2 rises and the shock absorber D exerts
a compression side damping force that prevents the con-
traction operation.
[0022] Further, when the shock absorber D extends
and contracts, the free piston 14 moves to expand and
contract the gas chamber G to compensate for the vol-
ume of the piston rod 11 moving in and out of the cylinder
1.
[0023] However, the configuration of the shock absorb-
er D is not limited to that shown in the drawing, and can
be changed as appropriate. For example, instead of the
gas chamber G, a reservoir that stores a liquid and a gas
may be provided, and liquid may be exchanged between
the cylinder and the reservoir when the shock absorber
extends and contracts. Further, the shock absorber D
may be a double rod type, and piston rods may be pro-
vided on both sides of the piston. In this case, a config-
uration for compensating the piston rod volume can be
omitted.
[0024] Then, as shown in Fig. 2, the damping valve V
includes a main passage P1 that connects the extension
side chamber L1 and the compression side chamber L2,
an annular valve seat member 2 at the inner periphery
of which the main passage P1 is provided, a main valve
body 3 that is seated on/separated from the valve seat
member 2 to open and close the main passage P1, a
pressure introducing passage P2, in the middle of which
a throttle O is formed, for reducing the pressure of the
extension side chamber L1 and guide the pressure to the
back face of the main valve body 3, a first passage P3
and a second passage P4 connected downstream (op-

posite the extension side chamber) of the throttle O of
the pressure introducing passage P2, a solenoid valve 4
that opens and closes the first passage P3 and the sec-
ond passage P4, a passive valve 5 provided downstream
of the solenoid valve 4 in the second passage P4, and
an extension side valve 6 and a compression side valve
7 that open/close the compression side chamber L2 side
relative to the main valve body 3 in the main passage P1.
[0025] Further, the piston 10 and the piston rod 11 to-
gether with a tubular guide 8 connecting them function
as a housing H of the damping valve V. More specifically,
the piston 10 has a bottomed tubular shape, and a tubular
portion 10a is directed toward the piston rod 11. In addi-
tion, a ceiled tubular case portion 11a is provided at the
tip of the piston rod 11, and the case portion 11a has a
tubular portion 11b directed toward the piston 10. In this
way, the piston 10 and the case portion 11a are disposed
so that the tubular portions 10a and 11b thereof face
each other.
[0026] One end portion of the guide 8 in the axial di-
rection is screwed into the inner periphery of the tip por-
tion of the tubular portion 11b in the case portion 11a,
and the other end portion of the guide 8 in the axial di-
rection is screwed into the inner periphery of the tip por-
tion of the tubular portion 10a in the piston 10. In this
way, the case portion 11a, the guide 8 and the piston 10
are integrated to function as the housing H of the damping
valve V, and the valve seat member 2, the main valve
body 3, the solenoid valve 4, the passive valve 5, and
the compression side valve 7 are housed inside the hous-
ing H. Further, the extension side valve 6 is mounted
outside of the housing H.
[0027] Hereinafter, in the damping valve V, respective
members housed in or mounted on the housing H will be
described in detail. In the following description, for con-
venience of description, the upper and lower in Figs. 2
and 3 are simply referred to as "upper" and "lower" unless
otherwise specified.
[0028] A protrusion 10b is provided on the inner pe-
riphery of the tubular portion 10a of the piston 10. The
outer peripheral portion of the valve seat member 2 is
fixed by being sandwiched between the protrusion 10b
and the guide 8. As described above, the valve seat mem-
ber 2 is annular, and an annular first valve seat 2a is
formed on the inner peripheral portion of the upper end
thereof. Then, the main valve body 3 is seated on/sepa-
rated from the first valve seat 2a. The main valve body
3 is divided into upper and lower parts, and includes a
lower side (valve seat member 2 side) first valve body
member 30 and an upper side second valve body mem-
ber 31 stacked on the first valve body member 30.
[0029] The first valve body member 30 has an annular
shape, and an annular second valve seat 30a where the
second valve body member 31 is seated /separated is
formed at the upper end thereof. Further, tapered faces
30b and 30c are formed on the outer periphery and the
inner periphery of the first valve body member 30, re-
spectively. Each of the tapered faces 30b and 30c has a
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truncated cone shape whose diameter gradually de-
creases toward the lower end. Then, the first valve body
member 30 has a configuration in which the portion where
the tapered face 30b is formed on the outer periphery is
inserted inside of the valve seat member 2, and the ta-
pered face 30b is seated on/separated from the first valve
seat 2a.
[0030] On the other hand, the second valve body mem-
ber 31 includes the head portion 31a, an annular flange
portion 31b connected to the lower side of the head por-
tion 31a and having an outer diameter larger than the
outer diameter of the head portion 31a, and an annular
leg portion 31c that projects downward from the inner
peripheral portion of the lower end of the flange portion
31b and that is seated on/separated from the second
valve seat 30a, and is slidably inserted inside the guide
8. More specifically, the lower side of the inner diameter
of the guide 8 is larger than the upper side thereof. In the
guide 8, when a portion with a small inner diameter is a
small inner diameter portion 8a and a portion with a large
inner diameter is a large inner diameter portion 8b, the
head portion 31a of the second valve body member 31
slidably contacts the inner periphery of the small inner
diameter portion 8a, and the flange portion 31b of the
second valve body member 31 slidably contacts the inner
periphery of the large inner diameter portion 8b.
[0031] Subsequently, as shown in Fig. 3, an annular
gap K is formed on the outer periphery of the leg portion
31c of the second valve body member 31 and the first
valve body member 30, and below the flange portion 31b.
This annular gap K communicates with the extension side
chamber L1 through a communication hole 8c formed in
the guide 8, and the pressure in the annular gap K is
substantially equal to the pressure of the extension side
chamber L1. Then, the pressure of the extension side
chamber L1 acts on the outer peripheral tapered face
30b of the main valve body 3, the lower side face of the
flange portion 31b, etc., and the first valve body member
30 and the second valve body member 31 are biased
upward by the pressure of the extension side chamber
L1.
[0032] More specifically, the outer diameter of the con-
tact portion of the tapered face 30b of the first valve body
member 30 with the first valve seat 2a is a diameter a,
and the outer diameter of the sliding contact portion of
the flange portion 31b of the second valve body member
31 with the large inner diameter portion 8b is a diameter
b. The diameter b is larger than the diameter a (b > a),
and the pressure receiving area of the main valve body
3 that receives the pressure of the extension side cham-
ber L1 is the area obtained by subtracting the area of the
circle of the diameter a from the area of the circle of the
diameter b. Then, the main valve body 3 is biased in a
direction (opening direction) in which the first valve body
member 30 is separated from the first valve seat 2a by
the force obtained by multiplying the pressure of the ex-
tension side chamber L1 by its pressure receiving area.
[0033] For this reason, the pressure of the extension

side chamber L1 increases when the shock absorber D
extends, and when the first valve body member 30 and
the second valve body member 31 are pushed up by the
pressure and the first valve body member 30 is opened,
the liquid in the extension side chamber L1 passes be-
tween the first valve body member 30 and the first valve
seat 2a and moves toward the bottom portion 10c (Fig.
2) of the piston 10. The first valve body member 30 is
designed to give resistance to the flow of the liquid.
[0034] As shown in Fig. 2, an extension side passage
10d and a compression side passage 10e which vertically
penetrate the bottom portion 10c are formed at the bottom
portion 10c of the piston 10. That is, when the inner pe-
ripheral side, between the head portion 31a of the second
valve body member 31 and the bottom portion 10c of the
piston 10, of the flange portion 31b, the leg portion 31c,
the first valve body member 30, the valve seat member
2, and the tubular portion 10a of the piston 10 is a central
chamber L3, the extension side passage 10d and the
compression side passage 10e can communicate be-
tween the central chamber L3 and the compression side
chamber L2.
[0035] The inlet of the extension side passage 10d
communicates with the central chamber L3 at any time,
and the outlet of the extension side passage 10d is
opened/closed by the extension side valve 6 stacked be-
low the bottom portion 10c. This extension side valve 6
opens when the shock absorber D extends to give resist-
ance to the flow of a liquid flowing through the extension
side passage 10d from the central chamber L3 to the
compression side chamber L2, and closes during con-
traction to prevent the liquid from flowing in the opposite
direction.
[0036] On the other hand, the inlet of the compression
side passage 10e communicates with the compression
side chamber L2 at any time, and the outlet of the com-
pression side passage 10e is opened/closed by the com-
pression side valve 7 stacked above the bottom portion
10c. The compression side valve 7 opens when the shock
absorber D contracts to give resistance to the liquid flow
from the compression side chamber L2 to the central
chamber L3 through the compression side passage 10e,
and is closed at the time of extension to prevent the liquid
from flowing in the opposite direction. Then, the liquid
that has flowed into the central chamber L3 from the com-
pression side chamber L2 when the shock absorber D
contracts heads toward the main valve body 3.
[0037] The pressure of the central chamber L3 acts on
the lower side face of the leg portion 31c of the second
valve body member 31, etc., and the second valve body
member 31 is biased upward by the pressure of the cen-
tral chamber L3. Further, the pressure of the central
chamber L3 acts on the inner peripheral side tapered
face 30c of the first valve body member 30 and the like,
and the first valve body member 30 is biased downward
by the pressure of the central chamber L3. In this way,
the first valve body member 30 and the second valve
body member 31 are biased in opposite directions by the
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pressure of the central chamber L3.
[0038] More specifically, the upper and lower parts of
the head portion 31a of the second valve body member
31 communicate with each other by a vertical hole 31f,
which will be described later, and the pressures thereof
are equal. Then, as shown in Fig. 3, the outer diameter
of the sliding contact portion of the head portion 31a of
the second valve body member 31 to the small inner di-
ameter portion 8a is a diameter c, and the inner diameter
of the contact portion of the leg portion 31c of the second
valve body member 31 to the second valve seat 30a is
a diameter d. Then, the diameter d is larger than the
diameter c (d > c), and the pressure receiving area of the
second valve body member 31 that receives the pressure
of the central chamber L3 is the area obtained by sub-
tracting the area of the circle of the diameter c from the
area of the circle of the diameter d. Then, the second
valve body member 31 is biased in a direction (opening
direction) away from the second valve seat 30a by the
force obtained by multiplying the pressure of the central
chamber L3 by its pressure receiving area.
[0039] Further, when the inner diameter of the contact
portion of the outer peripheral tapered face 30b of the
first valve body member 30 to the first valve seat 2a is
the diameter e, the aforementioned diameter d is larger
than the diameter e (d > e), and the pressure receiving
area of the first valve body member 30 that receives the
pressure of the central chamber L3 is the area obtained
by subtracting the area of the circle of diameter e from
the area of the circle of diameter d. Then, the first valve
body member 30 is biased in a direction (closing direc-
tion) in which it is seated on the first valve seat 2a by the
force obtained by multiplying the pressure of the central
chamber L3 by its pressure receiving area.
[0040] For this reason, when the shock absorber D
contracts, the compression side valve 7 (Fig. 2) opens,
the liquid flows from the compression side chamber L2
into the central chamber L3, and its pressure rises. When
the second valve body member 31 is pushed up by this
pressure and is away from the first valve body member
30, the liquid in the central chamber L3 passes through
a space between the second valve body member 31 and
the second valve seat 30a to move to the extension side
chamber L1. Then, the second valve body member 31
gives resistance to the flow of the liquid.
[0041] As can be seen from the above, the communi-
cation hole 8c, the annular gap K, the central chamber
L3, the extension side passage 10d and the compression
side passage 10e are part of the main passage P1 that
connects the extension side chamber L1 and the com-
pression side chamber L2, and the main passage P1 is
opened and closed by the main valve body 3. Further-
more, a passage toward the compression side chamber
L2 relative to the opening/closing portion of the main
valve body 3 in the main passage P1 branches into the
extension side passage 10d and the compression side
passage 10e, and the extension side valve 6 or the com-
pression side valve 7 is provided in each of them (Fig.

2). In other words, the extension side valve 6 and the
compression side valve 7 are connected in parallel to-
ward the compression side chamber L2 of the main valve
body 3.
[0042] Then, when the shock absorber D extends, the
first valve body member 30 and the extension side valve
6 gives resistance to the flow of the liquid flowing through
the main passage P1 from the extension side chamber
L1 to the compression side chamber L2, and the shock
absorber D exerts the extension side damping force
caused by the resistance. On the contrary, when the
shock absorber D contracts, the second valve body mem-
ber 31 and the compression side valve 7 gives resistance
to the flow of the liquid through the main passage P1 from
the compression side chamber L2 to the extension side
chamber L1, and the shock absorber D exerts the com-
pression side damping force caused by the resistance.
[0043] Further, in the present embodiment, a notch 31d
(Fig. 3) is formed at the lower end of the leg portion 31c
of the second valve body member 31. An orifice is formed
by the notch 31d. Therefore, even when the main valve
body 3 is closed, that is, even when both the first valve
body member 30 and the second valve body member 31
are closed, the extension side chamber L1 and the central
chamber L3 communicate with each other through the
orifice.
[0044] Next, an annular back pressure chamber L4 is
formed between the head portion 31a of the second valve
body member 31 and the large inner diameter portion 8b
of the guide 8, and above the flange portion 31b. The
back pressure chamber L4 and the extension side cham-
ber L1 communicate with each other by the pressure in-
troducing passage P2 formed in the guide 8. The throttle
O is provided in the pressure introducing passage P2,
so that the pressure of the extension side chamber L1 is
reduced and guided to the back pressure chamber L4.
[0045] The pressure of the back pressure chamber L4
rises when the shock absorber D extends, in which the
pressure of the extension side chamber L1 increases to
act on the upper side face of the flange portion 31b which
is the back face of the main valve body 3, and the first
valve body member 30 and the second valve body mem-
ber 31 are biased downward by the pressure of the back
pressure chamber L4. More specifically, the pressure re-
ceiving area of the main valve body 3 that receives the
pressure of the back pressure chamber L4 is an area
obtained by subtracting the area of the circle of diameter
c (Fig. 3) from the area of the circle of diameter b (Fig.
3) described above. Then, the main valve body 3 is bi-
ased in a direction (closing direction) in which the first
valve body member 30 and the second valve body mem-
ber 31 are seated on the first valve seat 2a and the second
valve seat 30a, respectively, by a force obtained by mul-
tiplying the pressure of the back pressure chamber L4
by the pressure receiving area thereof.
[0046] Also, as shown in Fig. 3, a mounting hole 31e
that vertically penetrates the center of the head portion
31a, the vertical hole 31f which is formed at the outer
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peripheral of the mounting hole 31e and which commu-
nicate between the top and bottom of the head portion
31a, and a lateral hole 31g having one end that is open
to the back pressure chamber L4 and the other end that
is open to the mounting hole 31e is formed at the head
portion 31a of the second valve body member 31. Fur-
ther, a valve case 9 including a first port 9a and a second
port 9b is mounted in the mounting hole 31e. Then, the
first port 9a and the second port 9b are opened and closed
by the solenoid valve 4.
[0047] More specifically, the valve case 9 includes a
tubular guide portion 9c disposed with one end in the
axial direction upward, an annular collar portion 9d that
projects radially outward from the upper end of the guide
portion 9c, and an annular pressure control valve valve
seat 9e protruding upward from the upper end of the collar
portion 9d. As described above, the valve case 9 has a
substantially tubular shape as a whole.
[0048] The above-mentioned first port 9a and second
port 9b are formed at positions vertically (axially) dis-
placed from the guide portion 9c so as to penetrate the
wall thickness of the guide portion 9c. The first port 9a is
located above the second port 9b (toward the pressure
control valve valve seat 9e). In addition, the outer diam-
eter of the guide portion 9c is smaller than the diameter
of the mounting hole 31e, and an annular gap that is
closed at the top and bottom is formed at the outer pe-
riphery of the guide portion 9c. Then, the lateral hole 31g
is opened in the annular gap. Therefore, the liquid in the
back pressure chamber L4 can flow into the inner periph-
eral side of the guide portion 9c through the lateral hole
31g, and the first port 9a or the second port 9b.
[0049] Subsequently, the solenoid valve 4 includes a
solenoid valve valve body 40 that opens and closes the
first port 9a and the second port 9b and that is seated
on/separated from the pressure control valve valve seat
9e. The solenoid valve valve body 40 includes an open-
ing/closing valve valve body 40a that is slidably inserted
into the guide portion 9c of the valve case 9 to open one
of the first port 9a and the second port 9b and close the
other, a shaft portion 40b that projects above the valve
case 9 from the opening/closing valve valve body 40a,
and that has an outer diameter smaller than the outer
diameter of the opening/closing valve valve body 40a, a
pressure control valve valve body 40c that laterally over-
hangs from the upper end of the shaft portion 40b that
protrudes outside of the valve case 9 and that is seated
on/separated from the pressure control valve valve seat
9e, and a spring receiving portion 40d that further extends
laterally from the pressure control valve valve body 40c.
[0050] Further, the solenoid valve 4 includes a spring
41 that biases the solenoid valve valve body 40 upward,
that is, in a direction in which the pressure control valve
valve body 40c is separated from the pressure control
valve valve seat 9e. The spring 41 may be any spring,
but is a coil spring in the present embodiment. The upper
end of the spring 41 is supported by the spring receiving
portion 40d of the solenoid valve valve body 40. On the

other hand, the lower end of the spring 41 is supported
by the outer periphery of the collar portion 9d of the valve
case 9 relative to the pressure control valve valve seat
9e. In this way, the spring 41 is interposed between the
solenoid valve valve body 40 and the valve case 9.
[0051] Further, the solenoid valve 4 has a solenoid S
that applies the thrust to the solenoid valve valve body
40 downward, that is, in a direction in which the pressure
control valve valve body 40c is seated on the pressure
control valve valve seat 9e. As shown in Fig. 2, this so-
lenoid S is housed in the case portion 11a of the piston
rod 11, and includes a molded stator 44 in which winding
42 and a harness 43 for energizing the winding 42 are
integrated with a molding resin, a ceiled tubular first fixed
iron core 45 fitted to the inner periphery of the molded
stator 44, an annular second fixed iron core 46 stacked
on the lower end of the molded stator 44, a filler ring 47
that is interposed between the first fixed iron core 45 and
the second fixed iron core 46 and that forms a magnetic
gap between them, a tubular movable iron core 48 dis-
posed axially movably at the inner periphery of the first
fixed iron core 45 and the second fixed iron core 46, and
a shaft 49 that is fixed to the inner periphery of the mov-
able iron core 48, and that has a tip that contacts the
solenoid valve valve body 40.
[0052] When the winding 42 is excited, the magnetic
path is formed so as to pass through the first fixed iron
core 45, the movable iron core 48, the second fixed iron
core 46, and the case portion 11a, and the movable iron
core 48 is attracted toward the second fixed iron core 46
side. When the movable iron core 48 is thus attracted,
the solenoid valve valve body 40 is pushed downward
by the shaft 49. That is, when energized, the solenoid S
applies a thrust in a direction opposite to a direction of
the biasing force of the spring 41 to the solenoid valve
valve body 40.
[0053] When the solenoid valve valve body 40 receives
such thrust from the solenoid S, the solenoid valve valve
body 40 moves downward while compressing the spring
41, and the opening/closing valve valve body 40a moves
below the first port 9a to open the first port 9a and close
the second port 9b. Further, in the state where the first
port 9a is opened by the opening/closing valve valve body
40a, the pressure control valve valve body 40c is seated
on or approaches the pressure control valve valve seat
9e, the pressure of the back pressure chamber L4 acts
on the lower face of the pressure control valve valve body
40c through the first port 9a, and the solenoid valve valve
body 40 is biased upward.
[0054] For this reason, when the solenoid S is ener-
gized, when the resultant force of the force by the pres-
sure of the back pressure chamber L4 that biases the
solenoid valve valve body 40 upward and the biasing
force of the spring 41 exceeds the thrust of the solenoid
S that biases the solenoid valve valve body 40 downward,
the pressure control valve valve body 40c is away from
the pressure control valve valve seat 9e. When the pres-
sure control valve valve body 40c opens in this way, the
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liquid passes through a space between the pressure con-
trol valve valve body 40c and the pressure control valve
valve seat 9e to move above the head portion 31a, and
moves from above the head portion 31a to the central
chamber L3 through the vertical hole 31f. The valve open-
ing pressure of the pressure control valve valve body 40c
is proportional to the amount of current supplied to the
solenoid S, and the larger the amount of supply current
is, the greater the valve opening pressure of the pressure
control valve valve body 40c is.
[0055] On the other hand, when the solenoid S is de-
energized, the solenoid valve valve body 40 is pushed
up to the maximum by the biasing force of the spring 41.
Then, the opening/closing valve valve body 40a moves
above the second port 9b to open the second port 9b and
close the first port 9a. Figs. 2 and 3 show the state of the
solenoid valve valve body 40 when not energized.
[0056] The passive valve 5 is mounted below the valve
case 9 in the mounting hole 31e. As shown in Fig. 3, this
passive valve 5 includes a passive valve valve body 50
that is seated on/separated from an annular passive
valve valve seat 9f provided at the lower end of the guide
portion 9c in the valve case 9 and that opens and closes
the lower end of the guide portion 9c, and a biasing spring
51 that biases the passive valve valve body 50 in a di-
rection (closing direction) in which the passive valve
valve body 50 is seated on the passive valve valve seat 9f.
[0057] When the solenoid S is not energized where the
second port 9b is opened by the opening/closing valve
valve body 40a, the pressure of the back pressure cham-
ber L4 acts on the upper face of the passive valve valve
body 50 through the second port 9b, and the passive
valve valve body 50 is biased downward, that is, in a
direction in which the passive valve valve body 50 is sep-
arated from the passive valve valve seat 9f. For this rea-
son, when the solenoid S is not energized, the liquid in
the back pressure chamber L4 flows below the open-
ing/closing valve valve body 40a from the second port
9b, and when the passive valve valve body 50 is pushed
open against the biasing force of the biasing spring 51,
the liquid moves to the central chamber L3 through a
space between the passive valve valve body 50 and the
passive valve valve seat 9f.
[0058] As can be seen from the above, the first port
9a, the upper side of the head portion 31a, and the vertical
hole 31f are part of the first passage P3 connected down-
stream of the pressure introducing passage P2. When
the solenoid S is energized, the opening/closing valve
valve body 40a opens the first port 9a to communicate
between the first passage P3 and the back pressure
chamber L4, and the valve opening pressure of the pres-
sure control valve valve body 40c is controlled. For this
reason, when the solenoid valve 4 is energized while the
shock absorber D extends in which the pressure of the
back pressure chamber L4 increases, the pressure of
the back pressure chamber L4 is controlled to the valve
opening pressure of the pressure control valve valve
body 40c.

[0059] On the other hand, the second port 9b and the
lower side of the valve case 9 in the mounting hole 31e
is a part of the second passage P4 connected down-
stream of the pressure introducing passage P2. When
the solenoid S is not energized, the opening/closing valve
valve body 40a opens the second port 9b to communicate
between the second passage P4 and the back pressure
chamber L4. The passive valve 5 is provided in the sec-
ond passage P4. For this reason, when the solenoid valve
4 is de-energized, in a case where the shock absorber
D extends in which the pressure of the back pressure
chamber L4 increases, the pressure of the back pressure
chamber L4 is the valve opening pressure of the passive
valve 5.
[0060] As described above, the pressure of the back
pressure chamber L4 acts in the direction of closing the
main valve body 3. In addition, when the solenoid valve
4 is energized, the thrust of the solenoid S also acts in
the direction of closing the main valve body 3 via the
solenoid valve valve body 40 and the valve case 9. For
this reason, in a case where the shock absorber D ex-
tends at the normal time when the solenoid valve 4 is
energized, the first valve body member 30 opens when
the force, due to the pressure of the extension side cham-
ber L1, that biases the first valve body member 30 of the
main valve body 3 in the opening direction exceeds the
resultant force of the force, due to the pressure of the
back pressure chamber L4 that biases the main valve
body 3 in the closing direction, and the thrust of the so-
lenoid S.
[0061] In a case where the shock absorber D extends
at the normal time, when the thrust of the solenoid S is
adjusted and the pressure of the back pressure chamber
L4 is controlled by the solenoid valve 4, the force that
biases the main valve body 3 in the closing direction is
adjusted, and the resistance, due to the first valve body
member 30, given to the flow of the liquid flowing from
the extension side chamber L1 to the central chamber
L3 through the main passage P1 is changed. Therefore,
at the normal time, the damping force when the shock
absorber D extends (the extension side damping force)
can be adjusted.
[0062] Specifically, when the amount of current sup-
plied to the solenoid valve 4 is increased, the thrust of
the solenoid S increases and the pressure of the back
pressure chamber L4 increases at the time of extension,
and the force that biases the main valve body 3 in the
closing direction becomes large, so that it is possible to
increase the extension side damping force to harden the
damping force characteristics. On the contrary, when the
amount of current supplied to the solenoid valve 4 is re-
duced, the thrust of the solenoid S decreases and the
pressure of the back pressure chamber L4 decreases at
the time of extension, and the force that biases the main
valve body 3 in the closing direction becomes small, so
that it is possible to reduce the extension side damping
force to soften the damping force characteristics.
[0063] On the other hand, when the shock absorber D
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extends at the time of failure to cut off the power supply
to the solenoid valve 4, the pressure of the back pressure
chamber L4 is the valve opening pressure of the passive
valve 5. Therefore, the extension side damping force at
the time of failure is determined by setting the passive
valve 5. Further, since the communication between the
second passage P4 provided with the passive valve 5
and the back pressure chamber L4 is blocked at the nor-
mal time, there is no occurrence that the damping force
characteristics of the shock absorber D are the charac-
teristics at the time of the failure despite the normal time.
[0064] When the shock absorber D contracts in which
the pressure of the back pressure chamber L4 does not
rise, the pressure control valve valve body 40c does not
open even when the first port 9a is open, and the pressure
control of the back pressure chamber L4 by the solenoid
valve 4 does not work. However, when energized, the
thrust of the solenoid S acts in the direction of closing
the main valve body 3 via the solenoid valve valve body
40 and the valve case 9. For this reason, when the thrust
of solenoid S is adjusted, the resistance, due to the sec-
ond valve body member 31, given to the flow of the liquid
flowing from the central chamber L3 to the extension side
chamber L1 through the main passage P1 is changed,
so that the damping force when the shock absorber D
contracts (the compression side damping force) can be
adjusted at the normal time.
[0065] Specifically, when the amount of current sup-
plied to the solenoid valve 4 is increased, the thrust of
the solenoid S increases, and the force that biases the
main valve body 3 in the closing direction becomes large,
even when contracted, so that it is possible to increase
the compression side damping force to harden the damp-
ing force characteristics. On the contrary, when the
amount of current supplied to the solenoid valve 4 is re-
duced, the thrust of solenoid S becomes small, and the
force that biases the main valve body 3 in the closing
direction becomes small, even when contracted, so that
it is possible to reduce the compression side damping
force to soften the damping force characteristics.
[0066] On the other hand, when the solenoid S is not
energized, the solenoid valve valve body 40 receives the
biasing force of the spring 41 and retracts to the maximum
extent. At this time, the main valve body 3 together with
the valve case 9 is only biased in the closing direction by
the spring 41. Therefore, the compression side damping
force of the shock absorber D is the smallest at the time
of failure, and the damping force characteristics are fully
softened.
[0067] Hereinafter, the function and effect of the damp-
ing valve V that is the valve device according to the
present embodiment will be described.
[0068] In the present embodiment, the damping valve
(valve device) V includes a pressure introducing passage
P2, a first passage P3 and a second passage P4 con-
nected downstream of the pressure introducing passage
P2, a solenoid valve 4 that opens the first passage P3 to
control an upstream pressure and closes the second pas-

sage P4 when energized, and that closes the first pas-
sage P3 and opens the second passage P4 when not
energized, and a passive valve 5 provided downstream
of the solenoid valve 4 in the second passage P4.
[0069] According to the above configuration, even
when the solenoid valve 4 performs both pressure control
and passage opening/closing, the upstream of the pas-
sive valve 5 is closed by the solenoid valve 4 when en-
ergized, so that it is possible to prevent the damping valve
(valve device) V from being in a failure state at the normal
time. Furthermore, since the passage through which the
liquid from the pressure introducing passage P2 can pass
is switched between when the solenoid valve 4 is ener-
gized and when it is not energized, the characteristics of
the passive valve 5 can be set freely.
[0070] Further, as shown in Fig. 4, in the damping valve
(valve device) V of the present embodiment, the solenoid
valve valve body 40 which is the valve body of the sole-
noid valve 4 includes the opening/closing valve valve
body 40a that opens and closes the first passage P3 and
the second passage P4, and a pressure control valve
valve body 40c that opens and closes a downstream side
relative to the opening/closing valve valve body 40a in
the first passage P3. When the solenoid valve 4 is ener-
gized, the opening/closing valve valve body 40a opens
the first passage P3 and closes the second passage P4,
and a valve opening pressure of the pressure control
valve valve body 40c is controlled.
[0071] According to the solenoid valve 4, the upstream
pressure can be controlled to the valve opening pressure
of the pressure control valve valve body 40c when ener-
gized. In the solenoid valve 4, the opening/closing valve
valve body 40a of the solenoid valve valve body 40 opens
and closes the upstream side relative to the pressure
control valve valve body 40c. That is, the present inven-
tion does not have a configuration in which the open-
ing/closing valve valve body opens and closes the down-
stream side relative to the pressure control valve valve
body as in the prior art. For this reason, the opening/clos-
ing valve valve body 40a and the pressure control valve
valve body 40c are integrated and driven by a single so-
lenoid S, and even when the solenoid valve 4 performs
both pressure control and passage opening/closing, it is
possible to prevent the damping valve (valve device) V
from being in a failure state at the normal time.
[0072] Further, when de-energized in which the pas-
sive valve 5 works, the first passage P3 is closed by the
opening/closing valve valve body 40a and the pressure
control valve valve body 40c does not operate, and when
energized in which the pressure control valve valve body
40c operates, the second passage P4 is closed and the
passive valve 5 does not work. For this reason, the open-
ing/closing valve valve body 40a and the pressure control
valve valve body 40c are integrated and driven by a single
solenoid S, even when the solenoid valve 4 performs
both pressure control and passage opening/closing, it is
not necessary to set the passive valve 5 in consideration
of the valve opening pressure of the pressure control
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valve valve body 40c, so that the characteristics of the
passive valve 5 can be set freely.
[0073] Further, in the present embodiment, the valve
device according to the present invention is used as the
damping valve V of the shock absorber D, and gives re-
sistance to the liquid flow generated when the piston 10
moves in the cylinder 1. Therefore, the shock absorber
D can exert a damping force due to the resistance of the
damping valve V.
[0074] When the valve opening pressure of the pres-
sure control valve valve body 40c is increased or de-
creased when the solenoid valve 4 is energized, the
damping force can be increased or decreased. For this
reason, as described above, when the damping valve
(valve device) V is prevented from being in a failure state
at the normal time, it is possible to suppress the occur-
rence that the damping force characteristics are the char-
acteristics at the time of failure despite the normal time
and the damping force cannot be adjusted. Further, the
damping force characteristics at the time of failure are
determined by setting the passive valve 5. Therefore, as
described above, when the passive valve 5 can be freely
set, the damping force characteristics at the time of failure
can be freely set.
[0075] Further, the damping valve (valve device) V of
the present embodiment includes the tubular valve case
9 into which the opening/closing valve valve body 40a is
slidably inserted at the inner periphery. Then, the first
port 9a serving as an opening/closing portion of the open-
ing/closing valve valve body 40a in the first passage P3,
and the second port 9b serving as the opening/closing
portion of the opening/closing valve valve body 40a in
the second passage P4 are formed at positions shifted
in the axial direction of the valve case 9.
[0076] Further, the pressure control valve valve seat
9e which the pressure control valve valve body 40c is
seated on/separated from is provided at an end of the
valve case 9 toward the first port 9a. The solenoid valve
4 includes the spring 41 that biases the solenoid valve
valve body 40 in a direction in which the pressure control
valve valve body 40c and the pressure control valve valve
seat 9e are away from each other, and the solenoid S
that applies, to the solenoid valve valve body 40, a thrust
in a direction opposite to a direction of a biasing force of
the spring 41.
[0077] According to the above configuration, it is easy
to open the first passage P3 and close the second pas-
sage P4 by the opening/closing valve valve body 40a
when the solenoid valve 4 is energized, and control the
valve opening pressure of the pressure control valve
valve body 40c. Further, according to the above config-
uration, it is easy to open the second passage P4 while
closing the first passage P3 by the opening/closing valve
valve body 40a when the solenoid valve 4 is not ener-
gized.
[0078] However, the configuration of the solenoid
valve 4 is not limited to the above. As long as the first
passage P3 is opened to control the upstream pressure

and the second passage P4 is closed when energized,
and the first passage P3 is closed and the second pas-
sage P4 is opened when not energized, the configuration
may be changed appropriately.
[0079] Further, in the present embodiment, the passive
valve valve seat 9f is provided at the end of the valve
case 9 toward the second port 9b. Further, the passive
valve 5 includes the passive valve valve body 50 that is
seated on/separated from the passive valve valve seat
9f, and the biasing spring 51 that biases the passive valve
valve body 50 toward the passive valve valve seat 9f.
[0080] According to the above configuration, since the
valve case 9 and the passive valve valve seat 9f can be
integrated, when these are integrally molded as one com-
ponent, the number of components of the damping valve
(valve device) V can be reduced and the cost can be
reduced. Furthermore, since the valve case 9 and the
passive valve 5 can be installed compactly, when the
valve case 9 and the passive valve 5 are mounted on the
main valve body 3 as in the damping valve V of the
present embodiment, the main valve body 3 is not bulky,
and thus the damping valve (valve device) V can be
downsized.
[0081] However, the passive valve valve seat 9f may
be provided separately from the valve case 9. Further-
more, although the biasing spring 51 is a leaf spring in
the present embodiment, it may be a coil spring or an-
other spring. Then, these changes are possible regard-
less of the configuration of the solenoid valve 4.
[0082] Further, the damping valve (valve device) V of
the present embodiment includes the main passage P1
that communicates between the extension side chamber
L1 and the compression side chamber L2, the annular
valve seat member 2 at the inner periphery of which the
main passage P1 is provided, and the main valve body
3 that is seated on/separated from the valve seat member
2 to give resistance to a flow of a liquid passing through
the main passage P1. The pressure introducing passage
P2 is configured to reduce a pressure of the extension
side chamber L1 and guide the reduced pressure to a
back face of the main valve body 3 as a back pressure.
[0083] Further, the main valve body 3 includes the an-
nular first valve body member 30 that is seated on/sep-
arated from the valve seat member 2, and the second
valve body member 31 that is stacked on the first valve
body member 30 opposite to the valve seat member, and
that is seated on/separated from the first valve body
member 30, in which the valve case 9 and the passive
valve 5 are attached to the second valve body member
31. The first valve body member 30 and the second valve
body member 31 are biased in a direction away from the
valve seat member 2 by a pressure of the extension side
chamber L1. On the other hand, the second valve body
member 31 is biased in a direction away from the first
valve body member 30 by a pressure at an inner periph-
ery of the first valve body member 30.
[0084] According to the above configuration, in a case
where the shock absorber D extends and the pressure
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of the extension side chamber L1 increases when the
solenoid valve 4 is energized, the back pressure of the
main valve body 3 can be controlled to the valve opening
pressure of the pressure control valve valve body 40c,
and the back pressure and the thrust of the solenoid S
is controlled, so that the resistance, of the first valve body
member 30, given to the flow of the liquid flowing from
the extension side chamber L1 to the compression side
chamber L2 in the main passage P1 can be changed.
[0085] Also, in a case where the shock absorber D con-
tracts and the pressure of the compression side chamber
L2 increases when the solenoid valve 4 is energized, the
resistance, of the second valve body member 31, given
to the flow of the liquid flowing from the compression side
chamber L2 to the extension side chamber L1 in the main
passage P1 can be changed by controlling the thrust
force of the solenoid S.
[0086] On the other hand, in a case where the shock
absorber D extends and the pressure of the extension
side chamber L1 increases when the solenoid valve 4 is
not energized, since the back pressure of the main valve
body 3 is determined by setting the passive valve 5, the
resistance of the first valve body member 30 can be de-
termined by setting the passive valve 5. In a case where
the shock absorber D contracts and the pressure of the
compression side chamber L2 increases when the sole-
noid valve 4 is not energized, the resistance of the second
valve body member 31 can be determined by setting the
spring 41.
[0087] In the present embodiment, the one chamber
and the other chamber, which communicate with each
other through the main passage P1, are the extension
side chamber L1 and the compression side chamber L2
of the shock absorber D, respectively. However, the
chamber communicating through the main passage P1
is not necessarily limited to the extension side chamber
L1 and the compression side chamber L2. For example,
as described above, when the shock absorber includes
the reservoir, the main passage P1 may be a passage
that communicates between the extension side chamber
or the compression side chamber, and the reservoir.
[0088] Furthermore, in the present embodiment, the
pressure of the extension side chamber L1 is guided to
the back pressure chamber L4 through the pressure in-
troducing passage P2, and when the shock absorber D
extends at the normal time, the back pressure of the main
valve body 3 is controlled to the valve opening pressure
of the pressure control valve valve body 40c. However,
the pressure of the main passage P1 upstream of the
main valve body 3 may be introduced to the back pres-
sure chamber L4 both when the shock absorber D ex-
tends and when the shock absorber D contracts.
[0089] Further, in the present embodiment, the passive
valve valve body 50 has a mushroom shape, but may
have a spherical shape. When the shape of the passive
valve valve body 50 is spherical, specifically, it may be
configured as shown in Fig. 5, for example.
[0090] The passive valve 5 includes a spherical pas-

sive valve valve body 52 that is seated on/separated from
an annular passive valve valve seat 9f provided at the
lower end of the guide portion 9c in the valve case 9 and
that opens and closes the lower end of the guide portion
9c, and a leaf spring 53 serving as a biasing spring that
biases the passive valve valve body 52 in a direction
(closing direction) in which the passive valve valve body
52 is seated on the passive valve valve seat 9f.
[0091] As shown in Fig. 6, the leaf spring 53 has an
annular mounting portion 53a and a plurality of support
portions 53b protruding from the mounting portion 53a
toward the center. These support portions 53b are dis-
posed at equal intervals in the circumferential direction
of the mounting portion 53a. In the leaf spring 53, the
mounting portion 53a is fixed to the second valve body
member 31, and the tip of the support portion 53b sup-
ports the lower side of the passive valve valve body 52.
[0092] When the solenoid S is not energized where the
second port 9b is opened by the opening/closing valve
valve body 40a, the pressure of the back pressure cham-
ber L4 acts on the upper face of the passive valve valve
body 52 through the second port 9b, and the passive
valve valve body 52 is biased downward, that is, in a
direction in which the passive valve valve body 52 is sep-
arated from the passive valve valve seat 9f. For this rea-
son, when the solenoid S is not energized, the liquid in
the back pressure chamber L4 flows into the lower side
of the opening/closing valve valve body 40a from the sec-
ond port 9b, and when the passive valve valve body 52
is pushed down against the biasing force of the leaf spring
53, the liquid moves to the central chamber L3 through
a space between the passive valve valve body 52 and
the passive valve valve seat 9f and a space between the
adjacent support portions 53b and 53b.
[0093] In this way, when the passive valve 5 includes
the spherical passive valve valve body 52 which is seated
on/separated from the annular passive valve valve seat
9f to open and close the second passage P4, and the
leaf spring 53 that biases the passive valve valve body
52 in the closing direction, since the passive valve valve
body 52 has a spherical shape, the passive valve valve
body 52 and the passive valve valve seat 9f can be in
line contact with each other. Therefore, the adsorption
of the passive valve valve body 52 can be suppressed.
Furthermore, the leaf spring 53 can freely change the
plate thickness, the number of the support portions 53b,
the length, the circumferential width, and the like. In this
way, the shape of the leaf spring 53 can be freely
changed, so that the characteristics of the passive valve
5 can be set finely. In addition, since the passive valve
valve body 52 has a spherical shape, for example, when
the passive valve valve body 52 is dropped onto the pas-
sive valve valve seat 9f, it is naturally aligned. Therefore,
according to the above configuration, the passive valve
5 can be easily assembled. Further, since the passive
valve valve body 52 and the passive valve valve seat 9f
make a line contact to suppress the adsorption of the
passive valve valve body 52, when the pressure of the
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back pressure chamber L4 reaches the valve opening
pressure of the passive valve 5, the passive valve 5
opens promptly. Therefore, the pressure of the back
pressure chamber L4 does not overshoot the valve open-
ing pressure of the passive valve 5 and does not suddenly
change with the opening of the passive valve 5, there is
no occurrence that sudden changes in the damping force
of the shock absorber D give vibrations to the vehicle
body and cause abnormal noise, and deteriorate the
comfort of riding the vehicle. In this way, when the passive
valve 5 includes the spherical passive valve valve body
52 which is seated on/separated from the annular pas-
sive valve valve seat 9f to open and close the second
passage P4, and the leaf spring 53 that biases the pas-
sive valve valve body 52 in the closing direction, sudden
changes in damping force at the time of failure can be
suppressed, and when the shock absorber D is inter-
posed between the vehicle body and the axle, the comfort
of riding the vehicle can be improved.
[0094] As aforementioned, when the passive valve
valve body 52 is made spherical and is biased by the leaf
spring 53, it is possible to suppress sudden changes in
the damping force at the time of failure and improve the
comfort of riding the vehicle. The passive valve 5 may
have any structure as long as it has a pressure flow rate
characteristic in which the pressure loss is uniquely de-
termined with respect to the passing flow rate, and the
structure is not limited to that shown in the drawings.
Therefore, the shape of the passive valve valve body 50
may be a plate shape other than the mushroom shape
shown in Fig. 3 and the spherical shape shown in Fig. 5.
Even in this case, it is possible to prevent the damping
valve (valve device) V from being in a failure state at the
normal time, and the characteristics of the passive valve
5 can be set freely.
[0095] The valve device according to the present in-
vention does not necessarily have to include the main
passage P1 and the main valve body 3. Furthermore, in
the present embodiment, the extension side valve 6 and
the compression side valve 7 are connected in parallel
on the compression side chamber L2 side of the main
valve body 3 in the main passage P1, but these may be
omitted. In addition, the application of the valve device
according to the present invention is not limited to the
damping valve of the shock absorber D, and can be ap-
propriately changed. These changes are possible re-
gardless of the configuration of the solenoid valve 4 and
the configuration of the passive valve 5.
[0096] Although the preferred embodiments of the
present invention have been described above in detail,
modifications, variations and changes are possible with-
out departing from the scope of the claims.
[0097] The present application claims priority based
on Patent Application No. 2018-045347 filed on March
13, 2018 to the Japanese Patent Office, and Patent Ap-
plication No. 2018-045348 filed on March 13, 2018 to the
Japanese Patent Office, the entire contents of which are
incorporated herein by reference.

Claims

1. A valve device comprising:

a pressure introducing passage;
a first passage and a second passage connect-
ed downstream of the pressure introducing pas-
sage;
a solenoid valve that opens the first passage to
control an upstream pressure and closes the
second passage when energized, and that clos-
es the first passage and opens the second pas-
sage when not energized; and
a passive valve provided downstream of the so-
lenoid valve in the second passage.

2. The valve device according to claim 1, wherein
the solenoid valve includes a solenoid valve valve
body including an opening/closing valve valve body
that opens and closes the first passage and the sec-
ond passage, and a pressure control valve valve
body that opens and closes a downstream side rel-
ative to the opening/closing valve valve body in the
first passage, and
when the solenoid valve is energized, the open-
ing/closing valve valve body opens the first passage
and closes the second passage, and a valve opening
pressure of the pressure control valve valve body is
controlled.

3. The valve device according to claim 2, further com-
prising:

a tubular valve case into which the opening/clos-
ing valve valve body is slidably inserted at an
inner periphery, wherein
a first port, of the first passage, serving as an
opening/closing portion of the opening/closing
valve valve body, and a second port, of the sec-
ond passage, serving as an opening/closing
portion of the opening/closing valve valve body
are formed at positions shifted in an axial direc-
tion of the valve case,
a pressure control valve valve seat which the
pressure control valve valve body is seated
on/separated from is provided at an end of the
valve case toward the first port, and
the solenoid valve includes a spring that biases
the solenoid valve valve body in a direction in
which the pressure control valve valve body and
the pressure control valve valve seat are away
from each other, and a solenoid that applies, to
the solenoid valve valve body, a thrust in a di-
rection opposite to a direction of a biasing force
of the spring.

4. The valve device according to claim 1, wherein
the passive valve includes a passive valve valve
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body that is seated on/separated from a passive
valve valve seat, and a biasing spring that biases
the passive valve valve body toward the passive
valve valve seat.

5. The valve device according to claim 4, wherein
the passive valve valve body has a spherical shape,
and
the biasing spring is a leaf spring.

6. The valve device according to claim 3, wherein
the passive valve includes a passive valve valve
body that is seated on/separated from a passive
valve valve seat, and a biasing spring that biases
the passive valve valve body toward the passive
valve valve seat, and
the passive valve valve seat is provided at an end
of the valve case toward the second port.

7. The valve device according to claim 3, further com-
prising:

a main passage that communicate between one
chamber and the other chamber;
an annular valve seat member at the inner pe-
riphery of which the main passage is provided;
and
a main valve body that is seated on/separated
from the valve seat member to give resistance
to a flow of a liquid passing through the main
passage, wherein
the pressure introducing passage is configured
to reduce a pressure of the one chamber and
guide the reduced pressure to a back face of the
main valve body as a back pressure,
the main valve body includes an annular first
valve body member that is seated on/separated
from the valve seat member, and a second valve
body member that is stacked on the first valve
body member opposite to the valve seat mem-
ber, and that is seated on/separated from the
first valve body member,
the valve case and the passive valve are at-
tached to the second valve body member,
the first valve body member and the second
valve body member are biased in a direction
away from the valve seat member by a pressure
of the one chamber, and
the second valve body member is biased in a
direction away from the first valve body member
by a pressure at an inner periphery of the first
valve body member.

8. A shock absorber comprising:

a cylinder;
a piston slidably inserted into the cylinder; and
the valve device according to claim 1, wherein

the valve device gives resistance to a liquid flow
generated when the piston moves in the cylin-
der.
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