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(54) Title: VEHICLE SEAT VERTICAL POSITION ADJUSTMENT APPARATUS

(57) Abstract: A vehicle seat vertical position adjustment apparatus includes a lifting/lowering link which is pivoted at one end and
the other end thereof to a lower bracket of a vehicle seat and a vehicle floor, an input member supported by the vehicle seat and cap -
able of being operated up and down, and a litting/lowering mechanism driven in association with a lifting/lowering operation of the
input member to lift and lower the lower bracket with rotational motion of the lifting/lowering link. The lifting/lowering link, the in-
put member and the lifting/lowering mechanism are supported by an inner side of the lower bracket. A through-hole is formed in the
lower bracket. The input member is installed to extend to an outer side of the lower bracket from the inner side thereof through the
through-hole so that a control portion of the input member is positioned on the outer surface of the lower bracket.
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Description

Title of Invention: VEHICLE SEAT VERTICAL POSITION AD-

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

JUSTMENT APPARATUS
Technical Field

The present invention relates to a vehicle seat vertical position adjustment apparatus
which lifts and lowers a vehicle seat by a back-and-forth lifting/lowering operation of
an input member (controlling member).

Background Art

Devices for lifting and lowering a vehicle seat (seat cushion) are roughly classified
into a motor-operated type and a manual type. Conventionally, in a manual type, the
lifting/lowering mechanism body and the input member are mounted entirely onto the

outer surface of a lower bracket of the vehicle seat.
Citation List

Patent Literature

PTL 1: Japanese Unexamined Patent Publication No. HO7-195969
PTL 2: Japanese Unexamined Patent Publication No. 2000-190762
PTL 3: United States Patent No. 5,466,047

Summary of Invention
Technical Problem

However, since other members (other mechanisms) such as a seat belt mount and a
recliner controlling mechanism are arranged on the outer surface of the lower bracket
of the seat, space for the installation of the seat lifting/lowering mechanism is limited.
Accordingly, as a result of the demand for miniaturization of the seat lifting/lowering
mechanism itself, the design flexibility becomes narrow.

The present invention has been devised in view of the awareness of the above
described issues, and an object of the present invention is to provide a vehicle seat
vertical position adjustment apparatus, wherein the space around the lower bracket of
the seat is efficiently utilized, and the possibility of the adjustment apparatus in-
terfering with other members (other mechanisms) is low and wherein a sufficient space
can be provided for the lifting/lowering mechanism itself.

Solution to Problem

The present invention has been accomplished by reexamining the technical common
sense that states that the seat lifting/lowering mechanism and the input member should
be arranged entirely on the outer surface of a lower bracket, and finding that the dead

space under the seat cushion can be efficiently utilized and the design flexibility of the
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[0007]

[0008]

[0009]

[0010]

lifting/lowering mechanism itself can be improved with no interference with other
members (other mechanisms) positioned on the outer surface of the lower bracket if
the lifting/lowering mechanism body is arranged on the inner side of the lower bracket
while the input member is positioned on the outer side of the lower bracket.

A hand-operated type of vehicle seat vertical position adjustment apparatus is
provided, as a basic structure, with a lifting/lowering link which is pivoted at one end
and the other end thereof to a lower bracket of a vehicle seat and a vehicle floor, re-
spectively; an input member which is supported by the vehicle seat and capable of
being operated up and down; and a lifting/lowering mechanism which is driven in as-
sociation with a lifting/lowering operation of the input member to lift and lower the
lower bracket together with a rotational motion of the lifting/lowering link.

In such a vehicle seat vertical position adjustment apparatus, the present invention is
characterized by the lifting/lowering link, the input member and the lifting/lowering
mechanism being supported by an inner side of the lower bracket, a through-hole
formed in the lower bracket, and the input member being installed to extend to an outer
side of the lower bracket from the inner side thereof through the through-hole so that a
control portion of the input member is positioned on the outer surface of the lower
bracket.

It is desirable that the input member includes an inner input member, an outer input
member and a joining member. The inner input member is provided with an inner arm
freely rotatable about a control shaft and extending along an inner side of the lower
bracket, and an outer connecting arm that is bent with respect to the inner arm, an outer
input member is provided with a control portion that extends along the outer surface of
the lower bracket and an inner connecting arm that is bent with respect to the control
portion, and the outer connecting arm of the inner input member and the inner
connecting arm of the outer input member are joined to each other by the joining
member. This structure improves the strength of the input member (the joined portion
between the outer connecting arm and the inner connecting arm).

The joining member is configured of, e.g., a semi-cylindrical member, a radial-
direction cut section of which is joined to the inner connecting arm of the outer input
member, and the outer connecting arm of the inner input member is inserted into the
semi-cylindrical member to be connected thereto. This structure gives the joined
portion a box shape in cross section, thus making it possible to achieve a further im-
provement in strength.

In an embodiment of the present invention, it is equipped with a torsion spring which
acts on at least one of the outer connecting arm of the inner input member and the
inner connecting arm of the outer input member to hold the input member in a neutral

position. Since the biasing force of the torsion spring acts at a position away from the
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[0012]

[0013]

[0014]

control shaft (position at which the arm length is secured), the biasing force of the
torsion spring can be small. As a consequence, miniaturization of the torsion spring
can be achieved and the thickness of the vehicle seat vertical position adjustment

apparatus can be reduced.
It is desirable that this torsion spring be supported by a spring shaft that is provided

separately from the control shaft and that the distance between the outer connecting
arm and the spring shaft be set smaller than the distance between the outer connecting
arm and the control shaft. If the torsion spring is supported by the spring shaft that is
provided separately from the control shaft, the spring can be miniaturized, which
makes it possible to reduce the thickness of the lifting/lowering mechanism. In
addition, the operational resistance (operating force) to the input member can be freely
set. By setting the distance between the outer connecting arm and the spring shaft
shorter than the distance between the outer connecting arm and the control shaft, the
biasing force of the torsion spring can be made smaller than that in the case where the
torsion spring is supported by the control shaft. The shaft which supports the torsion
spring is closer to the position (the outer connecting arm) where the biasing force of
the torsion spring acts, which makes it possible to shorten both legs of the torsion
spring, thus making miniaturization of the spring possible; moreover, the application of
the biasing force becomes effective.

To prevent the input member from being distorted, it is desirable that the vehicle seat
vertical position adjustment apparatus be further provided with a support plate, one end
of which is supported by the control shaft and another end of which is joined to the
outer connecting arm of the inner input member.

In a desirable embodiment of the vehicle seat vertical position adjustment apparatus
according to the present invention, the lifting/lowering link, the input member and the
lifting/lowering mechanism are supported by a base plate which is composed of a
member other than the lower bracket, and the base plate is fixed to the inner surface of
the lower bracket.

Advantageous Effects of Invention

In the vehicle seat vertical position adjustment apparatus according to the present
invention, the space around the lower bracket of the vehicle seat can be efficiently
utilized and the design flexibility of the lifting/lowering mechanism itself can be
improved because the lifting/lowering mechanism and the input member are made to
be linked with each other via a through-hole formed through the lower bracket by po-
sitioning the lifting/lowering mechanism on an inner side of the lower bracket while

positioning the input member on an outer side of the lower bracket.

Brief Description of Drawings
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[0015] [fig.1]FIG. 1 is a perspective view of an embodiment of a stepped lifting apparatus of a
vehicle to which a vehicle seat vertical position adjustment apparatus according to the
present invention has been applied in a state before the stepped lifting apparatus is
installed to a lower bracket;

[fig.2]FIG. 2 is a side view of the stepped lifting apparatus according to the present
invention;

[fig.3]FIG. 3 is an exploded perspective view of an embodiment of a portion of the
stepped lifting apparatus according to the present invention which is positioned around
a geared link of the stepped lifting apparatus;

[fig.4]FIG. 4 is a perspective view of the stepped lifting apparatus according to the
present invention in an assembled state;

[fig.5]FIG. 5 is a sectional view taken along the line V-V shown in FIG. 2 in the same
assembled state;

[fig.6]FIG. 6 is a sectional view taken along the line VI-VI line shown in FIG. 2 in the
same assembled state of the stepped lifting apparatus;

[fig.7]FIG. 7 is a sectional view taken along the line VII-VII line shown in FIG. 2 in
the same assembled state of the stepped lifting apparatus;

[fig.8]FIG. 8 is a sectional view taken along the line VIII-VIII line shown in FIG. 2 in
the same assembled state;

[fig.9]FIG. 9 is a sectional view taken along the line IX-IX line shown in FIG. 2 in the
same assembled state;

[fig. 10]FIG. 10 is a sectional view taken along the line X-X line shown in FIG. 2 in the
same assembled state;

[fig. 11]FIG. 11 is a sectional view taken along the line XI-XI line shown in FIG. 4 in
the same assembled state of the stepped lifting apparatus;

[fig.12]FIG. 12 is an enlarged side view of a friction gear and a friction latch which
constitute a friction mechanism of the same stepped lifting apparatus;

[fig.13]FIG. 13 is a side view of the same stepped lifting apparatus, showing a locked
state (initial position) thereof at a specific height position;

[fig.14]FIG. 14 is a side view of the same vehicle seat vertical position adjustment
apparatus, showing the first phase of a lifting operation thereof;

[fig.15]FIG. 15 is a side view showing the second phase of the same lifting operation;
[fig.16]FIG. 16 is a side view showing the third phase of the same lifting operation;
[fig.17]FIG. 17 is a side view showing the fourth phase (return-to-initial-position
phase) of the same lifting operation;

[fig. 18]FIG. 18 is a side view of the same stepped lifting apparatus, showing a locked
state (initial position) thereof at a specific height position;

[fig. 19]FIG. 19 is a side view of the same stepped lifting apparatus, showing the first
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[0017]

[0018]

phase of a lowering operation thereof;

[fig.20]FIG. 20 is a side view showing the second phase of the same lowering
operation;

[fig.21]FIG. 21 is a side view showing the third phase of the same lowering operation;
[fig.22]FIG. 22 is a side view showing the fourth phase (return-to-initial-position
phase) of the same lowering operation; and

[fig.23]FIG. 23 is a side view of the same stepped lifting apparatus, showing a locked
state (initial position) thereof at a specific height position.

Description of Embodiments

The illustrated embodiment is an embodiment of a stepped lifting apparatus
(stepwise-adjustable lifting apparatus) of a vehicle to which a vehicle seat vertical-
position adjustment apparatus according to the present invention has been applied.
FIGS. 1 and 4 are perspective views of the embodiment of the stepped lifting apparatus
in different states, FIG. 2 is a side view of the stepped lifting apparatus, and FIG. 3 is
an exploded perspective view of the stepped lifting apparatus.

A lifting/lowering link 10X and a geared link 10T are integrally joined to a shaft 11,
which is rotatably supported by a base plate (ascending/descending body) 13 that is
fixed to an inner side 51 of a lower bracket 50 by which a seat (seat cushion) is
supported, at different positions in the axial direction of the shaft 11, and the lower end
of the lifting/lowering link 10X is pivoted on a floor bracket (base) 14 integral with a
floor via a shaft 12. Accordingly, if the geared link 10T swings about the shaft 11, the
lifting/lowering link 10X swings about the shaft 11 while the base plate 13 moves up
and down relative to the base 14. The present embodiment is an embodiment which
lifts and lowers the base plate 13 by swinging the geared link 10T forward and reverse.

The overall structure around the geared link 10T will be discussed with reference to
FIGS. 1 through 12.

A link pinion 15 which is positioned on a circular arc about the shaft 11 and a link
ratchet 16 which is smaller in diameter than the link pinion 15 are formed integral with
the geared link 10T that is pivoted on the base plate 13 via the shaft 11. In addition, a
circular arc guide 10P which is centered about the shaft 11 is formed through the
geared link 10T, and a guide pin 10Q, both ends of which are respectively fixed to the
base plate 13 and a second auxiliary bracket 18, is engaged in the circular arc guide
10P to be freely movable relative thereto.

A shaft 21 is rotatably supported by the base plate 13 (which is a member with the
shaft 11 that serves as a center of the circular arc (base circle) of the link pinion 15 and
the link ratchet 16) thereon via first and second auxiliary brackets 17 and 18 that are

respectively fixed to the back and the front of the base plate 13.
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[0019]

[0020]

[0021]

Serrated portions 21a and 21b and a square shaft portion 21¢ are formed on the shaft
21 between both ends thereof that are freely rotatably supported by the first and second
auxiliary brackets 17 and 18, respectively (FIG. 6). An input pinion 22 which is in
mesh with the link pinion 15 of the geared link 10T is coaxially and integrally
connected to the serrated portion 21a (to be irrotatable relative to the serrated portion
21a). A bidirectional-motion transmission ratchet 23 is coaxially and integrally
connected to the serrated portion 21b (to be irrotatable relative to the serrated portion
21b). A friction gear 30 is coaxially and integrally connected to the square shaft
portion 21c¢ (to be irrotatable relative to the square shaft portion 21c¢). In addition, a
round shaft portion 21d, which is inserted into a shaft hole of the base plate 13 to be
freely rotatable relative to the base plate 13, and a flange portion 21e, which comes in
contact with the base plate 13 to define the position of the shaft 21 in the axial
direction thereof, are formed between the serrated portions 21a and 21b of the shaft 21;
a round shaft portion 21f is formed on the outer of the serrated portion 21a while a
round shaft portion 21g is formed between the serrated portion 21b and the square
shaft portion 21c. A retaining nut and a washer are fitted to both ends of the shaft 21,
respectively (FIG. 6).

A first auxiliary lever (inner input member) 201 is positioned between the base plate
13 and the first auxiliary bracket 17, a second auxiliary lever (support plate) 204 is po-
sitioned on the outer side of the second auxiliary bracket 18, and the first and second
auxiliary levers 201 and 204 are respectively supported by the round shaft portions 21g
and 21f of the shaft 21 to be freely rotatable relative to each other. The first auxiliary
lever 201 is provided with an inner arm 201a which extends along an inner surface of
the base plate 13, and an outer connecting arm 201b which is formed by bending the
free end of the inner arm 201 in a direction to pass through a circular arc opening 13al
that is formed through the base plate 13, and the outer connecting arm 201b passes
through a through-hole 204a formed in the second auxiliary lever 204 on the free end
side thereof (FIG. 9). Additionally, the first auxiliary lever 201 and the second
auxiliary lever 204 are connected via a connecting link pin 205 which extends through
a circular arc opening 13a2 formed through the base plate 13, and the first auxiliary
lever 201 and the second auxiliary lever 204 normally rotate as one body about the
shaft 21. The second auxiliary lever 204 constitutes a support plate, one end of which
is supported by the shaft (control shaft) 21 and the other end of which is connected to
the outer connecting arm 201b of the first auxiliary lever (inner input member) 201.

A control lever 20 is joined to the first auxiliary lever 201. The control lever 20 is
provided with a control (operating) portion (outer arm) 20a which extends along an
outer surface 52 of the lower bracket 50, and an inner connecting arm 20b which is

formed by bending the control lever 20 inwardly at the rear end of the control portion
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[0022]

[0023]

[0024]

20a in a substantially orthogonal direction to pass through a through-hole (circular arc
hole) 50a of the lower bracket 50, and the inner connecting arm 20b is made to overlap
the outer connecting arm 201b of the first auxiliary arm 201 and to be joined integrally
thereto via a semi-cylindrical member (joining member) 203 (FIG. 9). Specifically, the
semi-cylindrical member 203 is joined, at both ends of a radial-direction cut section
thereof, to the flat inner connecting arm 20b, and the outer connecting arm 201b is po-
sitioned inside the semi-cylindrical member 203 and joined thereat. Since the flat inner
connecting arm 20b and the outer connecting arm 201b are joined to each other via the
semi-cylindrical member 203, the joined portion has a box shape in cross section, thus
having an improved strength. The flat inner connecting arm 20b is provided with an
angled portion 20c which bends at a substantially right angle relative to the inner
connecting arm 20b, and the angled portion 20c is made to abut against an outer
surface of the semi-cylindrical member 203 to be fixed thereto (see FIGS. 1 and 11).
With this structure, the strength of the joined portion has been further improved.

The above-described control lever 20, the first auxiliary lever 201 and the second
auxiliary lever 204 together constitute an input member which swings about the shaft
21. Among these elements the first auxiliary lever 201, which includes the inner arm
201a and the outer connecting arm 201b, constitutes an inner input member, and the
control lever 20, which includes the control portion 20a and the inner connecting arm
20b, constitutes an outer input member.

The control lever 20 is normally held in a neutral position by a neutral position return
spring (torsion spring) 19. Specifically, the central coiled portion of the neutral
position return spring 19 is fitted on a spring shaft 192 that is fixed to the base plate 13,
and legs 19a and 19b of the neutral position return spring 19 are respectively engaged
with the outer connecting arm 201b of the first auxiliary lever 201 and a spring hook
projection 13c¢ projected from the base plate 13 in a manner to hold the outer
connecting arm 201b and the spring hook projection 13c. The neutral position return
spring 19 holds the control lever 20 in the neutral position in a state where no operating
force is exerted on the control lever 20. In addition, the neutral position return spring
19 brings the control lever 20 back to the neutral position upon the operating force,
which moves the control lever 20 up or down, being released. The distance between
the spring shaft 192 and the outer connecting arm 201b is smaller than the distance
between the outer connecting arm 201b and the shaft 21 (see FIG. 9). The spring shaft
192 is a cylindrical member and installed with a fixing bolt 191 for fixing the base
plate 13 to the lower bracket 50 and extends through the hollow portion of the spring
shaft 192.

An upward-directional motion transmission latch (hereinafter referred to as up-latch)

27 and a downward-directional motion transmission latch (hereinafter referred to as
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[0026]

down-latch) 28 that are provided as a pair which are selectively engaged with the bidi-
rectional-motion transmission ratchet 23 are pivoted on the first auxiliary lever 201
about a shaft 27a and a shaft 28a, respectively.

The up-latch 27 and the down-latch 28 are symmetrically arranged with respect to the
upper and lower tooth surfaces of the bidirectional-motion transmission ratchet 23 and
are provided at the ends thereof with tooth engaging pawls 27b and 28b and are also
provided at intermediate portions thereof with forced-release pins 27¢ and 28c, re-
spectively. A torsion spring 278 which rotationally moves and biases the up-latch 27
and the down-latch 28 in directions to make the tooth engaging pawls 27b and 28b
engaged with teeth 23a of the bidirectional-motion transmission ratchet 23, re-
spectively, is inserted between the forced-release pins 27c and 28c. The central coiled
portion of the torsion spring 278 is fitted on the connecting link pin 205.

The forced-release pin (control pin) 27c¢ of the up-latch 27 and the forced-release pin
(control pin) 28c of the down-latch 28 are engaged in position-limit cam holes (control
cam grooves) 270 and 280, respectively, which are formed in the base plate 13. The
position-limit cam holes 270 and 280 come in contact with the forced-release pin 27¢
and the forced-release pin 28c to hold the up-latch 27 and the down-latch 28 in en-
gagement standby positions thereof in which the up-latch 27 and the down-latch 28
standby to be engaged with the bidirectional-motion transmission ratchet 23, re-
spectively, when the control lever 20 is in the neutral position or a position in the
vicinity thereof (see FIGS. 13, 18 and 23). Operating the control lever 20 in the lifting
direction from the neutral position enables the tooth engaging pawl 27b of the up-latch
27 and the teeth 23a of the bidirectional-motion transmission ratchet 23 to be engaged
with each other without preventing rotation of the up-latch 27 that is caused by the
torsion spring 278, and causes the down-latch 28 to move to a non-engagement
position with the bidirectional-motion transmission ratchet 23 (see FIG. 14). Operating
the control lever 20 in the lowering direction from the neutral position enables the
tooth engaging pawl 28b of the down-latch 28 and the teeth 23a of the bidirectional-
motion transmission ratchet 23 to be engaged with each other without preventing
rotation of the down-latch 28 that is caused by the torsion spring 278, and causes the
up-latch 27 to move to a non-engagement position with the bidirectional-motion
transmission ratchet 23 (see FIG. 19). Subsequently, operating the control lever 20 in
the lifting direction from the neutral position firstly causes the tooth engaging pawl
27b of the up-latch 27 to be engaged with the teeth 23a and thereafter causes the up-
latch 27 to press the teeth 23a of the bidirectional-motion transmission ratchet 23 to
thereby rotate the input pinion 22 in the lifting direction, and operating the control
lever 20 in the lowering direction from the neutral position firstly causes the tooth

engaging pawl 28b of the down-latch 28 to be engaged with the teeth 23a and
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thereafter causes the down-latch 28 to press the teeth 23a of the bidirectional-motion
transmission ratchet 23 to thereby rotate the input pinion 22 in the lowering direction;
consequently, the geared link 10T, which includes the link pinion 15 that is engaged
with the input pinion 22, rotates forward and reverse to lift and lower the base plate 13.

The control lever 20, the up-latch 27 and the bidirectional-motion transmission
ratchet 23 constitute a lifting mechanism which makes the geared link 10T swing in the
lifting direction via the link pinion 15 to lift the base plate 13 stepwise every time the
control lever 20 is operated to the lifted position from the neutral position, and the
control lever 20, the down-latch 28 and the bidirectional-motion transmission ratchet
23 constitute a lowering mechanism which makes the geared link 10T swing in the
lowering direction via the link pinion 15 to lower the base plate 13 stepwise every time
the control lever 20 is operated to the lowered position from the neutral position.

The forced-release pin 27c¢ of the up-latch 27 and the position-limit cam hole (control
cam groove) 270 and the forced-release pin 28c of the down-latch 28 and the position-
limit cam hole (control cam groove) 280 described above constitute a latch control
mechanism which releases the engagement between the tooth engaging pawl 28b of the
down-latch 28 and the teeth 23a of the bidirectional-motion transmission ratchet 23
and rotates the geared link 10T in the lifting direction via the engagement between the
tooth engaging pawl 27b of the up-latch 27 and the teeth 23a of the bidirectional-
motion transmission ratchet 23 every time the control lever 20 is operated to the lifted
position from the neutral position and which releases the engagement between the
tooth engaging pawl 27b of the up-latch 27 and the teeth 23a of the bidirectional-
motion transmission ratchet 23 and rotates the geared link 10T in the lowering
direction via the engagement between the tooth engaging pawl 27b of the down-latch
28 and the teeth 23a of the bidirectional-motion transmission ratchet 23 every time the
control lever 20 is operated to the lowered position from the neutral position.

On the other hand, during the process of the control lever 20 returning to the neutral
position after reaching the lifted or lowered limit thereof, the up-latch 27 and the
down-latch 28 slip with respect to the bidirectional-motion transmission ratchet 23
(FIGS. 17 and 22). Accordingly, regardless of the lifting/lowering operational direction
of the control lever 20 from the neutral position, the base plate 13 is normally lifted or
lowered when the up-latch 27 or the down-latch 28 rotates the input pinion 22 via the
bidirectional-motion transmission ratchet 23. Up/down motion of the base plate 13 is
always accompanied by a swing motion of the control lever 20.

A first lowering prevention latch 24 which is engaged with the link ratchet 16 is
pivoted by a shaft 46 between the base plate 13 and the second auxiliary bracket 18. A
tooth engaging pawl (tip pawl/ engaging pawl) 24c which is engaged with and

disengaged from the link ratchet 16 is formed at the tip of the first lowering prevention
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[0031] A latch biasing spring (torsion spring) 46a is inserted onto the shaft 46 between the

[0032]

[0033]

[0034]

first lowering prevention latch 24 and the base plate 13. The latch biasing spring 46a
rotates and biases the first lowering prevention latch 24 in a direction to make the tooth
engaging pawl 24c engaged with teeth of the link ratchet 16. When the first lowering
prevention latch 24 is in a free state, the tooth engaging pawl 24c is in mesh with the
link ratchet 16 (FIGS. 2, 13, 18 and 23).

The first lowering prevention latch 24 and the link ratchet 16 constitute a unidi-
rectional rotation-allowance stepped stopper mechanism which allows the link ratchet
16 to swing by allowing the tooth engaging pawl 24c ride over the teeth of the link
ratchet 16 against the force of the latch biasing spring 46a when the geared link 10T
swings about the shaft 11 in the lifting direction (the counterclockwise direction with
respect to FIG. 2) and which prevents the link ratchet 16 from rotating by making the
tooth engaging pawl 24c engaged with teeth of the link ratchet 16 when the geared link
10T attempts to swing reversely in the lowering direction (the clockwise direction with
respect to FIG. 2). Specifically, the link ratchet 16 attempts to rotate in the clockwise
direction with respect to FIG. 2 when the base plate 13 moves down; at this time, a
force in the axial direction of the shaft 46 is exerted on the first lowering prevention
latch 24 which is engaged with the link ratchet 16 from teeth of the ratchet 16. This
prevents the first lowering prevention latch 24 from rotating, thus serving as a stopper
which prevents the link ratchet 16 (the geared link 10T) from rotating. Conversely, if
the link ratchet 16 rotates counterclockwise when the link ratchet 16 and the first
lowering prevention latch 24 are engaged with each other, teeth of the link ratchet 16
provide the first lowering prevention latch 24 with a force which makes the first
lowering prevention latch 24 rotate in the clockwise direction about the shaft 46, so
that the tooth engaging pawl 24c¢ rides over teeth of the link ratchet 16.

A forced-release pin 24d is embedded in a side (back surface) of the first lowering
prevention latch 24. A forced-release projection 201¢, which is engaged with the
forced-release pin 24d of the first lowering prevention latch 24 to release the en-
gagement between the first lowering prevention latch 24 and the link ratchet 16 when
the first auxiliary lever 201 is operated downwardly from the neutral position, is
formed on the first auxiliary lever 201. The link ratchet 16, the first lowering
prevention latch 24, the forced-release pin 24d and the forced-release projection 201c
of the first auxiliary lever 201 constitute a first lowering prevention latch mechanism
which prevents the geared link 10T from swinging downward when the control lever
20 is in the neutral position and which allows the geared link 10T to swing downward
when the control lever 20 is operated in the lowering direction.

A second lowering prevention latch 25 is pivoted about the shaft 21 on the base plate
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13 (the auxiliary brackets 17 and 18) to be freely rotatable relative to the control lever
20. A tooth engaging pawl (tip pawl/ engaging pawl) 25b is formed at one end of the
second lowering prevention latch 25 with the shaft 21 positioned between each end of
the second lowering prevention latch 25, a position limit surface 25¢ which comes in
contact with the connecting link pin 205 is formed at the other end of the second
lowering prevention latch 25, and the position limit surface 25¢ of the second lowering
prevention latch 25 is biased in a direction to come in contact with the connecting link
pin 205 by a latch biasing spring (torsion spring) 59 which is inserted in between the
second lowering prevention latch 25 and the connecting link pin 205 (the first auxiliary
lever 201) to be spring-connected to the connecting link pin 205.

The connecting link pin 205 is configured to come in contact with the position limit
surface 25¢ of the second lowering prevention latch 25, which is spring-connected to
the connecting link pin 205 by the latch biasing spring 59, so that the second lowering
prevention latch 25 follows (is associated with) the movement of the control lever 20.
In addition, when the control lever 20 is in the neutral position, the second lowering
prevention latch 25 is held in a non-engaging position in which the tooth engaging
pawl 25b is disengaged from the link ratchet 16. Operating the control lever 20 in the
lowering direction from the neutral position causes the second lowering prevention
latch 25 to rotate in a direction toward the link ratchet to make the tooth engaging
portion 25b and the link ratchet 16 either come in contact with each other or engaged
with each other. Further operating the control lever 20 in the lowering direction with
the second lowering prevention latch 25 being in contact with the link ratchet 16 and
thereby prevented from rotating causes the control lever 20 to rotate relative to the
second lowering prevention latch 25 (causes the connecting link pin 205 to move away
from the position limit surface 25¢); during this relative rotation, the latch biasing
spring 59 is charged.

The friction gear 30, which is connected to the shaft 21 and is irrotatable relative to
the shaft 21, is provided on an outer peripheral surface of the friction gear 30 with
friction teeth 30a which are formed at a constant pitch, and a tip friction pawl 31b of a
friction latch (friction lever) 31 that is pivoted on the base plate 13 via the shaft 34 is
engaged with the friction teeth 30a.

The friction latch 31 is provided, on the opposite side from the tip friction pawl 31b
with the shaft 34 positioned between both ends of the friction latch 31, with a stopper
arm 31c, and the base plate 13 is provided with a stopper 13d having a semi-cylindrical
cross sectional shape which can come into contact with the stopper arm 31c. A torsion
spring 32 which is installed on a pin 32a fixed to the base plate 13 is hooked between a
spring hook projection 31e formed at an end of the stopper arm 31c and a spring hook

projection 13b of the base plate 13 to rotate and bias the friction latch 31 in a direction
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to make the tip friction pawl 31b engaged with the friction teeth 30a.

The stopper arm 31c is provided with a shock-absorbing projection 31d, a shock-
absorbing member 311 is fitted on the semi-cylindrical stopper 13d, and the friction
latch 31 is prevented from rotating toward the friction gear 30 at a position where the
shock-absorbing projection 31d of the stopper arm 31¢ comes in contact with the
shock-absorbing member 311. The tip friction pawl 31b of the friction latch 31 does
not come in contact with the bottom of the friction teeth 30a at a position where the
shock-absorbing projection 31d and the shock-absorbing member 311 are in contact
with each other. In FIG. 12, a gap S exists between the tip friction pawl 31b and the
bottom of the friction teeth 30a. The shock-absorbing member 311 is made of a
material softer than the friction latch 31 (the stopper arm 31c and the shock-absorbing
projection 31d), e.g., a synthetic resin material (low-rebound material). Forming the
shock-absorbing member 311 into a semicircular shape in cross section makes it
possible to reduce the surface pressure upon the shock-absorbing projection 31d
abutting against the shock-absorbing member 311 and to suppress the occurrence of
impact noise.

Each tooth of the friction teeth 30a is provided with a lifting sliding-contact surface
30al and a lowering sliding-contact surface 30a2 which are alternately arranged on the
friction teeth 30a, wherein the tip friction pawl 31b comes in sliding contact with the
lifting sliding-contact surface 30al when the friction gear 30 rotates in the lifting
direction (when the base plate 13 moves up) and the tip friction pawl 31b comes in
sliding contact with the lowering sliding-contact surface 30a2 when the friction gear 30
rotates in the lowering direction. In the present embodiment, the lowering sliding-
contact surface 30a2 is greater in length than the lifting sliding-contact surface 30al.

The position of the friction latch 31 is controlled via the control lever 20, the first
auxiliary lever 201 and a friction latch control link 33 which is pivoted about the
connecting link pin 205. The connecting link pin 205 projects from the first auxiliary
lever 201, and the friction latch 31 is provided with a link pin 31a which is fixed
between the shaft 34 and the spring hook projection 31e. The link pin 31a is engaged
in an elongated hole 33a, which is formed in the friction latch control link 33 and
elongated in the radial direction thereof, so that the swing operation of the first
auxiliary lever 201 is transmitted to the friction latch 31.

When the control lever 20 (the first auxiliary lever 201) is in the neutral position, the
friction latch 31 is held in a position in which the shock-absorbing projection 31d is in
contact with the shock-absorbing member 311 while the tip friction pawl 31b is
engaged with the friction teeth 30a by the rotational biasing force of the torsion spring
32. Operating the control lever 20 in the lifting direction from the neutral position

causes the tip end face of the elongated hole 33a of the friction latch control link 33 to
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come into contact with and pull the link pin 31a to cause the friction latch 31 to rotate
in a direction to disengage the tip friction pawl 31b from the friction teeth 30a.
Operating the control lever 20 in the lowering direction from the neutral position
causes the elongated hole 33a to move relative to the link pin 31a while sliding thereon
and causes the friction latch 31 to be held in a state where the tip friction pawl 31b is
engaged with the friction teeth 30a.

After the control lever 20 is operated in the lifting direction, upon the control lever
20 either returning to the neutral position by the biasing force of the neutral position
return spring 19 upon release of the control lever 20 or being operated in the lowering
direction, the friction latch 31 rotates in a direction to make the tip friction pawl 31b
engaged with the friction teeth 30a by the biasing force of the torsion spring 32. At this
time the friction latch 31 rotates swiftly by the rotational biasing force of the torsion
spring 32; however, before the tip friction pawl 31b comes into contact with the
bottom (root) of the friction teeth 30a, the shock-absorbing projection 31d comes into
contact with the shock-absorbing member 311 to thereby brake the friction latch 31, so
that the tip friction pawl 31b stops with the gap S remaining between the tip friction
pawl 31b and the bottom of the friction teeth 30a. Consequently, no impact or impact
noise occurs because the tip friction pawl 31b does not abut against the bottom of the
friction teeth 30a. The shock-absorbing projection 31d and the shock-absorbing
member 311 constitute a shock-absorbing mechanism which prevents the friction latch
31 from rotating before the tip friction pawl 31b comes into contact with the bottom
(root) of the friction teeth 30a.

The control lever 20, the first auxiliary lever 201, the friction latch 31 and the friction
gear 30 described above constitute a lifting prevention latch mechanism which holds
the engagement between the friction latch 31 and the friction gear 30 to prevent the
geared link 10T from swinging upward (to prevent the base plate 13 from moving
upward) when the control lever 20 is in the neutral position and which releases the en-
gagement between the friction latch 31 and the friction gear 30 to allow the geared link
10T to swing upward (to allow the base plate 13 to move upward) when the control
lever 20 is operated in the lifting direction from the neutral position.

The control lever 20, the first auxiliary lever 201, the friction latch 31 and the friction
gear 30 of the above also constitute a friction mechanism which applies a resistance to
movement of the base plate 13 when the base plate 13 moves up and down. In addition,
the control lever 20, the first auxiliary lever 201 and the friction latch control link 33
constitute a release mechanism which releases the engagement between the friction
latch 31 and the friction gear 30 when the control lever 20 is operated in the lifting
direction from the neutral position.

In addition, the control lever 20, the second lowering prevention latch 25 and the link
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ratchet 16 constitute a second lowering prevention latch mechanism which allows the
geared link 10T to swing downward by the amount of one tooth of the link ratchet 16
and thereafter prevents the geared link 10T from swinging downward by engagement
of the second lowering prevention latch 25 with the link ratchet 16 every time the
control lever 20 is operated to the lowering end after the first lowering prevention latch
mechanism allows the geared link 10T to swing downward. In addition, the connecting
link pin 205, which connects the first auxiliary lever 201 and the second auxiliary lever
204 to each other that rotate with the control lever 20, and the position limit surface
25¢ of the second lowering prevention latch 25 constitute a linking portion which
makes the second lowering prevention latch 25 swing with the control lever 20 when
the control lever 20 is operated to swing in the lowering direction from the neutral
position and which makes only the control lever 20 swing in the lowering direction
while charging the latch biasing spring 59 when the control lever 20 is further operated
in the lowering direction after the tooth engaging pawl 25b of the second lowering
prevention latch 25 is engaged with (comes in contact with) the link ratchet 16.

FIGS. 13 through 22 are drawings for illustrating operations of the stepped lifting
apparatus that has the above described structure. In FIGS. 13 through 22, main
elements are shown by solid lines with no regard to the vertical (front/back) positional
relationship between the elements. In FIG. 13, among the following elements: the
control lever 20 that serves as a movable lever member, the first auxiliary lever 201,
the first lowering prevention latch 24, the second lowering prevention latch 25, the up-
latch 27, the down-latch 28, the friction gear 30 and the friction latch 31, the down-
latch 28 is dotted, while the control lever 20, the first auxiliary lever 201, the up-latch
27, the first friction gear 30 and the friction latch 31 are hatched with hatch lines the
directions and intervals of which are mutually different.

First, the lifting operation will be hereinafter discussed with reference to FIGS. 13
through 18. FIG. 13 shows a state where the control lever 20 is in the neutral position,
in which the stepped lifting apparatus is in a locked state at a specific high position
(intermediate height position). At this time, the tip friction pawl 31b of the friction
latch 31 is engaged with the friction teeth 30a of the friction gear 30, while the tooth
engaging pawl 24c of the first lowering prevention latch 24 is engaged with the link
ratchet 16 to prevent the geared link 10T from swinging upward or downward (to lock
the geared link 10T). On the other hand, the tooth engaging pawl 25b of the second
lowering prevention latch 25 is in a non-engaging position with the link ratchet 16. Ad-
ditionally, the up-latch 27 and the down-latch 28 are in the engagement standby
positions (positions immediately before being engaged with the bidirectional-motion
transmission ratchet 23), in which the forced-release pins 27c and 28c are restrained by

engagement standby portions 271 and 281 of the position-limit cam holes 270 and 280,
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causes the restrainment of the forced-release pins 27c¢ to be released by a limit release
portion 273 of the position-limit cam hole 270 to thereby allow the up-latch 27 to
move freely toward the bidirectional-motion transmission ratchet 23; consequently, the
up-latch 27 moves to a position in which the tooth engaging pawl 27b is engaged with
the bidirectional-motion transmission ratchet 23 by the biasing force of the torsion
spring 278. Conversely, operating the control lever 20 in the lifting direction about the
shaft 21 causes the forced-release pin 28c of the down-latch 28 to be restrained by a
limit portion 282 of the position-limit cam hole 280 so that the down-latch 28 moves to
a non-engaging position with the bidirectional-motion transmission ratchet 23; con-
sequently, the tooth engaging pawl 28b is disengaged from the bidirectional-motion
transmission ratchet 23 (FIG. 14).

In this state shown in FIG. 14, further operating the control lever 20 in the lifting
direction causes the tooth engaging pawl 27b of the up-latch 27 to be engaged with the
teeth 23a of the bidirectional-motion transmission ratchet 23 and subsequently causes
the tooth engaging pawl 27b to press the teeth 23a to rotate the input pinion 22 in the
lifting direction, which causes the geared link 10T that includes the link pinion 15,
which is engaged with the input pinion 22, to rotate upward; consequently, the base
plate 13 moves upward (see the relative position between the teeth of the link ratchet
16 and the base plate 13 in a portion X shown in FIGS. 13 through 15).

Meanwhile, the friction latch control link 33 of the first auxiliary lever 201 draws the
link pin 31a of the friction latch 31 to release the engagement between the tip friction
pawl 31b and the friction teeth 30a. Thereupon, before the engagement between the tip
friction pawl 31b and the friction teeth 30a is released, the tip friction pawl 31b is in
sliding contact with the lifting sliding-contact surface 30al of the friction teeth 30a
(FIGS. 13 and 14) to give a certain frictional resistance to rotational movement of the
friction gear 30, i.e., lifting/lowering movement of the base plate 13. Resistance to
movements of the base plate 13 in the lifting direction and the lowering direction is de-
termined depending on the weight related to the base plate 13, the weight of the
passenger above the base plate 13 and the strength of the helper spring which biases
the base plate 13 in the lifting direction; in either case, the sliding contact of the tip
friction pawl 31b with the lifting sliding-contact surface 30al increases the resistance
to movement of the base plate 13 in the lifting direction.

At this time, although the control lever 20 makes the second lowering prevention
latch 25 swing together with the control lever 20, the engagement between the tooth
engaging pawl 25b and the link ratchet 16 has been released beforehand, so that no

influence is exerted on the above-described lifting operation. Namely, the second
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lowering prevention latch 25 does not do any work during the lifting operation of the
control lever 20. In addition, although the tooth engaging pawl 24c¢ of the first lowering
prevention latch 24 maintains engagement with the teeth of the link ratchet 16, the
tooth engaging pawl 24c allows the link ratchet 16 to relatively swing in the lifting
direction as described above. In addition, the forced-release projection 201c of the first
auxiliary lever 201 moves in a direction away from the forced-release pin 24d of the
first lowering prevention latch 24, so that no force acts on the first lowering prevention
latch 24 either.

Accordingly, every time the control lever 20 is operated in the lifting direction, the
input pinion 22 rotates in the lifting direction via the bidirectional-motion transmission
ratchet 23 and the shaft 21, while the geared link 10T, which includes the link pinion
15 that is engaged with the input pinion 22, rotates in the lifting direction.

FIG. 16 shows a state where the control lever 20 has been rotated to the lifting end
thereof. In a portion X shown in FIG. 16, focusing on the relationship between link
ratchet 16 of the geared link 10T and the base plate 13, it can be seen that the base
plate 13 has been lifted (the geared link 10T has over-rotated) over one tooth of the
link ratchet 16 from the state shown in FIG. 13. In this state, releasing the control lever
20 causes the control lever 20 to return to the neutral position by the force of the
neutral position return spring 19 (FIGS. 17 and 18). Accordingly, the base plate 13 also
slightly moves down from the fully lifted position (see the same drawings). Namely,
the geared link 10T over-rotates slightly from a stop position (FIG. 16) and sub-
sequently returns by the amount of the over-rotation (FIGS. 17 and 18). In the state
shown in FIGS. 17 and 18, the tooth engaging pawl 24c of the first lowering
prevention latch 24 and the link ratchet 16 are engaged with each other to thereby
prevent the geared link 10T from swinging downward. In addition, upon the control
lever 20 returning to the neutral position, before the tip friction pawl 31b of the friction
latch 31 comes into contact with the friction teeth 30a of the friction gear 30 at a
position displaced from the previous position by the amount of one tooth, the shock-
absorbing projection 31d comes into contact with the shock-absorbing member 311 to
thereby brake the friction latch 31, the tip friction pawl 31b is engaged with the friction
teeth 30a with the gap S remaining, thereby preventing the geared link 10T from
swinging upward (FIG. 18)(the geared link 10T does not rotate even if the force of the
helper spring which biases the base plate 13 in the lifting direction is great).

Accordingly, every time the control lever 20 is operated in the lifting direction from
the neutral position at a time, a lifting-direction stepped rotation transmission
operation, in which the geared link 10T rises by the amount of one tooth of the bidi-
rectional-motion transmission ratchet 23 and the link ratchet 16, is performed. The tip

friction pawl 31b of the friction latch 31 is re-engaged with the friction teeth 30a of the
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friction gear 30 at a position displaced from the previous position by the amount of one
tooth; however, before the tip friction pawl 31b hits the friction teeth 30a, the shock-
absorbing projection 31d comes into contact with the shock-absorbing member 311 to
thereupon brake the friction latch 31, thus being engaged with the friction teeth 30a
with the gap S remaining, so that no impact or impact noise occurs upon the tip friction
pawl 31b coming into engagement with the friction teeth 30a.

Next, the lowering operation will be discussed hereinafter. In the initial state (neutral
position) shown in FIG. 13, operating the control lever 20 in the lowering direction
about the shaft 21 firstly causes the restrainment of the forced-release pins 28c of the
down-latch 28 to be released by a limit release portion 283 of the position-limit cam
hole 280 to thereby allow the down-latch 28 to move freely toward the bidirectional-
motion transmission ratchet 23, so that the down-latch 28 moves to a position to be
engaged with the bidirectional-motion transmission ratchet 23 by the biasing force of
the torsion spring 278. Conversely, operating the control lever 20 in the lowering
direction about the shaft 21 causes the forced-release pin 27c of the up-latch 27 to
move to a non-engaging position with the bidirectional-motion transmission ratchet 23
due to a limit portion 272 of the position-limit cam hole 270 and causes the tooth
engaging pawl 27b to be disengaged from the bidirectional-motion transmission ratchet
23 (FIG. 19).

During this lowering operation of the control lever 20, the forced-release projection
201c of the first auxiliary lever 201 presses the forced-release pin 24d to make the first
lowering prevention latch 24 swing about the shaft 46 to move the tooth engaging pawl
24c¢ to a non-engaging position with the link ratchet 16, which enables the geared link
10T to rotate (FIG. 19). In the present embodiment, the base plate 13 does not naturally
move downward; however, some measure of frictional resistance which allows the
geared link 10T to rotate in the lowering direction and allows the base plate 13 to move
in the lowering direction against frictional resistance is provided when the control lever
20 is operated in the lowering direction. Such a measure of friction resistance is de-
termined depending on the weight related to the base plate 13, the weight of the
passenger above the lower bracket 50, to which the base plate 13 is fixed, and the
strength of the helper spring which biases the base plate 13 in the lifting direction; at
any rate, the sliding contact of the tip friction pawl 31b with the lowering sliding-
contact surface 30a2 increases the resistance to movement of the base plate 13 in the
lowering direction. Since the link pin 31a of the friction latch 31 is freely movable
along the elongated hole 33a of the friction latch control link 33, the friction latch 31 is
freely swingable during the operation of the control lever 20 in the lowering direction
from the neutral position.

On the other hand, when the control lever 20 is in the neutral position, the connecting
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link pin 205 that connects the first auxiliary lever 201 and the second auxiliary lever
204 to each other is in contact with the position limit surface 25¢ of the second
lowering prevention latch 25, and the tooth engaging pawl 25b is disengaged from the
link ratchet 16. In this state, operating the control lever 20 in the lowering direction
causes the second lowering prevention latch 25 to rotate with the connecting link pin
205 in the same direction by the force of the latch biasing spring 59 at an initial stage
(during the first stroke) and in a short time causes the tooth engaging portion 25b of the
second lowering prevention latch 25 to come into contact and engagement with teeth
of the link ratchet 16 to thereby prevent the second lowering prevention latch 25 from
rotating (FIG. 19), thereupon causing the latch basing spring 59 to be charged. The
state shown in FIG. 19 is a state in which the engagement between the first lowering
prevention latch 24 and the link ratchet 16 has been released, the latch biasing spring
59 has been charged and the tooth engaging portion 25b of the second lowering
prevention latch 25 is in contact and engagement with the link ratchet 16 (in a state
before completely engaging with the link ratchet 16; in an incomplete engagement
state with the link ratchet 16).

In this state shown in FIG. 19, further operating the control lever 20 in the lowering
direction causes the tooth engaging pawl 28b of the up-latch 28 to be engaged with the
teeth 23a of the bidirectional-motion transmission ratchet 23 and subsequently causes
the tooth engaging pawl 28b to press the teeth 23a to rotate the input pinion 22 in the
lowering direction, which causes the geared link 10T that includes the link pinion 15
which is engaged with the input pinion 22 to rotate in the lowering direction; con-
sequently, the base plate 13 moves downward (see the relative position between teeth
of the link ratchet 16 and the base plate 13 in a portion X shown in FIGS. 19 through
21).

The rotation of the geared link 10T in the lowering direction also causes the shaft 21
and the friction gear 30, which are integral with the input pinion 22, to rotate in the
lowering direction. At this time, the tip friction pawl 31b of the friction latch 31 gives a
certain frictional resistance to the rotational movement of the friction gear 30 in the
lowering direction since the tip friction pawl 31b of the friction latch 31 is in contact
with the lowering sliding-contact surface 30a2 of the friction gear 30 by the force of
the torsion spring 32. Therefore, when the control lever 20 is operated in the lowering
direction, the geared link 10T rotates in the lowering direction with frictional re-
sistance given thereto by the friction latch 31 and the friction gear 30, so that the base
plate 13 moves down. Subsequently, upon the control lever 20 reaching the lowering
end thereof (by the time the outer connecting arm 201b or the connecting link pin 205
is prevented from further rotating in the lowering direction after coming into contact

with an end of the circular arc opening 13al or the circular arc opening 13a2), the tip
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friction pawl 31b of the friction latch 31 is disengaged from the lowering sliding-
contact surface 30a2 to reach the entry point of a subsequent lifting sliding-contact
surface 30al (FIG. 21). In the state shown in FIG. 21, the biasing force of the latch
biasing spring 59 causes the tooth engaging pawl 25b of the second lowering
prevention latch 25 to be engaged with the link ratchet 16 to thereby prevent the geared
link 10T from rotating in the lowering direction (lock the geared link 10T).

Upon release of the operating force exerted on the control lever 20 from the state
shown in FIG. 21, the control lever 20 returns to the neutral position by the force of the
neutral position return spring 19 (FIGS. 22 and 23). In this process of the control lever
20 returning to the neutral position, the connecting link pin 205 that connects the first
auxiliary lever 201 and the second auxiliary lever 204 to each other comes into contact
with the position limit surface 25¢ of the second lowering prevention latch 25 to start
disengaging the tooth engaging pawl 25b from the link ratchet 16 (FIG. 22) and
thereafter release the lock of the geared link 10T upon the control lever 20 returning to
the neutral position (FIG. 23). On the other hand, since the forced-release projection
201c of the first auxiliary lever 201 moves away from the forced-release pin 24d, the
first lowering prevention latch 24 commences returning to an engaging state in which
the tooth engaging pawl 24c is engaged with the link ratchet 16 by the force of the
latch biasing spring 46a (FIG. 22) and thereafter enters the engaging state to lock the
geared link 10T upon the control lever 20 returning to the neutral position (FIG. 23). In
addition, the tip friction pawl 31b of the friction latch 31 is re-engaged with the friction
teeth 30a of the friction gear 30 at a position displaced from the previous position by
the amount of one tooth to additionally lock the geared link 10T. During this re-
engagement between the friction latch 31 and the friction gear 30, a two-stage lowering
operation in which firstly the tip friction pawl 31b reaches the entry point of the lifting
sliding-contact surface 30al of the friction teeth 30a (FIG. 21) and is subsequently
deeply engaged with the same lifting sliding-contact surface 30al while sliding in
frictional contact therewith (FIG. 22) to cause the friction gear 30 to rotate in the
lowering direction (to cause the base plate 13 to move in the lowering direction) (FIG.
23) is performed as described above.

Accordingly, every time the control lever 20 is operated in the lowering direction
from the neutral position once, the input pinion 22 rotates in the lowering direction via
the bidirectional-motion transmission ratchet 23 and the shaft 21, while the geared link
10T moves down by the amount of one tooth of the bidirectional-motion transmission
ratchet 23 and the link ratchet 16. The operation of the control lever 20 in the lowering
direction from the neutral position is limited by the contact engagement of the outer
connecting arm 201b or the connecting link pin 205 with the circular arc opening 13al

or the circular arc opening 13a2, respectively.
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As described above, in the present embodiment, since each member of the stepped
lifting apparatus is mounted to the base plate 13, a vehicle seat vertical position ad-
justment apparatus which can be configured by retrofitting can be obtained by fixing

the base plate 13 to an ascending/descending body (the lower bracket 50).
Although the shock-absorbing member 311 is made of a soft material in the above

embodiment, the shock-absorbing projection 31d can be formed from a soft material
rather than the shock-absorbing member 311, or both the shock-absorbing member 311
and the shock-absorbing projection 31d can be formed from a soft material.

The lifting/lowering link 10X and the geared link 10T are provided separately in the
above described embodiment, however, these can be formed integrally. Alternatively,
the lifting/lowering link 10X and the geared link 10T can be respectively pivoted about
two shafts mutually spaced in the forward/rearward direction and connected via a
connecting link so as to rotate in the lifting/lowering direction in association with each
other though pivoted about the same shaft 21.

Although the above described embodiment is a vehicle seat vertical position ad-
justment apparatus to which the present invention has been applied, the present
invention can also be applied to a lifting/lowering apparatus for an ordinary chair or a

working bench or table (ascending/descending body).
Industrial Applicability

The vehicle seat vertical position adjustment apparatus of the present invention can
be applied to a vehicle seat of a motor vehicle.
Reference Signs List

10X Lifting/lowering link

10T Geared link

11 12 Shaft

13 Base plate (ascending/descending body)

13al 13a2 Circular arc opening

13d Stopper

14 Floor bracket (base)

15 Link pinion

16 Link ratchet

17 First auxiliary bracket

18 Second auxiliary bracket

19 Neutral position returning spring (torsion spring)

192 Spring shaft

20 Control lever (input member/ outer input member)

20a Control portion (control portion)
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20b Inner connecting arm (inner extension portion)
201 First auxiliary lever (inner input member)
201a Inner arm

201b Outer connecting arm

201c Forced-release projection

203 Semi-cylindrical member (joining member)
204 Second auxiliary lever (support plate)

205 Connecting link pin

21 Shaft (control shaft)

21a 21b (Serrated portion)

21c Squared shaft portion

22 Input pinion

23 Bidirectional-motion transmission ratchet
23a Teeth

24 First lowering prevention latch

24c¢ Tooth engaging pawl

24d Forced-release pin

25 Second lowering prevention latch

59 Second latch biasing spring

25b Tooth engaging pawl

25¢ Position limit surface (linking portion)

27 Upward-directional motion transmission latch (up-latch)
28 Downward-directional motion transmission latch (down-latch)
27a 28a Shaft

27b 28b Tooth engaging pawl

27¢ 28c Forced-release pin

270 280 Position-limit cam hole

278 Torsion spring

30 Friction gear

30a Friction teeth

30al Lifting sliding-contact surface

30a2 Lowering sliding-contact surface

31 Friction latch

31b Tip friction pawl (end pawl)

31c Arm portion

31d Shock-absorbing projection

32 Torsion spring

33 Friction latch control link
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33a Elongated hole

46 Shaft

46a Latch biasing spring
50 Lower bracket

50a Through-hole

51 Inner side

52 Outer side
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[Claim 4]
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Claims

A vehicle seat vertical position adjustment apparatus comprising:

a lifting/lowering link which is pivoted at one end and the other end
thereof to a lower bracket of a vehicle seat and a vehicle floor, re-
spectively;

an input member which is supported by said vehicle seat and capable of
being operated up and down; and

a lifting/lowering mechanism which is driven in association with a
lifting/lowering operation of said input member to lift and lower said
lower bracket with rotational motion of said lifting/lowering link,
wherein said lifting/lowering link, said input member and said lifting/
lowering mechanism are supported by an inner side of said lower
bracket,

wherein a through-hole is formed in said lower bracket, and

wherein said input member is installed to extend to an outer side of said
lower bracket from said inner side thereof through said through-hole so
that a control portion of said input member is positioned on said outer
surface of said lower bracket.

The vehicle seat vertical position adjustment apparatus according to
claim 1, wherein said input member comprises:

an inner input member which includes an inner arm that is rotatable
about a control shaft and extends along an inner side of said lower
bracket, and an outer connecting arm that is bent with respect to said
inner arm;

an outer input member which includes said control portion that extends
along said outer surface of said lower bracket and an inner connecting
arm that is bent with respect to said control portion; and

a joining member which joins said outer connecting arm of said inner
input member and said inner connecting arm of said outer input
member to each other.

The vehicle seat vertical position adjustment apparatus according to
claim 2, wherein said joining member is configured from a semi-
cylindrical member, a radial-direction cut section of which is joined to
said inner connecting arm of said outer input member, and

wherein said outer connecting arm of said inner input member is
inserted into said semi-cylindrical member.

The vehicle seat vertical position adjustment apparatus according to
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[Claim 5]

[Claim 6]

[Claim 7]
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claim 2 or 3, further comprising a torsion spring which acts on at least
one of said outer connecting arm of said inner input member and said
inner connecting arm of said outer input member to hold said input
member in a neutral position.

The vehicle seat vertical position adjustment apparatus according to
claim 4, further comprising a spring shaft that is provided separately
from said control shaft,

wherein said torsion spring is supported by said spring shaft, and
wherein a distance between said outer connecting arm and said spring
shaft is shorter than a distance between said outer connecting arm and
said control shaft.

The vehicle seat vertical position adjustment apparatus according to
one of claims 2 through 5, further comprising a support plate, one end
of which is supported by said control shaft and the other end of which
is joined to said outer connecting arm of said inner input member.

The vehicle seat vertical position adjustment apparatus according to
one of claims 1 through 6, wherein said lifting/lowering link, said input
member and said lifting/lowering mechanism are supported on a base
plate which is comprised of a member that is provided separately from
said lower bracket, and

wherein said base plate is fixed to said inner side of said lower bracket.
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Fig. 7
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Fig. 8
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Fig. 11
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