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(57) Abstract: A vehicle ceiling structure (1) has a long
reinforcing rib (3) mounted to a vehicle ceiling member
(2), and the reinforcing rib (3) consists of a resin having a
thermal expansion coefficient different from that of the
ceiling member (2). The reinforcing rib (3) is composed
of split ribs arranged in the longitudinal direction with
gaps (30) in between. In each two adjacent split ribs (31,
32), an upper projection (322a) and a lower projection
(323a) which project in the longitudinal direction are
formed on the upper and lower portions of a front end
(321a) of one split rib (32). Said split rib (32) and the oth-
er split rib (31) are fitted to each other such that a lower
surface (324a) and an upper surface (325a) of the upper
projection (322a) of the split rib (32) are opposed in the
vertical direction to a rear end (311b) of the other split rib

31).

57) B9
DERHFM 212 L TERH
HIELYE DR

EERABE1CHNTIE, B
IR ENRE

~N

ST HENFHOIE
1

<_
-

i
Ju
B
=
4
-
Dp
W

ok

N NN
LN o TSRS
Lo | RaMeitea

F'

Nl TTRS
N7ANFo oG

AL O B

XESHSEH 0O Hmigh o

IRk N
Z

b 2T oY S Tt w
Ao CowRIFUN

SR N ikt
WIEOLEE — ot N en

FEC3®o SAA°

FFOJFTw OF AN
S
R
S
ok

BUA®Y | TH
ww TNty

=
C 0 SMRSH N MP = v

SHe UM D EEN = 1T
DG 0o oo

w
AN



WO 2010/010734 A1 I 9000 AT 0 OO

81)

(84)

BEE (RTOLEWVRY ., 2TOEBEOEAR
A A[HE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,

BB, BG, BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB,
GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, KE,
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY,

MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

IM, ZW.

EBEE (RTOLEWRY., 2TOEBDOLEF
& AN | EE): ARIPO (BW, GH, GM, KE, LS, MW, MZ,
NA, SD, SL, SZ, TZ, UG, ZM, ZW), 2 — 35 ¥ 7
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3— R v/

(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB,
GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT, NL,
NO, PL, PT, RO, SE, S, SK, TR), OAPI (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

FRA4.17 IZ3RE T HHEILT:

KDHREICE D BAIEEZTRIT HHEAD
EHIZET I TERA 4.17Gih)

M RRERE:

EFRSAERE (FHF 21 Q)

WESNE-FEROEHRUVRAE (£
%&(1))

9% 19



10

15

20

25

DESCRIPTION

VEHICLE CEILING STRUCTURE

TECHNICAL FIELD
[0001] The present invention relates to a vehicle ceiling
structure having a reinforcing rib attached to a vehicle ceiling

member.

BACKGROUND ART
[0002] Ceiling members for vehicles are provided with a
reinforcing member for enhancing the rigidity of and thereby
reinforcing the ceiling members. Such a reinforcing member may
possess an impact absorbing function for absorbing an impact
when a head portion of a passenger hits the ceiling member (see
Patent Documents 1 to 3). As areinforcing member, for example,
a resin molded product having a resin lattice rib as a base is
known. Such a reinforcing member (hereinafter referred to as
a reinforcing rib) is secured to the ceiling member with an
adhesive such as a hot melt adhesive.
[0003] Patent Document 1: Japanese Published Unexamined
Patent Application No. 2003-320915

Patent Document 2: Japanese Published Unexamined Patent
Application No. 2006-1478

Patent Document 3: Japanese Published Unexamined Patent

Application No. 2007-145234
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However, with a long reinforcing rib attached to
the ceiling member, when the ceiling member and reinforcing rib
undergo thermal expansion and contraction due to temperature
changes thereof, there is a difference in the amount of
expansion and contraction between them because they have
different coefficients of thermal expansion. Generally, for
the reinforcing rib, a material (such as resin) having a higher
coefficient of thermal expansion than that of the ceiling member
is used, because of which the amount of expansion and
contraction of the reinforcing rib is larger than that of the
ceiling member, which may result in formation of wrinkles in
the ceiling member.

A long reinforcing rib may be divided into a
plurality of pieces and attached with a gap between one another
in the longitudinal direction, in which case the thermal
expansion and contraction occur respectively in each of the
segmented reinforcing rib pieces so that the difference in the
amount of expansion and contraction between the ceiling member
and reinforcing rib can be made smaller. On the other hand,
the segmented portions of the reinforcing rib may be subjected
to stress during handling when assembling the ceiling member
to a vehicle body, which may cause flexing or bending of the

ceiling member.
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Object of the Invention
It is the object of the present invention to substantially overcome or at least

ameliorate one or more of the foregoing disadvantages.

Summary

The present invention provides a vehicle ceiling structure having a long
reinforcing rib attached to a ceiling member of the vehicle, the rib being made of a resin
having a different coefficient of thermal expansion from that of the ceiling member,
wherein

the reinforcing rib comprises a plurality of segmented ribs that are divided by a
gap in a longitudinal direction;

one of the segmented ribs adjacent to each other is formed, in upper and lower
parts of an end portion thereof, with an upper protrusion and a lower protrusion
protruding in the longitudinal direction;

the one segmented rib and the other segmented rib fit with each other such that a
lower face of the upper protrusion and an upper face of the lower protrusion of the one
segmented rib respectively face an end portion of the other segmented rib in an up and
down direction; and

the lower protrusion of the one segmented rib has its tip positioned to protrude
more in the longitudinal direction than that of the upper protrusion.

In the vehicle ceiling structure according to an embodiment of the present
invention, the reinforcing rib is not formed in one piece but comprises a plurality of

segmented ribs divided by a gap in the longitudinal direction. Therefore, when the

AH21(5585768 1:MLW
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reinforcing rib and ceiling member undergo thermal expansion and contraction due to
temperature changes thereof after the reinforcing rib is attached to the ceiling member,
the difference in the amount of expansion and contraction caused by the difference in
their respective coefficients of thermal expansion can be made smaller. Namely, since
thermal expansion and contraction occur respectively in each of the plurality of
segmented ribs that are divided of the reinforcing rib, the difference in the amount of
expansion and contraction between the reinforcing rib and the ceiling member can be
made smaller. Thereby, formation of wrinkles in the ceiling member after the attachment
of the reinforcing rib can be prevented.

Moreover, in an embodiment of the present invention, the one segmented rib and
the other segmented rib adjoining each other fit with each other such that a lower face of
the upper protrusion and an upper face of the lower protrusion of the one segmented rib
respectively face an end portion of the other segmented rib in the up and down direction.
Namely, the one segmented rib has the lower face of the upper protrusion and the upper
face of the lower protrusion at least in upper and lower parts of its end portion to act as
abutting faces to the end portion of the other segmented rib, so that the end portion of the
other segmented rib faces these abutting faces in the up and down direction.

Accordingly, the one segmented rib and the other segmented rib adjacent to each
other fit with each other in a state in which the other segmented b is restricted
sufficiently relative to the one segmented rib in the up and down direction. Thereby,
during the handling when assembling the ceiling member to the vehicle body after

attaching the reinforcing rib to the ceiling member, even if the segmented ribs are

AH21(5585768 1):MLW
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subjected to stress in the portion between them (segmented portion), flexing or bending of
the ceiling member can be prevented from occurring.

Accordingly, in the vehicle ceiling structure in an embodiment of the present
invention, the problems associated with the difference in the coefficient of thermal
expansion between the ceiling member and reinforcing rib can be prevented by forming
the reinforcing rib with a plurality of segmented ribs. And, the problem that may occur by
forming the reinforcing rib with a plurality of segmented ribs can be prevented by the
fitting structure between adjacent segmented ribs.

As described above, according to an embodiment of the present invention, a
vehicle ceiling structure that can prevent occurrence of failures such as wrinkles, flexing,

bending or the like of the ceiling member can be provided.

Brief Description of the Drawings
FIG. 1 is an explanatory diagram showing a ceiling member with reinforcing ribs
attached thereto in one embodiment.

FIG. 2 is an enlarged perspective view of part A of FIG. 1.

AH21(5585768 1):MLW
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FIG. 3 is a cross-sectional view along Al-Al of FIG. 2.

FIG. 4 is an explanatory diagram showinga simplified view
of the fitted state of a first segmented rib and a second
segmented rib of FIG. 3.

FIG. 5 is an explanatory diagram showing a state
immediately before the first segmented rib and the second
segmented rib are fitted with each other in the embodiment.

FIG. 6 is an enlarged perspective view of part B of FIG.

FIG. 7 is a cross-sectional view along B1-Bl of FIG. 6.
FIG. 8 is an explanatory diagram showing a state
immediately before the second segmented rib and a third

segmented rib are fitted with each other in the embodiment.

BEST MODES FOR CARRYING OUT THE INVENTION
[0014] In the present invention, the one segmented rib and
the other segmented rib adjacent to each other are preferably
fitted with each other such that they are not twisted in a
rotating direction around an axis extending in the longitudinal
direction. Namely, the upper protrusion and lower protrusion
of the one segmented rib, and the end portion of the other
segmented rib, are preferably formed such that they can fit with
each other without being twisted in a rotating direction around
an axis extending in the longitudinal direction.

In this case, the one segmented rib and the other

segmented rib adjacent to each other can be sufficiently and
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reliably fitted with each other.

[0015] Further, the upper protrusion and lower protrusion
of the one segmented rib preferably have respective tips
protruding in the longitudinal direction to positionsdifferent
from each other.

In this case, the one segmented rib and the other
segmented rib adjacent to each other can be readily fitted with
each other.

[0016] Further, the lower protrusion of the one segmented
rib preferably has its tip positioned to protrude more in the
longitudinal direction than that of the upper protrusion.

In this case, the other segmented rib can be readily
fitted with the one segmented rib secured to the ceiling member
prior to the other. More specifically, the end portion of the
other segmented rib can be readily fitted diagonally from above
in between the upper protrusion and lower protrusion of the one
segmented rib.

[0017] Further, the ceiling member preferably has an
opening for a sunroof.

That is, the ceiling member provided with the opening for
the sunroof has a lower rigidity than normal ceiling members.
Therefore, attaching the reinforcing rib to the ceiling member
by adopting the vehicle ceiling structure of the present
invention enables to secure a sufficient rigidity of the ceiling
member.

[0018] Further, the ceiling member and reinforcing rib are
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preferably bonded together with a hot melt adhesive.

In this case, the reinforcing rib can be readily and
reliably attached to the ceiling member.

For the hot melt adhesive, polyamide, polyolefin,
polyester, synthetic rubber hot melt adhesives and the like can
be used.

{0019] Further, at least part of the reinforcing rib
preferably serves also as an impact absorbing material.

In this case, at least part of the reinforcing rib not
only serves its function as a reinforcing member for enhancing
the rigidity of the ceiling member, but also serves a function
as an impact absorbing material for absorbing an impact by
deforming and/or breaking by an impact load applied when, for
example, a head portion of a passenger inside the vehicle hits
the ceiling member.

[0020] Further, at least one of the plurality of segmented
ribs is preferably made of a different resin from that of other
segmented ribs.

In this case, it is possible to use different types of
resins depending on the attaching locations and necessary
performance properties or the like of the segmented ribs to deal
with various configurations. For example, a high-rigidity
resin (e.g. ABS resin or the like) can be used for the segmented
rib that is attached to a portion where the ceiling member is
particularly desired to have enhanced rigidity, while a resin

easily deformable and/or breakable for impact and having a
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relatively low rigidity (e.g. PP (polypropylene) resin or the
like) can be used for the segmented rib that is attached to a
portion where impact absorption is particularly necessary.
[0021] Using different resins for forming respective
segmented ribs and bonding them using an adhesive such as a hot
melt adhesive will necessitate changing adhesives respectively
for the segmented ribs. However, by adopting the vehicle
ceiling structure of the present invention, it is possible to
use only one type of adhesive.

Namely, even if there is a segmented rib made of a resin
that has somewhat lower compatibility with the adhesive used,
other segmented ribs made of a resin having good compatibility
with the adhesive used and arranged on both sides can provide
an anchoring effect due to the fitting structure between the
adjacent segmented ribs, whereby the reinforcing rib can be
bonded to the ceiling member sufficiently. Thereby, a
situation where two types of adhesives would have been required
conventionally can be dealt with using only one type of
adhesive.

[0022] For the material forming the ceiling member, a
mixture or the like of a thermoplastic resin such as
polypropylene, polyurethane, polyethylene terephthalate, and
fiber such as wood fiber, glass fiber, can be used.

For the resin forming the reinforcing member, ABS, PP,
Noryl (trademark), polycarbonate, polycarbonate ABS, PE and the

like can be used.
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EMBODIMENTS

[0023] The vehicle ceiling structure according to an
embodiment of the present invention will be described with
reference to FIGS. 1 to 8.

In this embodiment, the vehicle ceiling structure 1 is
adopted in a vehicle equipped with a sunroof as shown in FIG.
1, but the present invention is not limited to this.

[0024] As shown in the drawing, the ceiling member 2, which
is an interior material of the vehicle interior, is formed with
a ceiling opening 20 for the sunroof. The ceiling opening 20
is provided on the front side of the ceiling member 2 and
rectangular.

Long reinforcing ribs 3 are respectively attached in a
front to back direction on both left and right sides of the
ceiling opening 20 of the ceiling member 2. The reinforcing
ribs 3 are bonded to the ceiling member 2 with a hot melt
adhesive.

[0025] In this embodiment, the two reinforcing ribs 3
attached on both left and right sides of the ceiling opening
20 of the ceiling member 2 have the same configuration, except
that they are provided symmetrically on the left and right.
Accordingly, for convenience of explanation, one of the
reinforcing ribs 3 attached on the left side of the ceiling
opening 20 of the ceiling member 2 will be described.

[0026] As shown in FIG. 1, the reinforcing rib 3 is made

10
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up of a plurality of segmented ribs divided in a longitudinal
direction thereof, i.e., a first segmented rib 31, a second
segmented rib 32, and a third segmented rib 33 in order from
the front side.

As shown in FIGS. 2 and 3, the first segmented rib 31 and

second segmented rib 32 fit with each other with gaps 30
therebetween in the longitudinal direction. Also, as shown in
FIGS. 6 and 7, the second segmented rib 32 and the third segmented
rib 33 fit with each other with gaps 30 therebetween in the
longitudinal direction.
[0027] In this embodiment, the ceiling member 2 is formed
of a mixture of thermoplastic resin and wood fiber. Further,
in the reinforcing rib 3, the first segmented rib 31 and third
segmented rib 33 are aftached to portions where the ceiling
member 2 is particularly desired to have enhanced rigidity, and
therefore formed of an ABS resin having high rigidity. The
second segmented rib 32 is attached to a portion where impact
absorption is particularly necessary and therefore formed of
a PP resin having a relatively low rigidity.

The first segmented rib 31, second segmented rib 32, and
third segmented rib 33 forming the reinforcing rib 3 are formed
of materials havingdifferent coefficients of thermal expansion
from that of the ceiling member 2.

[0028] Next, the fitted state of the first segmented rib
31 and second segmented rib 32 will be described.

As shown in FIGS. 2 to 4, the first segmented rib 31 is

11
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provided, at a rear end portion 31lb thereof, with a rear
protrusion 312b protruding in a backward direction. The second
segmented rib 32 is provided, on an upper side of a front end
portion 32la thereof, with an upper front protrusion 322a
protruding in a forward direction, and on a lower side thereof,
with a lower front protrusion 323a protruding in the forward
direction. The lower front protrusion 323a has its tip
positioned to protrude more in the longitudinal direction than
that of the upper front protrusion 322a.

[0029] As shown in the same drawings, the upper front
protrusion 322a and lower front protrusion 323a are coupled to
each other by front coupling portions 326a provided on both
sides of the front end portion 321a of the second segmented rib
32. Between the upper front protrusion 322a and lower front
protrusion 323a is formed a front fitting portion 327a for
allowing the rear protrusion 312b of the first segmented rib
31 to fit therewith.

(0030] As shown in the same drawings, the first segmented
rib 31 and second segmented rib 32 are secured together by making
the rear protrusion 312b of the first segmented rib 31 fit with
the front fitting portion 327a of the second segmented rib 32.
A lower face 324a of the upper front protrusion 322a of the second
segmented rib 32 faces an upper face 314b of the rear protrusion
312b of the first segmented rib 31 in the up and down direction.
An upper face 325a of the lower front protrusion 323a of the

second segmented rib 32 faces a lower face 315b of the rear

12
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protrusion 312b of the first segmented rib 31 in the up and down
direction.

[0031] Namely, as shown in the same drawings, the first
segmented rib 31 is fitted in such a state that the rear
protrusion 312b thereof is restricted in the up and down
direction by the lower face 324a of the upper front protrusion
322a and the upper face 325a of the lower front protrusion 323a
of the second segmented rib 32. Further, the first segmented
rib 31 is fitted in such a state that the rear protrusion 312b
thereof is restricted in the left and right direction by the
front coupling portions 326a of the second segmented rib 32.

FIG. 2 is an enlarged perspective view of part A of FIG.
1. FIG. 3is across-sectional viewalongAl-Al of FIG. 2. FIG.
4 is a diagram showing a simplified view of FIG. 3.

[0032] Next, the fitted state of the second segmented rib
32 and third segmented rib 33 will be described.

As shown in FIGS. 6 and 7, the third segmented rib 33 is
provided, at a front end portion 33la thereof, with a front
protrusion 332a protruding in the forward direction. The
second segmented rib 32 is provided, on an upper side of a rear
end portion 321b thereof, with an upper rear protrusion 322b
protruding in the backward direction, and on a lower side
thereof, with a lower rear protrusion 323b protruding in the
backward direction. The lower rear protrusion 323b has its tip

positioned to protrude more in the longitudinal direction than

that of the upper rear protrusion 322b.




[0033] As shown in the same drawings, the upper rear
protrusion 322b and lower rear protrusion 323b are coupled to
each other by rear coupling portions 326b provided on both sides

of the rear end portion 321b of the second segmented rib 32.

5 Between the upper rear protrusion 322b and lower rear protrusion
323b is formed a rear fitting portion 327b for allowing the front
protrusion 332a of the third segmented rib 33 to fit therewith.
[0034] As shown in the same drawings, the second segmented
rib 32 and third segmented rib 33 are secured together by making

10 the front protrusion 332a of the third segmented rib 33 fit with

the rear fitting portion 327b of the second segmented rib 32.

| A lower face 324b of the upper rear protrusion 322b of the second
: segmented rib 32 faces an upper face 334a of the front protrusion
332a of the third segmented rib 33 in the up and down direction.
15 Anupper face 325b of the lower rear protrusion 323b of the second
segmented rib 32 faces a lower face 335a of the front protrusion
332a of the third segmented rib 33 in the up and down direction.
[0035] Namely, as shown in the same drawings, the third

segmented rib 33 is fitted in such a state that the front

20 protrusion 332a thereof is restricted in the up and down
direction by the lower face 324b of the upper rear protrusion
322b and the upper face 325b of the lower rear protrusion 323b
of the second segmented rib 32. Further, the third segmented
rib 33 is fitted in such a state that the front protrusion 332a

25 thereof 1is restricted in the left and right direction by the

rear coupling portions 326b of the second segmented rib 32.

14
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FIG. 6 is an enlarged perspective view of part B of FIG.
1. FIG. 7 is a cross-sectional view along Bl-Bl of FIG. 6.
[0036] Next, steps of attaching the reinforcing rib 3 to
the ceiling member 2 will be described.

First, as shown in FIGS. 5(a) and 5(b), the rear

protrusion 312b of the first segmented rib 31 is inserted and
fitted backward into the front fitting portion 327a of the
second segmented rib 32 so as to assemble the first segmented
rib 31 with the second segmented rib 32.
[0037] Then, as shown in FIGS. 8(a) and 8(b), the front
protrusion 332a of the third segmented rib 33 is inserted and
fitted forward into the rear fitting portion 327b of the second
segmented rib 32 so as to assemble the second segmented rib 32
with the third segmented rib 33.

Thus the first segmented rib 31, second segmented rib 32,
and third segmented rib 33 are assembled together to obtain the
reinforcing rib 3.

[0038] Next, hot melt adhesive in amolten state is applied
to a location on the ceiling member 2 where the reinforcing rib
3 is to be attached. For the hot melt adhesive in this
embodiment, a polyamide hot melt adhesive was used.

After setting the reinforcing rib 3 on the hot melt
adhesive, the hot melt adhesive is cooled and cured to bond the
reinforcing rib 3.

The reinforcing rib 3 is thus attached to the ceiling

member 2.

15
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[0039] Further, after that, the ceiling member 2, with the
reinforcing rib 3 attached thereto, is secured to a body member
4 (see FIGS. 3, 4 and 7) forming the vehicle body, together with
assist grips, a room lamp, sun visors and the like respectively
provided at assist grip fixing portions 71, a room lamp fixing
portion 72, and sun visor fixing portions 73 and the like (see
FIG. 1).

[0040] Next, the effects achieved by the vehicle ceiling
structure 1 of this embodiment will be described.

In the vehicle ceiling structure 1 of this embodiment,
the reinforcing rib 3 is not formed in one piece but comprises
a plurality of segmented ribs 31 to 33 divided by gaps 30 in
the longitudinal direction. Therefore, after the reinforcing
rib 3 is attached to the ceiling member 2 and when they undergo
thermal expansicon and contraction due to temperature changes
thereof, the difference in the amount of expansion and
contraction caused by the difference in their respective
coefficients of thermal expansion can be made smaller. Namely,
since thermal expansion and contraction occur respectively in
each of the plurality of segmented ribs 31 to 33 that are divided
of the reinforcing rib 3, the difference in the amount of
expansion and contraction between the reinforcing rib 3 and the
ceiling member 2 can be made smaller. Thereby, formation of
wrinkles in the ceiling member 2 after the attachment of the
reinforcing rib 3 can be prevented.

[0041] Moreover, in this embodiment, as shown in FIG. 4,

16




and as will be explained taking the first segmented rib 31 and
second segmented rib 32 adjacent to each other as one example
and using the simplified view (simplified view of FIG. 3) of
how they fit with each other, the first segmented rib 31 and

5 second segmented rib 32 fit with each other such that the lower

face 324a of the upper front protrusion 322a and the upper face
325a of the lower front protrusion 323a of the second segmented
rib 32 respectively face the rear end portion 312b of the first
segmented rib 31 in the up and down direction. Namely, the
10 second segmented rib 32 has the lower face 324a of the upper
front protrusion 322a and the upper face 325a of the lower front
protrusion 323a in upper and lower parts of its front end portion
321la to act as abutting faces relative to the first segmented
rib 31, so that the rear end portion 312b of the first segmented
15 rib 31 faces these abutting faces in the up and down direction.
[0042] Accordingly, the first segmented rib 31 and second
segmented rib 32 fit with each other in a state in which the
first segmented rib 31 is restricted relative to the second

segmented rib 32 sufficiently in the up and down direction.

! 20 Thereby, during the handling when assembling the ceiling member
2 to the vehicle body after attaching the reinforcing rib 3 to
the ceiling member 2, even if the first segmented rib 31 and
second segmented rib 32 are subjected to stress in the portion
between them (segmented portion), flexing or bending of the

25 ceiling member 2 can be prevented from occurring. The same

applies to the portion between the second segmented rib 32 and

17




third segmented rib 33.
[0043] Accordingly, in the vehicle ceiling structure 1 of
this embodiment, the problems associated with the difference
in the coefficient of thermal expansion between the ceiling
5 member 2 and reinforcing rib 3 can be prevented by forming the
reinforcing rib 3 with a plurality of segmented ribs 31 to 33.
And, the problem that may occur by forming the reinforcing rib
3 with a plurality of segmented ribs 31 to 33 can be prevented
by the fitting structure between adjacent segmented ribs 31 to
10 33.
[0044] In this embodiment, the first segmented rib 31 and
second segmented rib 32 adjacent to each other are fitted with
each other such that they are not twisted in a rotatingdirection
around an axis extending in the longitudinal direction. Namely,
15 the first segmented rib 31 is fitted in such a state that its
rear protrusion 312b is restricted relative to the second
segmented rib 32 in the up and down direction as well as in the
left and right direction. Thus the first segmented rib 31 and
second segmented rib 32 adjacent to each other can be
20 sufficiently and reliably fitted with each other.
[0045] Similarly, the second segmented rib 32 and third
segmented rib 33 adjacent to each other are fitted with each
other such that they are not twisted in a rotating direction
around an axis extending in the longitudinal direction. Namely,
25 the third segmented rib 33 is fitted in such a state that its

front protrusion 332a is restricted relative to the second
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segmented rib 32 in the up and down direction as well as in the
left and right direction. Thus the second segmented rib 32 and
third segmented rib 33 adjacent to each other can be
sufficiently and reliably fitted with each other.

[0046] Further, the lower front protrusion 323a of the
second segmented rib 32 has its tip positioned to protrude more
in the longitudinal direction than that of the upper front
protrusion 322a. Therefore, as shown in FIGS. 5(a) and 5(b),
the rear protrusion 312b of the first segmented rib 31 can be
readily inserted and fitted diagonally fromabove into the front
fitting portion 327a of the second segmented rib 32.

[0047] Also, the lower rear protrusion 323b of the second
segmented rib 32 has its tip positioned to protrude more in the
longitudinal direction than that of the upper rear protrusion
322b. Therefore, as shown in FIGS. 8(a) and 8(b), the front
protrusion 332a of the third segmented rib 33 can be readily
inserted and fitted diagonally from above into the rear fitting
portion 327b of the second segmented rib 32.

[0048] Further, the ceiling member 2 has an opening 20 for
the sunroof. That is, the ceiling member 2 provided with the
opening 20 for the sunroof has a lower rigidity than normal
ceiling members 2. Therefore, attaching the reinforcing rib
3 to the ceiling member 2 by adopting the vehicle ceiling
structure 1 of this embodiment enables to secure a sufficient
rigidity of the ceiling member 2.

The ceiling member 2 and reinforcing rib 3 are bonded
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together with a hot melt adhesive. Therefore, the reinforcing
rib 3 can be readily and reliably attached to the ceiling member
2.
[0049] Further, part of the reinforcing rib 3 serves also
as an impact absorbingmaterial. Inthisembodiment, the second
segmented rib 32 corresponds to this part. Therefore, the
second segmented rib 32 not only serves its function as a
reinforcing member for enhancing the rigidity of the ceiling
member 2, but also serves a function as an impact absorbing
material for absorbing an impact by deforming and/or breaking
by an impact load applied when, for example, a head portion of
a passenger inside the vehicle hits the ceiling member 2.
[0050] Further, in the reinforcing rib 3, the second
segmented rib 32 is made of a different resin from that of the
first segmented rib 31 and third segmented rib 33. Namely,
dividing up the reinforcing rib 3 into a plurality of segmented
ribs 31 to 33 has made it possible to use different types of
resins depending on the attaching locations and necessary
performance properties or the like of the segmented ribs 31 to
33 to deal with various configurations.

In this embodiment, a high-rigidity resin (ABS resin) is
used for the first segmented rib 31 and third segmented rib 33
that are attached to portions where the ceiling member 2 is
particularly desired to have enhanced rigidity, while a resin
easily deformable and/or breakable and having a relatively low

rigidity (PP resin) is used for the second segmented rib 32 that
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is attached to a portion where impact absorption is particularly
necessary.

[0051] Using different resins for forming respective
segmented ribs 31 to 33 and bonding themusing a hot melt adhesive
as in this embodiment will necessitate a change of adhesives
respectively for the segmented ribs 31 to 33. However, by
adopting the vehicle ceiling structure 1 of this embodiment,
it is possible to use only one type of adhesive.

Namely, even if there is a segmented rib (for example,
second segmented rib 32) made of a resin that has somewhat lower
compatibility with the hot melt adhesive used, other segmented
ribs (for example, first segmented rib 31 and third segmented
rib 33) made of a resin having good compatibility with the
adhesive used and arranged on both sides can provide an
anchoring effect due to the fitting structure between adjacent
segmented ribs 31 to 33, whereby the reinforcing rib 3 can be
bonded to the ceiling member 2 sufficiently. Thereby, a
situation where two types of adhesives would have been required
conventionally can be dealt with using only one type of
adhesive.

([0052] As described above, according to this embodiment,
a vehicle ceiling structure 1 that can prevent occurrence of
failures such as wrinkles, flexing, bending or the like of the

ceiling member 2 can be provided.
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The claims defining the invention are as follows:

1. A vehicle ceiling structure having a long reinforcing rib attached to a
ceiling member of the vehicle, the rib being made of a resin having a different coefficient
of thermal expansion from that of the ceiling member, wherein

the reinforcing rib comprises a plurality of segmented ribs that are divided by a
gap in a longitudinal direction;

one of the segmented ribs adjacent to each other is formed, in upper and lower
parts of an end portion thereof, with an upper protrusion and a lower protrusion
protruding in the longitudinal direction;

the one segmented rib and the other segmented rib fit with each other such that a
lower face of the upper protrusion and an upper face of the lower protrusion of the one
segmented rib respectively face an end portion of the other segmented rib in an up and
down direction; and

the lower protrusion of the one segmented rib has its tip positioned to protrude
more in the longitudinal direction than that of the upper protrusion.

2. The vehicle ceiling structure according to claim 1, wherein the ceiling
member has an opening for a sunroof.

3. The vehicle ceiling structure according to claim 1 or 2, wherein the
ceiling member and the reinforcing rib are bonded together with a hot melt adhesive.

4. The vehicle ceiling structure according to any one of claims 1-3,
wherein at least part of the reinforcing rib serves also as an impact absorbing material.

5. The vehicle ceiling structure according to any one of claims 1-4,
wherein at least one of the plurality of segmented ribs is made of a different resin from
that of the other segmented ribs.

6. A vehicle ceiling structure substantially as hereinbefore described with

reference to the accompanying drawings.

Dated 15 September 2011
Toyota Shatai Kabushiki Kaisha
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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