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(54) SLIDE DEVICE

(57) Provided is a slide device that can prevent rat-
tling of a seat with a simple structure. A slide device (1)
includes a lock mechanism (4) for fixing an upper rail (3)
to a lower rail (2). The lock mechanism (4) includes a
shaft (6) attached to the upper rail (3), a lock tooth (7)
swingably supported by the shaft (6), and a wave washer
(8) that presses the lock tooth (7) in an axial direction of
the shaft (6). An outer circumferential face of the shaft
(6) has an outer tapered face (6b) slanted so that the
shaft (6) becomes thinner along a direction from a prox-
imal end portion (6d) toward a distal end portion (6a). An
inner circumferential face of the shaft hole (7b) of the lock
tooth (7) has an inner tapered face (7c) having a slant
angle that allows face-to-face contact with the outer ta-
pered face (6b). The wave washer (8) presses the lock
tooth (7) in a direction in which the inner tapered face
(7c) is pressed against the outer tapered face (6b) to
make face-to-face contact.
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Description

Technical Field

[0001] The present invention relates to a slide device
that slidably supports a seat along a front-and-rear direc-
tion and locks the seat at a desired location regarding
the front-and-rear direction.

Background Art

[0002] Conventionally, a slide device that supports a
seat along a front-and-rear direction and locks the seat
at a desired location regarding the front-and-rear direc-
tion is widely used for a seat of a car or the like.
[0003] For example, the slide device has such a struc-
ture as described in Patent Literature 1. As illustrated in
FIG. 10, the slide device includes a lower rail 51 fixed to
a vehicle floor along a front-and-rear direction of a seat,
and an upper rail 52 fixed to the seat and guided by the
lower rail 51 to move along the front-and-rear direction.
The lower rail 51 includes a plurality of teeth 53 provided
along a longitudinal direction of the lower rail 51.
[0004] The slide device includes a slide lock mecha-
nism 54 to lock the upper rail 52 at a desired position.
The slide lock mechanism 54 includes a lock tooth 55,
and an operating lever 56 that gives an operating force
to the lock tooth 55.
[0005] The lock tooth 55 is attached to a first support
shaft 57 provided on the upper rail 52 to extend in a lateral
direction (direction normal to the plane of FIG. 10) so as
to swing upward and downward. The lock tooth 55 in-
cludes a plate-like engagement piece 58 protruding in
the lateral direction (direction normal to the plane of FIG.
10) from a lower end portion of a free end (right end in
FIG. 10) of the lock tooth 55. The engagement piece 58
is provided with three catch holes 59 that can engage
with a plurality of teeth 53 of the lower rail 51.
[0006] Resilience of a tension coil spring 60 constantly
urges the lock tooth 55 in such a direction that causes
the lock tooth 55 to swing upward. When the operating
lever 56 is not receiving an operating force, the lock tooth
55 is kept at a locked position where the teeth 53 of the
lower rail 51 are engaging with the catch holes 59 of the
engagement piece 58. When the lock tooth 55 is at the
locked position, the lock tooth 55 engaging with the teeth
53 disallows the upper rail 52 from moving along the front-
and-rear direction.
[0007] Meanwhile, a protruding piece 61 protruding in
the lateral direction (direction normal to the plane of FIG.
10) is provided at an upper end, above the first support
shaft 57, of the lock tooth 55. The protruding piece 61
covers a portion of the operating lever 56 from above.
[0008] The operating lever 56 is swingably supported
by a second support shaft 62 projecting in the lateral di-
rection (direction normal to the plane of FIG. 10) from the
lock tooth 55. A coil spring 63 attached to the second
support shaft 62 urges the operating lever 56 via an arm

63a of the coil spring 63 in such a direction that causes
the operating lever 56 to swing upward.
[0009] To cancel locking performed by the slide lock
mechanism 54 configured as described above and illus-
trated in FIG. 10, the free end of the operating lever 56
(end portion in the left side in the sheet on which FIG. 10
is drawn, that is, an end portion opposite the second sup-
port shaft 62) is pulled up. The operating lever 56 thereby
swings upward about the second support shaft 62. In this
motion, the operating lever 56 pushes up the protruding
piece 61 of the lock tooth 55 via a cushioning pad 64.
The lock tooth 55 thereby swings downward about the
first support shaft 57 against a tensional force of the ten-
sion coil spring 60. As a result, the catch holes 59 of the
engagement piece 58 provided on the free end of the
lock tooth 55 move to be lower than the teeth 53 of the
lower rail 51, thereby disengaging the lock tooth 55 from
the lower rail 51 to allow the upper rail 52 and the seat
connected to the upper rail 52 to move along the front-
and-rear direction.
[0010] By stopping the operation of pulling up the op-
erating lever 56 when the seat has moved to the desired
position regarding the front-and-rear direction, the lock
tooth 55 swings upward by the resilience of the tension
coil spring 60 and the catch holes 59 of the engagement
piece 58 of the lock tooth 55 engage with the teeth 53 of
the lower rail 51 to lock the upper rail 52 and the seat at
the position, thereby disallowing the upper rail 52 and
the seat from moving along the front-and-rear direction.
[0011] In the slide device described in Patent Literature
1, the lock tooth 55 swings upward and downward to
cause engagement with and disengagement from the
teeth 53 of the lower rail 51. The lock tooth 55 is swingably
supported by the first support shaft 57 projecting in the
lateral direction from the upper rail 52. It is understood
that the first support shaft 57 has a shape of a round bar
with a circular cross-section.
[0012] To swingably assemble the lock tooth 55 to the
first support shaft 57 having a shape of a round bar in
such a structure, there should be a gap (play) between
a through hole (shaft hole) 56a provided in the lock tooth
55 and an outer circumferential face of the first support
shaft 57. This gap causes rattling of the lock tooth 55
relative to the first support shaft 57 along the front-and-
rear direction of the seat and an axial direction of the first
support shaft 57 when the car is travelling, which may
result in rattling of the seat. When the seat rattles, a rel-
atively large load (80 N or greater) along the front-and-
rear direction and proportional to the weight of the seat
and the weight of the person sitting in the seat acts on a
fitting portion having the gap between the shaft hole 56a
of the lock tooth 55 and the first support shaft 57, which
may cause deterioration and damage in the lock tooth
55 and the first support shaft 57 and become the cause
of noises.
[0013] To prevent rattling of the lock tooth 55 in the
conventional art, such a structure having a wedge-
shaped engaging-part tightly fitting with an engaged-part
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needs to be employed, or a special spring mechanism
for preventing rattling of the lock tooth 55 along both the
front-and-rear direction and the axial direction needs to
be provided. This disadvantageously makes the struc-
ture of the slide device complicated and increases the
manufacturing cost.

Citation List

Patent Literature

[0014] Patent Literature 1: JP 4247405 B2

Summary of Invention

[0015] The present invention has been made in view
of the problem described above. An object of the present
invention is to provide a slide device that can prevent
rattling of a seat with a simple structure.
[0016] To solve the problem described above, a slide
device according to the present invention is a slide device
that slidably supports a seat along a front-and-rear direc-
tion and locks the seat at a desired position regarding
the front-and-rear direction, the slide device including a
lower rail fixed to an installation face where the seat is
set, an upper rail that has a portion fixed to the seat and
is guided by the lower rail to move along the front-and-
rear direction, and a lock mechanism for locking the upper
rail to the lower rail, where the lower rail includes a plu-
rality of engaged-parts provided along a longitudinal di-
rection of the lower rail, the lock mechanism includes a
shaft attached to the upper rail and extending in a width
direction of the seat perpendicular to the front-and-rear
direction, an engaging member that includes an engag-
ing-part having a shape engageable with at least one of
the plurality of engaged-parts of the lower rail, and a shaft
hole to which the shaft is inserted, and is supported by
the shaft so as to pivot about the shaft, and a press mem-
ber that presses the engaging member in an axial direc-
tion of the shaft, an outer circumferential face of the shaft
has an outer tapered face slanted so that the shaft be-
comes thinner along a direction from a proximal end por-
tion toward a distal end portion, an inner circumferential
face of the shaft hole of the engaging member has an
inner tapered face having a slant angle that allows face-
to-face contact with the outer tapered face, and the press
member presses the engaging member in a direction in
which the inner tapered face is pressed against the outer
tapered face to make face-to-face contact.
[0017] In the present invention, a term "to lock" means
to fix the seat or the upper rail not to move.

Brief Description of Drawings

[0018]

FIG. 1 is an overall perspective view illustrating a
slide device according to an embodiment of the

present invention.
FIG. 2 is an exploded perspective view of an upper
rail and a lower rail in FIG. 1.
FIG. 3 is an enlarged perspective view of a lock
mechanism provided in an inner side of the upper
rail in FIG. 1.
FIG. 4 is an exploded perspective view of the lock
mechanism in FIG. 3.
FIG. 5 is a cross-sectional explanatory view illustrat-
ing a transverse cross-section of an inner structure
of a portion surrounded by the upper rail and the
lower rail in FIG. 1.
FIG. 6 is a cross-sectional explanatory view illustrat-
ing a vertical cross-section of the slide device in FIG.
1 in a locked state.
FIG. 7 is a cross-sectional explanatory view illustrat-
ing a vertical cross-section of the slide device in FIG.
1 in an unlocked state.
FIG. 8 is a chart for explaining an optimum region
for a lock operation, the region being derived from a
taper angle and a taper press-load of the slide device
according to the embodiment of the present inven-
tion.
FIG.9A is a chart illustrating displacement and load
under rattling when the slide device according to the
embodiment of the present invention is in the locked
state, and FIG.9B is a chart given as a comparative
example to the present invention, illustrating dis-
placement and load under rattling when a combina-
tion of a shaft having no tapered face and a lock tooth
is in the locked state.
FIG. 10 is a cross-sectional view illustrating an inter-
nal structure of a conventional slide device.
FIG. 11 is an enlarged cross-sectional view of a fitting
portion between a second support shaft and a shaft
hole of the lock tooth of the slide device in FIG. 10.

Description of Embodiment

[0019] One preferable embodiment of a slide device
of the present invention will be described below with ref-
erence to the attached drawings.
[0020] As illustrated in FIGS. 1 to 5, a slide device 1
according to the embodiment is configured to support,
for example, a seat S used as a vehicle seat to slidably
move along a front-and-rear direction X of the seat S and
lock the seat S at a desired position regarding the front-
and-rear direction X.
[0021] Specifically, the slide device 1 includes a pair
of lower rails 2, a pair of upper rails 3, a lock mechanism
4 provided in an inner side of the upper rails 3 to lock the
upper rails 3 to disallow sliding, and an operating lever
5 that cancels locking performed by the lock mechanism
4.
[0022] A pair of lower rails 2 is fixed to a vehicle floor
F, which is an installation face where the seat S is set,
along the front-and-rear direction X to be separated from
each other.
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[0023] A plurality of engaging holes 2a (engaged-part)
illustrated in FIGS. 6 and 7 is provided in a bottom face
of each of the lower rails 2. Many engaging holes 2a are
provided along a longitudinal direction (that is, the front-
and-rear direction X) of the lower rail 2 at a constant in-
terval. Two projecting portions 2b (see FIG. 2) separated
from each other along the front-and-rear direction X are
provided on a side wall of the lower rail 2 to determine a
range within which the upper rail 3 can move.
[0024] The upper rail 3 includes a portion fixed to the
seat S (for example, a stud bolt protruding upward). The
upper rail 3 is guided by the lower rail 2 to move along
the front-and-rear direction X. In the embodiment, as il-
lustrated in FIGS. 2 and 5, both edge portions of the upper
rail 3 are supported by a plurality of balls 11 so as to slide
along the front-and-rear direction X relative to edge por-
tions of the lower rail 2. A rolling unit other than the balls
11 or a different kind of supporting unit may be used to
support the upper rail 3 on the lower rail 2 so as to move
along the front-and-rear direction X.
[0025] An attachment hole 3a and an aperture 3b illus-
trated in FIGS. 1 to 4 are provided in the side wall of the
upper rail 3 to be adjacent to each other along the front-
and-rear direction X.
[0026] As illustrated in FIGS. 3 to 5, the lock mecha-
nism 4 is configured to lock the upper rail 3 to the lower
rail 2. Specifically, the lock mechanism 4 includes a shaft
6, a lock tooth 7 (engaging member) swingably supported
by the shaft 6, a wave washer 8 (press member) attached
to the shaft 6, a holder 9 that holds the shaft 6, and a lock
spring 10 (rotationally urging member).
[0027] The shaft 6 is attached to the upper rail 3 to
extend in a width direction Y of the seat S perpendicular
to the front-and-rear direction X. In the embodiment, the
shaft 6 is attached to the upper rail 3 via the holder 9.
[0028] The holder 9 interconnects the shaft 6 and the
upper rail 3 to fix the shaft 6 to the upper rail 3.
[0029] Specifically, the holder 9 includes a pair of op-
posing walls 9a separated from each other along the di-
rection (width direction Y) perpendicular to the front-and-
rear direction X, and a bottom wall 9b (see FIG. 3) inter-
connecting lower ends of the opposing walls 9a.
[0030] The shaft 6 is positioned so as an outer tapered
face 6b, which will be described later, to be positioned
between the pair of opposing walls 9a and fixed to each
of the pair of opposing walls 9a by welding, for example.
One of the pair of opposing walls 9a is fixed to an inner
wall of the upper rail 3 by screwing, for example.
[0031] The lock tooth 7 is a thin, long, plate-like mem-
ber. A plurality of teeth 7a is provided on a lower end of
one of end portions of the lock tooth 7 to protrude down-
ward. A plurality of teeth 7a serves as an engaging-part
that can engage with at least one of a plurality of engaging
holes 2a of the lower rail 2. At least one tooth 7a can
serve as the engaging-part that engages with the engag-
ing hole 2a of the lower rail 2.
[0032] The lock tooth 7 includes a shaft hole 7b in which
the shaft 6 is inserted. The lock tooth 7 is disposed in a

space between the pair of opposing walls 9a of the holder
9, and supported by the shaft 6 inserted in the shaft hole
7b so as to swing about the shaft 6.
[0033] The teeth 7a of the lock tooth 7 can protrude
below the holder 9 through the through hole 9c provided
in the bottom wall 9b of the holder 9.
[0034] The lock tooth 7 includes a receiving portion 7d
that is provided in the opposite side of the portion where
the teeth 7a are provided, in relation to the shaft hole 7b,
and receives an operating force to swing the lock tooth
7 in such a direction that disengages the teeth 7a from
the engaging holes 2a.
[0035] The shaft 6 includes a distal end portion 6a and
a proximal end portion 6d. An outer circumferential face
of the shaft 6 has an outer tapered face 6b slanted so
that the shaft 6 becomes thinner along a direction from
the proximal end portion 6d toward the distal end portion
6a.
[0036] Corresponding to the outer tapered face 6b, an
inner circumferential face of the shaft hole 7b of the lock
tooth 7 has an inner tapered face 7c having a slant angle
that allows face-to-face contact with the outer tapered
face 6b.
[0037] The inner tapered face 7c has a slant angle that
allows face-to-face contact with the outer tapered face
6b (substantially the same slant angle as a slant angle
of the outer tapered face 6b).
[0038] With reference to FIG. 8, an optimum region for
a lock operation will be discussed, where the region is
derived from a taper angle and a taper press-load of the
slide device according to the embodiment of the present
invention (the embodiment in FIGS. 1 to 7).
[0039] The taper angles are slant angles of the outer
tapered face 6b and the inner tapered face 7c. The taper
press-load is a load by which the inner tapered face 7c
is pressed against the outer tapered face 6b. FIG. 8 il-
lustrates the press-load along the front-and-rear direction
(direction in which the shaft 6 in FIG. 5 extends, that is,
the width direction Y).
[0040] As illustrated in FIG. 8, when the taper press-
load is too small (too low), the inner tapered face 7c can-
not sufficiently be pressed against the outer tapered face
6b and rattling occurs between the lock tooth 7 and the
shaft 6 regardless of the degree of the taper angle (see
a rattling-occurring region α in FIG. 8).
[0041] Meanwhile, when the taper press-load is too
large (high), a high taper face pressure degrades oper-
ability of swinging the lock tooth 7, and an operation can-
not be made smoothly (see an operability affected (ham-
pered) region β in FIG. 8). The "hampered" means the
movement of the lock tooth 7 being degraded or respon-
siveness of the lock tooth 7 receiving the operating force
being degraded.
[0042] When the taper angle is too large, the force that
holds the tapered faces together becomes low and the
lock tooth 7 can move easily to cause rattling (see the
rattling-occurring region α in FIG. 8).
[0043] Meanwhile, when the taper angle is too small,
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a high face pressure hinders a smooth operation (see
the operability affected (hampered) region β in FIG. 8).
[0044] Thus, the taper angle and the taper press-load
are to be set so as not to be in the rattling-occurring region
α nor the operability affected (hampered) region β. Spe-
cifically, the taper angle and the taper press-load are to
be set in a trapezoid region surrounded by the region α
and the region β. More preferably, the taper angle and
the taper press-load can easily be controlled (managed)
when set within a range of an optimum region γ (managed
region).
[0045] The taper angle is set as described above. For
example, it is preferable that the taper angles, that is, the
slant angles of the outer tapered face 6b and the inner
tapered face 7c, are set to about 10 to 15 degrees to an
axial center of the shaft 6.
[0046] With each of the slant angles of the outer ta-
pered face 6b and the inner tapered face 7c being 10 to
15 degrees, the increase in a rotational resistance
against swinging of the lock tooth 7 can be suppressed
and at the same time rattling of the lock tooth 7 can be
prevented. When the slant angles of the tapered faces
6b and 7c are smaller than 10 degrees, the shaft 6 makes
a tight fit in the lock tooth 7 and the rotational resistance
against swinging of the lock tooth 7 disadvantageously
increases, whereas when the slant angles are larger than
15 degrees, the lock tooth 7 may easily move in such a
direction that the lock tooth 7 comes off the shaft 6, there-
by disadvantageously causing a rattling feeling. Thus,
the angle of about 10 to 15 degrees is preferable.
[0047] The lock tooth 7 is disposed between a pair of
opposing walls 9a and swingably supported by the shaft
6 with the outer tapered face 6b and the inner tapered
face 7c in face-to-face contact with each other.
[0048] The wave washer 8 is an annular member sur-
rounding the entire circumference of the shaft 6. Specif-
ically, the wave washer 8 is a thin, metal ring made of a
stainless steel, for example, and curved in a waveform
in the width direction. The wave washer 8 functions to
press the lock tooth 7 in the axial direction (width direction
Y in FIG. 5) of the shaft 6.
[0049] The wave washer 8 disposed between a pair of
opposing walls 9a of the holder 9 is sandwiched between
the lock tooth 7 and the opposing wall 9a to which the
distal end portion 6a of the shaft 6 is fixed. Thus, the
wave washer 8 presses the lock tooth 7 in such a direction
that the inner tapered face 7c of the lock tooth 7 is pressed
against the outer tapered face 6b of the shaft 6 to make
face-to-face contact.
[0050] The lock spring 10 is a coil spring that gives the
lock tooth 7 a rotationally urging force in such a direction
that causes the teeth 7a to engage with the engaging
holes 2a. A coil portion of the lock spring 10 is hooked
on the proximal end portion 6d of the shaft 6. A flange
6c restricts the coil portion from moving in the axial di-
rection of the shaft 6. One of end portions of the lock
spring 10 contacts the holder 9 from below to restrict
rotation, and the other end portion contacts the receiving

portion 7d of the lock tooth 7 from below to give a rota-
tionally urging force to push up the receiving portion 7d.
The lock spring 10 can give the rotationally urging force
to the lock tooth 7 in such a direction that causes the
teeth 7a to engage with the engaging holes 2a (clockwise
direction about the shaft 6 in FIG. 6).
[0051] The operating lever 5 is disposed to be below
a forward end portion of the seat S and extends in the
width direction Y. The operating lever 5 is swingably sup-
ported at both end portions 5a on a pair of upper rails 3.
Each of the end portions 5a are pivotally supported by
the attachment hole 3a (see FIGS. 1 to 4) in the side wall
of the upper rail 3.
[0052] As illustrated in FIG. 1, the operating lever 5
includes a handle 5b to which the operating force that
pushes up the operating lever 5 is input, and a press
portion 5c that transfers the operating force to the receiv-
ing portion 7d of the lock tooth 7 to press down the re-
ceiving portion 7d from above.
[0053] In the slide device 1 configured as described
above in a state where the position of the upper rail 3 is
locked by the lock mechanism 4 as illustrated in FIG. 6,
the lock tooth 7 is receiving the rotationally urging force
from the lock spring 10 (see FIGS. 3 to 5) in a direction
to push up the receiving portion 7d, that is, in such a
direction that causes the teeth 7a of the lock tooth 7 to
engage with the engaging holes 2a of the lower rail 2
(clockwise direction in FIG. 6). This keeps the teeth 7a
of the lock tooth 7 engaged with the engaging holes 2a
of the lower rail 2, disallowing the upper rail 3 and the
seat S fixed to the upper rail 3 from moving along the
front-and-rear direction X.
[0054] Meanwhile, as illustrated in FIG. 7, the handle
5b of the operating lever 5 in the front side (left side in
FIG. 7) of the seat S is pulled up to cancel locking per-
formed by the lock mechanism 4. As illustrated in FIGS.
1 and 7, the operating lever 5 thereby swings upward
about both the end portions 5a supported by the attach-
ment holes 3a in a pair of upper rails 3. In this motion,
the press portion 5c of the operating lever 5 penetrates
the aperture 3b (see FIGS. 1 to 4) in the upper rail 3 and
pushes down the receiving portion 7d of the lock tooth 7
inside the upper rail 3. The lock tooth 7 thereby swings,
against the rotationally urging force given by the lock
spring 10, in such a direction (counterclockwise direction
in FIG. 7) that causes the teeth 7a of the lock tooth 7 to
disengage from the engaging holes 2a of the lower rail
2. As a result, the teeth 7a of the lock tooth 7 disengage
from the engaging holes 2a of the lower rail 2 to allow
the upper rail 3 and the seat S fixed to the upper rail 3 to
move along the front-and-rear direction X.
[0055] The movable range of the upper rail 3 is deter-
mined as a range within which a side projection 9d of the
holder 9 (see FIG. 3) can move between the two project-
ing portions 2b of the lower rail 2 (see FIG. 2).
[0056] When the seat S has moved along the front-
and-rear direction X to a desired position, stopping the
pull-up operation of the operating lever 5 causes the lock
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tooth 7 receiving the rotationally urging force given by
the lock spring 10 to swing back again in the clockwise
direction to return to the state where the teeth 7a of the
lock tooth 7 are engaged with the engaging holes 2a of
the lower rail 2 (the state in FIG. 6), and thereby the upper
rail 3 and the seat S fixed to the upper rail 3 are locked
at the desired position.

(Features of Embodiment)

[0057]

(1) In the slide device 1 of the embodiment, the lock
mechanism 4 for locking the upper rail 3 to the lower
rail 2 includes the shaft 6, the lock tooth 7, and the
wave washer 8 as a press member. The outer cir-
cumferential face of the shaft 6 has the outer tapered
face 6b slanted so that the shaft 6 becomes thinner
along the direction from the proximal end portion 6d
toward the distal end portion 6a. The inner circum-
ferential face of the shaft hole 7b of the lock tooth 7
has the inner tapered face 7c having such a slant
angle that allows face-to-face contact with the outer
tapered face 6b. The wave washer 8 presses the
lock tooth 7 in the axial direction of the shaft 6, more
specifically, presses the lock tooth 7 in a direction in
which the inner tapered face 7c is pressed against
the outer tapered face 6b to make the face-to-face
contact.
In the locked state of this structure where the lock
mechanism 4 restricts the upper rail 3 from moving
relative to the lower rail 2 as illustrated in FIG. 6, the
pressing force given by the wave washer 8 to the
lock tooth 7 keeps the face-to-face contact between
the inner tapered face 7c of the shaft hole 7b of the
lock tooth 7 and the outer tapered face 6b of the shaft
6 as illustrated in FIG. 5. Thus, the lock tooth 7 can
eliminate rattling in the axial direction of the shaft 6
and the front-and-rear direction X of the seat S. Ac-
cordingly, the slide device 1 can prevent rattling of
the seat S with a simple structure.
Moreover, the face-to-face contact between the in-
ner tapered face 7c of the lock tooth 7 and the outer
tapered face 6b of the shaft 6 suppresses wearing.
This improves durability of the lock tooth 7 and the
shaft 6 and can suppress chronological change in
the operating load. The durability of the lock tooth 7
can further be improved by increasing the hardness
of the lock tooth 7 by a treatment such as heat treat-
ment.
By simplifying the structure of the slide device 1 to
prevent rattling of the seat S as described above,
the number of parts and work man-hour for assem-
bling can be reduced, which makes it possible to
reduce manufacturing cost. Furthermore, preventing
rattling of the seat S by a simple structure makes it
possible to improve functionality for users (for exam-
ple, operability or maintenance friendliness).

When the lock tooth 7 is rotationally operated by the
operating force given by the operating lever 5 to can-
cel locking as illustrated in FIG. 7, a force is produced
to cause the inner tapered face 7c of the lock tooth
7 illustrated in FIG. 5 to push the outer tapered face
6b of the shaft 6. The inner tapered face 7c receives
a reactive force from the outer tapered face 6b, and
the reactive force causes the lock tooth 7 to shift in
a direction toward the distal end portion 6a of the
shaft 6, thereby increasing the gap between the shaft
hole 7b of the lock tooth 7 and the shaft 6. As a result,
frictional resistance that is produced between the
lock tooth 7 and the shaft 6 when the lock tooth 7 is
rotationally operated can be suppressed. Mean-
while, when the operating force is no longer given to
the lock tooth 7 by the operating lever 5, the urging
force of the wave washer 8 illustrated in FIG. 5 caus-
es the lock tooth 7 to shift from the distal end portion
6a of the shaft 6 to the deeper side (toward the prox-
imal end portion 6d) and the inner tapered face 7c
thereby fits tightly on the outer tapered face 6b. Thus,
the rattling between the inner tapered face 7c and
the outer tapered face 6b regarding the front-and-
rear direction X and the axial direction (width direc-
tion Y) can be eliminated.
By eliminating the rattling between the lock tooth 7
and the shaft 6 by a tight fit between the inner tapered
face 7c and the outer tapered face 6b as described
above, rattling along the front-and-rear direction X
between the upper rail 3 and the lower rail 2 can be
eliminated. Accordingly, the balls 11 for sliding the
upper rail 3 need not have a spring property (elas-
ticity) to eliminate rattling, and thus the overall rigidity
of the slide device 1 improves.
Now, using charts in FIGS. 9A and 9B, the slide de-
vice 1 of the embodiment (that is, the structure in-
cluding the inner tapered face 7c and the outer ta-
pered face 6b) will be compared with a conventional
slide device regarding the rattling along the front-
and-rear direction.
The chart of displacement and load in FIG.9B shows
rattling along the front-and-rear direction in a con-
ventional slide device in a locked state when a load
given along the front-and-rear direction is increased
and decreased. The conventional slide device has
a structure with no tapered face on fitting faces be-
tween the shaft and the lock tooth, that is, a structure
in which the shaft is a round bar and a shaft hole in
the lock tooth is a straight hole (circular hole). Since
a gap is necessary between the shaft and the shaft
hole in the lock tooth for fitting, rattling along the front-
and-rear direction cannot be absorbed. It can be un-
derstood from the chart in FIG.9B that the displace-
ment corresponding to the load is large. Moreover,
there are large variation in the displacement and the
load under the increased and decreased loading and
an inflection point (steep curved portion). With such
an inflection point, a person sitting in the seat feels
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rattling.
Meanwhile, the chart of displacement and load in
FIG.9A shows rattling along the front-and-rear direc-
tion in the slide device 1 of the embodiment in a
locked state when a load given along the front-and-
rear direction is increased and decreased. The slide
device of the embodiment effectively absorbs the rat-
tling along the front-and-rear direction by the tight fit
between the outer tapered face 6b of the shaft 6 and
the inner tapered face 7c of the lock tooth 7 with no
gap between the shaft 6 and the shaft hole 7b of the
lock tooth 7. It can be understood from the behavior
in the chart in FIG.9A that the displacement corre-
sponding to the load is small. Moreover, the variation
in displacement and load under the increased and
decreased loading is small and there exists no in-
flection point. As a result, the slide device 1 of the
embodiment does not cause a person sitting in the
seat to feel rattling and therefore provides comfort-
able feeling while driving.
(2) Furthermore, in the slide device 1 of the embod-
iment, the lock mechanism 4 includes a holder 9 that
interconnects the shaft 6 and the upper rail 3 to fix
the shaft 6 to the rail. In this configuration, the shaft
6 is fixed to the upper rail 3 via the holder 9, so that
the shaft 6 can easily be fixed at an arbitrary position
on the upper rail 3 and the workability of attaching
the shaft 6 improves.
(3) Furthermore, in the slide device 1 of the embod-
iment, the holder 9 includes a pair of opposing walls
9a separated from each other along the direction
(width direction Y) perpendicular to the front-and-
rear direction X. The shaft 6 is positioned so that the
outer tapered face 6b is positioned between a plu-
rality of opposing walls 9a and fixed to each of a
plurality of opposing walls 9a. The lock tooth 7 is
disposed between a pair of opposing walls 9a and
swingably supported by the shaft 6 with the outer
tapered face 6b and the inner tapered face 7c in face-
to-face contact with each other.
In this configuration, the shaft 6 is fixed to each of a
pair of opposing walls 9a of the holder 9, so that the
shaft 6 can stably be fixed to the holder 9. Moreover,
the lock tooth 7 is pivotally supported between a pair
of opposing walls 9a of the holder 9 by the shaft 6,
which reliably avoids the lock tooth 7 coming off the
shaft 6 even in a state that the outer tapered face 6b
and the inner tapered face 7c are in face-to-face con-
tact with each other. Furthermore, in this configura-
tion, a pair of opposing walls 9a of the holder 9 can
reliably protect contact portions of the outer tapered
face 6b and the inner tapered face 7c from depositing
of or contacting foreign objects, and thus deteriora-
tion in the tapered faces 6b and 7c can be sup-
pressed.
(4) Furthermore, the slide device 1 of the embodi-
ment employs the wave washer 8 as a press member
that presses the lock tooth 7 in the axial direction.

Since the wave washer 8 is an annular member sur-
rounding the entire circumference of the shaft 6, the
wave washer 8 with the shaft 6 inserted therein will
not come off the shaft 6. Moreover, the wave washer
8 can press the lock tooth 7 in the axial direction
evenly along the entire outer circumference of the
shaft 6.
In particular, in a structure where the lock tooth 7 is
swingably supported by the shaft 6 between a pair
of opposing walls 9a of the holder 9 as illustrated in
FIG. 5, the wave washer 8 made of an annular mem-
ber is disposed between a pair of opposing walls 9a
and sandwiched between the lock tooth 7 and the
opposing wall 9a to which the distal end portion 6a
of the shaft 6 is fixed. This enables the wave washer
8 to reliably press the lock tooth 7 in the axial direction
(width direction Y) without coming off the shaft 6.
(5) In the slide device 1 of the embodiment, the lock
mechanism 4 includes the lock spring 10 that gives
the lock tooth 7 a rotationally urging force in such a
direction that causes the teeth 7a to engage with the
engaging holes 2a.
This configuration, in which the lock spring 10 gives
the lock tooth 7 the rotationally urging force in such
a direction that causes the teeth 7a to engage with
the engaging holes 2a, so that the lock tooth 7 can
prevent the teeth 7a of the lock tooth 7 from disen-
gaging from the engaging holes 2a of the lower rail
2 by, for example, vibration transferred from a floor
F (installation face) to the slide device 1 at a timing
unexpected by a user.
(6) In the slide device 1 of the embodiment, the lock
tooth 7 includes a receiving portion 7d that is provid-
ed in the opposite side of the portion where the teeth
7a is provided, in relation to the shaft hole 7b, and
receives an operating force to swing the lock tooth
7 in such a direction that causes the teeth 7a to dis-
engage from the engaging holes 2a. The slide device
1 includes the operating lever 5 that is swingably
supported on the upper rail 3 and externally gives
an operating force to the receiving portion 7d.

[0058] With this configuration, the operating force can
be given to the receiving portion 7d of the lock tooth 7
via the operating lever 5, and an operation for swinging
the lock tooth 7 in such a direction that causes the teeth
7a of the lock tooth 7 to disengage from the engaging
holes 2a can be made easily and reliably.

(Comparative Explanation of Embodiment and Slide De-
vice Disclosed in Patent Literature 1)

[0059] Disclosed in Patent Literature 1 is, as illustrated
in FIGS. 10 and 11, a tapered second support shaft 62
and a through hole 56a that are for connecting together
a lock tooth 55 and an operating lever 56. It seems that
this structure cannot be employed in a fitting portion for
a rotational shaft of a lock tooth 55 and a hole regarding
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a view point described below. The slide device 1 of the
embodiment and the slide device disclosed in Patent Lit-
erature 1 will be described in comparison below.
[0060] As illustrated in FIGS. 10 and 11, in the slide
device disclosed in Patent Literature 1, a tapered second
support shaft 62 is provided on the lock tooth 55 for con-
necting together the lock tooth 55 and the operating lever
56. By fitting the tapered second support shaft 62 in the
through hole (straight hole) 56a that is provided in a distal
end portion of the operating lever 56 and straightly ex-
tending with a circular cross-section, rattling of the oper-
ating lever 56 is prevented. However, the tapered second
support shaft 62 which is fit in the straight hole 56a merely
contacts an edge of the opening of the straight hole 56a
by a line-contact, which is greatly different from the face-
to-face contact between the inner tapered face 7c of the
lock tooth 7 and the outer tapered face 6b of the shaft 6
employed in the slide device 1 of the embodiment. More-
over, there is no press member (wave washer 8) for keep-
ing the face-to-face contact as in the embodiment.
[0061] Thus, in the slide device disclosed in Patent Lit-
erature 1 illustrated in FIGS. 10 and 11, the contact area
between the second support shaft 62 and the operating
lever 56 is very small compared to the face-to-face con-
tact structure of the embodiment, so that it is practically
impossible to prevent rattling of the seat on which a large
force proportional to the weight of the seat and the person
(80 N or greater) acts in the front-and-rear direction as
in the slide device 1 of the embodiment. That is, applying
the fitting portion for the tapered second support shaft 62
and the through hole 56a to the fitting portion for the ro-
tational shaft (first support shaft 57) of the lock tooth 55
and the hole cannot achieve the object of eliminating rat-
tling. Thus, such application seems practically impossi-
ble.
[0062] Furthermore, in the slide device disclosed in
Patent Literature 1 as illustrated in FIG. 10, the distance
between the second support shaft 62, which is the pivot
center of the operating lever 56, and a free end of the
operating lever 56 (corresponding to the left end of the
operating lever 56 in FIG. 10, not shown), which is the
point of effort, is usually set long (for example, 200 mm
or longer). In this configuration, the resistance against
motion (frictional resistance) at the pivot center is not a
problem since the operating lever 56 can be swung by a
small operating force. Thus, fitting between the straight
hole 56a and the tapered second support shaft 62 as
described above does not cause any problem in opera-
tion.
[0063] However, in the slide device 1 of the embodi-
ment, as illustrated in FIG. 6, the distance between the
shaft 6, which is the pivot center of the lock tooth 7, and
the distal end of the receiving portion 7d, which is the
point of effort, is very short compared to the distance
between the pivot center of the operating lever 56 and
the point of effort, so that a large operating force needs
to be given to the receiving portion 7d to swing the lock
tooth 7. If the resistance against motion (frictional resist-

ance) at the shaft 6, which is the pivot point, is large when
a large operating force is given to the receiving portion
7d, there is a problem in operability to swing the lock
tooth 7.
[0064] To avoid such a problem, the slide device 1 of
the embodiment employs the structure in which the inner
tapered face 7c of the lock tooth 7 and the outer tapered
face 6b of the shaft 6 make face-to-face contact with each
other as described above.

(Exemplary Modification)

[0065]

(A) In the embodiment, a plurality of engaging holes
2a is employed as the engaged-part of the lower rail
2 and the teeth 7a of the lock tooth 7 are employed
as the engaging-part of the engaging member to en-
gage with the engaged-part. However, the present
invention is not limited to such a configuration. In the
present invention, the engaged-part and the engag-
ing-part may employ any engageable structure. For
example, a plurality of projections may be employed
as the engaged-parts of the lower rail 2 and a plate
having a receiving hole in which the projection can
fit (for example, the engagement piece 58 having the
catch hole 59 as illustrated in FIG. 10) or a plurality
of teeth or projections that can mesh with the pro-
jections of the lower rail 2 may be employed in the
lock tooth 7 as the engaging-part.
(B) In the embodiment, the shaft 6 is attached to the
upper rail 3 via the holder 9. However, the present
invention is not limited to such a configuration. The
shaft 6 may directly be attached to the upper rail 3.
(C) In the embodiment, the wave washer 8 is de-
scribed as an example of the press member. How-
ever, the present invention is not limited to such a
configuration. Any part that functions to press the
lock tooth 7 in the axial direction of the shaft 6 (width
direction Y in FIG. 5) from the distal end portion 6a
toward the deeper side (toward the proximal end por-
tion 6d) of the shaft 6 may be employed as the press
member of the present invention. For example, a
spring washer, a compressive coil spring, or a ring
made of an elastic material such as rubber and resin
may be employed as the press member of the
present invention.
(D) In the embodiment, an example in which the slide
device 1 allows the seat S for a car to slide and locks
the seat S at a desired position is described. How-
ever, the present invention is not limited to such a
configuration. The slide device of the present inven-
tion may be used for locking a seat used in other
fields. For example, the slide device of the present
invention may be employed to lock the position of a
seat for vehicles other than cars, such as ships and
airplanes, or a seat set in facilities, such as game
arcades
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[0066] The present invention described above is sum-
marized as below based on the described embodiment.
[0067] A slide device according to the present inven-
tion is a slide device that slidably supports a seat along
a front-and-rear direction and locks the seat at a desired
position regarding the front-and-rear direction, the slide
device including a lower rail fixed to an installation face
where the seat is set, an upper rail that has a portion
fixed to the seat and is guided by the lower rail to move
along the front-and-rear direction, and a lock mechanism
for locking the upper rail to the lower rail, in which the
lower rail includes a plurality of engaged-parts provided
along a longitudinal direction of the lower rail, the lock
mechanism includes a shaft attached to the upper rail
and extending in a width direction of the seat perpendic-
ular to the front-and-rear direction, an engaging member
that includes an engaging-part having a shape engage-
able with at least one of the plurality of engaged-parts of
the lower rail, and a shaft hole to which the shaft is in-
serted, and is supported by the shaft so as to pivot about
the shaft, and a press member that presses the engaging
member in an axial direction of the shaft, an outer cir-
cumferential face of the shaft has an outer tapered face
slanted so that the shaft becomes thinner along a direc-
tion from a proximal end portion toward a distal end por-
tion, an inner circumferential face of the shaft hole of the
engaging member has an inner tapered face having a
slant angle that allows face-to-face contact with the outer
tapered face, and the press member presses the engag-
ing member in a direction in which the inner tapered face
is pressed against the outer tapered face to make face-
to-face contact.
[0068] According to the configuration, the lock mech-
anism for locking the upper rail to the lower rail includes
the shaft, the engaging member, and the press member.
The outer circumferential face of the shaft has the outer
tapered face slanted so that the shaft becomes thinner
along the direction from the proximal end portion toward
the distal end portion. The inner circumferential face of
the shaft hole of the engaging member has an inner ta-
pered face having a slant angle that allows face-to-face
contact with the outer tapered face. The press member
presses the engaging member in the axial direction of
the shaft, more specifically, presses the engaging mem-
ber in a direction in which the inner tapered face is
pressed against the outer tapered face to make face-to-
face contact. In this configuration, the face-to-face con-
tact between the inner tapered face of the shaft hole of
the engaging member and the outer tapered face of the
shaft is kept by the pressing force given from the press
member to the engaging member in the locked state in
which the lock mechanism restricts the movement of the
upper rail relative to the lower rail, so that the engaging
member can eliminate rattling along the axial direction
of the shaft and the front-and-rear direction of the seat.
As a result, the slide device can prevent rattling of the
seat with a simple structure.
[0069] It is preferable that the lock mechanism further

includes a holder that interconnects the shaft and the
upper rail to fix the shaft to the rail.
[0070] According to this configuration, the shaft is fixed
to the upper rail via the holder, so that the shaft can easily
be fixed to an arbitrary position on the upper rail and the
workability of attaching the shaft improves.
[0071] It is preferable that the holder includes a pair of
opposing walls separated from each other along the
width direction, the shaft is fixed to each of a pair of op-
posing walls so that the outer tapered face is positioned
between a pair of opposing walls, and the engaging mem-
ber is swingably supported between a pair of opposing
walls by the shaft with the outer tapered face and the
inner tapered face in face-to-face contact with each other.
[0072] According to this configuration, the shaft is fixed
to each of a pair of opposing walls of the holder, so that
the shaft can stably be fixed to the holder. Moreover, the
engaging member is swingably supported between a pair
of opposing walls of the holder by the shaft, which reliably
avoids the engaging member coming off the shaft even
in a state that the outer tapered face and the inner tapered
face are in face-to-face contact with each other. Further-
more, in this configuration, a pair of opposing walls of the
holder can reliably protect the contact portions of the out-
er tapered face and the inner tapered face from depos-
iting of or contacting foreign objects, and thus deteriora-
tion in the tapered faces can be suppressed.
[0073] The press member is preferably an annular
member surrounding the entire circumference of the
shaft.
[0074] According to this configuration in which the
press member is made of an annular member surround-
ing the entire circumference of the shaft, such as a wave
washer, the press member will not come off the shaft
when the shaft is inserted in the press member. Moreo-
ver, the press member can press the engaging member
in the axial direction evenly along the entire outer circum-
ference of the shaft.
[0075] In particular, in a structure in which the engaging
member is swingably supported between a pair of op-
posing walls of the holder by the shaft, the press member
can further reliably press the engaging member in the
axial direction without coming off the shaft by disposing
the press member made of an annular member between
a pair of opposing walls to be sandwiched between the
opposing wall to which the distal end portion of the shaft
is fixed and the engaging member.
[0076] It is preferable that the lock mechanism further
includes a rotationally urging member that gives a rota-
tionally urging force to the engaging member in such a
direction that causes the engaging-part to engage with
the engaged-part.
[0077] According to this configuration, the rotationally
urging member gives the engaging member the rotation-
ally urging force in such a direction that causes the en-
gaging-part to engage with the engaged-part, so that the
rotationally urging member prevents the engaging-part
of the engaging member from disengaging from the en-
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gaged-part of the lower rail by, for example, vibration
transferred from the installation face to the slide device
at a timing unexpected by a user.
[0078] It is preferable that the engaging member in-
cludes a receiving portion that is provided in an opposite
side of a portion where the engaging-part is provided, in
relation to the shaft hole, and receives an operating force
to swing the engaging member in such a direction that
causes the engaging-part to disengage from the en-
gaged-part, and the slide device further includes an op-
erating lever that is swingably supported on the upper
rail and externally gives an operating force to the receiv-
ing portion.
[0079] According to this configuration, the operating
force can be given to the receiving portion of the engaging
member via the operating lever, and an operation for
swinging the engaging member in such a direction that
causes the engaging-part to disengage from the en-
gaged-part can be made easily and reliably.
[0080] As described above, the slide device of the em-
bodiment can prevent rattling of the seat with a simple
structure.

Claims

1. A slide device that slidably supports a seat along a
front-and-rear direction and locks the seat at a de-
sired position regarding the front-and-rear direction,
the slide device comprising:

a lower rail fixed to an installation face where
the seat is set;
an upper rail that has a portion fixed to the seat
and is guided by the lower rail to move along the
front-and-rear direction; and
a lock mechanism for locking the upper rail to
the lower rail,
wherein the lower rail includes a plurality of en-
gaged-parts provided along a longitudinal direc-
tion of the lower rail,
the lock mechanism includes
a shaft attached to the upper rail and extending
in a width direction of the seat perpendicular to
the front-and-rear direction,
an engaging member that includes an engaging-
part having a shape engageable with at least
one of the plurality of engaged-parts of the lower
rail, and a shaft hole to which the shaft is insert-
ed, and is supported by the shaft so as to pivot
about the shaft, and
a press member that presses the engaging
member in an axial direction of the shaft,
an outer circumferential face of the shaft has an
outer tapered face slanted so that the shaft be-
comes thinner along a direction from a proximal
end portion toward a distal end portion,
an inner circumferential face of the shaft hole of

the engaging member has an inner tapered face
having a slant angle that allows face-to-face
contact with the outer tapered face, and
the press member presses the engaging mem-
ber in a direction in which the inner tapered face
is pressed against the outer tapered face to
make face-to-face contact.

2. The slide device according to claim 1, wherein the
lock mechanism further includes a holder that inter-
connects the shaft and the upper rail to fix the shaft
to the rail.

3. The slide device according to claim 2, wherein
the holder includes a pair of opposing walls separat-
ed from each other along the width direction,
the shaft is fixed to each of the pair of opposing walls
so that the outer tapered face is positioned between
the pair of opposing walls, and
the engaging member is swingably supported be-
tween the pair of opposing walls by the shaft with
the outer tapered face and the inner tapered face in
face-to-face contact with each other.

4. The slide device according to any one of claims 1 to
3, wherein the press member is an annular member
surrounding an entire circumference of the shaft.

5. The slide device according to any one of claims 1 to
4, wherein the lock mechanism further includes a
rotationally urging member that gives a rotationally
urging force to the engaging member in such a di-
rection that causes the engaging-part to engage with
the engaged-part.

6. The slide device according to any one of claims 1 to
5, wherein
the engaging member includes a receiving portion
that is provided in an opposite side of a portion where
the engaging-part is provided, in relation to the shaft
hole, and receives an operating force to swing the
engaging member in such a direction that causes
the engaging-part to disengage from the engaged-
part, and
the slide device further includes an operating lever
that is swingably supported on the upper rail and
externally gives an operating force to the receiving
portion.
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