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SEAT APPARATUS FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. §119 to Japanese Patent Application 2012-
232223, filed on Oct. 19, 2012, Japanese Patent Application
2012-232225, filed on Oct. 19, 2012, and Japanese Patent
Application 2012-241899, filed on Nov. 1, 2012, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure generally relates to a seat slide appa-
ratus for a vehicle.

BACKGROUND DISCUSSION

[0003] Various types of seat slide apparatuses for vehicles
have been developed, for example, as disclosed in JP2010-
100077A and JP2005-263049A. As illustrated in FIG. 25, a
seat slide apparatus for a vehicle disclosed in JP2005-
263049A, which will be hereinafter referred to as Reference
1,1includes a lower rail 101, an upperrail 102 connected to the
lower rail 101 to be movable in a longitudinal direction of the
lower rail 101, and a lock member 103 arranged within a void
formed between the lower rail 101 and the upper rail 102. The
lock member 103 is connected, via a pin 104 of which an axis
line extends in a width direction of the lower rail 101 and the
upper rail 102, to a rivet 105 that is fixed to the upper rail 102
so that the lock member 103 is rotatable in a substantially
vertical direction of the vehicle. Locking protrusions 1014
each in a sawtooth form are formed at a flange 101a of the
lower rail 101. In addition, lock portions 1034 each in a
square form are formed at the lock member 103. The lock
member 103 is biased to move upwardly by a lock spring 106
so that a portion of the locking protrusions 1015 of the lower
rail 101 engage with the lock portions 103a of the lock mem-
ber 103. As a result, the movement of the upper rail 102
relative to the lower rail 101 is restricted, i.e., the upper rail
102 is brought to a locked state relative to the lower rail 101.
On the other hand, the lock member 103 moves downward
against the biasing force of the lock spring 106 by an opera-
tion force of an operation member so that the locking protru-
sions 1015 disengage from the respective lock portions 103a4.
As aresult, the locked state of the upper rail 102 relative to the
lower rail 101 is released.

[0004] In addition, a known seat slide apparatus for a
vehicle is disclosed, for example, in JP2008-184033 A, which
will be hereinafter referred to as Reference 2. As illustrated in
FIG. 26, the seat slide apparatus disclosed in Reference 2
includes a lower rail 201, an upper rail 202 connected to the
lower rail 201 to be movable in a longitudinal direction of the
lower rail 201, and a lock member 203 arranged within a void
formed between the lower rail 201 and the upper rail 202. The
lock member 203 is connected, via a pin 204 of which an axis
line extends in a width direction of the lower rail 201 and the
upper rail 202, to a rivet 205 that is fixed to the upper rail 202
so that the lock member 203 is rotatable in a substantially
vertical direction of the vehicle. Locking protrusions 2014
each in a sawtooth form are formed at a flange 201a of the
lower rail 201. In addition, lock portions 203a each in a
square form are formed at the lock member 203. The lock
member 203 is biased to move upwardly by a lock spring 206
so that a portion of the locking protrusions 2015 of the lower
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rail 201 engage with the lock portions 203« of the lock mem-
ber 203. As a result, the movement of the upper rail 202
relative to the lower rail 201 is restricted, i.e., the upper rail
202 is brought to a locked state relative to the lower rail 201.
On the other hand, the lock member 203 moves downward
against the biasing force of the lock spring 206 by an opera-
tion force of an operation member so that the locking protru-
sions 2015 disengage from the respective lock portions 203a4.
As aresult, the locked state of the upper rail 202 relative to the
lower rail 201 is released. The lock member 203 integrally
includes a flat plate portion 2035 that includes the lock por-
tions 203a with which the locking protrusions 2015 engage
respectively. An opening portion 202¢ is formed at the upper
rail 202 by penetrating through inner flanges 202a and outer
flanges 20254 thereof. The flat plate portion 2035 penetrates
through the opening portion 202¢ in the width direction so
that the lock member 203 is allowed to move in the substan-
tially vertical direction while rotating. Accordingly, the flat
plate portion 2305 is arranged at the opening portion 202¢
while having a clearance with an edge of the opening portion
202c¢ in a longitudinal direction of the upper rail 202, i.e., a
moving direction of the upper rail 202, so as to ensure oper-
ability of the lock member 203, for example.

[0005] Further, aknown seat slide apparatus for a vehicle is
disclosed, for example, in JP2000-142188A, which will be
hereinafter referred to as Reference 3. The seat slide appara-
tus disclosed in Reference 3 includes a pair of lower rails (left
and right lower rails) provided at opposing ends in a width
direction of the vehicle, a pair of upper rails (left and right
upper rails) connected to the pair of lower rails to be rotatable
thereto in a longitudinal direction of the vehicle, and a pair of
lock plates serving as lock members rotatably connected to
respective side walls ofthe pair of upper rails. Each of the lock
plates includes lock bores at a free end so that a portion of lock
teeth formed at each of the lower rails engage with the lock
bores. As a result, the movement of the upper rails, i.e., of the
seat, is locked and restricted in the longitudinal direction of
the vehicle. Lock springs are provided for biasing the respec-
tive lock plates in a direction where the movement of the
upper rails is restricted. According to the seat slide apparatus
disclosed in Reference 3, an operation lever 300 formed in a
substantially U-shape in a plan view is provided at a front side
of'the lock plates as illustrated in FIG. 27. The operation lever
300 includes a handle portion 301 extending in the width
direction of the vehicle and a pair of end portions 302 and 303
extending rearward from opposing ends of the handle portion
301. The end portions 302 and 303 are connected to front
edges of the lock plates respectively. The operation lever 300
is operated to simultaneously rotate the pair of lock plates
against the biasing force of the lock springs. The engagement
between the lock bores and the lock teeth is released. The
movement of the upper rails in the longitudinal direction is
allowed accordingly. At this time, a belt anchor serving as an
end portion of a seatbelt is attached to one of the left and right
upper rails. In a case where a large load is applied to the belt
anchor in the longitudinal direction of the vehicle by a vehicle
collision, for example, a left-right asymmetric deformation
may occur at a vehicle body, for example, at a vehicle floor. As
a result, the left and right upper rails may be relatively dis-
torted or twisted each other. In order to inhibit each of the lock
plates to relatively rotate in a direction where the lock teeth
disengage from the lock bores because the lock plate holds
and maintains the position thereof by rigidity of the operation
lever 300, a phase angle absorption means 310 is provided at
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one corner portion of the operation lever 300 in the width
direction. Thatis, the end portion 303 arranged at a side where
the belt anchor is not mounted is rotatably attached, via the
phase angle absorption means 310, to a separation portion of
the operation lever 100 at which the operation lever 100 is
separated.

[0006] According to the seat slide apparatus disclosed in
Reference 1, in a case where backlash of the upper rail 102
occurs in a moving direction thereof, backlash of a seat to
which the upper rail 102 is fixed occurs in the moving direc-
tion, which may cause an occupant of the seat to have an
uncomfortable feeling. The backlash of the upper rail 102
depends on a clearance between the pin 104 fixed to the lock
member 103 and a bearing portion 105a formed at the rivet
105 that is fixed to the upper rail 102. In a case where the
clearance between the pin 104 and the bearing portion 1054 is
reduced so that the restraint of the backlash of the upper rail
102 is given priority, a high accuracy is needed for the pin
104, which may result in a difficult control of the pin 104 (i.e.,
difficult control of components). On the other hand, in a case
where the clearance is enlarged so that the control of the pin
14 (control of the components) is given priority, the backlash
of'the upper rail 102 is likely to occur. Further, in a case where
a large load is input in a moving direction of the vehicle
because of a vehicle collision, for example, in a state where
theupper rail 102 is in the locked state relative to the lower rail
101 by the lock member 103, the pin 104 is deformed by the
aforementioned load applied in the moving direction of the
vehicle to the pin 104. The locked state of the movement of
the upper rail 102 relative to the lower rail 101 by the lock
member 103 may thus become unstable. According to the seat
slide apparatus disclosed in Reference 2, in a case where a
large load is input in a moving direction of the vehicle because
of'a vehicle collision, for example, in a state where the upper
rail 202 is in the locked state relative to the lower rail 201 by
the lock member 203, the pin 204 is first deformed by the
aforementioned load applied in the moving direction of the
vehicle to the pin 204. In association with the deformation of
the pin 204, the edge of the opening portion 202¢ of the upper
rail 202 and the flat plate portion 2035 of the lock member 203
make contact with each other to thereby receive the load.
Then, because of a stress concentration at locked portions
between the locking protrusions 2015 and the lock portions
203a, the locking protrusions 2015 are deformed to incline in
the moving direction of the vehicle so that a contact angle of
each of the locking protrusions 20156 relative to each of the
corresponding lock portions 203a increases. At this time, the
lock portions 2034 slide on inclination portions of the locking
protrusions 2015 so that the lock member 203 rotates to move
downward. As a result, the locking protrusions 2015 substan-
tially disengage from the lock portions 103a¢, which may
rapidly eliminate a holding force for holding the upper rail
202 so as not to move relative to the lower rail 201. According
to the seat slide apparatus disclosed in Reference 3, the phase
angle absorption means 310 serving as a bearing mechanism
is provided at one corner portion of the operation lever 300,
which may lead to complex configurations.

[0007] A need thus exists for a seat slide apparatus for a
vehicle which is not susceptible to the drawback mentioned
above.

SUMMARY

[0008] According to anaspect ofthis disclosure, a seat slide
apparatus for a vehicle includes a first rail including first and
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second flanges arranged side by side in a width direction of
the first rail, each of the first and second flanges including a
plurality of locking protrusions at an end portion, a second
rail connected to the first rail to be relatively movable to the
first rail, the second rail including first and second inner
flanges arranged side by side in the width direction at an inner
side of the first and second flanges of the first rail in the width
direction, the second rail including first and second outer
flanges that are arranged to be extended outwardly from
respective ends of the first and second inner flanges in the
width direction to separate from each other and are arranged
to be folded back at an outer side of the first and second
flanges of the first rail in the width direction, the first and
second inner flanges including inner opening portions respec-
tively, the first and second outer flanges including outer open-
ing portions respectively, the inner opening portions and the
outer opening portions being connected to one another in the
width direction, a lock member connected to the second rail to
be rotatable about an axis line that extends in the width
direction at an inner side of the first and second inner flanges
in the width direction, the lock member including a flat plate
portion that passes through the inner opening portions and the
outer opening portions in the width direction and that
includes lock portions with which the locking protrusions are
engageable, the lock portions being formed at opposing ends
of the flat plate portion in the width direction, the lock mem-
ber selectively restricting a relative movement between the
first rail and the second rail by engagement and disengage-
ment between the lock portions and the corresponding lock-
ing protrusions in association with the rotation of the lock
member, a biasing member biasing the lock member to rotate
in a direction to restrict the relative movement between the
first rail and the second rail, the lock member being rotatably
connected to the second rail in a state where a support shaft
fixed to one of the second rail and the lock member and
including the axis line that extends in the width direction is
inserted to be positioned within an elongated hole formed at
the other of the second rail and the lock member to be mov-
able in first and second directions of the relative movement
between the first rail and the second rail and is biased by a
support shaft biasing member in a direction orthogonal to the
first and second directions of the relative movement between
the first rail and the second rail, and a restriction portion
restricting the support shaft from moving within the elon-
gated hole in the first and second directions of the relative
movement between the first rail and the second rail in a case
where a load applied in one of the first and second directions
of'the relative movement between the first rail and the second
rail is smaller than a predetermined value.

[0009] According to another aspect of this disclosure, a seat
slide apparatus for a vehicle includes a first rail including first
and second flanges arranged side by side in a width direction
of'the first rail, each of the first and second flanges including
a plurality of locking protrusions at an end portion, a second
rail connected to the first rail to be relatively movable to the
first rail, the second rail including first and second inner
flanges arranged side by side in the width direction at an inner
side of the first and second flanges of the first rail in the width
direction, the second rail including first and second outer
flanges that are arranged to be extended outwardly from
respective ends of the first and second inner flanges in the
width direction to separate from each other and are arranged
to be folded back at an outer side of the first and second
flanges of the first rail in the width direction, the first and
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second inner flanges including inner opening portions respec-
tively, the first and second outer flanges including outer open-
ing portions respectively, the inner opening portions and the
outer opening portions being connected to one another in the
width direction, a lock member connected to the second rail to
be rotatable about an axis line that extends in the width
direction at an inner side of the first and second inner flanges
in the width direction, the lock member including a flat plate
portion that passes through the inner opening portions and the
outer opening portions in the width direction and that
includes lock portions with which the locking protrusions are
engageable, the lock portions being formed at opposing ends
of' the flat plate portion in the width direction, the lock mem-
ber selectively restricting a relative movement between the
first rail and the second rail by engagement and disengage-
ment between the lock portions and the corresponding lock-
ing protrusions in association with the rotation of the lock
member, and a biasing member biasing the lock member to
rotate in a direction to restrict the relative movement between
the first rail and the second rail. A clearance between each of
the first and second outer flanges and the flat plate portion is
specified to be greater than a clearance between each of the
first and second inner flanges and the flat plate portion in at
least one of first and second directions of the relative move-
ment between the first rail and the second rail in a state where
the relative movement is locked by the lock member.

[0010] According to a further aspect of this disclosure, a
seat slide apparatus for a vehicle includes first and second
lower rails arranged to be extended in a front/rear direction of
a vehicle and arranged at opposing ends in a width direction
of the vehicle, first and second upper rails connected to the
first and second lower rails to be movable to the first and
second lower rails in the front/rear direction, each of the first
and second upper rails including first and second inner
flanges arranged side by side in the width direction, the first
and second inner flanges including inner opening portions
respectively that are connected to each other in the width
direction, first and second lock members connected to the first
and second upper rails respectively, each of the first and
second lock members being rotatable about an axis line that
extends in the width direction at an inner side of the first and
second inner flanges in the width direction, each of the first
and second lock members including a flat plate portion that
passes through the inner opening portions in the width direc-
tion, the first and second lock members selectively restricting
a relative movement between the first and second lower rails
and the first and second upper rails by rotating to engage and
disengage relative to the lower rails, first and second biasing
members biasing the first and second lock members to rotate
in a direction to restrict the relative movement between the
first and second lower rails and the first and second upper
rails, an operation handle arranged to be extended in the width
direction and including opposing end portions connected to
the first and second lock members respectively, the operation
handle being configured to transmit an operation force for
releasing a locked state of the relative movement between the
first and second lower rails and the first and second upper
rails, each of the first and second lock members being rotat-
ably connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or second
upper rail and the first or second lock member and including
the axis line that extends in the width direction is inserted to
be positioned within an elongated hole formed at the other of
the first or second upper rail and the first or second lock
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member to be movable in the front/rear direction of the
vehicle and is biased by a support shaft biasing member in a
direction orthogonal to the front/rear direction of the vehicle,
awedging portion formed at at least one of the elongated hole
and the support shaft biasing member to make pressure-con-
tact with the support shaft, the wedging portion restricting the
support shaft from moving in the front/rear direction of the
vehicle within the elongated hole in a case where a load
applied in the front/rear direction of the vehicle is smaller
than a predetermined value, and a resistance generating por-
tion provided at a contact portion between the flat plate por-
tion and each of the first and second inner opening portions
obtained in a state where a load applied to at least one of the
front and rear directions of the vehicle exceeds the predeter-
mined value, the resistance generating portion rapidly
increasing an operation force for releasing the locked state of
the relative movement between the first and second lower
rails and the first and second upper rails.

[0011] According to a still further aspect of this disclosure,
a seat slide apparatus for a vehicle includes first and second
lower rails arranged to be extended in a front/rear direction of
a vehicle and arranged at opposing ends in a width direction
of the vehicle, first and second upper rails connected to the
first and second lower rails to be movable to the first and
second lower rails in the front/rear direction, each of the first
and second upper rails including first and second inner
flanges arranged side by side in the width direction, the first
and second inner flanges including inner opening portions
respectively that are connected to each other in the width
direction, first and second lock members connected to the first
and second upper rails respectively, each of the first and
second lock members being rotatable about an axis line that
extends in the width direction at an inner side of the first and
second inner flanges in the width direction, each of the first
and second lock members including a flat plate portion that
passes through the inner opening portions in the width direc-
tion, the first and second lock members selectively restricting
a relative movement between the first and second lower rails
and the first and second upper rails by rotating to engage and
disengage relative to the lower rails, first and second biasing
members biasing the first and second lock members to rotate
in a direction to restrict the relative movement between the
first and second lower rails and the first and second upper
rails, an operation handle arranged to be extended in the width
direction and including opposing end portions connected to
the first and second lock members respectively, the operation
handle being configured to transmit an operation force for
releasing a locked state of the relative movement between the
first and second lower rails and the first and second upper
rails, each of the first and second lock members being rotat-
ably connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or second
upper rail and the first or second lock member and including
the axis line that extends in the width direction is inserted to
be positioned within an elongated hole formed at the other of
the first or second upper rail and the first or second lock
member to be movable in the front/rear direction of the
vehicle and is biased by a support shaft biasing member in a
direction orthogonal to the front/rear direction of the vehicle,
awedging portion formed at at least one of the elongated hole
and the support shaft biasing member to make pressure-con-
tact with the support shaft, the wedging portion restricting the
support shaft from moving in the front/rear direction of the
vehicle within the elongated hole in a case where a load
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applied in the front/rear direction of the vehicle is smaller
than a predetermined value, and first and second negative
angle portions causing contact portions between the flat plate
portion and the first and second inner opening portions
obtained in a state where a load applied to at least one of the
front and rear directions of the vehicle exceeds the predeter-
mined value to form a negative angle.

[0012] According to a still further aspect of this disclosure,
a seat slide apparatus for a vehicle includes first and second
lower rails arranged to be extended in a front/rear direction of
a vehicle and arranged at opposing ends in a width direction
of the vehicle, each of the first and second lower rails includ-
ing first and second flanges that are arranged side by side in
the width direction, each of the first and second flanges
including a plurality of locking protrusions at an end portion,
first and second upper rails connected to the first and second
lower rails to be movable relative to the first and second lower
rails, each of the first and second upper rails including first
and second inner flanges arranged side by side in the width
direction at an inner side of the first and second flanges of
each of the first and second lower rails in the width direction,
the first and second inner flanges including inner opening
portions respectively connected to each other in the width
direction, first and second lock members connected to the first
and second upper rails to be rotatable about axis lines, each of
the axis lines extending in the width direction at an inner side
of the first and second inner flanges in the width direction,
each of the first and second lock members including a flat
plate portion that passes through the inner opening portions in
the width direction and that includes lock holes with which
the locking protrusions are engageable, the lock holes being
formed at opposing ends of the flat plate portion in the width
direction, the first and second lock members selectively
restricting a relative movement between the first and second
lower rails and the first and second upper rails by engagement
and disengagement between the lock portions and the corre-
sponding locking protrusions in association with the rotation
of'the first and second lock members, first and second biasing
members biasing the first and second lock members to rotate
in a direction to restrict the relative movement between the
first and second lower rails and the first and second upper
rails, an operation handle arranged to be extended in the width
direction and including opposing end portions connected to
the first and second lock members respectively, the operation
handle being configured to transmit an operation force for
releasing a locked state of the relative movement between the
first and second lower rails and the first and second upper
rails, each of the first and second lock members being rotat-
ably connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or second
upper rail and the first or second lock member and including
the axis line that extends in the width direction is inserted to
be positioned within an elongated hole formed at the other of
the first or second upper rail and the first or second lock
member to be movable in the front/rear direction of the
vehicle and is biased by a support shaft biasing member in a
direction orthogonal to the front/rear direction of the vehicle,
awedging portion formed at at least one of the elongated hole
and the support shaft biasing member to make pressure-con-
tact with the support shaft, the wedging portion restricting the
support shaft from moving in the front/rear direction of the
vehicle within the elongated hole in a case where a load
applied in the front/rear direction of the vehicle is smaller
than a predetermined value, and a cut portion formed at a
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contact portion between the flat plate portion and each of the
first and second inner opening portions obtained in a state
where a load applied to at least one of the front and rear
directions of the vehicle exceeds the predetermined value, the
cut portion inducing a deformation of at least one of the lock
holes with which at least one of the locking protrusions is
engaged, the deformation of at least one of the lock holes
causing at least one of the locking protrusions to be wound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and additional features and charac-
teristics of this disclosure will become more apparent from
the following detailed description considered with the refer-
ence to the accompanying drawings, wherein:

[0014] FIG. 1 is a lateral view illustrating a seat for a
vehicle at which a seat slide apparatus for a vehicle according
to first to sixth embodiments disclosed here is applied;
[0015] FIG. 2 is an exploded perspective view illustrating
the seat slide apparatus according to the first and fourth
embodiments;

[0016] FIG. 3A is a cross-sectional view taken along line
IIIA-IIIA in FIG. 4A and FIG. 19A illustrating the seat slide
apparatus according to the first and fourth embodiments;
[0017] FIG. 3B is a cross-sectional view taken along line
IIIB-1IIB in FIG. 4A and FIG. 19A illustrating the seat slide
apparatus according to the first and fourth embodiments;
[0018] FIG. 4A is a section view illustrating the seat slide
apparatus according to the first embodiment;

[0019] FIG. 4B is an enlarged partial view of FIG. 4A;
[0020] FIGS. 5A and 5B are section views illustrating
operations of the seat slide apparatus according to the first
embodiment;

[0021] FIGS. 6A and 6B are section views illustrating the
operations of the seat slide apparatus according to the first
embodiment;

[0022] FIGS. 7A and 7B are section views illustrating the
operations of the seat slide apparatus according to the first
embodiment;

[0023] FIGS. 8A and 8B are section views illustrating the
operations of the seat slide apparatus according to the first
embodiment;

[0024] FIG. 9 is a graph showing a relation between an
amount of movement of a lower rail and an upper rail relative
to each other in a front/rear direction, and a load inputted in
the front/rear direction;

[0025] FIG. 10 is a schematic view explaining a condition
under which a support shaft starts to move in the vehicle
front/rear direction relative to a long hole;

[0026] FIG. 11 is an exploded perspective view illustrating
the seat slide apparatus according to the second embodiment;
[0027] FIG. 12 is a cross-sectional view taken along line
XII-XIT in FIG. 13A illustrating the seat slide apparatus
according to the second embodiment;

[0028] FIG. 13A is a section view illustrating the seat slide
apparatus according to the second embodiment;

[0029] FIG. 13B is an enlarged partial view of FIG. 13A;
[0030] FIGS. 14A, 14B, 14C, and 14D are section views
illustrating operations of the seat slide apparatus according to
the second embodiment;

[0031] FIG. 15 is an exploded perspective view illustrating
the seat slide apparatus according to the third embodiment;
[0032] FIG. 16 is a section view taken along line XVI-XVI
in FIG. 17A illustrating the seat slide apparatus according to
the third embodiment;
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[0033] FIG.17A is a section view illustrating the seat slide
apparatus according to the third embodiment;

[0034] FIG. 17B is an enlarged partial view of FIG. 17A;
[0035] FIG. 18 is a perspective view of the seat slide appa-
ratus according to the fourth embodiment;

[0036] FIGS.19A,19B and 19C are section views illustrat-
ing the seat slide apparatus according to the fourth embodi-
ment;

[0037] FIG.201s asection view illustrating operation of the
seat slide apparatus according to the fourth embodiment;
[0038] FIGS.21A and 21B are schematic views illustrating
the operation of the seat slide apparatus according to the
fourth embodiment;

[0039] FIGS. 22A and 22B are section views illustrating
operations of the seat slide apparatus according to the fifth
embodiment;

[0040] FIGS. 23A and 23B are section views illustrating
the seat slide apparatus according to the sixth embodiment;
[0041] FIG.241s asection view illustrating operation of the
seat slide apparatus according to the sixth embodiment;
[0042] FIG. 25 is an exploded perspective view illustrating
a known seat slide apparatus for a vehicle;

[0043] FIG. 26 is an exploded perspective view illustrating
another known seat slide apparatus for a vehicle; and

[0044] FIG. 27 is a plan view of an operation lever illus-
trating a still another known seat slide apparatus for a vehicle.

DETAILED DESCRIPTION

[0045] A first embodiment of this disclosure will be
explained. Hereunder, a vehicle front/rear direction will be
referred to as “a front/rear direction”.

[0046] Asillustratedin FIG. 1, alowerrail 3 (i.e., afirstrail)
is fixed at a vehicle floor 2 so as to extend in the front/rear
direction. An upper rail 4 (i.e., a second rail) is attached to or
mounted on the lower rail 3 so as to be movable in the
front/rear direction relative to the lower rail 3. That is, in this
embodiment, a long-side direction (a direction of the relative
movement) of the lower rail 3 and the upper rail 4 coincides
with the front/rear direction.

[0047] Thelower rails 3 are provided as a pair and the upper
rails 4 are provided as a pair, in a width direction (that is, in
FIG. 1, a direction that is orthogonal to a paper surface on
which FIG. 1 is drawn). Here, the lower rail 3 and the upper
rail 4 which are arranged on the left side when facing the front
direction are illustrated. A seat 5, which forms or includes a
seating portion for an occupant, is fixedly supported at the
upper rails 4. Normally, the relative movement of the lower
rails 3 and the upper rails 4 relative to each other is in a locked
state, and a release handle 6 for releasing the locked state is
provided at the apparatus.

[0048] As illustrated in FIG. 2, the lower rail 3 is made of
plate material, and includes a pair of side wall portions 11 and
a bottom wall portion 12. The side wall portions 11 are pro-
vided at respective sides of the lower rail 3 in the width
direction and extend in an up/down direction. The bottom
wall portion 12 connects base ends (that is, lower ends) of the
respective side wall portions 11 to each other. A flange 13 is
continuously formed at a distal end (that is, an upper end) of
each of the side wall portions 11. The flange 13 projects
inwardly in the width direction and is folded back towards the
base end of the corresponding side wall portion 11.

[0049] At an intermediate portion in the long-side direction
of each of the flanges 13 (i.e., first and second flanges) of the
lower rail 3, plural cut-outs 13a are provided. The cut-outs
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13a are formed upwardly from a distal end (that is, a lower
end) of the flange 13 and are spaced away from each other for
apredetermined distance in the long-side direction. A locking
protrusion 135 formed in a rectangular-shaped tooth is pro-
vided between every adjacent cut-outs 13a. Thus, the plural
locking protrusions 135 are arranged at the lower rail 3 in the
long-side direction thereof so as to be spaced away from each
other by the predetermined distance.

[0050] On the other hand, the upper rail 4 is made of plate
material, and includes a pair of inner flanges 14 (i.e., first and
second inner flanges) and a cover wall portion 15 as illus-
trated in FIGS. 3A and 3B. The pair of inner flanges 14 is
arranged to extend in the up/down direction between the
flanges 13 of the lower rail 3. The cover wall portion 15
connects base ends (that is, upper ends), which are away from
the lower rail 3, of the inner flanges 14 to each other. An outer
flange 16 is continuously formed at a distal end (that is, a
lower end) of each of the inner flanges 14. The outer flange 16
projects outwardly in the width direction and is folded back so
as to be surrounded by the corresponding side wall portion 11
and the flange 13.

[0051] That is, the lower rail 3 includes a rail cross section
formed in a shape of a letter U, the upper rail 4 includes a rail
cross section formed in a shape of a letter U, and opening
sides of the cross sections of the lower rail 3 and the upper rail
4 face each other. The lower rail 3 and the upper rail 4 are
prevented from coming off from each other in the up/down
direction mainly by means of engagement of the flanges 13
and the outer flanges 16 (i.e., first and second outer flanges)
with each other. A rail cross section formed by the lower rail
3 and the upper rail 4 is a so-called box shape including a
rectangular shape. The lower rail 3, in cooperation with the
upper rail 4, defines a space portion S.

[0052] Plurality of balls 204 are arranged so as to be inter-
posed between a lower end portion of each of the outer flanges
16 and the lower end portion of the corresponding side wall
portion 11, and between an upper end portion of each of the
outer flanges 16 and the upper end portion of the correspond-
ing side wall portion 11. At the upper end portion of each of
the outer flanges 16, a guide portion 16a is provided. The
guide portion 16a is formed in an arc shape by being bent
inwardly in the width direction towards an upper side so that
the guide portion 164 matches an outer shape of the ball 20a.
[0053] Asillustrated in FIG. 2 and FIG. 3, each of the balls
204 is attached to a holder 205 which is made of resin and is
arranged to extend in the front/rear direction (that is, a rail
long-side direction). The balls 20a are arranged at a front end
portion of each holder 206 as a pair and at a rear end portion
of'each holder 205 as a pair. That is, in this embodiment, for
example, four ofthe balls 20a are arranged at each holder 205.
The upper rail 4 is supported at the lower rail 3 so as to be
slidable in the long-side direction (that s, the front/rear direc-
tion) relative to the lower rail 3 in a manner that the balls 20a
are rolled between the upper rail 4 and the lower rail 3.
[0054] An inner opening 14a (i.e., an inner opening por-
tion) formed in a substantially rectangular shape is provided
at an intermediate portion, in the long-side direction, of each
of the inner flanges 14 of the upper rail 4. An outer opening
165 (i.e., an outer opening portion) formed in a substantially
rectangular shape is provided at the upper end portion (that s,
the guide portion 16a) of each of the outer flanges 16 of the
upper rail 4 so that a position of the outer opening 165
matches a position of the corresponding inner opening 144 in
the long-side direction. The inner opening 14a and the outer
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opening 165 are in communication with each other in the
width direction. Specifically, each of the outer openings 165
corresponds to a cut-out which opens also in an upward
direction.

[0055] A bracket 17 is attached to the cover wall portion 15
of the upper rail 4, at a forward portion relative to the inner
opening 14a and the like. The bracket 17 includes a pair of
support wall portions 18 extending in the up/down direction
between the inner flanges 14 of the upper rail 4, and a ceiling
plate portion 19 connecting base ends (that is, upper ends),
which are away from the lower rail 3, of the support wall
portions 18 to each other. In a state where the support wall
portions 18 are interposed between the inner flanges 14 of the
upper rail 4 in the width direction, the bracket 17 is fastened
to the cover wall portion 15 of the upper rail 4 at the ceiling
plate portion 19. A shaft attachment hole 184 formed in a
circular shape is provided at a front end lower portion of each
of the support wall portions 18. The shaft attachment holes
18a provided at the respective support wall portions 18 are
concentric relative to each other and are in communication
with each other in the width direction.

[0056] As illustrated in FIG. 3B, a support shaft 22 formed
in a cylindrical shape is supported at the support wall portions
18 of the bracket 17. End portions of the support shaft 22 are
secured at the respective shaft attachment holes 18a by inser-
tion. A central line (i.e., an axis line) of the support shaft 22
extends in the width direction. At an inner side of the support
wall portions 18 in the width direction, a lock lever 30 (i.e., a
lock member) is rotatably connected to an inside of the upper
rail 4 by means of the support shaft 22.

[0057] Specifically, as illustrated in FIG. 2, the lock lever
30 includes a stem portion 31 made of plate material extend-
ing in the front/rear direction. The stem portion 31 is arranged
in a standing condition in a manner that a pair of longitudinal
wall portions 32 each extending in the long-side direction of
the stem portion 31 are arranged side by side in the width
direction. A distance between the longitudinal wall portions
32 in the width direction is set to be smaller than a distance
between the support wall portions 18 of the bracket 17 in the
width direction. At front end portions of the respective lon-
gitudinal wall portions 32, upper end edges of the longitudi-
nal wall portions 32 are connected to each other in the width
direction via plural (for example, three) connection walls 33
which are arranged side by side in the front/rear direction. At
rear end portions of the respective longitudinal wall portions
32, the upper end edges of the longitudinal wall portions 32
are connected to each other in the width direction via a ceiling
plate portion 34.

[0058] As illustrated in FIGS. 4A and 4B, a long hole 35
(i.e., an elongated hole) is provided at each of the longitudinal
wall portions 32. The long hole 35 is formed so that the
elongated shape thereof extends in the front/rear direction and
is provided at a height position which is equivalent to a height
position of the support shaft 22 (the shaft attachment holes
18a). In this embodiment, the long hole 35 is, for example, a
through hole. An opening width of the long hole 35 in a
short-side direction (that is, the up/down direction) is set to be
equivalent to a diameter of the support shaft 22. The support
shaft 22, of which end portions are secured at the respective
shaft attachment holes 18a, is inserted in the long holes 35
(i.e., is inserted to be positioned within the long holes 35) in
a state where the longitudinal wall portions 32 of the stem
portion 31 are interposed between the support wall portions
18 of the bracket 17 in the width direction. Thus, the stem
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portion 31 is connected to the upper rail 4 (the bracket 17) so
as to be rotatable in the up/down direction relative to the upper
rail 4 (the bracket 17) in a state where the stem portion 31 is
allowed to move in the front/rear direction in a range of the
long hole 35.

[0059] Asillustrated in FIG. 2, the stem portion 31 includes
a pair of insertion configuration portions 36, 37 each extend-
ing from a front end of each of the longitudinal wall portions
32 towards the vehicle front. The insertion configuration por-
tions 36, 37 are formed to be reduced in size towards a
downward direction relative to the front ends of the longitu-
dinal wall portions 32. The insertion configuration portions
36, 37 are formed so as to come closer to each other in the
width direction, in which the insertion configuration portions
36, 37 face each other, in a manner that the insertion configu-
ration portions 36, 37 overlap with each other, thereby form-
ing a handle insertion portion 38.

[0060] A pair of engagement pieces 32a is provided at the
rear end portion of each of the longitudinal wall portions 32.
The engagement pieces 32a are arranged to be away from
each other in the front/rear direction and to protrude down-
wardly from a lower end of the rear end portion of each of'the
longitudinal wall portions 32. On the other hand, the lock
lever 30 includes a lock plate 39 (i.e., a flat plate portion)
extending or spreading in the front/rear direction and in the
width direction in a manner that the lock plate 39 passes
through the inner openings 14« and the outer openings 165.
Atthe lock plate 39, an engagement hole 394 which is formed
in a slit-shape and opens in the up/down direction is provided
at four positions in total so that the engagement holes 394 face
the respective engagement pieces 32a. The engagement
pieces 32a engage in the corresponding engagement holes
39a and fixed thereat, and thus the lock plate 39 is fixed at the
stem portion 31.

[0061] Inaddition, plural, for example, three locking holes
395 (i.e., lock portions) are provided at the lock plate 39, atan
outer side in the width direction relative to each pair of
engagement pieces 32a. The locking holes 395 are arranged
side by side in the front/rear direction while being away from
each other in the front/rear direction by the predetermined
distance. As illustrated in FIG. 3 A, each of the locking holes
395 opens in the up/down direction to face the corresponding
flange 13. The locking holes 395, which are arranged side by
side in the front/rear direction, are arranged at positions con-
figured to match or conform to the plural (three) locking
protrusions 13bthat are adjacent to each other in the long-side
direction of the lower rail 3.

[0062] As illustrated in FIG. 3A with the solid lines, in a
case where the lock lever 30 rotates about the support shaft 22
so that the lock plate 39 rises, the corresponding locking
protrusion 135 are engageable in each of the locking holes
395b. In a case where the locking protrusions 135 are engaged
in the corresponding locking holes 395, the relative move-
ment of the lower rail 3 and the upper rail 4 relative to each
other is locked. On the other hand, as illustrated in FIG. 3A
with the double-dotted lines, in a case where the lock lever 30
rotates about the support shaft 22 so that the lock plate 39
lowers, each ofthe locking holes 394 is set to come out of, that
is, to disengage from the corresponding locking protrusion
135b. At this time, the locking imposed on the relative move-
ment of the lower rail 3 and the upper rail 4 with each other,
that is, the state where the relative movement of the lower rail
3 and the upper rail 4 relative to each other is locked (locked
state of the relative movement), is released.
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[0063] A dimension of the lock plate 39 in the width direc-
tion is set to be greater than a distance in the width direction
between the guide portions 16a of the upper rail 4 and to be
smaller than a distance in the width direction between the
outer flanges 16, which are positioned lower than the guide
portions 16a. Accordingly, the lock plate 39 passes through
the outer openings 165 in the width direction in a state where
the relative movement of the lower rail 3 and the upper rail 4
relative to each other is locked, however, the lock plate 39
does notinterfere with the outer flanges 16 in a state where the
locking imposed on the relative movement of the lower rail 3
and the upper rail 4 relative to each other is released.

[0064] In addition, each of edge portions (i.e., opposing
edges) of the lock plate 39 in the width direction forms or
defines an inclined portion 39¢ formed to incline upwardly
towards the outer side in the width direction. The inclined
portions 39¢ are provided in order that the lock plate 39
intersects with the guide portions 16a, which are bent and
formed in the above-described manner, at an angle that is
closer to the right angles even in a case where the lock plate 39
is in contact with the guide portions 16a of the outer flanges
16 in a state where the relative movement of the lower rail 3
and the upper rail 4 relative to each other is locked. Accord-
ingly, engagement between the lock plate 39 (the inclined
portions 39¢) and the guide portions 164 in a shear direction
thereof, which is in association with the contact of the lock
plate 39 (the inclined portions 39¢) and the guide portions 16a
with each other, becomes more robust.

[0065] As illustrated in FIG. 5A, a restriction protruding
portion 394 (i.e., a widthwise restriction member) formed in
a rectangular shape, of which dimension in the width direc-
tion is reduced and which protrudes in the vehicle front direc-
tion, is provided at a front end of the lock plate 39. As the
restriction protruding portion 394 is held by insertion
between the inner flanges 14 of the upper rail 4 so as to be
sandwiched therebetween, clearance between the lock plate
39 and the upper rail 4 in the width direction is reduced and
movement (backlash) of the lock plate 39 relative to the upper
rail 4 in the width direction is restricted. Particularly, even in
a case where the lock plate 39 is dislocated in the vehicle rear
direction relative to the upper rail 4, the lock plate 39 is
restricted from moving in the width direction relative to the
upper rail 4 in a range of a length of a protrusion of the
restriction protruding portion 394.

[0066] As illustrated in FIG. 2 and FIG. 4, a lock spring 50
(i.e., a biasing member and a support shaft biasing member)
made of a single wire rod is arranged in the upper rail 4. The
lock spring 50 is formed in a substantially letter-U-shape
which opens rearward when viewed in a plan view. The lock
spring 50 includes a pair of extending portions 51 extending
in the front/rear direction and being left-right symmetrical to
each other. The lock spring 50 includes a connection portion
52 connecting front edges of the front end portions, which are
away from each other, of the respective extending portions 51
in the width direction. As illustrated in FIGS. 4A and 4B, the
lock spring 50 includes a wedging portion 53 (i.e., a restric-
tion portion) which is provided at an intermediate portion of
each of the extending portions 51 in the long-side direction
thereof. The wedging portion 53 is formed in a curved shape
made by bending the intermediate portion of the extending
portion 51 upwardly. The lock spring 50 includes a lever-side
lock end portion 54 formed by bending a rear end portion of
each of the extending portions 51 upwardly. In addition, the
front end portions, which are away from each other, of the

Apr. 24,2014

respective extending portions 51 and the connection portion
52 make up a substantially pentagonal-shape as a whole,
thereby forming a rail-side lock end portion 55.

[0067] The lock spring 50 is arranged substantially in the
stem portion 31 in a manner that the rail-side lock end portion
55 protrudes upwardly from between the adjacent connection
walls 33 of the stem portion 31, at a front side relative to the
support shaft 22. The lock spring 50 is supported at, for
example, the upper rail 4 in a manner that the support shatt 22
is inserted in and held at the wedging portions 53, and that the
wedging portions 53 hold the support shaft 22 from above the
support shaft 22, the lever-side lock end portions 54 are fixed
atthe lock plate 39 by insertion through the lock plate 39 from
below the lock plate 39, and the rail-side lock end portion 55
is in contact with a bottom surface of the cover wall portion 15
of'the upper rail 4. At this time, at the rear end portions of the
extending portions 51, the lock spring 50 biases or pushes the
lock lever 30 so that the lock lever 30 rotates towards a side at
which the lock plate 39 rises, that is, the side at which the
locking protrusions 135 engage in the corresponding locking
holes 395. In addition, by means of a reaction force of the
biasing force acting on the lock lever 30, at the wedging
portion 53, the lock spring 50 biases the support shaft 22 ina
downward direction, that is, in a direction intersecting with
the long-side direction of the long hole 35. Thus, the lock
spring 50 locks movement of the support shaft 22 in the
front/rear direction (i.e., first and second directions of the
relative movement between the lower rail 3 and the upper rail
4) within the long hole 35.

[0068] Thatis, the supportshaft 22 is biased by the wedging
portions 53 of the lock spring 50, and thus a position of the
support shaft 22 in the front/rear direction within the long
hole 35 is retained by the wedging portions 53 of the lock
spring 50. In this embodiment, the support shaft 22 is biased
and is kept at a central portion of the long hole 35 in the
front/rear direction. However, in a case where a load applied
in the front/rear direction equals to or exceeds a predeter-
mined value, the support shaft 22 moves at the long hole 35,
that is, within the long hole, in the front/rear direction while
the support shaft 22 resiliently deforming the wedging por-
tions 53.

[0069] Asillustrated in FIG. 5B, a rear end surface 145 and
a front end surface 14¢ of each of the inner flanges 14 at the
inner openings 14a is formed in an arc shape whose center
corresponds to the support shaft 22 (the shaft attachment hole
18a). Accordingly, a clearance al between the lock plate 39
and each of the rear end surfaces 144 in the front/rear direc-
tion is set to be constant regardless of a rotational position of
the lock lever 30, and a clearance a2 between the lock plate 39
and each of the front end surfaces 14¢ in the front/rear direc-
tion is set to be constant regardless of the rotational position
of'the lock lever 30. In this embodiment, the clearance al and
the clearance a2 are set to be equivalent to each other, that is,
the clearance al and the clearance a2 are set at a clearance a.
[0070] Inaddition, in the state where the relative movement
of'the lower rail 3 and the upper rail 4 relative to each other is
locked, a clearance b1 in the front/rear direction between the
lock plate 39 and a rear end surface 16¢ of each of the outer
flanges 16 at the outer openings 165, and a clearance b2 in the
front/rear direction between the lock plate 39 and a front end
surface 164 of each of the outer flanges 16 at the outer open-
ings 165 are set to be equivalent to each other, that is, the
clearance b1 and the clearance b2 are set at a clearance b. The
clearance b is set to be greater than the clearance a and to be
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smaller than a movable distance r of the support shaft 22 from
the central portion of the long hole 35 in the front/rear direc-
tion. That is, for example, in a case where the upper rail 4 and
the lock lever 30 (the lock plate 39) move relative to each
other in the front/rear direction due to the load, in the front/
rear direction, which is associated with a vehicle collision,
and the lock plate 39 is in contact with the rear end surface 145
or the front end surface 14¢ of the inner opening 144, the lock
plate 39 is not in contact with the rear end surface 16¢ or the
front end surface 16d of the outer opening 165. Alternatively,
even in a case where the lock plate 39 is in contact with the
rear end surface 16¢ or the front end surface 164 of the outer
opening 165, the support shaft 22 does not reach end edges of
the long hole 35 in the front/rear direction. In other words,
even in a case where the lock plate 39 is in contact with the
rear end surface 16¢ or the front end surface 164 of the outer
opening 165, the support shaft 22 moves in the front/rear
direction in the range of the long hole 35 while resiliently
deforming the lock spring 50 (the wedging portions 53).

[0071] Asillustrated in FIG. 2, the release handle 6 is made
of pipe material or tube material by means of bending and
forming. The release handle 6 is arranged at a front side
relative to the upper rails 4 in a manner that the release handle
6 apparently bridges the upper rails 4 with each other in the
width direction. A distal end portion 61 extending rearward
from a rear portion of the release handle 6 is formed in a flat
cylindrical configuration which is reduced in size in the width
direction. The distal end portion 61 includes an inner diam-
eter, in the width direction, which is greater than a dimension
of the handle insertion portion 38 in the width direction. The
distal end portion 61 includes and an outer diameter, in the
width direction, which is smaller than a distance between the
inner flanges 14 of the upper rail 4 in the width direction. The
distal end portion 61 is inserted in the upper rail 4 from a
front-side opening edge of the upper rail 4 and the handle
insertion portion 38 is inserted in the distal end portion 61,
and thus the distal end portion 61 is connected to the lock
lever 30. Thus, basically, the distal end portion 61 rotates
about the support shaft 22 integrally with the lock lever 30. A
support groove 62 formed in a slit configuration and extend-
ing in the width direction is provided at a lower portion of the
distal end portion 61.

[0072] A handle spring 65 made of a single wire rod is
arranged in the upper rail 4. The handle spring 65 is formed in
a substantially letter-U-shape which opens rearward when
viewed in a plan view. The handle spring 65 includes a pair of
extending portions 66 extending in the front/rear direction
and being left-right symmetrical to each other. The handle
spring 65 includes a connection portion 67 connecting the
front ends of'the respective extending portions 66 in the width
direction.

[0073] As illustrated in FIG. 4A, the handle insertion por-
tion 38 is inserted in the distal end portion 61 (the release
handle 6). The connection portion 67 of the handle spring 65
engages in the support groove 62 of the distal end portion 61
(the release handle 6). Rear end portions of the respective
extending portions 66 are in contact with a bottom surface of
the connection wall 33 of the lock lever 30 (the stem portion
31) at a vehicle rear-side relative to the support shaft 22. Atthe
support groove 62, the distal end portion 61 is biased by the
handle spring 65 so as to rise. The handle spring 65, which is
arranged below relative to the rail-side lock end portion 55, is
prevented from interfering with the lock spring 50 in a man-
ner that the extending portions 66 extending from the con-
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nection portion 67 in a vehicle rear upward direction towards
the bottom surface of the corresponding connection wall 33
straddle the extending portions 51 at a rear side relative to the
rail-side lock end portion 55. That is, each of the extending
portions 66 of the handle spring 65 is arranged outwardly in
the width direction relative to the corresponding extending
portion 51 of the lock spring 50.

[0074] A front end portion of the handle insertion portion
38 inserted in the distal end portion 61 is supported at a
vehicle front-side relative to the support groove 62 (that is, a
biasing point at which the distal end portion 61 is biased by
the handle spring 65) so as to be pivotable or movable in the
up/down direction, and is biased at the support groove 62
upwardly by the handle spring 65. Thus, a posture of the distal
end portion 61 is controlled.

[0075] Ina case where a front end of the distal end portion
61 is lifted upwardly, the lock lever 30, together with the distal
end portion 61, rotates about the support shaft 22 towards a
side at which the lock plate 39 is lowered, that is, the side at
which each of the locking holes 395 disengages from the
corresponding locking protrusion 135, against the biasing
force of the lock spring 50.

[0076] Here, in a case where an operation force applied to
the release handle 6 is released, the lock lever 30, together
with the distal end portion 61 (the release handle 6), is rotated
about the support shaft 22 by the biasing force of the lock
spring 50 towards a side at which the lock plate 39 rises, that
is, the side at which each of the locking holes 396 engages in
the corresponding locking protrusion 135 in the above-ex-
plained manner. Thus, the relative movement of the lower rail
3 and the upper rail 4 relative to each other is locked. Accord-
ingly, a position, in the front/rear direction, of the seat 5
supported by the upper rails 4 is maintained.

[0077] After this, in a case where the release handle 6 is
operated so that a front end thereofis lifted upwardly, the lock
lever 30, together with the distal end portion 61 (the release
handle 6), rotates about the support shaft 22 towards the side
at which the lock plate 39 is lowered, that is, the side at which
each of the locking holes 394 disengages from the corre-
sponding locking protrusion 135, against the biasing force of
the lock spring 50. Thus, the locking which is imposed on the
relative movement of the lower rail 3 and the upper rail 4
relative to each other is released in the above-explained man-
ner. Accordingly, the position of the seat 5 supported at the
upper rails 4 can be adjusted in the front/rear direction.
[0078] Next, operation of this embodiment will be
described hereunder. In the locked state in which the relative
movement of the lower rail 3 and the upper rail 4 relative to
each other is locked as illustrated in FIGS. 5A and 5B, the
clearance b in the front/rear direction between the lock plate
39 and the rear end surfaces 16¢ of each of the outer flanges 16
or between the lock plate 39 and the front end surface 164 of
each of the outer flanges 16 is set to be greater than the
clearance a in the front/rear direction between the lock plate
39 and the rear end surface 145 of each of the inner flanges 14
or between the lock plate 39 and the front end surface 14¢ of
each ofthe inner flanges 14. In addition, the clearance b is set
to be smaller than the movable distance r of the support shaft
22 from the central portion of the long hole 35 in the front/rear
direction.

[0079] In this state, in a case where a load in the vehicle
front direction is inputted relative to the seat 5 in association
with, for example, a front collision of the vehicle, the upper
rail 4, together with the seat 5, tends to move in the vehicle
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front direction. Accordingly, the lock lever 30 tends to move
relatively in the vehicle rear direction relative to the upper rail
4. At the same time, the lower rail 3 tends to move in the
vehicle rear direction relative to the upper rail 4 and the like.
[0080] However, in a case where the load in the front/rear
direction at this time is below a predetermined value F, the
biasing force applied by the wedging portions 53 surpasses
the load in the front/rear direction which is applied to the
wedging portions 53, and therefore movement (backlash) of
the support shaft 22 in the front/rear direction is prevented or
reduced by a wedging action. On the other hand, in a case
where the load in the front/rear direction at this time equals to
or exceeds the predetermined value F, the biasing force
applied by the wedging portions 53 yields to the load in the
front/rear direction which is applied to the wedging portions
53, and thus the lock lever 30 starts to move in the vehicle rear
direction, while the support shaft 22 resiliently deforming the
wedging portions 53 so that the wedging portions 53 ride over
the support shaft 22, and the support shaft 22 slides at the long
hole 35.

[0081] In a case where the load in the front/rear direction
further increases, the lock plate 39 of the lock lever 30, which
has moved in the vehicle rear direction, fills the clearance a
and then comes in contact with the rear end surfaces 145 as
illustrated in FIGS. 6 A and 6B. Thus, for the time being, the
load from the lock lever 30 at that time is received at the rear
end surfaces 145.

[0082] Inthis state, in a case where the load in the front/rear
direction further increases, the lock plate 39 starts to fracture
or break the rear end surfaces 146 and to bite into or dent into
the rear end surfaces 145. Thus, the rotation of the lock lever
30 in the up/down direction is restricted. Accordingly, at this
stage, even in a case where the locking protrusions 135 are
deformed so as to be inclined in the vehicle front direction and
thus a contact angle between each of the locking protrusions
135 and the corresponding locking hole 395 increases, there
is a low probability that the locking holes 396 disengage from
the locking protrusions 135 because the lock lever 30 is
restricted from rotating.

[0083] In a case where the load in the front/rear direction
further increases, the lock plate 39 of the lock lever 30, which
has bitten into the rear end surfaces 144, fills the clearance b
and then comes in contact also with the rear end surfaces 16¢
as illustrated in FIGS. 7A and 7B. Thus, the load from the lock
lever 30 is received also at the rear end surfaces 16¢. That is,
the load is received by the inner flanges 14 and by the outer
flanges 16 in cooperation with each other in a state where the
rotation of the lock lever 30 in the up/down direction is
restricted at the rear end surfaces 145, which the lock plate 39
has bitten into. Because the load is received by the inner
flanges 14 and by the outer flanges 16 in a manner that the load
is shared therebetween, progression of the fracture of the rear
end surfaces 1456 is interrupted and bending fracture (shear-
ing) of the locking protrusions 135 is reduced. In this state, a
front end of the long hole 35 comes closer to the support shaft
22, however, the front end of the long hole 35 does not reach
the support shaft 22. In other words, at least until this state is
established, the support shaft 22 only moves at the long hole
35 relative thereto in the front/rear direction, and the support
shaft 22 is not deformed by the inputted load or the support
shaft 22 does not come off the long hole 35.

[0084] In a case where the load in the front/rear direction
further increases, and even in a case where the locking pro-
trusions 135 are deformed so as to be inclined in the vehicle
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front direction and thus the contact angle between each of the
locking protrusions 135 and the corresponding locking hole
395 increases as the lower rails 3 move in the vehicle rear
direction relative to the upper rails 4 and the like as indicated
in a change from FIGS. 7A and 7B to FIGS. 8 A and 8B, there
is a low probability that the locking holes 396 disengage from
the locking protrusions 135 because the rotation of the lock
lever 30 is restricted. In a case where the load in the front/rear
direction further increases, the currently-engaged locking
protrusions 135 which are currently engaged in the corre-
sponding locking hole 395 are bent and fractured (sheared),
and then are removed from or come off the lower rail 3, and
the next locking protrusion 135 which is positioned next to
the currently-engaged locking protrusions 135 in the vehicle
front direction comes in contact with the lock plate 39 as the
upper rails 4 relatively move in the vehicle front direction,
which serves as a resistance to the movement in the vehicle
front direction. In a case where the load in the front/rear
direction further increases, the bending fracture of the current
locking protrusion 135, and the contact between the lock plate
39 and the next locking protrusion 136 which is positioned
next to the current locking protrusion 135 at the vehicle front
side, are repeated. Thus, the resistance to the relative move-
ment of the upper rails 4 in the vehicle front direction con-
tinuously exists without cease, and energy inputted as a result
of, for example, the vehicle front collision is absorbed, while
the movement of the upper rails 4 in the vehicle front direction
is being prevented or reduced.

[0085] Inacase where aload in the vehicle rear direction is
inputted relative to the seat 5 in association with, for example,
arear collision of the vehicle, the operation which is identical
to that in a case of the front collision of the vehicle is per-
formed, except that a relation between front and rear is
switched. Next, a relation between an amount of movement of
the lower rail 3 relative to the upper rail 4 in the front/rear
direction, and the load inputted in the front/rear direction will
be explained.

[0086] As illustrated in FIG. 9, until the lock plate 39 bites
into the rear end surfaces 145 (or the front end surfaces 14¢)
and then the currently-engaged locking protrusions 1354,
which are currently engaged in the corresponding locking
hole 395, start to be bent and fractured, the load keeps increas-
ing as the amount of movement of the lower rails 3 increases.
That is, the more the amount of movement of the lower rails
3 increases, the less the lower rails 3 are likely to move. When
the currently-engaged locking protrusions 135, which are
currently engaged in the corresponding locking hole 395,
come to be bent and fractured, the load with respect to the
increment of the amount of movement of the lower rails 3
decreases rapidly. After this, the contact of the lock plate 39
with the next locking protrusion 135 which is positioned next
to the currently-bent-and-fractured locking protrusion 135 in
the vehicle front direction and the bending fracture of the
locking protrusion 135 are repeated, and accordingly the load
increases/decreases periodically or cyclically as the amount
of movement of the lower rails 3 further increases. That is,
even though the lower rails 3 once come to be movable easily,
after that, the movement of the lower rails 3 is reduced.

[0087] Next, the predetermined value F, at which the sup-
port shaft 22 starts to move in the vehicle front direction
relative to the long hole 35, will be explained. As illustrated in
FIG. 10, a biasing force that the wedging portions 53 of the
lock spring 50 biases or presses the support shaft 22 down-
wardly is W, and Y% (a half) of an apex angle of each of the
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wedging portions 53, which are pressed against the support
shaft 22 and are in pressure contact therewith, is 0. In addi-
tion, a friction coefficient between the support shaft 22 and
the wedging portions 53 is . In a case where the load in the
front/rear direction which is inputted in the support shaft 22
is, that is, equals to, the predetermined value F, the support
shaft 22 starts to move in the front/rear direction beyond the
wedging portions 53.

[0088] Inthis case, a force “F-tan 6 is applied upwardly to
the wedging portions 53 due to a wedging action thereof. In
addition, a component force in a direction of a normal line at
a contact portion at which each of the wedging portions 53
and the support shaft 22 are in contact with each other is
“F/cos 6, and therefore a friction force at the contact portion
is “wF/cos 6” and a component force of the friction force
“wF/cos 87”, which is directed downwardly, is “p-F”. That is,
the friction force acts in a direction in which disengagement
of the wedging portions 53 is prevented.

[0089] Thus, in order to enable the support shaft 22 to move
in the front/rear direction relative to the long hole 35, the
following relation needs to be satisfied.

Frtan O-p-F>W

As is apparent from the above-explained relation, the smaller
0 is and the greater [ is, the less the wedging portions 53 are
likely to disengage from the support shaft 22. That is, in this
embodiment, a target load (the predetermined value F) at or
beyond which the support shaft 22 is allowed to move in the
front/rear direction may be adjusted by adjusting the biasing
force W (including, for example, an elastic coefficient, an
amount of elastic deformation in an assembled state) of the
wedging portions 53, the apex angle (2 of the apex angle is 0)
of the wedging portion 53, and/or the friction coefficient p
(including, for example, friction material, surface finishing
which are employed) of the contact portions at which the
support shaft 22 and the respective wedging portions 53 are in
contact with each other.

[0090] As explained in detail above, according to this
embodiment, the following effects and advantages are
obtained. (1) In this embodiment, the lock lever 30, which is
rotatably connected to the upper rail 4 via the support shatt 22,
is movable in the front/rear direction in the range of the long
hole 35. In a case where the load applied in the front/rear
direction is below the predetermined value F, the support
shaft 22, which is biased by the lock spring 50, is restricted by
the wedging portions 53 from moving in the front/rear direc-
tion at the long hole 35. Then, the lock lever 30 is restricted
from moving relative to the upper rail 4 in the front/rear
direction. Thus, the backlash of the upper rail 4 and the lock
lever 30 in the front/rear direction, that is, the backlash of the
lower rail 3 and the upper rail 4 in the front/rear direction is
reduced. Then, without being strict about an opening width in
the front/rear direction between the support shaft 22 and the
long hole 35, backlash (or vibrations) of the seat 5 in the
front/rear direction is reduced.

[0091] On the other hand, in the state where the relative
movement of the lower rail 3 and the upper rail 4 relative to
each other is locked by the lock lever 30, in a case where the
load applied in the front/rear direction equals to or exceeds
the predetermined value F as a result of, for example, a
vehicle collision, the support shaft 22 resiliently deforms the
lock spring 50, and the restriction on the movement of the
support shaft 22 in the front/rear direction at the long hole 35,
which is imposed by the wedging portions 53, is released.
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Thus, the support shaft 22, together with the upper rail 4,
moves at the long hole 35 in the front/rear direction. Accord-
ingly, the lock plate 39 is brought into contact with the inner
flanges 14 (the rear end surfaces 144 or the front end surfaces
14c) and the inner flanges 14 receive the load. Consequently,
in a case where the load is supported sufficiently by the inner
flanges 14, the deformation of the support shaft 22 may be
reduced to be extremely small or to be none because the
support shaft 22 moves at the long hole 35. Thus, the locking
imposed by the lock lever 30 on the relative movement may be
more stabilized.

[0092] (2) According to this embodiment, the support shaft
22, which is biased by the lock spring 50, is restricted from
moving in the front/rear direction at the long hole 35 by using
the wedging portions 53 each including the extremely simple
configuration. In addition, a restriction force for restricting
the support shaft 22 from moving in the front/rear direction at
the long hole 35 may be changed easily by adjusting, for
example, the apex angle of each of the wedging portions 53,
the friction coefficient between the support shaft 22 and the
wedging portions 53, and the biasing force of the lock spring
50.

[0093] (3)Accordingto this embodiment, in the state where
the relative movement of the lower rail 3 and the upper rail 4
relative to each other is locked by the lock lever 30, the
clearance b between the lock plate 39 and each of the outer
flanges 16 at the outer opening 165 is set to be smaller than the
movable distance r of the support shaft 22 at the long hole 35.
Accordingly, even in a case where the load applied in the
front/rear direction generated as a result of, for example, a
vehicle collision equals to or exceeds the predetermined value
F, the movement of the support shaft 22 is allowed in the range
of the long hole 35 at least until the lock plate 39 comes in
contact with the outer flanges 16 (the rear end surfaces 16¢ or
the front end surfaces 164) and the outer flanges 16 receive the
load. Consequently, in a case where the load is supported
sufficiently by the outer flanges 16 (and by the inner flanges
14), the support shaft 22 only moves at the long hole 35 and
the deformation of the support shaft 22 is extremely small or
none, and therefore the locking imposed by the lock lever 30
on the relative movement is more stabilized.

[0094] (4) According to this embodiment, the movement of
the support shaft 22 in the front/rear direction at the long hole
35 is restricted without changing a configuration of the upper
rail 4 (the bracket 17) or a configuration of the lock lever 30
because the wedging portions 53 are provided at the lock
spring 50.

[0095] (5)According to this embodiment, in the state where
the relative movement of the lower rail 3 and the upper rail 4
relative to each other is locked by the lock lever 30, in a case
where, a large load in the front/rear direction is inputted as a
result of, for example, a vehicle collision, and the lock lever
30 and the upper rail 4 are displaced in one of the front
direction and the rear direction by a deformation associated
with the large load, the lock plate 39 comes in contact with the
inner flanges 14 (the rear end surfaces 145 or the front end
surfaces 14¢) and the inner flanges 14 receive the load. The
clearance (a) between the lock plate 39 and each of the inner
flanges 14 (the rear end surface 145 or the front end surface
14c) is smaller. In a case where the load in the front/rear
direction further increases, the lock plate 39 fractures the
inner flanges 14 and bites into the inner flanges 14. Thus, the
rotation of the lock lever 30 is restricted. Then, in a case where
the load in the front/rear direction further increases, the lock
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plate 39 comes in contact with the outer flanges 16 (the rear
end surfaces 16¢ or the front end surfaces 164) and the outer
flanges 16 receive the load in cooperation with the inner
flanges 14. The clearance (b) between the lock plate 39 and
each of the outer flanges 16 (the rear end surface 16¢ or the
front end surface 164) is larger. Accordingly, even in a case
where the locking protrusions 135 are deformed so as to be
inclined in the other one of the front direction and the rear
direction and thus the contact angle between each of the
locking protrusions 135 and the corresponding locking hole
395 increases, the relative movement of the lower rail 3 and
the upper rail 4 relative to each other is reduced because the
lock lever 30 is restricted from rotating.

[0096] (6) According to this embodiment, at the guide por-
tions 164, the outer flanges 16 are formed to come closer to
the inner side in the width direction towards a distal end side
of'the outer flanges 16. However, at the inclined portions 39¢
of the lock plate 39, the edge portions of the lock plate 39 in
the width direction are formed to come closer to the distal end
side of the outer flanges 16 towards the outer side in the width
direction. Accordingly, in the state where the relative move-
ment is locked, even in a case where the lock plate 39 is in
contact with the guide portions 16a ofthe outer flanges 16, the
lock plate 39 intersects with the guide portions 16« at an angle
which is closer to the right angle. Thus, engagement between
the lock plate 39 (the inclined portions 39¢) and the guide
portions 16a in a shear direction, the engagement which is
associated with the contact between the lock plate 39 (the
inclined portions 39¢) and the guide portions 16a, becomes
more robust.

[0097] In addition, the inclined portions 39¢ are formed
only at the edge portions of the lock plate 39 in the width
direction, and therefore do not affect the angles at which the
inclined portions 39¢ intersect with the respective inner
flanges 14. Thus, the lock plate 39 intersects with the inner
flanges 14 in a state, that is, at an angle which is close to the
right angle. Consequently, engagement between the lock
plate 39 and the inner flanges 14 in a shear direction, the
engagement which is associated with the contact between the
lock plate 39 and the inner flanges 14, remains more robust.
[0098] In addition, the guide portions 16a are provided at
the upper end portions of the outer flanges 16 and the outer
openings 165 are provided at the respective guide portions
164, and the lock plate 39 is inserted in the outer openings 165
in the width direction. Thus, a rotation trajectory of the lock
plate 39 when rotating about the support shaft 22 is released
below the guide portions 16a. Then, the lock plate 39 and the
outer flanges 16 are prevented from interfering with each
other or an amount of movement of the lock plate 39 in the
up/down direction (a stroke of the lock lever 30) is increased.
[0099] (7) According to this embodiment, the lock plate 39
is restricted, by the restriction protruding portion 394, from
moving in the width direction relative to the upper rail 4, and
thus, in association with the rotation of the lock lever 30, the
engaging/disengaging operation of the locking holes 396 and
the corresponding locking protrusions 135 relative to each
other is more stabilized. Particularly, the restriction protrud-
ing portion 394 is provided at the lock plate 39 (at a position
at which the locking holes 395 and the locking protrusions
135 are engaged with each other), which is away from a
rotation center of the lock lever 30. Therefore, it is prevented
that a slight deviation of the restriction on the movement in
the width direction is amplified or is made larger at the lock
plate 39, which might occur in a case, for example, where the
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restriction protruding portion 394 is provided in a vicinity of
the rotation center (the support shaft 22).

[0100] A second embodiment of this disclosure will be
explained. The second embodiment differs from the first
embodiment mainly in that the wedging portion is provided at
the long hole ofthe lock lever, instead of being provided at the
lock spring, and therefore, detailed explanations about the
configurations that are identical to those of the first embodi-
ment will be omitted.

[0101] As illustrated in FIGS. 11 and 12, an upper rail 111
(i.e., the second rail) of this embodiment is made of plate
material, and includes a pair of inner flanges 112 and a cover
wall portion 113. The pair of inner flanges 112 (i.e., the first
and second inner flanges) is arranged to extend in the
up/down direction between the flanges 13 of the lower rail 3.
The cover wall portion 113 connects base ends (that is, upper
ends), which are away from the lower rail 3, of the inner
flanges 112 to each other. An outer flange 114 is continuously
provided at a distal end (that is, a lower end) of each of the
inner flanges 112. The outer flange 114 projects outwardly in
the width direction and then is folded back so as to be sur-
rounded by the corresponding side wall portion 11 and the
corresponding flange 13.

[0102] A shaft attachment hole 112a formed in a circular
shape is provided at each of the inner flanges 112, at a vehicle
front-side relative to the inner opening 14a. The shaft attach-
ment holes 1124 are concentric relative to each other and are
in communication with each other in the width direction. A
support shaft 116 formed in a cylindrical shape is supported at
the inner flanges 112. End portions of the support shatt 116
are inserted in and secured at the respective shaft attachment
holes 112a. A central line (i.e., the axis line) of the support
shaft 116 extends in the width direction.

[0103] In a similar manner, a shaft attachment hole 1124
formed in a circular shape is provided at each of the inner
flanges 112, at a vehicle rear-side relative to the inner opening
14a. The shaft attachment holes 1125 are concentric relative
to each other and are in communication with each other in the
width direction. A spring support shaft 117 formed in a cylin-
drical shape is supported at the inner flanges 112. End por-
tions of the spring support shaft 117 are inserted in and
secured at the respective shaft attachment holes 1124.
[0104] Atan inner side of the inner flanges 112 in the width
direction, a lock lever 120 (i.e., the lock member) is rotatably
connected to an inside of the upper rail 111 by means of the
support shaft 116. Specifically, the lock lever 120 is made of
plate material extending in the front/rear direction. The lock
lever 120 is arranged in a standing condition in a manner that
a pair of longitudinal wall portions 121 each extending in the
long-side direction of the lock lever 120 are arranged side by
side in the width direction. A distance between the longitu-
dinal wall portions 121 in the width direction is set to be
smaller than a distance between the inner flanges 112 of the
upper rail 111 in the width direction. At an intermediate
portion of each of the longitudinal wall portions 121 in the
long-side direction thereof, the longitudinal wall portions 121
are connected to each other, at upper end edges thereof, in the
width direction by means of a connection wall 122. In addi-
tion, at a rear end portion of each of the longitudinal wall
portions 121 in the long-side direction thereof, the longitudi-
nal wall portions 121 are connected to each other in the width
direction, at the upper end edges thereof, by means of a
ceiling plate portion 123. At the ceiling plate portion 123, a
spring holding hole 1234 which is formed in a rectangular
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shape and is in communication in the up/down direction
through the ceiling plate portion 123 is provided.

[0105] Alonghole124 (i.e., the elongated hole) is provided
at each of the longitudinal wall portions 121, at an interme-
diate portion thereof in the front/rear direction. The long hole
124 is formed to extend in the front/rear direction at a height
position which is equivalent to a height position of the support
shaft 116 (the shaft attachment holes 1124). In this embodi-
ment, the long hole 124 is, for example, a through hole. As
illustrated in FIGS. 13 A and 13B, each of the long holes 124
includes a wedging portion 124a (i.e., the restriction portion)
which is formed to extend downwardly from a central portion
of the long hole 124 in the long-side direction thereof, and
each of the long holes 124 includes a substantially letter-T-
shape. In a state where the longitudinal wall portions 121 of
the lock lever 120 are interposed between the inner flanges
112 of the upper rail 111 in the width direction, the support
shaft 116, whose end portions are secured at the shaft attach-
ment holes 112a, is inserted through the long holes 124 in a
manner that the support shaft 116 is held at the wedging
portions 124a so as to be arranged at the wedging portions
124a. Accordingly, the lock lever 120, on an assumption that
the support shaft 116 rides up the wedging portions 124a, is
connected to the upper rail 111 so as to be rotatable in the
up/down direction relative to the upper rail 111 in a state
where the support shaft 116 is allowed to move in the front/
rear direction in a range of the long hole 124.

[0106] Asillustrated in FIG. 11, the lock lever 120 includes
a flat plate portion 125 that is formed in a configuration of a
pair of flanges. The flat plate portions 125 are provided so as
to protrude from lower end edges of the rear end portions of
the respective longitudinal wall portions 121 outwardly in the
width direction, that is, in directions in which the flat plate
portions 125 are away from each other. Each of the flat plate
portions 125 is arranged to pass through the inner opening
14a of the corresponding inner flange 112 and through the
outer opening 165 of the corresponding outer flange 114 in
the width direction. At each of the flat plate portions 125,
plural (for example, three) locking holes 1254 (i.e., the lock
portions) are provided in a manner that the locking holes 1254
are arranged side by side so as to be away from each other for
the predetermined distance in the front/rear direction. Each of
the locking holes 1254 opens in the up/down direction to face
the flange 13 of the lower rail 3. The locking holes 1254 are
arranged at positions configured to match or conform to the
plural (three) locking protrusions 134 that are adjacent to
each other in the long-side direction of the lower rail 3.
[0107] In a case where the lock lever 120 rotates about the
support shaft 116 so that the flat plate portions 125 rises, the
locking protrusion 135 corresponding to each of the locking
holes 1254 may engage in the locking hole 1254. In a case
where the locking protrusions 135 engage in the correspond-
ing locking holes 125aq, the relative movement of the lower
rail 3 and the upper rail 111 relative to each other is locked. On
the other hand, in a case where the lock lever 120 rotates about
the support shaft 116 so that the flat plate portions 125 are
lowered, each of the locking holes 1254 is set to come out of,
that is, disengage from the corresponding locking protrusion
135. At this time, the locking imposed on the relative move-
ment of the lower rail 3 and the upper rail 111 relative to each
other is released.

[0108] A distance between the flat plate portions 125 in the
width direction is set to be greater than the distance between
the guide portions 16a of the upper rail 111 in the width
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direction and to be smaller than a distance in the width direc-
tion between the outer flanges 114 (i.e., the first and second
outer flanges) which are positioned lower than the guide
portions 16a. Accordingly, the flat plate portions 125 pass
through the respective outer openings 165 in the width direc-
tion in the state where the relative movement of the lower rail
3 and the upper rail 111 relative to each other is locked,
however, the flat plate portions 125 do not interfere with the
outer flanges 114 in a state where the locking imposed on the
relative movement of the lower rail 3 and the upper rail 111
relative to each other is released.

[0109] Intheupperrail 111, at an inside of the inner flanges
112 in the width direction, a lock spring 130 (i.e., the biasing
member and the support shaft biasing member) made of a
single wire rod is supported by the spring support shaft 117.
The lock spring 130 is formed in a substantially letter-U-
shape which opens rearward when viewed in a plan view. The
lock spring 130 includes a pair of extending portions 131
extending in the front/rear direction and being left-right sym-
metrical to each other. The lock spring 130 includes a con-
nection portion 132 formed in an arc shape and connecting
front ends of the respective extending portions 131 to each
other in the width direction. In addition, each of the extending
portions 131 includes a coil portion 133 which is formed by
winding, in the clockwise direction towards rearward, the
extending portion 131 at an intermediate portion in the long-
side direction.

[0110] As illustrated in FIG. 13 A, each of the coil portions
133 is wound around the spring support shaft 117, and thus
the lock spring 130 is supported at the upper rail 111. In
addition, at rear end portions of the respective extending
portions 131 which extend from the coil portions 133 in the
vehicle rear direction, the lock spring 130 is resiliently in
contact with a bottom surface of the cover wall portion 113 of
the upper rail 111. In addition, together with front end por-
tions of the respective extending portions 131 which extend
from the coil portions 133 in the vehicle front direction, at the
connection portion 132 which enters in the lock lever 120, the
lock spring 130 is resiliently in contact with a bottom surface
of'the ceiling plate portion 123 at the connection portion 132.
At the connection portion 132, the lock spring 130 biases or
pushes the lock lever 120 so that the lock lever 120 rotates
towards a side at which the flat plate portions 125 of the lock
lever 120 rise, that is, the side at which the locking protrusions
135 engage in the corresponding locking holes 125a.

[0111] As illustrated in FIG. 11, a handle spring 135 (i.e.,
the support shaft biasing member) made of a single wire rod
is arranged in the upper rail 111. The handle spring 135 is
formed in a substantially letter-U-shape which opens rear-
ward when viewed in a plan view. The handle spring 135
includes a pair of extending portions 136 being left-right
symmetrical to each other and extending in the front/rear
direction. The handle spring 135 includes a connection por-
tion 137 connecting front edges of front end portions, which
are away from each other, of the respective extending portions
136 to each other in the width direction. A fixing portion 138
formed in a curved shape curved to protrude upwardly is
provided at a rear end portion of each of the extending por-
tions 136.

[0112] Asillustrated in FIG. 13 A, the handle spring 135 is
arranged to extend in the front/rear direction above the sup-
port shaft 116. The fixing portions 138 engage in the spring
holding hole 123a of the ceiling plate portion 123 and held
thereat, and the connection portion 137 is inserted in the
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support groove 62 of the distal end portion 61 (the release
handle 6), in which the handle insertion portion 38 is inserted.
Atthe connection portion 137, the handle spring 135 biases or
pushes the distal end portion 61 (the support groove 62) so
that the distal end portion 61 rises.

[0113] The distal end portion 61, specifically, the front end
portion of the handle insertion portion 38 inserted in the distal
end portion 61, is supported so as to be pivotable or movable
in the up/down direction at a vehicle front-side relative to the
support groove 62 (that is, a biasing point at which the distal
end portion 61 is biased by the handle spring 135), and is
biased at the support groove 62 upwardly by the handle spring
135. Thus, the posture of the distal end portion 61 is con-
trolled.

[0114] Inacasewhere the front end of the distal end portion
61 is lifted upwardly, the lock lever 120, together with the
distal end portion 61, rotates about the support shaft 116
towards a side at which the flat plate portions 125 are lowered,
that is, the side at which each of the locking holes 1254
disengages from the corresponding locking protrusion 135
against the biasing force of the lock spring 130.

[0115] Here, in a case where the operation force of the
release handle 6 is released, the lock lever 120, together with
the distal end portion 61 (the release handle 6), is rotated
about the support shaft 116 by the biasing force of the lock
spring 130 towards the side at which the flat plate portions 125
rise, that is, the side at which each of the locking holes 1254
engages in the corresponding locking protrusion 134. Thus,
the relative movement of the lower rail 3 and the upper rail
111 relative to each other is locked in the above-explained
manner. Accordingly, the position in the front/rear direction
of the seat 5 supported by the upper rails 111 is maintained.
[0116] After this, in a case where the release handle 6 is
operated so that the front end thereof is lifted upwardly, the
lock lever 120, together with the distal end portion 61 (the
release handle 6), rotates about the support shaft 116 towards
the side at which the flat plate portions 125 are lowered, that
is, the side at which each of the locking holes 1254 disengages
from the corresponding locking protrusion 135, against the
biasing force of the lock spring 130. Thus, the locking
imposed on the relative movement of the lower rail 3 and the
upper rail 111 relative to each other is released I the above-
explained manner. Accordingly, the position of the seat 5
supported at the upper rails 111 can be adjusted in the front/
rear direction.

[0117] When the handle spring 135 biases the distal end
portion 61 (the support groove 62) at the connection portion
137 so that the distal end portion 61 rises, the handle spring
135 biases the support shaft 116 downwardly, that is, in a
direction intersecting with the long-side direction of the long
hole 124 by means of a reaction force of the biasing force
acting on the distal end portion 61. Thus, movement of the
support shaft 116, which is positioned at the wedging portions
124a (at the central portion of the long hole 124 in the front/
rear direction), in the front/rear direction is locked. That is,
the support shaft 116, which is held at the wedging portions
124a by insertion and is arranged thereat, is biased by the
handle spring 135, and thus a position of the support shaft 116
in the front/rear direction is retained by the handle spring 135.
However, in a case where the load applied in the front/rear
direction equals to or exceeds the predetermined value, the
support shaft 116 rides up the wedging portions 124a while
resiliently deforming the handle spring 135, and moves at the
long hole 124 in the front/rear direction.
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[0118] As illustrated in FIG. 14A, a clearance all in the
front/rear direction between each of the flat plate portions 125
and the corresponding rear end surface 145, and a clearance
al2 in the front/rear direction between each of the flat plate
portions 125 and the corresponding front end surface 14¢ are
set to be equivalent to each other, that is, set at the clearance
a. In addition, in the state where the relative movement of the
lower rail 3 and the upper rail 111 relative to each other is
locked, a clearance b1l in the front/rear direction between
each of the flat plate portions 125 and the rear end surface 16¢
of the outer flanges 114 at the outer openings 165, and a
clearance b12 in the front/rear direction between each of the
flat plate portions 125 and the front end surface 164 of the
outer flange 114 at the outer openings 165 are set to be
equivalent to each other, that is, set at the clearance b. The
clearance b is set to be greater than the clearance a and to be
smaller than the movable distance r of the support shaft 116
from the wedging portion 124a. That is, for example, in a case
where the upper rail 111 and the lock lever 120 (the flat plate
portions 125) relatively move in the front/rear direction due to
the load in the front/rear direction which is associated with a
vehicle collision, even if the flat plate portions 125 come in
contact with the rear end surface 145 or the front end surface
14c¢ ofthe inner opening 14a, the flat plate portions 125 do not
come in contact with the rear end surface 16¢ or the front end
surface 164 of the outer opening 165. Alternatively, even in a
case where the flat plate portions 125 come in contact with the
rear end surface 16¢ of the outer opening 165 or the front end
surface 164 of the outer opening 165, the support shaft 116
does not reach end edges of the long hole 124 in the front/rear
direction. In other words, even in a case where the flat plate
portions 125 come in contact with the rear end surface 16¢ of
the outer opening 165 or the front end surface 164 of the outer
opening 164, the support shaft 116 moves in the front/rear
direction in the range of the long hole 124, while resiliently
deforming the handle spring 135.

[0119] Next, operation of this embodiment will be
described hereunder. In the locked state in which the relative
movement of the lower rail 3 and the upper rail 111 relative to
each other is locked as illustrated in FIG. 14 A, in a case where
the load in the vehicle front direction is inputted relative to the
seat 5 in association with, for example, the front collision of
the vehicle, the upper rail 111 tends to move in the vehicle
front direction together with the seat 5. Accordingly, the lock
lever 120 tends to move in the vehicle rear direction relative to
the upper rail 111. At the same time, the lower rail 3 tends to
move in the vehicle rear direction relative to, including, for
example, the upper rail 111.

[0120] However, in a case where the load in the front/rear
direction at this time is below the predetermined value F, the
biasing force applied by the handle spring 135 surpasses the
load in the front/rear direction which is applied relative to the
wedging portions 124a, and therefore movement (backlash)
of'the support shaft 116 in the front/rear direction is prevented
orreduced by the wedging action. On the other hand, in a case
where the load in the front/rear direction at this time equals to
or exceeds the predetermined value F, the biasing force
applied by the handle spring 135 yields to the load in the
front/rear direction which is applied relative to the wedging
portions 1244, and thus the lock lever 120 starts to move in the
vehicle rear direction, while the support shaft 116 resiliently
deforming the handle spring 135 so that the support shaft 116
rides up the wedging portions 124a, and the support shaft 116
slidably moving at the long hole 124.
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[0121] In a case where the load in the front/rear direction
further increases, the flat plate portions 125 of the lock lever
120, which has moved in the vehicle rear direction, fill the
clearance a and then come in contact with the rear end sur-
faces 1454 as illustrated in FIG. 14B. Thus, for the time being,
the load from the lock lever 120 at that time is received at the
rear end surfaces 145.

[0122] In this state where the flat plate portions 125 are in
contact with the rear end surfaces 1454, in a case where the
load in the front/rear direction further increases, the flat plate
portions 125 start to fracture or break the rear end surfaces
145 and bite into the rear end surfaces 145. Thus, the rotation
of the lock lever 120 in the up/down direction is restricted.
Accordingly, at this stage, even in a case where the locking
protrusions 136 are deformed so as to be inclined in the
vehicle front direction and thus a contact angle between each
of'the locking protrusions 135 and the corresponding locking
hole 1254 increases, there is a low probability that the locking
holes 125a disengage from the locking protrusions 134
because the lock lever 120 is prevented from rotating.

[0123] In a case where the load in the front/rear direction
further increases, the flat plate portions 125, which have bit-
ten into the rear end surfaces 145, fill the clearance b and then
come in contact also with the rear end surfaces 16¢ as illus-
trated in FIG. 14C. Thus, the load from the lock lever 120 is
received also at the rear end surfaces 16¢. That is, the load is
received at the inner flanges 112 and at the outer flanges 114
in cooperation with each other in a state where the rotation of
the lock lever 120 is restricted at the rear end surfaces 145,
into which the flat plate portions 125 have bitten into. Because
the load is received by the inner flanges 112 and by the outer
flanges 114 in a manner that the load is shared between the
inner flanges 112 and the outer flanges 114, progression of the
fracture of the rear end surfaces 145 is interrupted and the
bending fracture (shearing) of the locking protrusions 135 is
prevented or reduced. In this state, a front end of the long hole
124 comes closer to the support shaft 116, however, the front
end of the long hole 124 does not reach the support shaft 116.
In other words, at least until this state is established, the
support shaft 116 only moves in the front/rear direction at,
that is, within the long hole 124 relative to the long hole 124
while the support shaft 116 riding over the wedging portions
124a, however, the support shaft 116 is not deformed by the
inputted load or the support shaft 116 comes off the long hole
124.

[0124] In a case where the load in the front/rear direction
further increases, and even in a case where the locking pro-
trusions 135 are deformed so as to be inclined in the vehicle
front direction and thus the contact angle between each of the
locking protrusions 135 and the corresponding locking hole
1254 increases as the lower rails 3 move in the vehicle rear
direction relative to, including, for example, the upper rails
111 as indicated in a change from FIGS. 14C to 14D, there is
a low probability that the locking holes 1254 disengage from
the locking protrusions 135 because the rotation of the lock
lever 120 is restricted. In a case where the load in the front/
rear direction further increases, the currently-engaged lock-
ing protrusions 135 which are currently engaged in the cor-
responding locking hole 1254 are bent and fractured
(sheared), and then are removed from or come off the lower
rail 3, and the next locking protrusion 135 which is positioned
next to the currently-engaged locking protrusions 135 in the
vehicle front direction comes in contact with the correspond-
ing flat plate portion 125 as the upper rails 111 relatively
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move in the vehicle front direction so as to serve as the
resistance to the movement in the vehicle front direction. Ina
case where the load in the front/rear direction further
increases, the bending fracture of the current locking protru-
sion 135, and the contact between the flat plate portion 125
and the next locking protrusion 135 which is positioned next
to the current locking protrusion 135 in the vehicle forward
direction, are repeated. Thus, the resistance to the relative
movement of the upper rail 111 in the vehicle front direction
continues without stopping, and an input energy associated
with, for example, the vehicle front collision is absorbed,
while the movement of the upper rail 111 in the vehicle front
direction is being prevented or reduced.

[0125] Inacase where a load in the vehicle rear direction is
inputted relative to the seat 5 in association with, for example,
the rear collision of the vehicle, the operation same as that in
a case of the front collision of the vehicle is performed, except
that the relation between front and rear is switched. In addi-
tion, the idea or concept about the predetermined value F, at
which the support shaft 116 starts to move in the front/rear
direction relative to the long hole 124, is identical to that of the
first embodiment.

[0126] As explained in detail above, according to this
embodiment, the following effects and advantages are
obtained in addition to the effects and advantages (1) to (3)
and (5) of the first embodiment. (1) In this embodiment, a
configuration of each of the wedging portions 124a may be
formed more accurately because the wedging portions 124a
are provided at the respective long holes 124.

[0127] A third embodiment of this disclosure will be
explained. The third embodiment differs from the first
embodiment and the second embodiment mainly in that the
long hole including the wedging portion is provided at the
upper rail-side (the bracket), instead of being provided at the
lock lever, and therefore, detailed explanations about the con-
figurations that are identical to those of the aforementioned
embodiments will be omitted.

[0128] As illustrated in FIG. 15 and FIG. 17, a bracket 140
is attached to the cover wall portion 15 of the upper rail 4 at a
portion at a front side relative to, for example, the inner
openings 14a. The bracket 140 includes a pair of support wall
portions 141 extending in the up/down direction between the
inner flanges 14 of the upper rail 4. The bracket 140 includes
a ceiling plate portion 142 connecting base ends (that is,
upper ends), which are away from the lower rail 3, of the
support wall portions 141 to each other. At the ceiling plate
portion 142, the bracket 140 is fastened to the cover wall
portion 15 of'the upper rail 4 in a state where the support wall
portions 141 are interposed between the inner flanges 14 of
the upper rail 4 in the width direction.

[0129] Alonghole 143 (i.e., the elongated hole) is provided
at each of the support wall portions 141, at a front lower
portion thereof so as to extend in the front/rear direction. As
illustrated in FIGS. 17A and 17B, each of the long holes 143
includes a wedging portion 143a (i.e., the restriction portion)
which is formed to extend downwardly from a central portion
of the long hole 143 in the long-side direction thereof, and
each of the long holes 143 includes a substantially letter-T-
shape. At each of the inner flanges 14, a support shaft 146 is
supported. The support shaft 146 is formed in a cylindrical
shape and of which end portions are inserted in the respective
long holes 143 with allowance between the end portions of
the support shaft 146 and the long holes 143, so that the end
portions of the support shaft 146 are held at the respective
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wedging portions 143a by insertion and arranged thereat. A
diameter of the support shaft 146 is set to be equivalent to an
opening width of each of the long holes 143 in the short-side
direction (that is, the up/down direction). A central line of the
support shaft 146 extends in the width direction.

[0130] As illustrated in FIG. 15, at an inner side of the
support wall portions 141 in the width direction, a stem por-
tion 150 of the lock lever 30 is rotatably connected to the
inside of the upper rail 4 by means of the support shaft 146.
Specifically, the stem portion 150 is made of plate material
extending in the front/rear direction. The lock lever 30 is
arranged in a standing condition in a manner that a pair of
longitudinal wall portions 151 each extending in the long-
side direction of the lock lever 30 are arranged side by side in
the width direction. A distance between the longitudinal wall
portions 151 in the width direction is set to be smaller than a
distance between the support wall portions 141 of the bracket
140 of the bracket 140 in the width direction.

[0131] A shaft attachment hole 152 formed in a circular
shape is provided at an intermediate portion of each of the
longitudinal wall portions 151 in the long-side direction
thereof, at a height position which is equivalent to a height
position of the support shatft 146 (the long hole 143). The shaft
attachment holes 152 are concentric relative to each other and
are in communication with each other in the width direction.
As illustrated in FIG. 16, in a state where the longitudinal wall
portions 151 of the stem portion 150 is interposed between the
support wall portions 141 of the bracket 140 in the width
direction, the support shaft 146, whose end portions are
inserted in the respective long holes 143 with allowance
between the end portions of the support shaft 146 and the long
holes 143, is inserted through the respective shaft attachment
holes 152 and fixed thereat.

[0132] Accordingly, the stem portion 150 (the lock lever
30), on an assumption that the support shatt 146 rides up the
wedging portions 143a, is connected to the upper rail 4 so as
to be rotatable in the up/down direction relative to the upper
rail 4 in a state where the support shaft 146 is allowed to move
in the front/rear direction in a range of the long hole 143.
[0133] As illustrated in FIG. 15 and FIG. 16, a lock spring
160 (i.e., the biasing member and the support shaft biasing
member) made of a single wire rod is arranged in the upper
rail 4. The lock spring 160 is formed in a substantially letter-
U-shape which opens rearward when viewed in a plan view.
The lock spring 160 includes a pair of extending portions 161
extending in the front/rear direction and being left-right sym-
metrical to each other. The lock spring 160 includes a con-
nection portion 162 connecting front edges of front end por-
tions, which are away from each other, of the respective
extending portions 161 to each other in the width direction. In
addition, the lock spring 160 includes a lever-side lock end
portion 163 made by bending a rear end portion of each of the
extending portions 161 upwardly in a curved shape. In addi-
tion, the front end portions, which are away from each other,
of the respective extending portions 161 make up a substan-
tially pentagonal-shape as a whole in cooperation with the
connection portion 162, thereby forming a rail-side lock end
portion 164.

[0134] Asillustrated in FIGS. 17A and 17B, the lock spring
160 is arranged to extend in the front/rear direction above the
support shaft 146. The lock spring 160 is arranged substan-
tially in the stem portion 150 in a manner that the rail-side
lock end portion 164 protrudes upwardly from between the
adjacent connection walls 33 of the stem portion 150 at a front
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side relative to the support shaft 146. The lock spring 160 is
resiliently in contact with the support shaft 146 from above
the support shaft 146. At the lever-side lock end portions 163,
the lock spring 160 is resiliently in contact with the lock plate
39 from below. At the rail-side lock end portion 164, the lock
spring 160 is resiliently in contact with the bottom surface of
the cover wall portion 15 of the upper rail 4. Thus, the lock
spring 160 is supported at, including, for example, the upper
rail 4. At the rear end portions of the extending portions 161,
the lock spring 160 biases or pushes the stem portion 150 (the
lock lever 30) so that the stem portion 150 (the lock lever 30)
rotates towards the side at which the lock plate 39 rises, that
is, the side at which the locking protrusions 135 engage in the
corresponding locking holes 395. In addition, by means of a
reaction force of the biasing force acting on the stem portion
150, the lock spring 160 biases the support shaft 146 in the
downward direction, that is, in the direction intersecting with
the long-side direction of the long hole 143, thereby locking
movement of the support shaft 146 in the front/rear direction
within the long hole 143. Accordingly, the movement of the
support shaft 146, which is positioned at the wedging portions
143a (at the central portion of the long hole 143 in the front/
rear direction), in the front/rear direction is locked. That is,
the support shaft 146, which is held at the wedging portions
143a by insertion and arranged thereat, is biased by the lock
spring 160, and thus a position of the support shaft 146 in the
front/rear direction is retained by the lock spring 160. How-
ever, in a case where the load applied in the front/rear direc-
tion equals to or exceeds the predetermined value, the support
shaft 146 rides up the wedging portions 1434 while resiliently
deforming the lock spring 160, and moves at the long hole 124
in the front/rear direction.

[0135] The relation among the clearance (a) in the front/
rear direction between the lock plate 39 and the rear end
surface 145 of the inner flange 14 or between the lock plate 39
and the front end surface 14¢ of the inner flange 14, the
clearance (b) in the front/rear direction between the lock plate
39 and the rear end surface 16¢ of the outer flange 16 or
between the lock plate 39 and the front end surface 164 of the
outer flanges 16, and a movable distance of the support shaft
146 from the central portion of the wedging portion 143a, is
identical to that of the first embodiment. Accordingly, the
operation of the seat slide apparatus in a case where, for
example, the vehicle collision (the front collision or the rear
collision) occurs, is identical to that of the first embodiment,
and therefore the explanation of the operation is omitted. In
addition, the idea or concept about the predetermined value F,
at which the support shaft 146 starts to move relative to the
long hole 143, is identical to that of the first embodiment.
[0136] As explained in detail above, according to this
embodiment, the effects and advantages (1) to (3) and (5) to
(7) of the firstembodiment, and (1) of the second embodiment
are obtained.

[0137] The aforementioned embodiments may be modified
as follows. In the first embodiment, the bracket 17 may be
omitted and the support shaft 22 may be fixedly attached
directly to the upper rail 4.

[0138] Inthe first embodiment, relation of the arrangement
of'the bracket 17 (or the upper rail 4) and the lock lever 30, and
the support shaft 22 and the long hole 35 may be reversed. In
this case, instead of the long hole 35, a long hole which is
formed in a groove configuration and is not continuous in the
width direction may be provided at the bracket 17 (or the
upper rail 4).
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[0139] In the first embodiment, the wedging portion 53 is
provided at the lock spring 50. However, the wedging portion
may be provided at the long hole 35 instead of being provided
at the lock spring 50. Alternatively, the wedging portion may
be provided at the long hole 35 in addition to being provided
at the lock spring 50. In the first embodiment, part (the wedg-
ing portion 53) of the lock spring 50 is used for biasing the
support shaft 22. However, the support shaft 22 may be biased
by a support shaft biasing member (for example, a formed
wire spring and/or a plate spring) which is provided sepa-
rately from the lock spring 50.

[0140] In the first embodiment, the support shaft 22 is
biased downwardly by the support shaft biasing member (the
wedging portion 53). However, a direction of biasing the
support shaft 22 may be arbitrarily changed as long as the
biasing direction intersects with a direction in which the long
hole 35 extends (the direction of the relative movement).

[0141] In the first embodiment, the clearance al and the
clearance a2 may be different from each other. Similarly, the
clearance bl and the clearance b2 may be different from each
other. In the first embodiment, one or both ofthe clearance al,
b1 and the clearance a2, b2 may be set to be equivalent to each
other. Alternatively, one or both of the clearance al, bl and
the clearance a2, b2 may be set so that a magnitude relation
between the clearance al, bl and the clearance a2, b2 is
reversed.

[0142] In the first and third embodiments, the lock lever
where the stem portion 31, 150 and the lock plate 39 are
formed integrally with each other may be employed. In the
second embodiment, the support shaft 116 may be fixed indi-
rectly to the upper rail 111 via an appropriate bracket.

[0143] In the second embodiment, relation of the arrange-
ment of the upper rail 111 and the lock lever 120, and the
support shaft 116 and the long hole 124 may be reversed. In
this case, instead of the long hole 124, a long hole which is
formed in a groove configuration and is not continuous in the
width direction may be provided at the upper rail 111.

[0144] In the second embodiment, the wedging portion
124a is provided at the long hole 124. However, the wedging
portion may be provided at the handle spring 135 instead of
being provided at the long hole 124. Alternatively, the wedg-
ing portion may be provided at the handle spring 135 in
addition to being provided at the long hole 124. In the second
embodiment, part of the handle spring 135 is used for biasing
the support shaft 116. However, the support shaft 116 may be
biased by a support shaft biasing member (for example, a
formed wire spring and/or a plate spring) which is provided
separately from the handle spring 135.

[0145] In the second embodiment, the support shaft 116 is
biased downwardly by the support shaft biasing member (the
handle spring 135). However, a direction of biasing the sup-
port shaft 116 may be arbitrarily changed as long as the
biasing direction intersects with a direction in which the long
hole 124 extends (the direction of the relative movement).

[0146] In the second embodiment, the clearance all and
the clearance a12 may be different from each other. Similarly,
the clearance b11 and the clearance b12 may be different from
each other. In the second embodiment, one or both of the
clearance all, b11 and the clearance al2, b12 may be setto be
equivalent to each other. Alternatively, one or both of the
clearance all, b11 and the clearance al2, b12 may be set so
that a magnitude relation between the clearance all, b11 and
the clearance al2, b12 is reversed.
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[0147] In the second embodiment, the lock lever may
include a flat plate portion or flat plate portions which is
formed separately from the lock lever and is fixedly attached
to the lock lever. In the third embodiment, the bracket 140
may be omitted and the support shaft 146 may be supported
directly at the upper rail 4.

[0148] In the third embodiment, relation of the arrange-
ment of the bracket 140 (or the upper rail 4) and the lock lever
30, and the support shaft 146 and the long hole 143 may be
reversed. In the third embodiment, the wedging portion 143«
is provided at the bracket 140. However, the wedging portion
may be provided at the lock spring 160. Alternatively, the
wedging portion may be provided at the lock spring 160 in
addition to being provided at the bracket 140.

[0149] Inthe third embodiment, part of the lock spring 160
is used for biasing the support shaft 146. However, the support
shaft 146 may be biased by a support shaft biasing member
(for example, a formed wire spring and/or a plate spring)
which is provided separately from the lock spring 160.
[0150] In the third embodiment, the support shaft 146 is
biased downwardly by the support shaft biasing member (the
lock spring 160). However, a direction of biasing the support
shaft 146 may be arbitrarily changed as long as the biasing
direction intersects with a direction in which the long hole
143 extends (the direction of the relative movement).

[0151] In each of the aforementioned embodiments, a tim-
ing when the locking protrusion 135 starts to deform so as to
incline in the front/rear direction may be a timing when the
flat plate portion starts to bite into the inner flange (the rear
end surface 145 or the front end surface 14¢) or a timing when
the flat plate portion starts to bite into the outer flange (the rear
end surface 16¢ or the front end surface 164), or alternatively,
may be an intermediate timing which is between the timing
when the flat plate portion starts to bite into the inner flange
and the timing when the flat plate portion starts to bite into the
outer flange.

[0152] In each of the aforementioned embodiments,
instead of the locking hole 395 of the lock plate 39, a locking
groove which opens in the width direction may be employed.
That is, the lock plate formed in a comb teeth-configuration,
where the locking grooves are arranged like teeth of a comb,
may be used. In each of the aforementioned embodiments, in
the locked state in which the relative movement of the lower
rail 3 and the upper rail relative to each other is locked, the
clearance b between the outer flange (the rear end surface 16¢
or the front end surface 164) and the flat plate portion at each
of the outer openings 165 may be set to be equivalent to the
movable distance r of the support shaft at, that is, within the
long hole, or may be set to be greater than the movable
distance r of the support shaft at the long hole.

[0153] In each of the aforementioned embodiments, the
guide portions 16a do not need to be provided at the outer
flanges of the upper rail. In this case, the outer opening may be
formed in such a manner that the flat plate portion is allowed
to pass through the outer flange in the width direction over an
entire range of a rotation range of the lock lever (the flat plate
portion). In this case, the outer opening may be a cut-out
opening upwardly or may be an opening (hole) that is closed
in the upward direction. In addition, in this case, the inclined
portions (39¢) do not need to be provided at the edge portions
of the flat plate portion in the width direction.

[0154] In each of the aforementioned embodiments, the
support shaft does not need to be arranged at the central
portion of the long hole in the long-side direction thereof. For
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example, the support shaft may be in contact with or closer to
the front end of the long hole so that the support shaft is
movable at the long hole only in the vehicle rear direction, and
may be in contact with or closer to the rear end of the long hole
so that the support shaft is movable at the long hole only in the
vehicle front direction.

[0155] In each of the aforementioned embodiments, the
clearance a may be substantially zero. However, for absorb-
ing variations occurring during an assembling work, it is more
ideal that a certain amount of clearance is set as the clearance
a. In each of the aforementioned embodiments, the lock
spring may be configured to include one extending portion
51,131, 161. Alternatively, the lock spring may be configured
to include the extending portion 51, 131, 161 constituted by
plural extending portions which are independent from each
other.

[0156] In each of the aforementioned embodiments, for
example, a coil spring and/or a plate spring may be employed
as the lock spring. In each of the aforementioned embodi-
ments, the handle spring may be configured to include one
extending portion 66, 136. Alternatively, the handle spring
may be configured to include the extending portion 66, 136
constituted by plural extending portions which are indepen-
dent from each other.

[0157] In each of the aforementioned embodiments, for
example, a coil spring and/or a plate spring may be employed
as the handle spring. In each of the aforementioned embodi-
ments, the lower rail 3 may include a structure where plural
pieces of plate material which are joined to each other by, for
example, welding. In addition, the cross section of each of the
lower rails 3 is an example and not limited thereto as long as
the lower rail 3 includes a pair of flanges provided with the
locking protrusion.

[0158] In each of the aforementioned embodiments, the
upper rail may include a structure where plural pieces of plate
material which are joined to each other by, for example,
welding. In addition, the cross section of each of the upper
rails is an example and not limited thereto as long as the upper
rail includes the pair of inner flanges at which the respective
inner openings are provided and the pair of outer flanges at
which the respective outer openings are provided.

[0159] In each of the aforementioned embodiments, rela-
tion of fixation (that is, relation of the arrangement in the
up/down direction) of the lower rail and the upper rail, and the
vehicle floor 2 and the seat 5 may be reversed. In this case, the
operation for releasing the lock lever that is arranged at a side
of'the vehicle floor 2 may be conducted from an appropriate
operation member via, for example, a cable.

[0160] In each of the aforementioned embodiments, the
lower rail and the upper rail (the seat slide apparatus for a
vehicle) may include a configuration that one each of the
lower rail and the upper rail is arranged relative to the seat 5,
or a configuration that three or more of the lower rails and
three or more of the upper rails are arranged relative to the seat
5.

[0161] In each of the aforementioned embodiments, the
direction of the relative movement of the lower rail and the
upper rail relative to each other may be, for example, the
vehicle width direction. In this case, the relative movement in
a case of a lateral collision of the vehicle is effectively
restricted.

[0162] In the first embodiment, instead of the restriction
protruding portion 394, a restriction member for restricting a
movement of the lock plate 39 relative to the upper rail 4 in the
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width direction may be separately provided at the lock plate
39. In addition, the restriction protruding portion 394 of the
lock plate 39 may be omitted.

[0163] In the first embodiment, the inclined portions 39¢
may not be provided at the respective edge portions of the
lock plate 39 in the width direction.

[0164] Inthe firstembodiment, a circular hole instead of the
long hole 35 may be formed at the stem portion 31 of the lock
lever 30. Then, the support shaft 22 is inserted and fitted to the
circular hole so that the lock lever 30 is rotatably connected to
the upper rail 4 (the bracket 17). In this case, however, at a
time when the lock plate 39 of the lock lever 30 makes contact
with the inner flanges 14, specifically, the rear end surfaces
14b or the front end surfaces 14¢, because of the movement of
the lock lever 30 in the front/rear direction in association with
a vehicle collision, for example, the support shaft 22 may be
deformed. Relation of the arrangement of the bracket 17 (or
the upper rail 4) and the lock lever 30, and the support shaft 22
and the circular hole may be reversed.

[0165] A fourth embodiment of this disclosure will be
explained next. According to the fourth embodiment, similar
components and members to those of the first embodiment
bear the same reference numerals. Hereunder, a vehicle front/
rear direction will be referred to as “a front/rear direction”.
[0166] Asillustratedin FIG. 1, the lowerrail 3 is fixed at the
vehicle floor 2 so as to extend in the front/rear direction. The
upper rail 4 is attached to or mounted on the lower rail 3 so as
to be movable in the front/rear direction relative to the lower
rail 3. That is, in this embodiment, a long-side direction (a
direction of'the relative movement) of the lower rail 3 and the
upper rail 4 coincides with the front/rear direction.

[0167] As also illustrated in FIG. 2, the lower rails 3 (i.e.,
first and second lower rails) are provided as a pair and the
upper rails 4 (i.e., first and second upper rails) are provided as
a pair, in a width direction (that is, in FIG. 1, a direction that
is orthogonal to a paper surface on which FIG. 1 is drawn).
Here, the lower rail 3 and the upper rail 4 which are arranged
on the left side when facing the front direction are illustrated.
The seat 5, which forms or includes a seating portion for an
occupant, is fixedly supported at the upper rails 4. Normally,
the relative movement of the lower rails 3 and the upper rails
4 relative to each other is in a locked state, and the release
handle 6 serving as an operation handle for releasing the
locked state is provided at the apparatus.

[0168] As illustrated in FIG. 2, the lower rail 3 is made of
plate material, and includes the pair of side wall portions 11
and the bottom wall portion 12. The side wall portions 11 are
provided at respective sides of the lower rail 3 in the width
direction and extend in an up/down direction. The bottom
wall portion 12 connects base ends (that is, lower ends) of the
respective side wall portions 11 to each other. The flange 13 is
continuously formed at a distal end (that is, an upper end) of
each of the side wall portions 11. The flange 13 projects
inwardly in the width direction and is folded back towards the
base end of the corresponding side wall portion 11.

[0169] Atanintermediate portion in the long-side direction
of'each of the flanges 13 (i.e., first and second flanges) of the
lower rail 3, the plural cut-outs 13a are provided. The cut-outs
13a are formed upwardly from a distal end (that is, a lower
end) of the flange 13 and are spaced away from each other for
apredetermined distance in the long-side direction. The lock-
ing protrusion 135 formed in a rectangular-shaped tooth is
provided between every adjacent cut-outs 13a. Thus, the plu-
ral locking protrusions 135 are arranged at the lower rail 3 in
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the long-side direction thereof so as to be spaced away from
each other by the predetermined distance.

[0170] On the other hand, the upper rail 4 is made of plate
material, and includes the pair of inner flanges 14 (i.e., the
first and second inner flanges) and the cover wall portion 15 as
illustrated in FIGS. 3A and 3B. The pair of inner flanges 14 is
arranged to extend in the up/down direction between the
flanges 13 of the lower rail 3. The cover wall portion 15
connects base ends (that is, upper ends), which are away from
the lower rail 3, of the inner flanges 14 to each other. The outer
flange 16 is continuously formed at a distal end (that is, a
lower end) of each of the inner flanges 14. The outer flange 16
projects outwardly in the width direction and is folded back so
as to be surrounded by the corresponding side wall portion 11
and the flange 13.

[0171] That is, the lower rail 3 includes a rail cross section
formed in a shape of a letter U, the upper rail 4 includes a rail
cross section formed in a shape of a letter U, and opening
sides of the cross sections of the lower rail 3 and the upper rail
4 face each other. The lower rail 3 and the upper rail 4 are
prevented from coming off from each other in the up/down
direction mainly by means of engagement of the flanges 13
and the outer flanges 16 with each other. A rail cross section
formed by the lower rail 3 and the upper rail 4 is a so-called
box shape including a rectangular shape. The lower rail 3, in
cooperation with the upper rail 4, defines the space portion S.
[0172] The plurality of balls 20a are arranged so as to be
interposed between a lower end portion of each of the outer
flanges 16 and the lower end portion of the corresponding side
wall portion 11, and between an upper end portion of each of
the outer flanges 16 and the upper end portion of the corre-
sponding side wall portion 11. At the upper end portion of
each of'the outer flanges 16, the guide portion 164 is provided.
The guide portion 16a is formed in an arc shape by being bent
inwardly in the width direction towards an upper side so that
the guide portion 16a matches an outer shape of the ball 20a.
[0173] As illustrated in FIG. 2 and FIG. 3, each of the balls
20aq is attached to the holder 205 which is made of resin and
is arranged to extend in the front/rear direction (that is, a rail
long-side direction). The balls 20a are arranged at a front end
portion of each holder 204 as a pair and at a rear end portion
of'each holder 205 as a pair. That is, in this embodiment, for
example, four ofthe balls 20a are arranged at each holder 205.
The upper rail 4 is supported at the lower rail 3 so as to be
slidable in the long-side direction (that is, the front/rear direc-
tion) relative to the lower rail 3 in a manner that the balls 20a
are rolled between the upper rail 4 and the lower rail 3.
[0174] The inner opening 14a (i.e., the inner opening 14a)
formed in a substantially rectangular shape is provided at an
intermediate portion, in the long-side direction, of each of the
inner flanges 14 of the upper rail 4. The outer opening 165
(i.e., the outer opening portion) formed in a substantially
rectangular shape is provided at the upper end portion (that is,
the guide portion 16a) of each of the outer flanges 16 of the
upper rail 4 so that a position of the outer opening 165
matches a position of the corresponding inner opening 14a in
the long-side direction. The inner opening 14a and the outer
opening 165 are in communication with each other in the
width direction. Specifically, each of the outer openings 165
corresponds to a cut-out which opens also in an upward
direction.

[0175] The bracket 17 is attached to the cover wall portion
15 of the upper rail 4, at a forward portion relative to the inner
opening 14a and the like. The bracket 17 includes the pair of
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support wall portions 18 extending in the up/down direction
between the inner flanges 14 of the upper rail 4, and the
ceiling plate portion 19 connecting base ends (that is, upper
ends), which are away from the lower rail 3, of the support
wall portions 18 to each other. In a state where the support
wall portions 18 are interposed between the inner flanges 14
of the upper rail 4 in the width direction, the bracket 17 is
fastened to the cover wall portion 15 of the upper rail 4 at the
ceiling plate portion 19. The shaft attachment hole 18a
formed in a circular shape is provided at a front end lower
portion of each of the support wall portions 18. The shaft
attachment holes 18a provided at the respective support wall
portions 18 are concentric relative to each other and are in
communication with each other in the width direction.
[0176] As illustrated in FIG. 3B, the support shaft 22
formed in a cylindrical shape is supported at the support wall
portions 18 of the bracket 17. End portions of the support
shaft 22 are secured at the respective shaft attachment holes
18a by insertion. A central line (an axis line) of the support
shaft 22 extends in the width direction. At an inner side of the
support wall portions 18 in the width direction, the lock lever
30 is rotatably connected to an inside of the upper rail 4 by
means of the support shaft 22.

[0177] Specifically, as illustrated in FIG. 2, the lock lever
30 includes the stem portion 31 made of plate material
extending in the front/rear direction. The stem portion 31 is
arranged in a standing condition in a manner that the pair of
longitudinal wall portions 32 each extending in the long-side
direction of the stem portion 31 are arranged side by side in
the width direction. A distance between the longitudinal wall
portions 32 in the width direction is set to be smaller than a
distance between the support wall portions 18 of the bracket
17 in the width direction. At front end portions of the respec-
tive longitudinal wall portions 32, upper end edges of the
longitudinal wall portions 32 are connected to each other in
the width direction via the plural (for example, three) con-
nection walls 33 which are arranged side by side in the front/
rear direction. At rear end portions of the respective longitu-
dinal wall portions 32, the upper end edges of the longitudinal
wall portions 32 are connected to each other in the width
direction via the ceiling plate portion 34.

[0178] As illustrated in FIGS. 19A and 19B, the long hole
35 (i.e., the elongated hole) is provided at each of the longi-
tudinal wall portions 32. The long hole 35 is formed so that
the elongated shape thereof extends in the front/rear direction
and is provided at a height position which is equivalent to a
height position of the support shaft 22 (the shaft attachment
holes 184). In this embodiment, the long hole 35 is, for
example, a through hole. An opening width of the long hole
35 in a short-side direction (that is, the up/down direction) is
set to be equivalent to a diameter of the support shaft 22. The
support shaft 22, of which end portions are secured at the
respective shaft attachment holes 18a, is inserted in the long
holes 35 in a state where the longitudinal wall portions 32 of
the stem portion 31 are interposed between the support wall
portions 18 of the bracket 17 in the width direction. Thus, the
stem portion 31 is connected to the upper rail 4 (the bracket
17) so as to be rotatable in the up/down direction relative to
the upper rail 4 (the bracket 17) in a state where the stem
portion 31 is allowed to move in the front/rear direction in a
range of the long hole 35.

[0179] Asillustrated in FIG. 2, the stem portion 31 includes
the pair of insertion configuration portions 36, 37 each
extending from a front end of each of the longitudinal wall
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portions 32 towards the vehicle front. The insertion configu-
ration portions 36, 37 are formed to be reduced in size towards
a downward direction relative to the front ends of the longi-
tudinal wall portions 32. The insertion configuration portions
36, 37 are formed so as to come closer to each other in the
width direction, in which the insertion configuration portions
36, 37 face each other, in a manner that the insertion configu-
ration portions 36, 37 overlap with each other, thereby form-
ing the handle insertion portion 38.

[0180] Thepairofengagement pieces 32ais provided at the
rear end portion of each of the longitudinal wall portions 32.
The engagement pieces 32a are arranged to be away from
each other in the front/rear direction and to protrude down-
wardly from a lower end of the rear end portion of each of the
longitudinal wall portions 32. On the other hand, the lock
lever 30 includes the lock plate 39 (i.e., the flat plate portion)
extending or spreading in the front/rear direction and in the
width direction in a manner that the lock plate 39 passes
through the inner openings 14« and the outer openings 165.
At the lock plate 39, the engagement hole 39a which is
formed in a slit-shape and opens in the up/down direction is
provided at four positions in total so that the engagement
holes 39a face the respective engagement pieces 32a. The
engagement pieces 32a engage in the corresponding engage-
ment holes 394 and fixed thereat, and thus the lock plate 39 is
fixed at the stem portion 31.

[0181] In addition, the plural, for example, three locking
holes 395 (i.e., the lock holes) are provided at the lock plate
39, at an outer side in the width direction relative to each pair
of engagement pieces 32a. The locking holes 395 are
arranged side by side in the front/rear direction while being
away from each other in the front/rear direction by the pre-
determined distance. As illustrated in FIG. 3A, each of the
locking holes 395 opens in the up/down direction to face the
corresponding flange 13. The locking holes 395, which are
arranged side by side in the front/rear direction, are arranged
at positions configured to match or conform to the plural
(three) locking protrusions 135 that are adjacent to each other
in the long-side direction of the lower rail 3.

[0182] As illustrated in FIG. 3A with the solid lines, in a
case where the lock lever 30 rotates about the support shaft 22
so that the lock plate 39 rises, the corresponding locking
protrusion 135 are engageable in each of the locking holes
395b. In a case where the locking protrusions 135 are engaged
in the corresponding locking holes 395, the relative move-
ment of the lower rail 3 and the upper rail 4 relative to each
other is locked. On the other hand, as illustrated in FIG. 3A
with the double-dotted lines, in a case where the lock lever 30
rotates about the support shaft 22 so that the lock plate 39
lowers, each of the locking holes 394 is set to come out of, that
is, to disengage from the corresponding locking protrusion
135. At this time, the locking imposed on the relative move-
ment of the lower rail 3 and the upper rail 4 with each other,
that is, the state where the relative movement of the lower rail
3 and the upper rail 4 relative to each other is locked (locked
state of the relative movement), is released.

[0183] A dimension of the lock plate 39 in the width direc-
tion is set to be greater than a distance in the width direction
between the guide portions 16a of the upper rail 4 and to be
smaller than a distance in the width direction between the
outer flanges 16, which are positioned lower than the guide
portions 16a. Accordingly, the lock plate 39 passes through
the outer openings 165 in the width direction in a state where
the relative movement of the lower rail 3 and the upper rail 4
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relative to each other is locked, however, the lock plate 39
does not interfere with the outer flanges 16 in a state where the
locking imposed on the relative movement of the lower rail 3
and the upper rail 4 relative to each other is released.

[0184] As illustrated in FIG. 2 and FIG. 4, the lock spring
50 (i.e., the biasing member and the support shaft biasing
member) made of a single wire rod is arranged in the upper
rail 4. The lock spring 50 is formed in a substantially letter-
U-shape which opens rearward when viewed in a plan view.
The lock spring 50 includes the pair of extending portions 51
extending in the front/rear direction and being left-right sym-
metrical to each other. The lock spring 50 includes the con-
nection portion 52 connecting front edges of the front end
portions, which are away from each other, of the respective
extending portions 51 in the width direction. As illustrated in
FIGS. 4A and 4B, the lock spring 50 includes the wedging
portion 53 which is provided at an intermediate portion of
each of the extending portions 51 in the long-side direction
thereof. The wedging portion 53 is formed in a curved shape
made by bending the intermediate portion of the extending
portion 51 upwardly. The lock spring 50 includes the lever-
side lock end portion 54 formed by bending a rear end portion
of'each ofthe extending portions 51 upwardly. In addition, the
front end portions, which are away from each other, of the
respective extending portions 51 and the connection portion
52 make up a substantially pentagonal-shape as a whole,
thereby forming the rail-side lock end portion 55.

[0185] The lock spring 50 is arranged substantially in the
stem portion 31 in a manner that the rail-side lock end portion
55 protrudes upwardly from between the adjacent connection
walls 33 of the stem portion 31, at a front side relative to the
support shaft 22. The lock spring 50 is supported at, for
example, the upper rail 4 in a manner that the support shatt 22
is inserted in and held at the wedging portions 53, and that the
wedging portions 53 hold the support shaft 22 from above the
support shaft 22, the lever-side lock end portions 54 are fixed
atthe lock plate 39 by insertion through the lock plate 39 from
below the lock plate 39, and the rail-side lock end portion 55
is in contact with a bottom surface of the cover wall portion 15
of'the upper rail 4. At this time, at the rear end portions of the
extending portions 51, the lock spring 50 biases or pushes the
lock lever 30 so that the lock lever 30 rotates towards a side at
which the lock plate 39 rises, that is, the side at which the
locking protrusions 135 engage in the corresponding locking
holes 395. In addition, by means of a reaction force of the
biasing force acting on the lock lever 30, at the wedging
portion 53, the lock spring 50 biases the support shaft 22 ina
downward direction, that is, in a direction intersecting with
the long-side direction of the long hole 35. Thus, the lock
spring 50 locks movement of the support shaft 22 in the
front/rear direction within the long hole 35.

[0186] Thatis, the supportshaft 22 is biased by the wedging
portions 53 of the lock spring 50, and thus a position of the
support shaft 22 in the front/rear direction within the long
hole 35 is retained by the wedging portions 53 of the lock
spring 50. In this embodiment, the support shaft 22 is biased
and is kept at a central portion of the long hole 35 in the
front/rear direction. However, in a case where a load applied
in the front/rear direction equals to or exceeds a predeter-
mined value, the support shaft 22 moves at the long hole 35,
that is, within the long hole, in the front/rear direction while
the support shaft 22 resiliently deforming the wedging por-
tions 53.
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[0187] Asillustrated in FIG. 19C, a rear end surface 145 of
each of the inner flanges 14 at the inner openings 14a is
formed in an arc shape whose center corresponds to the sup-
port shaft 22 (the shaft attachment hole 18a). Accordingly, a
clearance between the lock plate 39 and each of the rear end
surfaces 145 in the front/rear direction is set to be constant
regardless of a rotational position of the lock lever 30.

[0188] A lower portion of the front end surface 14¢ of each
of the inner flanges 14 at each of the inner openings 14a
relative to the lock plate 39 in the locked state of the relative
movement between the lower rail 3 and the upper rail 4 forms
a flat portion 144. The flat portion 144 is formed so that
respective ends thereof in the up/down direction are posi-
tioned on an arc relative to the support shaft 22, i.e., to the
shaft attachment hole 18a. An upper portion of the front end
surface 14¢ relative to the lock plate 39 in the locked state of
the relative movement between the lower rail 3 and the upper
rail 4 forms an inclined portion 14e serving as a negative
angle portion and a resistance generating portion. The
inclined portion 14e inclines so as to separate from the lock
plate 39 in the forward direction of the vehicle at an upper side
in the rotation direction of the lock plate 39 at which the
relative movement between the lower rail 3 and the upper rail
4 is restricted. That is, the inclined portion 14e inclines to
separate from the lock plate 39 along the rotation direction of
the lock plate 39 from the locked state of the relative move-
ment between the lower rail 3 and the upper rail 4 to a side at
which the relative movement is locked.

[0189] Thus, in a case where the lock plate 39 (the lock
lever 30) rotates downward, i.e., rotates to a side where the
locked state of the relative movement is released, from the
locked state of the relative movement, a clearance between
the lock plate 39 and the front end surface 14¢, i.e., the flat
portion 144, in the front/rear direction is set to be constant
regardless of the rotational position of the lock lever 30. On
the other hand, ina case where the lock plate 39 (the lock lever
30) rotates upward, i.e., to a side where the relative movement
is restricted, from the locked state of the relative movement,
the clearance between the lock plate 39 and the front end
surface 14c, i.e., the flat portion 144, in the front/rear direc-
tion is increasing while the lock plate 39 is rotating upwardly.
That is, as illustrated in FIG. 20, a contact portion of each of
the inner openings 14a with the lock plate 39 forms a negative
angle by means of the inclined portion 14e.

[0190] Asillustrated in FIG. 2, the release handle 6 is made
of pipe material or tube material by means of bending and
forming. The release handle 6 is arranged at a front side
relative to the upper rails 4 in a manner that the release handle
6 apparently bridges the upper rails 4 with each other in the
width direction. The distal end portion 61 (i.e., an end por-
tion) extending rearward from a rear portion of the release
handle 6 is formed in a flat cylindrical configuration which is
reduced in size in the width direction. The distal end portion
61 includes an inner diameter, in the width direction, which is
greater than a dimension of the handle insertion portion 38 in
the width direction. The distal end portion 61 includes an
outer diameter, in the width direction, which is smaller than a
distance between the inner flanges 14 of the upper rail 4 in the
width direction. The distal end portion 61 is inserted in the
upper rail 4 from a front-side opening edge of the upper rail 4
and the handle insertion portion 38 is inserted in the distal end
portion 61, and thus the distal end portion 61 is connected to
the lock lever 30. Thus, basically, the distal end portion 61
rotates about the support shaft 22 integrally with the lock
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lever 30. The support groove 62 formed in a slit configuration
and extending in the width direction is provided at a lower
portion of the distal end portion 61.

[0191] The handle spring 65 made of a single wire rod is
arranged in the upper rail 4. The handle spring 65 is formed in
a substantially letter-U-shape which opens rearward when
viewed in a plan view. The handle spring 65 includes the pair
of extending portions 66 extending in the front/rear direction
and being left-right symmetrical to each other. The handle
spring 65 includes the connection portion 67 connecting the
front ends of the respective extending portions 66 in the width
direction.

[0192] Asillustrated in FIG. 19A, the handle insertion por-
tion 38 is inserted in the distal end portion 61 (the release
handle 6), and the connection portion 67 of the handle spring
65 engages in the support groove 62 of the distal end portion
61 (the release handle 6). Rear end portions of the respective
extending portions 66 are in contact with a bottom surface of
the connection wall 33 of the lock lever 30 (the stem portion
31) at a vehicle rear-side relative to the support shaft 22. At the
support groove 62, the distal end portion 61 is biased by the
handle spring 65 so as to rise.

[0193] A front end portion of the handle insertion portion
38 inserted in the distal end portion 61 is supported at a
vehicle front-side relative to the support groove 62 (that is, a
biasing point at which the distal end portion 61 is biased by
the handle spring 65) so as to be pivotable or movable in the
up/down direction, and is biased at the support groove 62
upwardly by the handle spring 65. Thus, a posture of the distal
end portion 61 is controlled.

[0194] In a case where a front end of the distal end portion
61 is lifted upwardly, the lock lever 30, together with the distal
end portion 61, rotates about the support shaft 22 towards a
side at which the lock plate 39 is lowered, that is, the side at
which each of the locking holes 395 disengages from the
corresponding locking protrusion 135, against the biasing
force of the lock spring 50.

[0195] Here, in a case where an operation force applied to
the release handle 6 is released, the lock lever 30, together
with the distal end portion 61 (the release handle 6), is rotated
about the support shaft 22 by the biasing force of the lock
spring 50 towards a side at which the lock plate 39 rises, that
is, the side at which each of the locking holes 396 engages in
the corresponding locking protrusion 135 in the above-ex-
plained manner. Thus, the relative movement of the lower rail
3 and the upper rail 4 relative to each other is locked. Accord-
ingly, a position, in the front/rear direction, of the seat 5
supported by the upper rails 4 is maintained.

[0196] After this, in a case where the release handle 6 is
operated so that a front end thereofis lifted upwardly, the lock
lever 30, together with the distal end portion 61 (the release
handle 6), rotates about the support shaft 22 towards the side
at which the lock plate 39 is lowered, that is, the side at which
each of the locking holes 394 disengages from the corre-
sponding locking protrusion 135, against the biasing force of
the lock spring 50. Thus, the locking which is imposed on the
relative movement of the lower rail 3 and the upper rail 4
relative to each other is released in the above-explained man-
ner. Accordingly, the position of the seat 5 supported at the
upper rails 4 can be adjusted in the front/rear direction.
[0197] Anoperation ofthe seat slide apparatus according to
the fourth embodiment will be explained. As indicated in a
change from FIG. 21A to FIG. 21B, in a case where a large
load is inputted to the seat 5 in the forward direction of the
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vehicle in association with a vehicle collision (front colli-
sion), for example, a rear end of one of the upper rails 4 at
which an end portion of a seatbelt SB, i.e., a belt anchor, is
attached may be lifted up together with the lower rail 3 rela-
tively movably connected to the aforementioned upper rail 4,
which may result in a deformation of the vehicle floor 2 that
is peeled up. At this time, because both the lock levers 30 (i.e.,
first and second lock levers) hold and maintain the positions
thereof by the rigidity of the release handle 6, one of the lock
levers 30 supported by the upper rail 4 that is lifted up is
brought to the same state as the state in which the lock lever
30 rotates in the direction where the locked state of the rela-
tive movement between the lower rail 3 and the upper rail 4 is
released.

[0198] At the same time, a contact reaction force generated
between the lower rail 3 that is likely to move in a relatively
rearward direction of the vehicle and the lock lever 30 acts as
a load for moving the lock lever 30 in the forward direction of
the vehicle. Thus, the lock lever 30 is likely to move in the
forward direction relative to the upper rail 4. At this time, in a
case where the load applied to the seat 5 in the forward
direction of the vehicle equals to or exceeds the predeter-
mined value, the restriction of the movement of the support
shaft 22 within the long hole 35 by the wedging portions 53 is
released while the lock spring 50 is elastically or resiliently
deformed. The lock lever 30 moves forward during an idle
movement of the support shaft 22 within the long hole 35.
[0199] Then, the lock plate 39 and both the inner openings
14a, specifically, the front end surfaces 14¢, make contact
with one another. A contact portion between each of the inner
openings 14a and the lock plate 39 forms a negative angle by
the inclined portion 14e. Thus, in order for the lock lever 30 to
relatively rotate in the direction where the locked state of
relative movement between the lower rail 3 and the upper rail
4 is released, the inner openings 14a, specifically, the flat
portions 14d, are necessarily crushed or fractured. As aresult,
an operation force for releasing the locked state of the relative
movement between the lower rail 3 and upper rail 4 increases
rapidly to thereby restrain the lock lever 30 from relatively
rotating in the direction where the locked state of the relative
movement is released. The relative movement between the
lower rail 3 and the upper rail 4 is restrained accordingly.
[0200] As explained in detail above, according to this
embodiment, the following effects and advantages are
obtained. (1) The operation force necessary for releasing the
locked state of the relative movement between the lower rail
3 and the upper rail 4 increases rapidly by the inclined por-
tions 14e in the event of a vehicle collision such as a frontal
collision, for example, to thereby restrain the relative move-
ment between the lower rail 3 and the upper rail 4. In addition,
the seat 5 is restrained from moving in the front/rear direction
of the vehicle. Further, the relative rotation of the lock lever
30 in the direction where the locked state of the relative
movement of the lower rail 3 and the upper rail 4 is released
may be restrained by a simple structure of negative angle
portions obtained by the inclined portions 14 that are formed
at the contact portions between the lock plate 39 and both the
inner openings 14a.

[0201] (2) In the event of a vehicle collision (frontal colli-
sion), for example, the operation force necessary for releasing
the locked state of the relative movement between the lower
rail 3 and the upper rail 4 may increase rapidly by the inclined
portions 14e including extremely simple configurations. (3)
The inclined portions 14e inhibit the lock lever 30 from
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rotating in the direction where the locked state of the relative
movement between the lower rail 3 and the upper rail 4 is
released at the lock plate 39 that is positioned away from the
rotation center of the lock lever 30, i.e., an engagement posi-
tion between the lock lever 30 and the locking protrusions
135b. Thus, as compared to a case where the inclined portions
14e are provided in the vicinity of the rotation center of the
lock lever 30 (the support shaft 22), for example, the relative
rotation of the lock lever 30 in the direction where the locked
state of the relative movement is released may be further
effectively restrained.

[0202] In this embodiment, the lock lever 30, which is
rotatably connected to the upper rail 4 via the support shatt 22,
is movable in the front/rear direction in the range of the long
hole 35. In a case where the load applied in the front/rear
direction is below the predetermined value F, the support
shaft 22, which is biased by the lock spring 50, is restricted by
the wedging portions 53 from moving in the front/rear direc-
tion at the long hole 35. Then, the lock lever 30 is restricted
from moving relative to the upper rail 4 in the front/rear
direction. Thus, the backlash of the upper rail 4 and the lock
lever 30 in the front/rear direction, that is, the backlash of the
lower rail 3 and the upper rail 4 in the front/rear direction is
reduced. Then, without being strict about an opening width in
the front/rear direction between the support shaft 22 and the
long hole 35, backlash (or vibrations) of the seat 5 in the
front/rear direction is reduced.

[0203] (4) Inacase where a large load is applied to the seat
5 in the forward direction of the vehicle by a vehicle collision,
for example, in the locked state of the relative movement
between the upper rail 4 and the lower rail 3, and the load
applied in the forward direction is equal to or greater than the
predetermined value, the restriction of the movement of the
support shaft 22 within the long hole 35 by the wedging
portions 53 is released while the lock spring 50 is elastically
or resiliently deformed. The lock lever 30 moves in the for-
ward direction of the vehicle during the idle movement of the
support shaft 22 within the long hole 35. Then, the inner
openings 14a, specifically, the inclined portions 14e, and the
lock plate 39 make contact with one another. Therefore, in a
case where the operation force for releasing the locked state
of the relative movement between the lower rail 3 and the
upper rail 4 increases rapidly, the deformation of the support
shaft 22 may be minimized or eliminated by the movement of
the support shaft 22 within the long hole 35. The locked state
of the relative movement between the lower rail 3 and the
upper rail 4 by the lock lever 30 may be further stabilized.

[0204] (5) In the fourth embodiment, the support shaft 22,
which is biased by the lock spring 50, is restricted from
moving in the front/rear direction at the long hole 35 by using
the wedging portions 53 each including the extremely simple
configuration. In addition, a restriction force for restricting
the support shaft 22 from moving in the front/rear direction at
the long hole 35 may be changed easily by adjusting, for
example, the apex angle of each of the wedging portions 53,
the friction coefficient between the support shaft 22 and the
wedging portions 53, and the biasing force of the lock spring
50.

[0205] (6) In the fourth embodiment, the movement of the
support shaft 22 in the front/rear direction at the long hole 35
is restricted without changing a configuration of the lock lever
30 because the wedging portions 53 are provided at the lock
spring 50.
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[0206] A fifth embodiment of this disclosure will be
explained. According to the fifth embodiment, configurations
for making each of the contact portions between the lock plate
39 and both the inner openings 14« to form a negative angle
are changed. An explanation of similar configurations of the
fifth embodiment to those of the fourth embodiment will be
omitted.

[0207] According to the fifth embodiment, as illustrated in
FIG. 22A, a substantially L-shaped groove portion 70 is
formed at each of the inner openings 14a by extending down-
wardly from an upper front edge. In addition, in conformity to
the shape of the groove portion 70, a projecting portion 71
(i.e., the resistance generating portion and the negative angle
portion) is formed in a cantilever manner to be supported at a
lower end. The projecting portion 71 projects along the rota-
tion direction of the lock plate 39 from a side at which the
locked state of the relative movement between the lower rail
3 and the upper rail 4 is released to a side at which the relative
movement is locked. An end surface 72 of the projecting
portion 71 opposing the rear end surface 145 is formed in an
arc with the center of the support shaft 22, i.e., the shaft
attachment hole 18a. Therefore, a clearance between the lock
plate 39 and the end surface 72 in the front/rear direction is set
to be constant regardless of the rotation position of the lock
lever 30.

[0208] Ina case where a large load is inputted to the seat 5
in the forward direction of the vehicle in association with a
vehicle collision (frontal collision), for example, the rear end
of one of the upper rails 4 at which the end portion of the
seatbelt SB, i.e., the belt anchor, is attached may be lifted up
together with the lower rail 3 relatively movably connected to
the aforementioned upper rail 4, which may result in a defor-
mation of the vehicle floor 2 that is peeled up. At this time,
when the load applied to the seat 5 in the forward direction of
the vehicle is equal to or greater than the predetermined value,
the restriction of the movement of the support shaft 22 within
the long hole 35 by the wedging portions 53 is released while
the lock spring 50 is elastically or resiliently deformed. The
lock lever 30 moves forward during the idle movement of the
support shaft 22 within the long hole 35. Then, the lock plate
39 and both the inner openings 14aq, i.e., the end surfaces 72
of'the projecting portions 71, make contact with one another.

[0209] At this time, as illustrated in FIGS. 22A and 22B,
each of the projecting portions 71 is deformed by inclining,
specifically, forwardly inclining, so that the contact portion of
the inner opening 14a with the lock plate 39 forms a negative
angle. Specifically, a lower portion 72a of the end surface 72
of'the projecting portion 71 positioned at a lower side than the
lock plate 29 in the locked state of the relative movement
between the lower rail 3 and the upper rails 4 is maintained to
be formed in an arc with the center of the support shaft 22. On
the other hand, an upper portion 725 of the end surface 72 of
the projecting portion 71 positioned at an upper side than the
lock plate 29 in the locked state of the relative movement
inclines so as to separate from the lock plate 39 in the forward
direction of the vehicle towards an upper side in the rotation
direction of the lock plate 39 at which the relative movement
between the lower rail 3 and the upper rail 4 is restricted.
Accordingly, in a case where the lock plate 39 of the lock lever
30 rotates upwardly from the state in which the relative move-
ment between the lower rail 3 and the upper rail 4 is locked, a
clearance between the lock plate 39 and the end surface 72 of
the projecting portion 71 in the front/rear direction increases
in association with the rotation of the lock plate 39 upwardly.
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[0210] Therefore, in order to relatively rotate the lock lever
30 in the direction where the locked state of the relative
movement between the lower rail 3 and the upper rail 4 is
released, the inner openings 14a, specifically, the lower por-
tions 72a, are necessarily crushed or fractured. The operation
force required for releasing the locked state of the relative
movement increases rapidly, which restrains the relative rota-
tion of the lock lever 30 in the direction where the locked state
of' the relative movement is released. The relative movement
between the lower rail 3 and the upper rail 4 is restrained
accordingly.

[0211] According to the fifth embodiment, in addition to
the effects of (1), (3) to (6) of the fourth embodiment, the
following effect may be obtained. (1) Before the projecting
portion 71 (the inner opening 14a) makes contact with the
lock plate 39, i.e., before the deformation of the projecting
portion 71, a clearance between the projecting portion 71 and
the lock plate 39 is maintained substantially at constant
regardless of the rotation position of the lock lever 30. Con-
sequently, the operation of the lock plate 39 in a normal state
may be further stabilized.

[0212] A sixth embodiment of this disclosure will be
explained. According to the sixth embodiment, configura-
tions for rapidly increasing the operation force to release the
locked state of the relative movement between the lower rail
3 and the upper rail 4 at the contact portions between the inner
openings 14a and the lock plate 39 are changed. An explana-
tion of similar configurations of the sixth embodiment to
those of the fourth embodiment will be omitted.

[0213] Asillustrated in FIGS. 23 A and 23B, a pair of exten-
sion walls 75 substantially in a U-shape in a plan view is
formed at the lock plate 39 to be positioned further forward
than the most forward locking holes 395. In addition, locking
holes 76 (i.e., the lock holes) are formed at respective center
portions of the extension walls 75. Each of the locking holes
76 opens in up/down direction, i.e., in a vertical direction,
while facing each of the flanges 13. The locking holes 76 and
the other locking holes 395 in the rear of the locking holes 76
are arranged so as to be engageable with the plural locking
protrusions 135, specifically, four locking protrusions 135,
adjacent to one another in the front/rear direction of the lower
rail 3. In a case where the locking protrusions 135 are fitted to
engage with the corresponding locking holes 395 and 76, the
relative movement between the lower rail 3 and the upper rail
4 is restricted.

[0214] A cut portion 77 is formed at an inner side in the
width direction of a rear end of each of the locking holes 76 so
as to extend inwardly in the width direction. That is, the cut
portion 77 is formed at a contact portion between the lock
plate 39 and each of the inner openings 14« obtained in a case
where a load applied to the front/rear direction of the vehicle
equals to or exceeds the predetermined value F. Accordingly,
each of the locking holes 76 opens inwardly in the width
direction via the cut portion 77. The cut portion 77 is arranged
to face the inner flange 14 (the inner opening 14a) in the
front/rear direction.

[0215] According to the sixth embodiment, a front end
surface 78 of the inner flange 14 is formed in an arc with the
center of the support shaft 22, i.e., the shaft attachment hole
18a. Thus, a clearance between the lock plate 39, specifically,
the extension wall 75, and the front end surface 78 in the
front/rear direction is constant regardless of the rotation posi-
tion of the lock lever 30.
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[0216] Ina case where a large load is inputted to the seat 5
in the forward direction of the vehicle by a vehicle collision
(frontal collision), for example, the rear end of one of the
upper rails 4 at which the end portion of the seatbelt SB, i.e.,
the belt anchor, is attached may be lifted up together with the
lower rail 3 relatively movably connected to the aforemen-
tioned upper rail 4, which may result in a deformation of the
vehicle floor 2 that is peeled up. At this time, in a case where
the load applied to the seat 5 in the forward direction of the
vehicle equals to or exceeds the predetermined value, the
restriction of the movement of the support shaft 22 within the
long hole 35 by the wedging portions 53 is released while the
lock spring 50 is elastically or resiliently deformed. The lock
lever 30 moves forward during the idle movement of the
support shaft 22 within the long hole 35. Then, the inner
openings 14a, specifically, the front end surfaces 78, and the
extension walls 75 of the lock plate 39 make contact with one
another.

[0217] Inthis case, as indicated in a change from FIG. 235
to FIG. 24, the extension walls 75 are pressed against the
respective front end surfaces 78 so that the locking protru-
sions 135 inserted and fitted to the locking holes 76 are
wrapped and wound by the respective extension walls 75
because of the cut portions 77, which induces the deformation
of each of the locking holes 76. Therefore, a friction force
between each of the locking holes 76 and each of the locking
protrusions 135 increases rapidly, which leads to a rapid
increase of the operation force necessary for releasing the
locked state of the relative movement between the lower rail
3 and the upper rail 4. The relative rotation of the lock lever 30
in the direction in which the locked state of the relative move-
ment between the lower rail 3 and the upper rail 4 is released
is restrained. The relative movement between the lower rail 3
and the upper rail 4 is retrained accordingly.

[0218] According to the sixth embodiment, the following
effect may be obtained in addition to the effects of (1) to (6)
according to the fourth embodiment.

(1) In the sixth embodiment, in a case of a vehicle collision
such as a frontal collision, for example, the operation force for
releasing the locked state of the relative movement between
the lower rail 3 and the upper rail 4 increases rapidly by the cut
portions 77. Thus, the relative movement between the lower
rail 3 and the upper rail 4 is restrained to further restrain the
movement of the seat 5 in the front/rear direction. In addition,
the relative rotation of the lock lever 30 in the direction where
the locked state of the relative movement between the lower
rail 3 and the upper rail 4 is released is retrained by a simple
structure of the cut portions 77 provided at the contact por-
tions between the lock plate 39 and the inner openings 14a,
specifically, the extension walls 75.

[0219] The aforementioned fourth to sixth embodiments
may be modified as follows. According to the aforementioned
fourth embodiment, the seat 5 is arranged to face forward in
the vehicle. Alternatively, the seat 5 may be arranged to face
rearward in the vehicle. In a case where a large load is inputted
to the seat 5 in the forward direction of the vehicle in asso-
ciation with a vehicle collision (front collision), for example,
the rear end of one of the upper rails 4 at which the end portion
of the seatbelt SB, i.e., the belt anchor, is attached may be
lifted up together with the lower rail 3 relatively movably
connected to the aforementioned upper rail 4, which may
result in a deformation of the vehicle floor 2 that is peeled up.
At this time, the operation force for releasing the locked state
of the relative movement between the lower rail 3 and the
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upper rail 4 increases rapidly by the inclined portions 14e to
restrain the relative movement between the lower rail 3 and
the upper rail 4. The seat 5 is restrained to move in the
front/rear direction accordingly.

[0220] According to the aforementioned fifth embodi-
ments, the seat 5 is arranged to face forward in the vehicle.
Alternatively, the seat 5 may be arranged to face rearward in
the vehicle. In a case where a large load is inputted to the seat
5 in the forward direction of the vehicle in association with a
vehicle collision (front collision), for example, the rear end of
one of the upper rails 4 at which the end portion of the seatbelt
SB, i.e., the belt anchor, is attached may be lifted up together
with the lower rail 3 relatively movably connected to the
aforementioned upper rail 4, which may result in a deforma-
tion of the vehicle floor 2 that is peeled up. At this time, the
operation force for releasing the locked state of the relative
movement between the lower rail 3 and the upper rail 4
increases rapidly by the contact portions between the inner
openings 14a and the lock plate 39, specifically, the end
surfaces 72 of the projecting portions 71 to thereby restrain
the relative movement between the lower rail 3 and the upper
rail 4. The seat 5 is restrained from moving in the front/rear
direction accordingly.

[0221] According to the aforementioned sixth embodi-
ment, the seat 5 is arranged to face forward in the vehicle.
Alternatively, the seat 5 may be arranged to face rearward in
the vehicle. In a case where a large load is inputted to the seat
5 in the forward direction of the vehicle in association with a
vehicle collision (front collision), for example, the rear end of
one of the upper rails 4 at which the end portion of the seatbelt
SB, i.e., the belt anchor, is attached may be lifted up together
with the lower rail 3 relatively movably connected to the
aforementioned upper rail 4, which may result in a deforma-
tion of the vehicle floor 2 that is peeled up. At this time, the
operation force for releasing the locked state of the relative
movement between the lower rail 3 and the upper rail 4
increases rapidly by the cut portions 77 to thereby restrain the
relative movement between the lower rail 3 and the upper rail
4. The seat 5 is restrained from moving in the front/rear
direction accordingly.

[0222] In the sixth embodiment, the number of the locking
holes 395 formed in the rear of the locking holes 76 may be
arbitrary specified. In addition, instead of the locking holes
395 of the lock plate 39, locking grooves opening in the width
direction may be used. That is, the lock plate in a comb-tooth
form may be used.

[0223] In each of the fourth to sixth embodiments, as long
as the outer flanges 16 are inhibited from making contact with
the lock plate 39, the outer openings 165 may not be neces-
sarily formed at the outer flanges 16 (the guide portions 16a).
In addition, the support shaft 22 does not need to be arranged
at the central portion of the long hole 35 in the long-side
direction thereof. For example, the support shaft 22 may be in
contact with or closer to the front end of the long hole 35 so
that the support shaft 22 is movable within the long hole 35
only in the vehicle rear direction, and may be in contact with
or closer to the rear end of the long hole 35 so that the support
shaft 22 is movable within the long hole 35 only in the vehicle
front direction.

[0224] In each of the fourth to sixth embodiments, the
bracket 17 may be omitted and the support shaft 22 may be
fixedly attached directly to the upper rail 4. In addition, rela-
tion of the arrangement of the bracket 17 (or the upper rail 4)
and the lock lever 30, and the support shaft 22 and the long



US 2014/0110553 Al

hole 35 may be reversed. In this case, instead of the long hole
35, along hole which is formed in a groove configuration and
is not continuous in the width direction may be provided at the
bracket 17 (or the upper rail 4).

[0225] In each of the fourth to sixth embodiments, the
wedging portion 53 is provided at the lock spring 50. Alter-
natively, the wedging portion may be provided at the long
hole 35 instead of being provided at the lock spring 50.
Further, alternatively, the wedging portion may be provided at
the long hole 35 in addition to being provided at the lock
spring 50. In addition, part (the wedging portion 53) of the
lock spring 50 is used for biasing the support shaft 22. Alter-
natively, the support shaft 22 may be biased by a support shaft
biasing member (for example, a formed wire spring and/or a
plate spring) which is provided separately from the lock
spring 50.

[0226] In each of the fourth to sixth embodiments, the
support shaft 22 is biased downwardly by the support shaft
biasing member (the wedging portion 53). However, a direc-
tion of biasing the support shaft 22 may be arbitrarily changed
as long as the biasing direction intersects with a direction in
which the long hole 35 extends (the direction of the relative
movement).

[0227] In each of the fourth to sixth embodiments, the
lower rail may include a structure where plural pieces of plate
material which are joined to each other by, for example,
welding. In addition, the cross section of each of the lower
rails is an example. In addition, the upper rail may include a
structure where plural pieces of plate material which are
joined to each other by, for example, welding. In addition, the
cross section of each of the upper rails is an example and not
limited thereto as long as the upper rail includes the pair of
inner flanges at which the respective inner openings are pro-
vided and the pair of outer flanges at which the respective
outer openings are provided.

[0228] Ineach of the fourth to sixth embodiments, the lock
lever where the stem portion 31 and the lock plate 39 are
formed integrally with each other may be employed. In addi-
tion, the lock spring may be configured to include one extend-
ing portion 51. Alternatively, the lock spring may be config-
ured to include the extending portion 51 constituted by plural
extending portions which are independent from each other.
[0229] In each of the fourth to sixth embodiments, for
example, a coil spring and/or a plate spring may be employed
as the lock spring. In addition, in a case where the rear end of
one of the upper rails 4 at which the end portion of the seatbelt
SB, i.e., the belt anchor, is attached is lifted up by a large load
input to the seat 5 in the forward direction of the vehicle by a
vehicle collision (frontal collision), for example, the vehicle
floor 2 is deformed to cause the lower rail 3 relatively mov-
ably connected to the aforementioned upper rail 4 to be lifted
up together with the upper rail 4. On the other hand, as long as
the rigidity of the vehicle floor 2 is sufficient, a deformation
occurs between the lower rail 3 and the upper rail 4 for
separating the lower rail 3 and the upper rail 4 from each
other. In this case, engagement portions between the inner
openings 14a and the lock plate 39 are changed to the other
side in the front/rear direction. Therefore, configurations for
rapidly increasing the operation force to release the locked
state of the relative movement between the upper rail 4 and
the lower rail 3 may be provided at engagement portions at the
other side.

[0230] Ineach ofthe fourth to sixth embodiments, in a case
where the rear end of one of the upper rails 4 at which the end
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portion of the seatbelt SB, i.e., the belt anchor, is attached is
lifted up by a large load input to the seat 5 in the forward
direction of the vehicle by a vehicle collision (frontal colli-
sion), for example, i.e., in a case where the left and right upper
rails 4 are distorted or twisted, the relative movement between
the lower rail 3 and the upper rail 4 is eftectively restrained. In
a state where a cushion air bag (CAB) is mounted to a vehicle
for lifting-up an occupant restraint device that is provided to
inhibit an occupant in the seat 5 from falling out by slipping
through the seatbelt SB by instantaneously inflating an airbag
apparatus incorporated in a seat cushion of the seat 5 when a
vehicle collision is detected, for example, the relative move-
ment between the lower rail 3 and the upper rail 4 is also
effectively restrained during the operation of the cushion air
bag.

[0231] According to the aforementioned first to third
embodiments, backlash of the lock member that locks a rela-
tive movement between the lower rail and the upper rail in the
directions of the relative movement may be restrained with-
out a deterioration of control of components, and the locked
state of the relative movement between the lower rail and the
upper rail by the lock member may be stabilized in a case
where a large load is inputted in the directions of the relative
movement. In addition, according to the aforementioned first
embodiment, the relative movement between the lower rail
and the upper rail may be restrained in a case where a large
load is inputted in the directions of the relative movement.
Further, according to the aforementioned fourth to sixth
embodiments, the locked state of the relative movement
between the pair of lower rails and the pair of upper rails by
the lock member may be maintained by a simple structure in
a case where the pair of upper rails, for example, is relatively
distorted or twisted in association with an input of a large
load.

[0232] According to the aforementioned first to third
embodiments, the lock lever 30, 120 rotatably connected to
the upper rail 4, 111 via the support shaft 22, 116, 146 is
movable in the front/rear direction (i.e., in the first and second
directions of the relative movement between the lower rail 3
and the upper rail 4, 111) in the range of the long hole 35, 124,
143. In a case where the load applied in the front/rear direc-
tion is below the predetermined value F, the support shaft 22,
116, 146 biased by the lock spring 50, 130, 160 is restricted by
the wedging portions 53, 124a, 143a from moving in the
front/rear direction at the long hole 35, 124, 143. The lock
lever 30, 120 is restricted from moving relative to the upper
rail 4, 111 in the front/rear direction. Accordingly, without
being strict about an opening width in the front/rear direction
between the support shaft 22, 116, 146 and the long hole 35,
124, 143, the backlash of the upper rail 4, 111 and the lock
lever 30, 120 in the front/rear direction and further the back-
lash of the lower rail 3 and the upper rail 4, 111 in the
front/rear direction may be restrained.)

[0233] In a case where the load applied in the front/rear
direction (i.e., in one of the first and second directions of the
relative movement between the lower rail 3 and the upper rail
4, 111) in association with a vehicle collision, for example,
equal to or exceeds the predetermined value F in the locked
state of the relative movement by the lock lever 30, 120, the
restriction of the movement of the support shaft 22, 116, 146
in the front/rear direction at the long hole 35, 124, 143 by the
wedging portions 53, 1244, 143a is released by the elastic
deformation of the lock spring 50, 130, 160 (i.e., because the
support shaft 22, 116, 146 resiliently deforms the lock spring
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50,130, 160). The support shaft 22, 116, 146 moves together
with the upper rail 4, 111 or the lock lever 30, 120 at the long
hole 35, 124, 143 in the front/rear direction. Thus, the lock
plate (the flat plate portion) 39, 125 makes contact with the
inner flanges 14, 112 or the outer flanges 16, 114 and the inner
flanges 14, 112 or the outer flanges 16, 114 receive the load.
Consequently, in a case where the load is supported suffi-
ciently by the inner flanges 14, 112 or the outer flanges 16,
114, the deformation of the support shaft 22, 116, 146 may be
reduced to be extremely small or to be none because the
support shaft 22, 116, 146 moves at the long hole 35, 124,
143. Thus, the locking imposed by the lock lever 30, 120 on
the relative movement may be more stabilized.

[0234] According to the aforementioned first to third
embodiments, the restriction portion (wedging portions) 53,
124a, 143a is formed at at least one of the long hole 124, 143
and the lock spring 50, the restriction portion (wedging por-
tions) 53, 124a, 143a serving as a wedging portion that makes
pressure-contact with the support shaft 22, 116, 146.

[0235] Accordingly, each of the wedging portions 53,
124a, 143a including an extremely simple configuration may
be used as the restriction portion. In addition, a restriction
force for restricting the support shaft 22,116, 146 from mov-
ing in the front/rear direction (i.e., in the first and second
directions of the relative movement) at the long hole 35, 124,
143 is changeable by adjustments of, for example, the apex
angle of each of the wedging portions 53, 124qa, 143a, the
friction coefficient between the support shaft 22,116, 146 and
the wedging portions 53, 1244, 143a, and the biasing force of
the lock spring 50, 130, 160.

[0236] Accordingly, the wedging portion including an
extremely simple configuration may be used as the restriction
portion. In addition, a restriction force for restricting the
support shaft from moving in the first and second directions of
the relative movement at the elongated hole is changeable by
adjustments of, for example, an apex angle of the wedging
portion, a friction coefficient between the support shaft and
the wedging portion, and a biasing force of the support shaft
biasing member.

[0237] According to the aforementioned first to third
embodiments, one of the clearance b between each of the
outer flanges 16, 114 and the lock plate (flat plate portion) 39,
125 in each of the outer openings 165 and the clearance a
between each of the inner flanges 14, 112 and the lock plate
(flat plate portion) 39, 125 in each of the inner openings 14a
in at least one of the first and second directions of the relative
movement between the lower rail 3 and the upper rail 4, 111
(in the front/rear direction) is specified to be smaller than the
movable distancer, r1 of the support shaft 22, 116, 146 within
the long hole 35, 124, 143 in a state where the relative move-
ment is locked by the lock lever 30, 120.

[0238] According to the aforementioned first to third
embodiments, even in a case where the load applied in the
front/rear direction (i.e., in one the first and second directions
of the relative movement between the lower rail 3 and the
upper rail 4, 111) in association with a vehicle collision, for
example, equals to or exceeds the predetermined value F in
the locked state of the relative movement by the lock lever 30,
120, the movement of the support shaft 2, 116, 146 is allowed
in the range of the long hole 35, 124, 143 at least until the lock
plate (the flat plate portion) 39, 125 makes contact with the
inner flanges 14, 112 or the outer flanges 16, 114 and the inner
flanges 14, 112 or the outer flanges 16, 114 receive the load.
Therefore, as long as the inner flanges 14, 112 or the outer
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flanges 16, 114 sufficiently support the load, the support shaft
2,116, 146 simply moves atthe long hole 35,124,143 and the
deformation of the support shaft 22, 116, 146 is extremely
small or none. Therefore, the locking imposed by the lock
lever 30, 120 on the relative movement is more stabilized.
[0239] Accordingly, even in a case where the load applied
in one of the first and second directions of the relative move-
ment between the first rail and the second rail in association
with a vehicle collision, for example, equals to or exceeds the
predetermined value in the locked state of the relative move-
ment by the lock member, the movement of the support shaft
is allowed in the range of the elongated hole at least until the
flat plate portion makes contact with the inner flanges or the
outer flanges and the inner flanges or the outer flanges receive
the load. Therefore, as long as the inner flanges or the outer
flanges sufficiently support the load, the support shaft simply
moves at the elongate hole and the deformation of the support
shaft is extremely small or none. Therefore, the locking
imposed by the lock member on the relative movement is
more stabilized.

[0240] According to the aforementioned first embodiment,
the wedging portion 53 is formed at the lock spring 50.
[0241] Accordingly, the movement of the support shaft 2 in
the front/rear direction (i.e., in the first and second directions
of the relative movement between the lower rail 3 and the
upper rail 4) at the long hole 35 may be restricted without
changing a configuration of the upper rail 4 or the lock lever
30.

[0242] Accordingly, the movement of the support shaft in
the first and second directions of the relative movement
between the lower rail 3 and the upper rail 4 at the elongated
hole may be restricted without changing a configuration of
the second rail or the lock member.

[0243] According to the aforementioned second and third
embodiments, the wedging portion 124a, 1434 is formed at
the long hole 124, 143.

[0244] Accordingly, each of the wedging portions 124a,
143a may be further accurately formed.

[0245] Accordingly, the wedging portion may be further
accurately formed.

[0246] According to the aforementioned first embodiment,
in a case where a large load in the front/rear direction (i.e., in
one of the first and second directions of the relative movement
between the lower rail 3 and the upper rail 4) is inputted as a
result of, for example, a vehicle collision, in the locked state
of the relative movement by the lock lever 30, and the lock
lever 30 and the upper rail 4 are displaced in one of the front
direction and the rear direction of the relative movement) by
a deformation associated with the large load, the lock plate 39
makes contact with the inner flanges 14, each of which
includes a smaller clearance al, a2 with the lock plate 39, so
that each of the inner flanges 14 receives the aforementioned
load. Then, when the load in the front/rear direction further
increases, the lock plate 39 fractures the inner flanges 14 and
bites into the inner flanges 14. As a result, the rotation of the
lock lever 30 is restricted. When the load in the front/rear
direction further increases, the lock plate 39 makes contact
with the outer flanges 16, each of which includes a larger
clearance b1, b2 with the lock plate 39, so that each of the
outer flanges 16 receives the load in cooperation with each of
the inner flanges 14. Therefore, even in a case where the
locking protrusions 136 are deformed by inclining in the
other one of the front direction and the rear direction so that
the contact angle of each of the locking protrusions 135
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relative to the corresponding locking hole 395 increases, the
rotation of the lock lever 30 is restricted to thereby restrain the
relative movement between the lower rail 3 and the upper rail
4))

[0247] According to the aforementioned first embodiment,
the lock lever 30 is rotatably connected to the upper rail 4 in
a state where the support shaft 22 fixed to one of the upper rail
4 and the lock lever 30 and including the axis line that extends
in the width direction is inserted to be positioned within the
long hole 35 formed at the other of the upper rail 4 and the
lock lever 30 to be movable in the front/rear direction and is
biased by the lock spring 50 in a direction orthogonal to the
front/rear direction. The wedging portion 53 is formed at at
least one of the long hole 35 and the lock spring 50 to make
pressure-contact with the support shaft 22, the wedging por-
tion 53 restricting the support shaft 22 from moving within
the long hole 35 in the front/rear direction in a case where a
load applied in one of the front and rear directions is smaller
than the predetermined value F.

[0248] In a case where the load applied in the front/rear
direction (i.e., in one of the first and second directions of the
relative movement between the lower rail 3 and the upper rail
4, 111) in association with a vehicle collision, for example,
equals to or exceeds the predetermined value F in the locked
state of the relative movement by the lock lever 30, the restric-
tion of the movement of the support shaft 22 in the front/rear
direction at the long hole 35 by the wedging portions 53 is
released by the elastic deformation of the lock spring 50 (i.e.,
because the support shaft 22 resiliently deforms the lock
spring 50). The support shaft 22 moves together with the
upper rail 4 or the lock lever 30 at the long hole 35 in the
front/rear direction. Thus, the lock plate 39 makes contact
with the inner flanges 14 or the outer flanges 16 and the inner
flanges or the outer flanges receive the load. Consequently, in
a case where the load is supported sufficiently by the inner
flanges 14 or the outer flanges 16, the deformation of the
support shaft 22 may be reduced to be extremely small or to
be none because the support shaft 22 moves at the long hole
35. Thus, the locking imposed by the lock lever 30 on the
relative movement may be more stabilized.

[0249] According to the aforementioned first embodiment,
each of the outer flanges 16 includes the guide portion 164 at
an upper end portion to bend inwardly in the width direction
towards an upper side. The lock plate 39 includes the inclined
portions 39¢ at the opposing edges in the width direction,
each of the inclined portions 39¢ inclining from the inner side
to the outer side in the width direction towards the upper side
of each of the outer flanges 16 in a state where the relative
movement between the lower rail 3 and the upper rail 4 is
locked.

[0250] At the guide portions 16a, the outer flanges 16 are
formed to come closer to the inner side in the width direction
towards the distal end side (i.e., the upper side) of the outer
flanges 16. However, at the inclined portions 39¢ of the lock
plate 39, the edge portions (i.e., opposing edges) of the lock
plate 39 in the width direction are formed to come closer to
the distal end side of the outer flanges 16 towards the outer
side in the width direction. Therefore, in a case where the lock
plate 39 makes contact with the guide portion 16a of the outer
flange 16 in the locked state of the relative movement between
the lower rail 3 and the upper rail 4, the lock plate 39 intersects
with the guide portion 164 at an angle which is closer to the
right angle. As a result, engagement between the inclined
portions 39¢ of the lock plate 39 and the guide portions 16a of
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the outer flanges 16 in a shearing direction in association with
the contact between the inclined portions 39¢ and the guide
portions 16a becomes more robust.

[0251] According to the aforementioned first embodiment,
the seat slide apparatus further includes the restriction pro-
truding portion 394 provided at the lock plate 39 to restrict the
lock plate 39 from moving in the width direction relative to
the upper rail 4.

[0252] Accordingly, the engagement and disengagement
between the locking holes 396 and the corresponding locking
protrusions 135 in association with the rotation of the lock
lever 30 may be further stabilized. Specifically, the restriction
protruding portion 394 is provided at the lock plate 39 (at a
position at which the locking holes 395 and the locking pro-
trusions 135 are engaged with each other) away from a rota-
tion center of the lock lever 30. Therefore, it is prevented that
a slight deviation of the restriction on the movement in the
width direction is amplified or is made larger at the lock plate
39, which might occur in a case, for example, where the
restriction protruding portion 394 is provided in a vicinity of
the rotation center (the support shaft 22).

[0253] According to the aforementioned first embodiment,
the clearance b between each of the outer flanges 16 and the
lock plate 39 is specified to be smaller than the movable
distance r of the support shaft 22 within the long hole 35 in the
front/rear direction in a state where the relative movement is
locked by the lock lever 30.

[0254] In a case where the load applied in the front/rear
direction (i.e., in one of the first and second directions of the
relative movement between the lower rail 3 and the upper rail
4) in association with a vehicle collision, for example, equals
to or exceeds the predetermined value F in the locked state of
the relative movement by the lock lever 30, the restriction of
the movement of the support shaft 22 in the front/rear direc-
tion at the long hole 35 by the wedging portions 53 is released
by the elastic deformation of the lock spring 50 (i.e., because
the support shaft 22 resiliently deforms the lock spring 50).
The support shaft 22 moves together with the upper rail 4 or
the lock lever 30 at the long hole 35 in the front/rear direction.
At this time, the movement of the support shaft 22 is allowed
in the range of the long hole 35 at least until the lock plate 39
makes contact with the outer flanges 16 and the outer flanges
16 receive the load. Therefore, as long as the inner flanges 14
and the outer flanges 16 sufficiently support the load, the
support shaft 22 simply moves at the long hole 35 and the
deformation of the support shaft 22 is extremely small or
none. Therefore, the locking imposed by the lock lever 30 on
the relative movement is more stabilized.

[0255] According to the aforementioned fourth to sixth
embodiments, in a case where a rear end of one of the upper
rails 4 at which the end portion of the seatbelt SB is attached
is lifted up in association with a vehicle collision, for
example, and thus the lower rail 3 relatively movably con-
nected to the aforementioned upper rail 4 or the vehicle floor
2 that supports the aforementioned lower rail 3 is deformed,
the lock levers 30 hold and maintain the positions thereof by
rigidity of the release handle 6. Therefore, one of the lock
levers 30 supported by the aforementioned upper rail 4 is
brought to the same state as the state in which the lock lever
30 rotates in the direction in which the locked state of the
relative movement is released. At this time, in a case where
the load applied to one of the front and rear directions of the
vehicle equals to or exceeds the predetermined value F, the
restriction of the movement of the support shaft 22 in the
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front/rear direction by the wedging portions 53 is released by
the elastic deformation of the lock spring 50. The support
shaft 22 moves in the front/rear direction at the long hole 35
together with the aforementioned upper rail 4 or lock lever 30.
Then, the inner openings 14a and the lock plate 39 make
contact with one another. Because the resistance generating
portion (the inclined portion, the projecting portion) 71, 14e
is provided at the contact portion between the lock plate 39
and each of the inner openings 14a, the lock lever 30 is
restrained from rotating in the direction in which the locked
state of the relative movement is released. As a result, the
relative movement between the lower rails 3 and the upper
rails 4 may be restrained. In addition, the relative rotation of
each of the lock levers 30 in the direction in which the locked
state of the relative movement is released may be restrained
by a simple configuration achieved by the resistance gener-
ating portion (the inclined portion, the projecting portion) 71,
14e that is provided at the contact portion between the lock
plate 39 and each of the inner openings 14a.)

[0256] According to the aforementioned fourth to sixth
embodiments, in a case where a rear end of one of the upper
rails 4 at which the end portion of the seatbelt SB is attached
is lifted up by a vehicle collision, for example, and thus the
lower rail 3 relatively movably connected to the aforemen-
tioned upper rail 4 or the vehicle floor 2 that supports the
aforementioned lower rail 3 is deformed, the lock levers 30
hold and maintain the positions thereof by rigidity of the
release handle 6. Therefore, one of the lock levers 30 sup-
ported by the aforementioned upper rail 4 is brought to the
same state as the state in which the lock lever 30 rotates in the
direction in which the locked state of the relative movement is
released. At this time, in a case where the load applied to one
of the front and rear directions of the vehicle equals to or
exceeds the predetermined value F, the restriction of the
movement of the support shaft 22 in the front/rear direction
by the wedging portions 53 is released by the elastic defor-
mation of the lock spring 50. The support shaft 22 moves in
the front/rear direction at the long hole 35 together with the
aforementioned upper rail 4 or lock lever 30. Then, the inner
openings 14a and the lock plate 39 make contact with one
another. The contact portions between the lock plate 39 and
the inner openings 14a form a negative angle by the negative
angle portions (the inclined portion, the projecting portion)
71, 14e. Thus, in order for each of the lock levers 30 to
relatively rotate in the direction in which the locked state of
relative movement is released, the inner openings 14a are
necessarily crushed or fractured by the lock plate 39. An
operation force for releasing the locked state of the relative
movement increases rapidly, which restrains the relative rota-
tion of the lock lever 30 in the direction where the locked state
of the relative movement is released. As a result, the relative
movement between the lower rails 3 and the upper rails 4 may
be restrained. In addition, the relative rotation of each of the
lock levers 30 in the direction in which the locked state of the
relative movement is released may be restrained by a simple
configuration achieved by each of the negative angle portions
(the inclined portion, the projecting portion) 71, 14e that is
provided at the contact portion between the lock plate 39 and
each of the inner openings 14a.)

[0257] According to the aforementioned fourth embodi-
ment, each of the negative angle portions is the inclined
portion 14e that inclines to separate from the lock lever 30
along the rotation direction of the lock lever 30 from the
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locked state of the relative movement between the lower rails
3 and the upperrails 4 to a side at which the relative movement
is locked.

[0258] Accordingly, the operation force for releasing the
locked state of the relative movement increases rapidly by the
inclined portion 14e including a simple configuration at a
time of a vehicle collision, for example.

[0259] According to the aforementioned fifth embodiment,
each of the negative angle portions is the projecting portion 71
supported at each of the inner openings 14a in a cantilever
manner, each of the projecting portions 71 projecting along
the rotation direction ofthe lock plate 39 from the locked state
of the relative movement between the lower rails 3 and the
upper rails 4 to a side at which the relative movement is
locked.

[0260] Accordingly, at a time of a vehicle collision, for
example, each of the inner openings 14a makes contact with
the lock plate 39 via the projecting portion 71. At this time, the
projecting portion 71 pressed by the lock plate 39 is deformed
while inclining, which causes the contact portion between
each of the inner openings 14a and the lock plate 39 to form
anegative angle. That is, before the projecting portion 71 (the
inner openings 14a) makes contact with the lock plate 39, i.e.,
before the deformation of the projecting portion 71, a clear-
ance between the projecting portion 71 and the lock plate 39
is maintained at substantially constant regardless of the rota-
tion position of each of the lock levers 30 to thereby further
stabilize the operation of the lock lever 30 in a normal state.)
[0261] According to the aforementioned fourth to sixth
embodiments, in a case where a rear end of one of the upper
rails 4 at which the end portion of the seatbelt SB is attached
is lifted up in association with a vehicle collision, for
example, and thus the lower rail 3 relatively movably con-
nected to the aforementioned upper rail 4 or the vehicle floor
2 that supports the aforementioned lower rail 3 is deformed,
the lock levers 30 hold and maintain the positions thereof by
rigidity of the release handle 6. Therefore, one of the lock
levers 30 supported by the aforementioned upper rail 4 is
brought to the same state as the state in which the lock lever
30 rotates in the direction in which the locked state of the
relative movement is released. At this time, in a case where
the load applied to one of the front and rear directions of the
vehicle equals to or exceeds the predetermined value F, the
restriction of the movement of the support shaft 22 in the
front/rear direction by the wedging portions 53 is released by
the elastic deformation of the lock spring 50. The support
shaft 22 moves in the front/rear direction at the long hole 35
together with the aforementioned upper rail 4 or lock lever 30.
Then, the inner openings 14a and the lock plate 39 make
contact with one another. Because the cut portion 77 is pro-
vided at the contact portion between the lock plate 39 and
each of the inner openings 14a, at least one of the locking
holes 76 is deformed to cause at least one of the locking
protrusions 135 to be wound. As a result, the operation force
for releasing the locked state of the relative movement
increases rapidly by a rapid increase of a friction force
between the aforementioned locking hole 76 and the locking
protrusion 135, which may restrain the lock lever 30 from
rotating in the direction in which the locked state of the
relative movement is released. The relative movement
between the lower rails 3 and the upper rails 4 may be
restrained accordingly. In addition, the relative rotation of
each of the lock levers 30 in the direction in which the locked
state of the relative movement is released may be restrained
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by a simple configuration achieved by the cut portion 77 that
is provided at the contact portion between the lock plate 39
and each of the inner openings 14a.)

[0262] The principles, preferred embodiment and mode of
operation of the present invention have been described in the
foregoing specification. However, the invention which is
intended to be protected is not to be construed as limited to the
particular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

1. A seat slide apparatus for a vehicle, comprising:

a first rail including first and second flanges arranged side
by side in a width direction of the first rail, each of the
first and second flanges including a plurality of locking
protrusions at an end portion;

a second rail connected to the first rail to be relatively
movable to the first rail, the second rail including first
and second inner flanges arranged side by side in the
width direction at an inner side of the first and second
flanges of the first rail in the width direction, the second
rail including first and second outer flanges that are
arranged to be extended outwardly from respective ends
of the first and second inner flanges in the width direc-
tion to separate from each other and are arranged to be
folded back at an outer side of the first and second
flanges of'the first rail in the width direction, the first and
second inner flanges including inner opening portions
respectively, the first and second outer flanges including
outer opening portions respectively, the inner opening
portions and the outer opening portions being connected
to one another in the width direction;

alock member connected to the second rail to be rotatable
about an axis line that extends in the width direction atan
inner side of the first and second inner flanges in the
width direction, the lock member including a flat plate
portion that passes through the inner opening portions
and the outer opening portions in the width direction and
that includes lock portions with which the locking pro-
trusions are engageable, the lock portions being formed
at opposing ends of the flat plate portion in the width
direction, the lock member selectively restricting a rela-
tive movement between the first rail and the second rail
by engagement and disengagement between the lock
portions and the corresponding locking protrusions in
association with the rotation of the lock member;

a biasing member biasing the lock member to rotate in a
direction to restrict the relative movement between the
first rail and the second rail,

the lock member being rotatably connected to the second
rail in a state where a support shaft fixed to one of the
second rail and the lock member and including the axis
line that extends in the width direction is inserted to be
positioned within an elongated hole formed at the other
ofthe second rail and the lock member to be movable in
first and second directions of the relative movement
between the first rail and the second rail and is biased by
a support shaft biasing member in a direction orthogonal
to the first and second directions of the relative move-
ment between the first rail and the second rail; and
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arestriction portion restricting the support shaft from mov-
ing within the elongated hole in the first and second
directions of'the relative movement between the first rail
and the second rail in a case where a load applied in one
of the first and second directions of the relative move-
ment between the first rail and the second rail is smaller
than a predetermined value.

2. The seat slide apparatus according to claim 1, wherein
the restriction portion is formed at at least one of the elon-
gated hole and the support shaft biasing member, the restric-
tion portion serving as a wedging portion that makes pres-
sure-contact with the support shaft.

3. The seat slide apparatus according to claim 1, wherein
one of a clearance between each of the first and second outer
flanges and the flat plate portion in each of the outer opening
portions and a clearance between each of the first and second
inner flanges and the flat plate portion in each of the inner
opening portions in at least one of the first and second direc-
tions of the relative movement between the first rail and the
second rail is specified to be smaller than a movable distance
of'the support shaft within the elongated hole in a state where
the relative movement is locked by the lock member.

4. The seat slide apparatus according to claim 2, wherein
the wedging portion is formed at the support shaft biasing
member.

5. The seat slide apparatus according to claim 2, wherein
the wedging portion is formed at the elongated hole.

6. A seat slide apparatus for a vehicle, comprising:

a first rail including first and second flanges arranged side
by side in a width direction of the first rail, each of the
first and second flanges including a plurality of locking
protrusions at an end portion;

a second rail connected to the first rail to be relatively
movable to the first rail, the second rail including first
and second inner flanges arranged side by side in the
width direction at an inner side of the first and second
flanges of the first rail in the width direction, the second
rail including first and second outer flanges that are
arranged to be extended outwardly from respective ends
of the first and second inner flanges in the width direc-
tion to separate from each other and are arranged to be
folded back at an outer side of the first and second
flanges of'the first rail in the width direction, the first and
second inner flanges including inner opening portions
respectively, the first and second outer flanges including
outer opening portions respectively, the inner opening
portions and the outer opening portions being connected
to one another in the width direction;

a lock member connected to the second rail to be rotatable
about an axis line that extends in the width directionat an
inner side of the first and second inner flanges in the
width direction, the lock member including a flat plate
portion that passes through the inner opening portions
and the outer opening portions in the width direction and
that includes lock portions with which the locking pro-
trusions are engageable, the lock portions being formed
at opposing ends of the flat plate portion in the width
direction, the lock member selectively restricting a rela-
tive movement between the first rail and the second rail
by engagement and disengagement between the lock
portions and the corresponding locking protrusions in
association with the rotation of the lock member; and
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a biasing member biasing the lock member to rotate in a
direction to restrict the relative movement between the
first rail and the second rail, wherein

a clearance between each of the first and second outer
flanges and the flat plate portion is specified to be greater
than a clearance between each of the first and second
inner flanges and the flat plate portion in at least one of
first and second directions of the relative movement
between the first rail and the second rail in a state where
the relative movement is locked by the lock member.

7. The seat slide apparatus according to claim 6, wherein
the lock member is rotatably connected to the second rail in a
state where a support shaft fixed to one of the second rail and
the lock member and including the axis line that extends in the
width direction is inserted to be positioned within an elon-
gated hole formed at the other of the second rail and the lock
member to be movable in the first and second directions of the
relative movement between the first rail and the second rail
and is biased by a support shaft biasing member in a direction
orthogonal to the first and second directions of the relative
movement between the first rail and the second rail, and
wherein

awedging portion is formed at at least one of the elongated
hole and the support shaft biasing member to make
pressure-contact with the support shaft, the wedging
portion restricting the support shaft from moving within
the elongated hole in the first and second directions of
the relative movement between the first rail and the
second rail in a case where a load applied in one of the
first and second directions of the relative movement
between the first rail and the second rail is smaller than
a predetermined value.

8. The seat slide apparatus according to claim 6, wherein
each of the first and second outer flanges includes a guide
portion at an upper end portion to bend inwardly in the width
direction towards an upper side, and wherein the flat plate
portion includes inclined portions at opposing edges in the
width direction, each of the inclined portions inclining from
an inner side to an outer side in the width direction towards the
upper side of each of the first and second outer flanges in a
state where the relative movement between the first rail and
the second rail is locked.

9. The seat slide apparatus according to claim 6, further
comprising a widthwise restriction member provided at the
flat plate portion to restrict the flat plate portion from moving
in the width direction relative to the second rail.

10. The seat slide apparatus according to claim 7, wherein
a clearance between each of the first and second outer flanges
and the flat plate portion is specified to be smaller than a
movable distance of the support shaft within the elongated
hole in at least one of the first and second directions of the
relative movement between the first rail and the second rail in
a state where the relative movement is locked by the lock
member.
11. A seat slide apparatus for a vehicle, comprising:
first and second lower rails arranged to be extended in a
front/rear direction of a vehicle and arranged at oppos-
ing ends in a width direction of the vehicle;
first and second upper rails connected to the first and sec-
ond lower rails to be movable to the first and second
lower rails in the front/rear direction, each of the first and
second upper rails including first and second inner
flanges arranged side by side in the width direction, the
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first and second inner flanges including inner opening
portions respectively that are connected to each other in
the width direction;

first and second lock members connected to the first and
second upper rails respectively, each of the first and
second lock members being rotatable about an axis line
that extends in the width direction at an inner side of the
first and second inner flanges in the width direction, each
of the first and second lock members including a flat
plate portion that passes through the inner opening por-
tions in the width direction, the first and second lock
members selectively restricting a relative movement
between the first and second lower rails and the first and
second upper rails by rotating to engage and disengage
relative to the lower rails;

first and second biasing members biasing the first and
second lock members to rotate in a direction to restrict
the relative movement between the first and second
lower rails and the first and second upper rails;

an operation handle arranged to be extended in the width
direction and including opposing end portions con-
nected to the first and second lock members respectively,
the operation handle being configured to transmit an
operation force for releasing a locked state of the relative
movement between the first and second lower rails and
the first and second upper rails;

each of the first and second lock members being rotatably
connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or
second upper rail and the first or second lock member
and including the axis line that extends in the width
direction is inserted to be positioned within an elongated
hole formed at the other of the first or second upper rail
and the first or second lock member to be movable in the
front/rear direction of the vehicle and is biased by a
support shaft biasing member in a direction orthogonal
to the front/rear direction of the vehicle;

a wedging portion formed at at least one of the elongated
hole and the support shaft biasing member to make
pressure-contact with the support shaft, the wedging
portion restricting the support shaft from moving in the
front/rear direction of the vehicle within the elongated
hole in a case where a load applied in the front/rear
direction of the vehicle is smaller than a predetermined
value; and

a resistance generating portion provided at a contact por-
tion between the flat plate portion and each of the first
and second inner opening portions obtained in a state
where a load applied to at least one of the front and rear
directions of the vehicle exceeds the predetermined
value, the resistance generating portion rapidly increas-
ing an operation force for releasing the locked state of
the relative movement between the first and second
lower rails and the first and second upper rails.

12. A seat slide apparatus for a vehicle, comprising:

first and second lower rails arranged to be extended in a
front/rear direction of a vehicle and arranged at oppos-
ing ends in a width direction of the vehicle;

first and second upper rails connected to the first and sec-
ond lower rails to be movable to the first and second
lower rails in the front/rear direction, each of the first and
second upper rails including first and second inner
flanges arranged side by side in the width direction, the
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first and second inner flanges including inner opening
portions respectively that are connected to each other in
the width direction;

first and second lock members connected to the first and
second upper rails respectively, each of the first and
second lock members being rotatable about an axis line
that extends in the width direction at an inner side of the
first and second inner flanges in the width direction, each
of the first and second lock members including a flat
plate portion that passes through the inner opening por-
tions in the width direction, the first and second lock
members selectively restricting a relative movement
between the first and second lower rails and the first and
second upper rails by rotating to engage and disengage
relative to the lower rails;

first and second biasing members biasing the first and
second lock members to rotate in a direction to restrict
the relative movement between the first and second
lower rails and the first and second upper rails;

an operation handle arranged to be extended in the width
direction and including opposing end portions con-
nected to the first and second lock members respectively,
the operation handle being configured to transmit an
operation force for releasing a locked state of the relative
movement between the first and second lower rails and
the first and second upper rails;

each of'the first and second lock members being rotatably
connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or
second upper rail and the first or second lock member
and including the axis line that extends in the width
direction is inserted to be positioned within an elongated
hole formed at the other of the first or second upper rail
and the first or second lock member to be movable in the
front/rear direction of the vehicle and is biased by a
support shaft biasing member in a direction orthogonal
to the front/rear direction of the vehicle;

a wedging portion formed at at least one of the elongated
hole and the support shaft biasing member to make
pressure-contact with the support shaft, the wedging
portion restricting the support shaft from moving in the
front/rear direction of the vehicle within the elongated
hole in a case where a load applied in the front/rear
direction of the vehicle is smaller than a predetermined
value; and

first and second negative angle portions causing contact
portions between the flat plate portion and the first and
second inner opening portions obtained in a state where
a load applied to at least one of the front and rear direc-
tions of the vehicle exceeds the predetermined value to
form a negative angle.

13. The seat slide apparatus according to claim 12, wherein
each of the first and second negative angle portions is an
inclined portion that inclines to separate from the lock mem-
ber along a rotation direction of the lock member from the
locked state of the relative movement between the first and
second lower rails and the first and second upper rails to a side
at which the relative movement is locked.

14. The seat slide apparatus according to claim 12, wherein
each of the first and second negative angle portions is a
projecting portion supported at each of the first and second
inner opening portions in a cantilever manner, each of the first
and second negative angle portions projecting along a rota-
tion direction of the flat plate portion from the locked state of

Apr. 24,2014

the relative movement between the first and second lower
rails and the first and second upper rails to a side at which the
relative movement is locked.

15. A seat slide apparatus for a vehicle, comprising:
first and second lower rails arranged to be extended in a

front/rear direction of a vehicle and arranged at oppos-
ing ends in a width direction of the vehicle, each of the
first and second lower rails including first and second
flanges that are arranged side by side in the width direc-
tion, each of the first and second flanges including a
plurality of locking protrusions at an end portion;

first and second upper rails connected to the first and sec-

ond lower rails to be movable relative to the first and
second lower rails, each of the first and second upper
rails including first and second inner flanges arranged
side by side in the width direction at an inner side of the
first and second flanges of each of the first and second
lower rails in the width direction, the first and second
inner flanges including inner opening portions respec-
tively connected to each other in the width direction;

first and second lock members connected to the first and

second upper rails to be rotatable about axis lines, each
of the axis lines extending in the width direction at an
inner side of the first and second inner flanges in the
width direction, each of the first and second lock mem-
bers including a flat plate portion that passes through the
inner opening portions in the width direction and that
includes lock holes with which the locking protrusions
are engageable, the lock holes being formed at opposing
ends of the flat plate portion in the width direction, the
first and second lock members selectively restricting a
relative movement between the first and second lower
rails and the first and second upper rails by engagement
and disengagement between the lock portions and the
corresponding locking protrusions in association with
the rotation of the first and second lock members;

first and second biasing members biasing the first and

second lock members to rotate in a direction to restrict
the relative movement between the first and second
lower rails and the first and second upper rails;

an operation handle arranged to be extended in the width

direction and including opposing end portions con-
nected to the first and second lock members respectively,
the operation handle being configured to transmit an
operation force for releasing a locked state of the relative
movement between the first and second lower rails and
the first and second upper rails;

each of the first and second lock members being rotatably

connected to each of the first and second upper rails in a
state where a support shaft fixed to one of the first or
second upper rail and the first or second lock member
and including the axis line that extends in the width
direction is inserted to be positioned within an elongated
hole formed at the other of the first or second upper rail
and the first or second lock member to be movable in the
front/rear direction of the vehicle and is biased by a
support shaft biasing member in a direction orthogonal
to the front/rear direction of the vehicle;

a wedging portion formed at at least one of the elongated

hole and the support shaft biasing member to make
pressure-contact with the support shaft, the wedging
portion restricting the support shaft from moving in the
front/rear direction of the vehicle within the elongated
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hole in a case where a load applied in the front/rear
direction of the vehicle is smaller than a predetermined
value; and

a cut portion formed at a contact portion between the flat
plate portion and each of the first and second inner
opening portions obtained in a state where a load applied
to at least one of the front and rear directions of the
vehicle exceeds the predetermined value, the cut portion
inducing a deformation of at least one of the lock holes
with which at least one of the locking protrusions is
engaged, the deformation of atleast one of the lock holes
causing at least one of the locking protrusions to be
wound.



