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(54) VALVE DEVICE

(57) Valve device 1 is provided with poppet valve 5
for opening and closing flow path 2. Thread part 5d is
formed on shaft 5a of this poppet valve, and driving gear
11 is screwed into this thread part. Driving gear 11 is
rotated via pinion 21 by motor 22, and thereby the poppet
valve is moved to advance and retreat so as to control
opening and closing of the flow path. Driving gear 11 is
provided so as to be able to advance and retreat in the
axial direction of the pinion and the axial direction of the
poppet valve while remaining engaged with pinion 21,
and is normally held at a predetermined non-operating
position by spring (biasing means) 13. With this, even
when the poppet valve is seated on the valve seat and
has stopped moving, the driving gear moves, when fur-
ther rotated, against the biasing force of spring 13 from
the non-operating position in the axial direction, and ab-
sorbs an impact that is applied to the driving means or
the like. Damage of the driving means and the like due
to the impact load can be prevented.
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Description

Technical field

[0001] The present invention relates to a valve device,
and in particular to a valve device that includes a poppet
valve and a motor serving as driving means for driving
the poppet valve, and is configured to prevent, when the
poppet valve is seated on a valve seat, an impact from
being transmitted to the motor serving as the driving
means, a gear, and the like.

Background Art

[0002] Conventionally, as a valve device, there is
known a valve device that includes: a poppet valve that
is brought into and out of contact with a valve seat to
open and close a flow path; a thread part that is formed
on a shaft of the poppet valve; a driving gear into which
the thread part is screwed; a pinion that engages with
and rotates the driving gear; and driving means for rota-
tionally driving the pinion, wherein the poppet valve is
moved to advance or retreat depending on the rotational
direction of the driving gear to control opening and closing
of the flow path, by the driving means rotating the driving
gear via the pinion (Patent Document1).
[0003] In this valve device, in order to prevent an im-
pact from being transmitted to the motor serving as the
driving means and the like when the poppet valve is seat-
ed on the valve seat, a required clearance (gap) is cre-
ated between the thread part formed on the shaft of the
poppet valve and a thread part of the driving gear, and,
even when the poppet valve is seated on the valve seat
and has stopped moving, the driving gear is allowed,
when further rotated, to rotate to the extent of the clear-
ance and absorb an impact that is applied to the driving
means or the like.

Patent Document

[0004] Patent Document 1: JP 2009-197765 A

Summary of Invention

Technical Problem

[0005] In the above-described conventional device,
since an impact that is applied to the driving means or
the like is absorbed by the clearance created between
the thread part formed on the shaft of the poppet valve
and the thread part of the driving gear, there was a limit
to how much the impact absorption capacity can be im-
proved by enlarging this clearance.
[0006] In view of such circumstances, it is an object of
the present invention to provide a valve device that can
secure a higher impact absorption capacity than the con-
ventional device.

Solution to Problem

[0007] That is, the present invention relates to a valve
device that includes: a poppet valve that is brought into
and out of contact with a valve seat to open and close a
flow path; a thread part that is formed on a shaft of the
poppet valve; a driving gear into which the thread part is
screwed; a pinion that engages with and rotates the driv-
ing gear; and driving means for rotationally driving the
pinion, wherein the poppet valve is moved to advance or
retreat depending on a rotational direction of the driving
gear to control opening and closing of the flow path, by
the driving means rotating the driving gear via the pinion,
the driving gear is provided so as to be able to advance
and retreat in an axial direction of the pinion and an axial
direction of the poppet valve while remaining engaged
with the pinion, and the driving gear is held at a prede-
termined non-operating position by biasing means, and
moves, when further rotated, against a biasing force of
the biasing means from the non-operating position in an
axial direction thereof even when the poppet valve is
seated on the valve seat and has stopped moving, and
absorbs an impact that is applied to the driving means.

Effects of Invention

[0008] According to the above-described configura-
tion, the driving gear is held at a predetermined non-op-
erating position by the biasing means, and, when in this
state the pinion is rotationally driven in a forward or re-
verse direction by the driving means, the driving gear will
be rotated in a forward or reverse direction via the pinion,
and thus the poppet valve is moved to advance or retreat
depending on a rotational direction of the driving gear,
allowing opening and closing of the flow path to be con-
trolled.
Furthermore, at the moment at which the poppet valve
is seated on the valve seat to close the flow path, and
has stopped moving, the driving means generally con-
tinues its operation due to the inertia force, and thus the
driving gear further rotates even when the poppet valve
is seated on the valve seat and has stopped moving.
Accordingly, at that time, following the rotation of the driv-
ing gear, the driving gear moves in its axial direction from
the predetermined non-operating position against the bi-
asing force of the biasing means, and it is thus possible
to absorb an impact that is applied to the driving means,
the driving gear, or the pinion.
Furthermore, at that time, the driving gear moves in the
axial direction of the pinion while remaining engaged with
the pinion, and thus the engagement of the driving gear
and the pinion is not released.

Brief Description of the Drawings

[0009] FIG. 1 is a cross-sectional view illustrating an
embodiment of the present invention with a non-operat-
ing state and an operating state of poppet valve 5 re-
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spectively shown on the right side and the left side of
center line O of poppet valve 5.

Description of Embodiments

Embodiment

[0010] Hereinafter, the present invention will be de-
scribed with reference to the shown embodiment. In FIG.
1, valve device 1 is configured to be able to control open-
ing and closing of flow path 2 through which exhaust gas
is recirculated, and to control the amount of exhaust gas
that is to flow back to an engine.
Flow path 2 is formed in housing 3 and has an L-shape.
An opening of flow path 2 in the lower part of FIG. 1 is
an exhaust gas inlet, and an opening on the right side is
an exhaust gas outlet. Furthermore, valve seat 4, which
surrounds flow path 2, is provided on the upstream side
of flow path 2, which is bent in an L-shape.
Poppet valve 5 for opening and closing flow path 2 is
arranged in the vertical direction such that the axial di-
rection of shaft 5a of poppet valve 5 coincides with the
axial direction of flow path 2 on the upstream side, and
is slidable with respect to housing 3. Valve element 5b
of poppet valve 5 can be seated on valve seat 4 from the
upstream side of flow path 2 so as to close flow path 2.
[0011] Flange 6 is fixed to the upper end of shaft 5a of
poppet valve 5, and spring 7 is elastically provided be-
tween flange 6 and housing 3 so as to bias poppet valve
5 to the upper side of FIG. 1, thereby causing valve ele-
ment 5b of poppet valve 5 to be seated on valve seat 4
and close flow path 2 in the non-operating state.
The upper end portion of shaft 5a of poppet valve 5 is
formed as rotation stopping part 5c having a rectangular
cross section, and poppet valve 5 is prevented from ro-
tating when sliding in the vertical direction by rotation
stopping part 5c being slidably inserted into rotation stop-
ping hole 3a that has a rectangular cross section and is
provided in housing 3.
Note that rotation stopping means for preventing poppet
valve 5 from rotating is not limited to the rotation stopping
means of the present embodiment, and any rotation stop-
ping means having an appropriate configuration may of
course be employed.
[0012] Male thread part 5d is formed at an intermediate
height position of shaft 5a of poppet valve 5, and is
screwed into female thread part 11a that is formed on
the shaft of driving gear 11 that is rotatably supported by
housing 3.
Therefore, when driving gear 11 is rotated in the forward
or reverse direction, poppet valve 5 can move up or down
via thread parts 11a and 5c, making it possible to control
an aperture of valve element 5b.
[0013] Driving gear 11 has, on the upper and lower
portions of its central shaft, cylindrical sections 11b and
11c, and cylindrical sections 11b and 11c are pivotally
supported respectively by roller bearings 12 provided in
housing 3. As is conventionally known, each roller bear-

ing 12 includes outer race 12a, a plurality of balls 12b,
and inner race 12c, and outer race 12a is fixed to housing
3.
Cylindrical sections 11b and 11c of driving gear 11 are
respectively fit into inner races 12c, and driving gear 11
is thereby pivotally supported by roller bearings 12, in
other words, the cylindrical sections 11b and 11c of the
driving gear 11 are respectively fitted into inner races 12c
so as to be slidable in the axial direction.
Furthermore, coil spring 13 serving as biasing means is
elastically provided between the lower surface of driving
gear 11 and the upper surface of lower inner race 12c,
so as to bias driving gear 11 to the upper side and hold
driving gear 11 normally at a non-operating position at
which the upper surface of driving gear 11 abuts on the
lower surface of inner race 12c of upper roller bearing 12.
On the other hand, as will be described later, when driving
gear 11 has moved downward against the elastic force
of coil spring 13, the lower end surface of lower cylindrical
section 11c of driving gear 11 abuts on fixing part 25 such
as sealing means that is fixed to housing 3.
[0014] Small gear 21a of pinion 21 engages with driv-
ing gear 11, and large gear 21b of pinion 21 engages
with driving pinion 23 that is fixed to driving shaft 22a of
motor 22 serving as driving means.
Therefore, by rotating driving pinion 23 in the forward or
reverse direction with motor 22, it is possible to rotate
driving gear 11 in the forward or reverse direction via
pinion 21 and thereby to move poppet valve 5 up or down
via thread parts 11a and 5c, as described above.
Pinion 21 is rotatably and pivotally supported by shaft
24, and shaft 24, shaft 5a of poppet valve 5, and driving
shaft 22a of motor 22 are arranged in parallel to one
another in the vertical direction.
[0015] In the present embodiment, driving gear 11,
smaller gear 21a and larger gear 21b of pinion 21, and
the driving pinion 23 are configured by spur wheels, and
the face width (length in the axial direction) of smaller
gear 21a of pinion 21 is set to be larger than the face
width of driving gear 11. Furthermore, engagement of
driving gear 11 with smaller gear 21a of pinion 21 allows
driving gear 11 to move downward against the elastic
force of spring 13 from the upper non-operating position
while maintaining the engaging state of driving gear 11
with smaller gear 21a.
[0016] Sensor 28 is provided above poppet valve 5 in
order to detect the amount of up and down movement of
poppet valve 5, that is, an aperture of poppet valve 5,
and contact 28a of sensor 28 is in contact with the upper
end surface of poppet valve 5. Contact 28a is configured
to be able to move up and down tracking the up and down
movement of poppet valve 5, and thereby to monitor the
absolute elevated position of poppet valve 5.
A signal from sensor 28 is input to control unit 29, and,
while receiving the signal from sensor 28, control unit 29
can control, by controlling motor 22, the position at which
poppet valve 5 has moved up or down, that is, an aperture
of poppet valve.
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[0017] According to the above-described configura-
tion, in the non-operating state, valve element 5b of pop-
pet valve 5 is seated on valve seat 4 and closes flow path
2, and driving gear 11 is held in the state of being biased
at the non-operating position above by spring 13.
When separating, in this state, valve element 5b of pop-
pet valve 5 from valve seat 4 to open flow path 2, control
unit 29 rotates driving pinion 23 in the forward direction
with motor 22, and thereby rotates driving gear 11 in the
forward direction via pinion 21, which is arranged be-
tween driving pinion 23 and driving gear 11.
With this, poppet valve 5 moves down via thread part 11a
formed on driving gear 11 and thread part 5d formed on
poppet valve 5, and thereby valve element 5b of poppet
valve 5 is separated from valve seat 4.
The amount of down movement of poppet valve 5 is de-
tected by sensor 28, and a signal from sensor 28 is input
to control unit 29. Accordingly, control unit 29 controls
motor 22 so that the amount of down movement of poppet
valve 5 is appropriate and the aperture of flow path 2 has
a required size.
[0018] When moving poppet valve 5 up to close flow
path 2, control unit 29 rotates driving pinion 23 in the
reverse direction with motor 22, and thereby rotates driv-
ing gear 11 in the reverse direction via pinion 21, which
is arranged between driving pinion 23 and driving gear
11.
With this, the poppet valve 5 moves up and then valve
element 5b of poppet valve 5 is seated on valve seat 4.
When sensor 28 has detected that valve element 5b of
poppet valve 5 is seated on valve seat 4, control unit 29
immediately stops supplying power to motor 22 so as to
halt driving gear 11, but driving gear 11 continues to ro-
tate in the reverse direction slightly due to the inertia
force.
Therefore, poppet valve 5 cannot move up because the
valve element 5b thereof is seated on valve seat 4, and
therefore following the reverse rotation of driving gear
11, driving gear 11 moves downward while rotating
against the elastic force of spring 13 from the above-
described upper non-operating position (see the position
of driving gear 11 on the right side of center line O of FIG.
1). Accordingly, it is possible to cushion an impact that
is applied to driving gear 11, pinion 21 located in the
middle, driving pinion 23, or motor 22, as compared with
the case where driving gear 11 stops suddenly.
[0019] Furthermore, although the inertia force that is
applied to driving gear 11 or the like will be increased
when the up or down movement of poppet valve 5 is
accelerated to a higher speed and the responsivity of
control for opening and closing flow path 2 is improved,
driving gear 11 can move further downward from the non-
operating position even in the case of the increased in-
ertia force, and can easily absorb the increased inertia
force. Meanwhile, in a case where there is provided no
mechanism for absorbing an impact or a case where the
mechanism has insufficient absorption capacity, it is nec-
essary to perform control such that the valve closing

speed is decreased immediately before valve element
5b of poppet valve 5 is seated on valve seat 4 so that
valve element 5b is slowly seated on valve seat 4. In this
case, however, closing the valve will take longer by an
amount corresponding to the decrease in valve closing
speed, resulting in a deterioration in responsivity.
In contrast, since, in the present embodiment, a large
inertia force can easily be absorbed as described above,
valve element 5b of poppet valve 5 can rapidly be seated
on valve seat 4, thereby realizing a favorable responsivity
required for closing the valve.
[0020] In the state in which poppet valve 5 is brought
into contact with valve seat 4 under pressure, when a
voltage of a required magnitude is applied to motor 22
to further rotate driving gear 11 in the reverse direction,
driving gear 11 moves from the non-operating position
in the axial direction (to the position on the lower portion
of FIG. 1 at which the valve remains closed) via thread
part 11a and shaft 5a. When the lower end section of
driving gear 11 is brought into contact with fixing part 25,
which is formed integrally with housing 3, the movement
of driving gear 11 is restricted and generates a load that
biases poppet valve 5 in the direction in which the valve
is fully closed.
Furthermore, after the power supply to motor 22 is
stopped, driving gear 11 that has moved down from the
non-operating position immediately returns to the initial
non-operating position with the elastic force of spring 13.
[0021] On the other hand, it is also possible to use only
the elastic force of spring 13 without supplying power to
motor 22. That is, it is possible to set the elastic force of
spring 13 to one that prevents driving gear 11 from ro-
tating in the forward direction about the shaft 5a of poppet
valve 5 and from returning to the initial position, by ap-
propriately setting the condition under which male thread
part 5d of poppet valve 5 is screwed into female thread
part 11a of driving gear 11.
In this state, driving gear 11 that has moved downward
from the non-operating position with the inertia force is
constantly biased upward by the elastic force of spring
13, and thus valve element 5b of poppet valve 5 can be
pressed to the valve seat 4 by the biasing force, making
it possible to close flow path 2 more stably.
At that time, it is also possible to cause driving gear 11
to move downward from the non-operating position more
actively. That is, in the case of using an inertia force,
power supply to motor 22 is stopped when valve element
5b of poppet valve 5 has been seated on valve seat 4,
but a configuration is also possible in which, even when
valve element 5b of poppet valve 5 is seated on valve
seat 4, driving gear 11 continues the reverse rotation with
a voltage of the required magnitude applied to motor 22,
and thereby moves downward from the non-operating
position by a required amount. With this, spring 13 can
be compressed, and poppet valve 5 is brought into con-
tact with valve seat 4 under pressure with a larger elastic
force.
In this case, even when driving gear 11 returns to the
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initial non-operating position with the elastic force of
spring 13, continuously applying a voltage of a required
magnitude to motor 22 can hold driving gear 11 at a po-
sition that is displaced with respect to the non-operating
position to the lower side by a required amount.
[0022] Furthermore, in order to move poppet valve 5
down in a case where driving gear 11 is maintained in
the state in which it has moved down from the non-op-
erating position, driving gear 11 rotates in the forward
direction using the elastic force of spring 13 and motor
22 to return to the initial non-operating position, and then
moves poppet valve 5 down. However, in the present
embodiment, since the position at which poppet valve 5
has moved up or down is constantly being detected by
sensor 28, the amount of the down movement can im-
mediately be detected by sensor 28 when poppet valve
5 has started down movement.
[0023] Furthermore, in the present embodiment, since
the position at which poppet valve 5 has moved up or
down is constantly being detected by sensor 28, the phe-
nomenon in which valve element 5b of poppet valve 5 is
not seated on valve seat 4 despite being controlled to be
seated on valve seat 4 because a foreign substance was
jammed for example can be detected by sensor 28.
Therefore, it is possible to prevent an accidental engine
fire due to gas leakage occurring when the valve is com-
pletely closed.

Reference Signs List

[0024]

1 Valve device
2 Flow path
3 Housing
4 Valve seat
5 Poppet valve
5a Shaft
5b Valve element
5d, 11a Thread part
11 Driving gear
11b, 11c Cylindrical section
12 Roller bearing
12a Outer race
12b Ball
12c Inner race
13 Spring (Biasing means)
21, 23 Pinion
22 Motor (Driving means)

Figures

[FIG. 1]

[0025]

1 Valve device
5 Poppet valve

11 Driving gear
22 Motor (Driving means)
29 Control device

Claims

1. A valve device comprising:

a poppet valve that is brought into and out of
contact with a valve seat to open and close a
flow path;
a thread part that is formed on a shaft of the
poppet valve;
a driving gear into which the thread part is
screwed;
a pinion that engages with and rotates the driv-
ing gear; and
driving means for rotationally driving the pinion,
wherein the poppet valve is moved to advance
or retreat depending on a rotational direction of
the driving gear to control opening and closing
of the flow path, by the driving means rotating
the driving gear via the pinion,
the driving gear is provided so as to be able to
advance and retreat in an axial direction of the
pinion and an axial direction of the poppet valve
while remaining engaged with the pinion, and
the driving gear is held at a predetermined non-
operating position by biasing means, and
moves, when further rotated, against a biasing
force of the biasing means from the non-oper-
ating position in an axial direction thereof even
when the poppet valve is seated on the valve
seat and has stopped moving, and absorbs an
impact that is applied to the driving means.

2. The valve device according to claim 1,
wherein, in a state in which the flow path is closed
by the poppet valve, the poppet valve is brought into
contact with the valve seat under pressure by the
biasing force of the biasing means or the driving
means.

3. The valve device according to claim 1 or 2,
wherein the driving gear is pivotally supported by an
inner race of a roller bearing, and is provided slidably
in the axial direction with respect to the inner race.

4. The valve device according to claim 3,
wherein the biasing means is a spring that is elasti-
cally provided between the driving gear and the inner
race.

5. The valve device according to any one of claims 1
to 4, further comprising a sensor for detecting an
amount of up and down movement of the poppet
valve,
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wherein the sensor monitors an absolute position at
which poppet valve has moved up or down.
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