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2 (57) Abstract: Vehicle slide door structure includes a lower slide rail (42) provided on a slide door (21), and a link mechanism (81)
provided between a vehicle body (11) and the slide rail (42). The link mechanism (81) is pivotably connected at one end portion to
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includes a plurality of link members (84, 85) and connection sections (96, 98, 101) where the link members are pivotably connected
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DESCRIPTION

VEHICLE SLIDE DOOR STRUCTURE

Technical Field

The present invention relates to vehicle slide door structures for

openably/closably supporting a slide door on a vehicle body.
Background Art

Among the conventionally-known vehicle shide door structures are ones
where a guide rail extending in a front-rear direction of the vehicle is provided
on a slide door and connected to the vehicle body via a parallel link mechanism.
As disclosed, for example, JP 09-277833 A, the parallel link mechanism includes
two parallel links that are pivotably connected at their respective proximal end
portions to the vehicle body and pivotably and slidably connected at their distal
end portions to the guide rail.

With the slide door structure disclosed in JP 09-277833 A, a slide .door
opening section can be opened by the two parallel links being pivoted about the
proximal end portions to move the slide door away from the vehicle body and
then the slide door being slid toward the rear of the vehicle along the distal end
portions of the two parallel links. However, to open the slide door, there is a
need to move the slide door a predetermined distance away from the vehicle
body, and the two parallel links have to have great lengths. Therefore, an
operating range of the two parallel links necessary for opening the slide door
would become considerably great, which undesirably makes it difficult to secure
a sufficient space through which a passenger can get in/off the vehicle (such a

space will hereinafter be referred to as “getting in/off opening” or “getting in/off
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space”).
Disclosure of the Invention

It is therefore an object of the present invention to provide an improved
vehicle slide door structure which can secure a sufficient getting in/off opening
or space and thereby allows a passenger to readily get in/off the vehicle in a
comfortable posture.

In order to accomplish the aforementioned object, the present invention
provides an improved vehicle slide door structure, which comprises: a slide rail
provided on a slide door; and a link mechanism provided between a vehicle body
and the slide rail, the link mechanism being pivotably connected at one end
portion thereof to the vehicle body and pivotably and slidably connected at the
other end portion thereof to the slide rail, the link mechanism including a
plurality of link members and a connection section where the link members are
pivotably connected with each other between the one end portion and the other
end portion.

Because the link mechanism comprises the plurality of link members
provided as separate components, the link members can be overlappingly
collapsed as the slide door is closed, and the link members can be expanded as
the slide door is opened. Thus, it is possible to reduce the overall operating
range of the link members during the opening/closing operation of the slide door.
Consequently, when the slide door is in the opened position, there can be
secured a sufficient getting in/off opening or space, so that a passenger can get
in/off the vehicle through the space in a comfortable posture.

In an embodiment, one end portion, in a slide-door opening direction, of
the slide rail is curved concavely in an outward direction of the vehicle, i.e.

away from the vehicle body. With the curved portion formed on the slide rail,
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the link mechanism can be slid smoothly on and along the slide rail during the
opening/closing operation of the slide door. Thus, it 1s possible for the passenger
or the like to smoothly perform the operation for moving the slide door
outwardly of the vehicle in order to open the slide door and the operation for
moving the slide door toward the interior of the vehicle in order to close the
slide door. As a consequence, the opening/closing operation of the slide door
can be performed smoothly.

In an embodiment, the plurality of link members comprises a vehicle-
body-side link member provided on the vehicle body and a door-side link
member provided on the slide door, and the vehicle-body-side link member and
the door-side link member are overlappingly collapsable in response to the
operation of the slide door. Because the vehicle-body-side link member and
door-side link member are separate components, each of the link members can
have a reduced overall length. Thus, as the slide door is closed, the link
members can be overlappingly collapsed, so that the link mechanism in the
collapsed position can have a reduced overall length. As a consequence, it 1s
possible to even further reduce the overall operating range of the link members
during the opening/closing operation of the slide dooxr.

In an embodiment, the vehicle-body-side link member includes a first
vehicle-body-side link and a second vehicle-body-side link that are disposed in
parallel to each other, and the door-side link member includes a first door-side
link and a second door-side link that are disposed in parallel to each other.
Thus, the slide door can be securely supported by the link mechanism during
the opening/closing operation of the slide door, so that it is possible to avoid
unwanted rattling movement of the slide door during the opening/closing

operation.
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In an embodiment, when the slide door is in the opened position with the
link mechanism placed in the expanded position, the door-side link member
extends in an opening/closing direction of the slide door while the vehicle-
body-side link member extends in an inward-outward (or width) direction of the
vehicle. In this way, it is possible to prevent unwanted rattling movement of
the slide door during the opening operation of the slide door.

Brief Description of Drawings

Fig. 1is a perspective view showing an embodiment of a vehicle slide door
of the present invention in a closed position;

Fig. 2 is a perspective view showing the vehicle slide door in an opened
position;

Fig. 3 is a sectional view taken along line 3 — 3 of Fig. 1;

Fig. 4 is a sectional view taken along line 4 — 4 of Fig. 2;

Fig. 5 is a perspective view showing a lower support unit of the vehicle
slide door of the present invention;

Fig. 6 is an exploded view of the lower support unit;

Fig. 7 is a sectional view taken along line 7 — 7 of Fig. 5;

Fig. 8 is a sectional view taken along line 8 — 8 of Fig. 5;

Figs. 9A and 9B are plan views explanatory of a link mechanism employed
in the vehicle slide door structure of the present invention;

Figs. 10A and 10B are perspective and plan views, respectively, of a slide
door, which particularly show how the slide door starts to be opened;

Figs. 11A and 11B are views explanatory of how the slide door is moved to
its fully opened position; and

Fig. 12 is a view showing the slide door in the fully opened position.

Best Mode for Carrying Out the Invention
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Reference is now made to Fig. 1 showing in perspective an embodiment of
a vehicle slide door structure of the present invention in a closed position, and
to Fig. 2 showing in perspective the vehicle slide door structure in an opened
position.

The vehicle 10 has a slide door opening section 12 formed in the left side of
a vehicle body 11, and it includes the vehicle slide door structure 21 provided on
the left side of the vehicle body 11 for opening and closing the slide door opening
section 12. The slide door opening section 12 provides a getting in/off space or
opening through which a passenger gets in and off the vehicle, and it is formed
in a substantially rectangular shape with upper end lower edge regions 12a and
12b and front and rear edge regions.

The vehicle slide door structure 20 includes a slide door 21 for opening and
closing the slide door opening 12, an upper support unit 24 for supporting an
upper portion 21a of the slide door 21, an intermediate (G.e., vertically-middle)
support unit 25 for supporting a rear intermediate portion 21b of the slide door
21, and a lower support unit 26 for supporting a lower portion of the slide door
21.

The slide door 21 has a rectangular shape with upper and lower portions
91a and 21c and front and rear portions 21d and 21le, and it is slidingly
openable/closable along the vehicle body 11.

The upper support unit 24 includes a guide section (hereinafter referred to
as “upper guide section”) 31 provided on the upper portion 21a of the slide door
21, and a slide rail (hereinafter referred to as “upper slide rail”) 32 for guiding
the upper guide section 31. The upper slide rail 32 is provided on the upper
edge region 12a of the slide door opening section 21 and has a curved portion 33

formed on a front end region thereof. The curved portion 33 is a portion curved
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inwardly so as to guide the slide door 21 toward the vehicle body 11 as the slide
door 21 is closed.

The intermediate support unit 25 includes a guide section (hereinafter
referred to as “intermediate guide section”) 35 provided on the rear
intermediate portion 21b of the slide door 21, and a slide rail (hereinafter
referred to as “intermediate slide rail”) 36 for guiding the intermediate guide
section 35. The intermediate slide rail 36 is provided on and extends
rearwardly from the rear edge region of the slide door opening section 21 and
has a curved portion 37 formed on a front end region thereof. The curved
portion 37 is a portion curved inwardly so as to guide the slide door 21 toward
the vehicle body 11 as the slide door 21 is closed.

The lower support unit 26 includes a guide section (hereinafter referred to
as “lower guide section”) 36 provided on the lower edge portion 12b of the slide
door 21, and a slide rail (hereinafter referred to as “lower slide rail”) 42 for
guiding the lower guide section 36. The lower slide rail 42 is provided on the
lower portion 21c and has a curved portion 43 formed on a rear end region 42b
(i.e., end region in an opening direction of the slide door 21) of the lower slide
rail 42. The curved portion 43 is a portion curved inwardly so as to guide the
slide door 21 toward the vehicle body 11 as the slide door 21 is closed.

In the slide door structure 20, the upper, intermediate and lower support
units 24, 25 and 26 are held in positions shown in Fig. 1 when the slide door 21
is in the closed position. Namely, the upper guide section 31 is located on the
curved portion 33 of the upper slide rail 32, the intermediate guide section 35 is
located on the curved portion 37 of the intermediate slide rail 36, and the lower
guide section 41 is located on the curved portion 43 of the lower slide rail 42.

As the slide door 21 is moved open in an arrowed direction in the
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aforementioned state, the upper and intermediate guide sections 31 and 35 are
moved from the respective curved portions 33 and 37 toward the rear of the
vehicle, and simultaneously, the lower slide rail 42 is moved toward the rear of
the vehicle together with the slide door 21.

Fig. 2 shows the slide door 21 having been moved to its fully opened
position. When the slide door 21 is in the fully-opened position, the upper,
intermediate and lower support units 24, 25 and 26 are held in positions shown
in Fig. 2. |

Namely, when the slide door 21 is in the fully opened position, the upper
suide section 31 is located on a rear end portion 32a of the upper slide rail 32,
the intermediate guide section 35 is located on a rear end portion 36a of the
intermediate slide rail 36, and the lower guide section 41 is located on a front
end portion 42a of the lower slide rail 42.

Fig. 3 is a sectional view taken along the 3 — 3 line of Fig. 1. The upper
slide rail 32 includes a first upper rail section 45 provided on the upper edge
region 12a of the slide door opening section 12 shown in Fig. 2, and a second
upper rail section 46 provided on the first upper rail section 45.

The first upper rail section 45 has a bottom portion 45a having a vertically
oriented roller (hereinafter referred to as “vertical rollers”) 47 placed thereon.
The second upper rail section 46 is formed in a downwardly-opening channel
(i.e., inverted U) sectional shape and thereby has inner and outer guide wall
portions 48 and 49. A pair of horizontally oriented rollers (hereinafter referred
to as “horizontal rollers”) 51 are sandwiched between the inner and outer guide
wall portions 48 and 49.

The upper guide section 31 includes a fixed bracket 52 fixed to the upper

portion 21a of the slide door 21 by means of a bolt 54, a pivotable bracket 53
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pivotably supported on the fixed bracket 52 by means of a bolt 55, and the
vertical roller 47 and horizontal rollers 51 connected to the pivotable bracket
53.

The vertical roller 47 is movable on and along the bottom portion 45a of
the first upper rail section 45 so as to restrict downward movement of the slide
door 21. Namely, the vertical roller 47 can support the weight of the slide door
21.

The horizontal rollers 51 are disposed between and movable on and along
the inner and outer guide wall portions 48 and 49 so as to restrict horizontal
movement of the slide door 21. Namely, the horizontal rollers 51 can prevent
unwanted rattling movement of the slide door 21 in an inward-outward G.e.,
width) direction of the vehicle.

Fig. 4 is a sectional view taken along line 4 — 4 of Fig. 2. The intermediate
slide rail 36 includes a first intermediate rail section 65 provided on and
extending from the rear edge region of the slide door opening section 12, and a
second intermediate rail section 66 provided on the first intermediate rail
section 65.

The first intermediate rail section 65 has a bottom portion 65a having a
vertical roller 67 placed thereon. The second intermediate rail section 66 is
formed in a downwardly-opening channel G.e., inverted U) sectional shape and
thereby has inner and outer guide wall portions 68 and 69. A pair of horizontal
rollers 71 are sandwiched between the inner and outer guide wall portions 68
and 69.

The intermediate guide section 35 includes a pivotable bracket 72
pivotably supported on the rear intermediate portion 21b of the slide door 21 by

means of a bolt 74, and the vertical roller 67 and horizontal rollers 71 connected
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to the pivotable bracket 72.

The vertical roller 67 is movable on and along the bottom portion 65a of
the first intermediate rail section 65 so as to restrict downward movement of
the slide door 21. Namely, the vertical roller 67 can support the weight of the
slide door 21.

The horizontal rollers 71 are disposed between movable on and along the
inner and outer guide wall portions 68 and 69 so as to restrict horizontal
movement of the slide door 21. Namely, the horizontal rollers 71 can prevent
unwanted rattling movement of the slide door 21 in the inward-outward G.e.,
width) direction of the vehicle.

Fig. 5 is a perspective view showing the lower support unit 26, and Fig. 6
is an exploded view of the lower support unit 26. The lower guide section 41
includes a link mechanism 81 disposed between the vehicle body 11 and the
lower slide rail 42, and a guide mechanism 82 connected to the link mechanism
81.

The link mechanism 81 includes a vehicle-body-side link member 84 and a
door-side link member 85. The vehicle-body-side link member 84 is provided
on the vehicle body 11, while the door-side link member 85 is provided on the
slide door 21.

The vehicle-body-side link member 84 includes a first vehicle-body-side
link 87 and second vehicle-body-side link 88 that are disposed in parallel to
each other. The door-side link member 85 includes a first door-side link 91 and
second door-side link 92 that are disposed in parallel to each other.

The first vehicle-body-side link 87 and second vehicle-body-side link 88 are
pivotably connected at their respective proximal end portions 87a and 88a to

the vehicle body 11 by means of bolts 94.
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The link mechanism 81 also includes a first connection section 96 where
the first door-side link 91 is pivotably connected at its proximal end portion 91a
to a distal end portion 87b of the first vehicle-body-side link 87 by means of a
bolt 95, and a second connection section 98 where the second door-side link 92 is
pivotably connected at its proximal end portion 92a to a distal end portion 88b
of the second vehicle-body-side link 88 by means of a bolt 97. The link
mechanism 81 further includes a third connection section 101 where the first
door-side link 91 is pivotably connected at its near-proximal-end portion to a
near-distal-end portion of the second vehicle-body-side link 88 by means of a
bolt 99.

Namely, the first vehicle-body-side link 87 and the second vehicle-body-
side link 88 are pivotably connected at the respective proximal end portions 87a
and 88a, constituting one end portion of the link mechanism 81, to the vehicle
body 11 by means of the bolts 94. The first to third connection sections 96, 98
and 101 are where the vehicle-body-side link member 84 and the door-side link
member 85 are pivotably connected with each other through the
aforementioned pivotal connections between the proximal end portions 87a and
88a of the vehicle-body-side link member 84 (i.e., one end portion of the link
mechanism 81) and the distal end portions 91b and 92b of the door-side link
member 85 (.e., the other end portion of the link mechanism 81).

The guide mechanism 82 is connected to the distal end portions 91b and
92b of the door-side link member 85 by means of bolts 102. The guide
mechanism 82 includes a movable bracket 104 connected to the respective distal
end portions 91b and 92b of the first and second door-side links 91 and 92, and
a plurality of horizontal rollers 105 and 106 provided on the movable bracket
104.
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The movable bracket 104 includes an arm section 107 pivotably connected
to the respective distal end portions 91b and 92b of the first and second
door-side links 91 and 92 by means of the bolts 102, and a roller support section
108 formed integrally with the arm section 107 and pivotably supporting
thereon the horizontal rollers 105 and 106. In an alternative, the roller
support section 108 may be provided on the doox-side link member 85.

Namely, the distal end portions 91b and 92b of the first and second
door-side links 91 and 92, constituting the other end portion of the link
mechanism 81, are pivotably and slidably connected to the lower slide rail 42
via the guide mechanism 82.

The ]ink mechanism 81 is accommodated in a cover 115 (see also Fig. 9B).
The cover 115 is formed at the rear end of a step 116, and the step 116 is
provided, on the lower edge portion 12b of the slide door opening section 12, as a
support for the passenger to put his or her foot on in getting in/off the vehicle.

The lower slide rail 42 is provided on the lower portion 21c of the slide
door 21, rather than on the lower edge portion 12b of the slide door opening
section 12. Therefore, the lower edge portion 12b of the slide door opening
section 12 can be located lower than a vehicle floor 117. In this way, the step
116 for the passenger to put his or her foot on in getting in/off the vehicle can be
provided lower than the vehicle floor 117.

The cover 115, which is formed at the rear end of the step 116, is a housing
formed in a substantially cubic shape with upper, front and side wall portions
115a, 115b and 115c, as seen in Fig. 5.

The upper wall portion 115a is a flat horizontal wall portion provided in
flush with (.e., at the same height as) the vehicle floor 117. The front wall

portion 115b is a vertical wall portion extending from the front edge of the
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upper wall portion 115a down to the step 116. The side wall portion 115¢ is a
vertical wall portion extending from a side edge of the upper wall portion 115a
down to the step 116.

The side wall portion 115¢ has an elongated hole 118 formed therein and
extending in the front-rear direction of the vehicle. The elongated hole 118 is
an opening for allowing the vehicle-body-side link member 84 (first vehicle-
body-side link 87 and second vehicle-body-side link 88) to project therethrough
to outside of the cover 115. |

With the lower slide rail 42 provided on the lower portion 21c of the slide
door 21 and the cover 115 provided at the rear end of the step 116, the
passenger can readily get in/off the vehicle in a comfortable posture. Namely,
when the passenger wants to get in the vehicle through the slide door opening
section 12, for example, the passenger can readily get onto the vehicle floor 117
in a comfortable posture by putting his or her foot 199 first on the step 116 and
then on the upper wall portion 115a. When the passenger wants to get off the
vehicle, he or she can do so in a comfortable posture through the slide door
opening section 12 in a similar manner to the aforementioned.

Fig. 7is a sectional view taken along the 7 — 7 line of Fig. 5, and Fig. 8is a
sectional view taken along the 8 — 8 line of Fig. 5. The lower slide rail 42 is
provided on the lower portion 21c of the slide door 21 to extend in the front-rear
direction of the vehicle.

The lower slide rail 42 is formed in a downwardly-opening channel G.e.,
inverted U) sectional shape so that it has inner and outer guide wall portions
111 and 112. The two outer horizontal rollers 105 are sandwiched between the
inner and outer guide wall portions 111 and 112. The two inner horizontal

rollers 106 are held in abutment against the inner guide wall portion 111.
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The two outer horizontal rollers 105 and two inner horizontal rollers 106
are movable along the inner and outer guide wall portions 111 and 112 so as to
restrict horizontal movement of the slide door 21. In this way, it is possible to
prevent unwanted rattling movement of the slide door 21 in the inward-
outward G.e., width) direction of the vehicle.

In the vehicle slide door structure 20, the upper vertical roller 47 of Fig. 3
and intermediate vertical roller 67 of Fig. 4 can support the weight of the slide
door 21. Thus, the lower support unit 26 need not have a separate vertical
roller for supporting the weight of the slide door 21. Consequently, it is
possible to compactize the guide mechanism 82 of the lower support unit 26 and
thus readily provide the guide mechanism 82 within the slide door 21.

Further, in the vehicle slide door structure 20, the upper horizontal roller
51 of Fig. 3, intermediate horizontal roller 71 of Fig. 4 and outer and inner
lower horizontal rollers 105 and 106 of Fig. 8 can prevent unwanted rattling
movement of the slide door 21 in the inward-outward G.e., width) direction of
the vehicle.

Figs. 9A and 9B are plan views explanatory of the link mechanism 81
employed in the vehicle slide door structure 20. Fig. 9A shows the slide door
21 in the opened position with the link mechanism 81 placed in an expanded
position, and Fig. 9B shows the slide door 21 in the closed position with the link
mechanism 81 placed in a contracted or collapsed position.

The link mechanism 81, which is disposed between the vehicle body 11
and the lower slide rail 42 provided on the slide door 21, comprises a plurality
of separate link members, i.e. vehicle-body-side link member 84 and door-side
link member 85, and these link members 84 and 85 are pivotably connected

with each other via the first to third connection sections 96, 98 and 101.
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Because the vehicle-body-side link member 84 and door-side link member 85
are separate components, each of the link members 84 and 85 can have a
reduced overall length.

As the slide door 21 is closed, the link members 84 and 85 can be
overlappingly collapsed as shown in Fig. 9B, while, as the slide door 21 is
opened, the link members 84 and 85 can be expanded as shown in Fig. 9A.

With the arrangement that the link members 84 and 85 are overlappingly
collapsed as the slide door 21 is closed, it is possible to reduce the overall
operating range of the vehicle-body-side link member 84 and door-side link
member 85 during the opening/closing operation of the slide door 21.

Because the link members 84 and 85 are overlappingly collapsed as the
slide door 21 is closed, the link mechanism 81 in the collapsed position can have
a reduced overall length L1. Thus, the cover 115 accommodating the link
mechanism 81 can have a reduced overall length L.2. Consequently, when the
slide door 21 is in the opened position, there can be secured a sufficient getting
in/off space in the slide door opening section 12, so that the passenger can
readily get in/off the vehicle through the space in a comfortable posture.

Further, because the link mechanism 81 includes the first vehicle-body-
side link 87 and second vehicle-body-side link 88 that are disposed in parallel to
each other and the first and second door-side links 91 and 92 that are disposed
in parallel to each other, the slide door 21 can be securely supported by the link
mechanism 81 during the opening/closing operation of the slide door 21, so that
unwanted rattling movement of the slide door 21 during the opening/closing
operation can be reliably avoided.

In addition, as the slide door 21 is opened, the link mechanism 81 is

expanded into a substantially L shape as shown in Fig. 9A. When the link
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mechanism 81 is in the L-shape expanded position, the door-side link member
85 extends in the opening/closing direction of the slide door 21, and the
vehicle-body-side link member 84 extends in the inward-outward G.e., width)
direction of the vehicle body 11.

Further, the first door-side link 91 is pivotably connected at its proximal
end portion 91a to the distal end portion 87b of the first vehicle-body-side link
87 by means of the bolt 95, and the first door-side link 91 is also pivotably
connected at its near-proximal-end portion to the near-distal-end portion of the
second vehicle-body-side link 88 by means of the bolt 99. Thus, when a load F1
has acted on the slide door 21, pulling force F2 acts on the first vehicle-body-
side link 87 in a longitudinal direction of the link 87, and simultaneously,
compressing force acts on the second vehicle-body-side link 88 in a longitudinal
direction of the link 88. Such an arrangement can prevent the first
vehicle-body-side link 87 from pivoting about the bolt 94 and thereby prevent
the slide door 21 from moving toward the interior of the vehicle.

When a load F3 has acted on the slide door 21, on the other hand,
compressing force F4 acts on the first vehicle-body-side link 87 in the
longitudinal direction of the link 87, and simultaneously, pulling force acts on
the second vehicle-body-side link 88 in the longitudinal direction of the link 88.
Such an arrangement can prevent the first vehicle-body-side link 87 from
pivoting about the bolt 94 and thereby prevent the slide door 21 from moving
toward outside of the vehicle.

In the aforementioned manner, it is possible to prevent unwanted rattling
movement, in the inward-outward direction, of the slide door 21 during the
opening/closing operation of the slide door 21.

Further, as the slide door 21 is opened, the link mechanism 81 is
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expanded into a substantially L shape, as noted above. Thus, the respective
distal end portions 91b and 92b of the first and second door-side links 91 and 92
can be located a distance L3 rearwardly of a rear pillar 121. Thus, the slide
door 21 can be opened sufficiently toward the rear of the vehicle without being
adversely influenced by the rear pillar 121. As a consequence, when the slide
door 21 is in the opened position, the instant embodiment can reliably secure a
sufficient getting in/off opening or space for the passenger to get in/off the
vehicle.

As shown in Fig. 9B as well as in Figs. 1 and 2, the lower slide rail 42 has
the curved portion 43 formed on its one end portion in the slide-door opening
direction (i.e., on its rear end portion). The other portion of the lower slide rail
42 than the curved portion 43 will hereinafter be referred to as “straight rail
portion 44”.

With the curved portion 43 formed on the rear end portion of the lower
slide rail 42, the plurality of horizontal oriented rollers 105 and 106 is allowed
to move smoothly from the curved portion 43 along the straight rail portion 44
during the opening/closing operation of the slide door 21. By thus allowing the
horizontal rollers 105 and 106 to move smoothly along the straight rail portion
44, the link mechanism 81 can be smoothly expanded/collapsed.

In the aforementioned manner, it is possible for the passenger or the like
to smoothly perform the operation for moving the slide door 21 outwardly away
from the vehicle body in order to open the slide door 21 and the operation for
moving the slide door 21 toward the interior of the vehicle body.

Next, with reference to Figs. 10 — 11, a description will be given about how
the slide door 21 is opened. In the vehicle slide strqcture 20, the upper support

unit 24 and the intermediate support unit 25 are similar in construction. Thus,
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the upper support unit 24 and the lower support unit 26 will be described below
in detail with reference to Figs. 10 — 12.

Figs. 10A and 10B are perspective and plan views, respectively, of the slide
door 21, which particularly show how the slide door 21 starts to be opened. As
shown in Fig. 10A, the passenger or the like applies force F to the slide door 21
to open the slide door 21 toward the rear of the vehicle, during which time the
horizontal rollers 51 of the upper guide section 31 (see also Fig. 3) move from
the curved portion 33 of the upper slide rail 32 as indicated by arrow A.
Simultaneously, the horizontal rollers 71 of the intermediate guide section 35
(see also Fig. 49) move from the curved portion 37 of the intermediate slide rail
36 as indicated by arrow B.

Thus, the slide door 21 moves not only outwardly away from the vehicle
body but also toward the rear of the vehicle as indicated by arrow C, and the
lower slide rail 42 moves together with the slide door 21 rearwardly as
indicated by arrow C.

By the lower slide rail 42 moving rearwardly as indicated by arrow C as
noted above, the curved portion 43 of the lower support unit 26 moves in the
arrow C direction along the horizontal rollers 105 and 106 of the lower guide
section 41, as shown in Fig. 10B. In this state, the curved portion 43 of the
lower slide rail 42 is kept supported by the lower slide rail 42. In this way, it is
possible to prevent unwanted rattling movement, in the inward-outward
direction or width direction of the vehicle, of the slide door 21.

Further, by the curved portion 43 of the lower support unit 26 moving in
the arrow C direction, a proximal end region 43a of the curved portion 43,
merging with the straight rail portion 44, reaches the horizontal rollers 105 and

106. Thus, the horizontal rollers 105 and 106 move in the arrow C direction
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together with the proximal end region 43a of the curved portion 43, so that the
vehicle-body-side link member 84 and door-side link member 85 of the link
mechanism 81 start expanding in an arrow D direction by pivoting about the
bolts 94.

Thus, in the upper support unit 24, the horizontal rollers 51 of the guide
section 31 move from the curved portion 33 to a straight rail portion 34 of the
upper slide rail 32 and then move along the straight rail portion 34. As a
consequence, the movement of the slide door 21 switches from the outward
movement away from the vehicle body 11 to the rearward movement along the
vehicle body 11. Simultaneously, the vehicle-body-side link member 84 and
door-side link member 85 of the link mechanism 81 are brought to a fully
expanded position.

Figs. 11A and 11B are views explanatory of how the slide door 21 is moved
to its fully opened position. The horizontal rollers 51 of the upper guide
section 31 move along the straight rail portion 34 as indicated by arrow E in Fig.
11A, so that the vehicle-body-side link member 84 and door-side link member 85
of the link mechanism 81 are brought to the fully expanded position.

Further, by the horizontal rollers 51 moving along the straight rail portion
34 in the arrow E direction as noted above, the slide door 21 moves rearwardly
along the vehicle body 11 as indicated by arrow F. The lower slide rail 42
moves in the arrow F direction together with the slide door 21. In this state,
the straight rail portion 44 of the lower slide rail 42 is kept supported by the
horizontal rollers 105 and 106, so that it is possible to prevent unwanted
rattling movement, in the inward-outward direction or width direction of the
vehicle, of the slide door 21.

Then, the horizontal rollers 51 of the upper support unit 24 reach and rest



10

15

20

25

WO 2009/087947 PCT/JP2008/073941

-19 -

at the rear end portion 32a of the straight rail portion 34 of the upper rail 32, as
shown in Fig. 11B. Simultaneously, the front end portion 42a of the straight
rail portion 44 of the lower slide rail 42 reaches the horizontal rollers 105 and
106, so that the slide door 21 is brought to the fully opened position.

In this state too, the front end portion 42a of the lower slide rail 42 is kept
supported by the horizontal rollers 105 and 106, so that it is possible to prevent
unwanted rattling movement, in the inward-outward direction or width
direction of the vehicle, of the slide door 21.

Fig. 12 is a view showing the slide door in the fully opened position.
When the slide door 21 is in the fully opened position, the upper guide section
31 is located on the rear end portion 32a of the upper slide rail 32, the
intermediate guide section 35 is located on the rear end portion 36a of the
intermediate slide rail 36, and the front end portion 42a of the lower slide rail
42 is located on the lower guide section 41.

Whereas the preferred embodiment has been described above in relation
to the case where the vehicle-body-side link member 84 and door-side link
member 85 of the link mechanism 81 are expanded into a substantially L shape,
the present invention is not so limited; for example, the vehicle-body-side link
member 84 and door-side link member 85 may be expanded into a substantially
dogleg shape.

Further, the slide door opening section 12, slide door 21, lower slide rail 42,
curved portion 43, link mechanism 81, vehicle-body-side link member 84,
door-side link member 85, first and second vehicle-body-side links 87 and 88,
first and second door-side links 91 and 92, first to third connection sections 96,
98 and 101, etc. employed in the embodiment are not necessarily limited to the

above-described shapes, constructions, etc. and may be modified as necessary.
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Industrial Applicability
The present invention is particularly suited for application to automotive

vehicles having a slide door openably/closably supported on the vehicle body.
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CLAIMS

1. Avehicle slide door structure comprising:

a slide rail provided on a slide door; and

a link mechanism provided between a vehicle body and the slide rail, the
link mechanism being pivotably connected at one end portion thereof to the
vehicle body and pivotably and slidably connected at another end portion
thereof to the slide rail, the link mechanism including a plurality of link
members and a connection section where the link members are pivotably
connected with each other between the one end portion and the other end

portion.

2 The vehicle slide door structure of claim 1, wherein one end portion, In a
slide-door opening direction, of the slide rail is curved concavely in an outward

direction of the vehicle.

3. The vehicle slide door structure of claim 1 or 2, wherein the plurality of
link members comprises a vehicle-body-side link member provided on the
vehicle body and a door-side link member provided on the slide door, and the
vehicle-body-side link member and the door-side link member are overlappingly

collapsable in response to operation of the slide door.

4. The vehicle slide door structure of claims 1 or 2, wherein the plurality of
link members comprises a vehicle-body-side link member provided on the
vehicle body and a door-side link member provided on the slide door, the

vehicle-body-side link member includes a first vehicle-body-side link and a
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second vehicle-body-side link that are disposed in parallel to each other, and the
door-side link member includes a first door-side link and a second door-side link

(92) that are disposed in parallel to each other.

5. The vehicle slide door structure of claim 4, wherein, when the slide door is
in an opened position, the door-side link member extends in an opening/closing
direction of the slide door while the vehicle-body-side link member extends in

an inward-outward direction of the vehicle.
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