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(54) BODY FRAME STRUCTURE

(57) A body frame structure forming a side part of an
automobile includes an outer panel, an inner panel that
forms a closed space elongated in a first direction be-
tween the inner panel and the outer panel, a metal outer
R/F disposed within the closed space, a resin R/F dis-

posed within the closed space, and a foam disposed with-
in the closed space. The closed space includes a
three-layer structure including the outer R/F, the resin
R/F, and the foam filling a space between the outer R/F
and the resin R/F.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The disclosure of Japanese Patent Application
No. 2017-149833 filed on August 2, 2017 including the
specification, claims, drawings, and abstract is incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a body frame
structure forming a side part of an automobile, and more
particularly to a structure of a pillar or a rail that is a part
of a body frame.

BACKGROUND

[0003] A side part of an automobile includes frames
such as pillars extending in the height direction of the
automobile and rails extending in the forward-rearward
or lateral direction of the automobile. These pillars and
rails each typically include an inner panel and an outer
panel facing the inner panel to form a closed space be-
tween the outer panel and the inner panel. The entire
pillar or rail thus has a hollow structure.
[0004] The pillar and the rail include, within an inner
space (closed space), metal members for reinforcing the
pillar and the rail. Patent Document 1 (JP 2007-326376
A), for example, discloses a pillar structure including met-
al reinforcements within a closed space.
[0005] FIG. 9 illustrates a pillar structure disclosed in
Patent Document 1. As illustrated in FIG. 9, this pillar
structure includes an outer panel 12 and an inner panel
14 that together form a closed section. This closed sec-
tion includes an outer reinforcement (hereinafter abbre-
viated as an "outer R/F"; this abbreviation similarly ap-
plies to other members) 16 along the outer panel 12 and
an inner R/F 18 along the inner panel 14. This pillar struc-
ture further includes an auxiliary R/F 40 along the outer
R/F 16. The auxiliary R/F 40 is typically made of a metal,
similar to the outer R/F 16 and the inner R/F 18.

CITATION LIST

PATENT LITERATURE

[0006] [Patent Document 1] JP 2007-326376 A

SUMMARY

TECHNICAL PROBLEM

[0007] While the metal auxiliary R/F 40 provided to re-
inforce the outer R/F 16 or the inner R/F 18 increases
the strength of the pillar or the rail, the metal auxiliary
R/F 40 also increases costs and weight.
[0008] To enhance the rigidity of the outer panel 12

against side collision load in the pillar structure of Patent
Document 1, all of the outer R/F 16, the auxiliary R/F 40,
and the inner R/F 18 are bent at intermediate positions
in the width direction to protrude toward the center in the
thickness direction. This configuration causes the auxil-
iary R/F 40 and the inner R/F 18 to come close to each
other at the intermediate positions in the width direction.
However, in consideration of assembling properties of
the auxiliary R/F 40 made of a metal, it is difficult to bring
the auxiliary R/F 40 into full contact with the inner R/F
18, and some gap 42 always exists between the auxiliary
R/F 40 and the inner R/F 18. This gap 42 facilitates de-
formation of the outer R/F 16 and the auxiliary R/F 40
when side collision load F is applied to the outer R/F 16
and the auxiliary R/F 40, which further causes sectional
buckling in the outer R/F 16 and the auxiliary R/F 40.
[0009] Further, to provide the auxiliary R/F 40 made of
metal to reinforce the inner R/F 18 or the outer R/F 16,
it is necessary to spot-weld the auxiliary R/F 40 with the
inner R/F 18 or the outer R/F 16. However, certain shapes
of these R/Fs may prevent entry of a welding gun, making
it difficult to weld the two R/Fs together.
[0010] As described above, a metal auxiliary R/F pro-
vided to reinforce the inner R/F or the outer R/F may
cause various problems. The specification therefore dis-
closes a frame structure of an automobile, capable of
maintaining high strength of the body frame with a re-
duced amount of metal R/Fs.

SOLUTION TO PROBLEM

[0011] A body frame structure in accordance with one
aspect forms a side part of an automobile and includes
an outer panel, an inner panel facing the outer panel to
form a closed space elongated in a first direction between
the inner panel and the outer panel, a first R/F made of
a metal and disposed within the closed space, a second
R/F made of a resin and disposed within the closed
space, and a foam disposed within the closed space. The
closed space includes, in at least a portion in the first
direction, a three-layer structure. The three-layer struc-
ture includes the first R/F, the second R/F, and the foam
filling a gap between the first R/F and the second R/F.
[0012] This structure reinforces the first metal R/F with
the foam and the second resin R/F. The second R/F,
which is made of resin, deforms in accordance with foam-
ing deformation of the foam and can remain intimate con-
tact with the foam after foaming of the foam. It is therefore
possible to maintain high strength of the body frame with
a reduced amount of metal R/F.
[0013] At least a portion of the closed space in the first
direction may include a honeycomb structure having two
or more segments separated by the three-layer structure.
[0014] The honeycomb structure further increases the
strength of the body frame structure.
[0015] The inner panel and the outer panel may form
a pillar extending in a height direction of the automobile.
The body frame structure may further include a third R/F
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made of a metal and disposed within the closed space.
In at least a portion of the closed space in the first direc-
tion, the third R/F may be disposed opposite the first R/F,
with the foam being interposed between the third R/F and
the first R/F.
[0016] The third metal R/F can further increase the
strength of the body frame structure. The foam disposed
between the first R/F and the third R/F allows the collision
load applied to the third R/F to be supported, via the foam,
by the first R/F immediately. This effectively reduces de-
formation and buckling of the third R/F.
[0017] In at least a portion of the closed space in the
height direction in the above structure, the first R/F may
have a cross section having a substantially hat shape
with a center portion in a pillar width direction protruding
toward the third R/F, and the foam may fill a gap between
a top surface portion of the hat shape of the first R/F and
the third R/F
[0018] Deformation and buckling of the third R/F can
be reduced more effectively by filling the gap between
the first R/F and the third R/F with the foam.
[0019] In at least a portion of the closed space in the
height direction in the above structure, the foam may
have a cross section of a substantially hat shape that
conforms to the first reinforcement, and the second R/F
may cover a portion of an outer surface of the foam cor-
responding to a rising portion of the hat shape.
[0020] As the rising portions of the hat shape of the
first R/F are covered with and reinforced by the foam and
the rising portions of the hat shape of the foam are, in
turn, covered with and reinforced by the second R/F, de-
formation and buckling of the rising portion of the first
R/F can be effectively reduced, thereby reducing defor-
mation of the pillar more reliably. In addition, the first R/F,
having one surface covered with and reinforced by the
foam, can have increased surface rigidity and increased
resistance against the roof collision load.
[0021] The inner panel and the outer panel may form
a rail extending in a forward-rearward direction of the
automobile. In at least a portion of the closed space in
the first direction, the first R/F may have a cross section
of a substantially cup shape with a center portion in the
rail width direction protruding toward the outer panel, and
the foam and the second R/F may be disposed within a
recess portion formed by the cup shape of the first R/F.
[0022] This structure reliably reinforces a portion
where a welding gun cannot easily reach (inside a cup-
shaped recess), such as inside of the cup-shaped recess
of the first R/F, thereby increasing the strength of the rail.

ADVANTAGEOUS EFFECTS OF INVENTION

[0023] The body frame structure of the present disclo-
sure reinforces the first metal R/F with the foam and the
second resin R/F. The second R/F, which is made of
resin, deforms in accordance with foaming deformation
of the foam and can remain in intimate contact with the
foam after foaming of the foam. It is therefore possible

to maintain high strength of the body frame with a reduced
amount of metal R/F.

BRIEF DESCRIPTION OF DRAWINGS

[0024] Embodiment(s) of the present disclosure will be
described by reference to the following figures, wherein:

FIG. 1 is a perspective view of an automobile;
FIG. 2 is a schematic exploded perspective view of
a pillar;
FIG. 3 is a cross sectional view of the pillar at height
position Z3 in FIG. 2;
FIG. 4 schematically illustrates cross sections of the
pillar at other height positions;
FIG. 5 is a graph showing results of strength check
experiments with regard to side collision loads;
FIG. 6 is a graph showing results of strength check
experiments with regard to roof collision loads;
FIG. 7 is a cross sectional view of a rail at position
X3 in FIG. 1;
FIG. 8 illustrates cross sections of the rail at other
positions;
FIG. 9 is a cross sectional view of a pillar disclosed
in Patent Document 1; and
FIG. 10 is a cross sectional view illustrating an ex-
ample conventional rail.

DESCRIPTION OF EMBODIMENTS

[0025] A body frame structure that forms a side part of
an automobile will be described with reference to the
drawings. FIG. 1 is a perspective view of an automobile.
A side part of an automobile includes, as a body frame
structure, a pillar 10 elongated in a vehicle height direc-
tion and a rail 50 elongated in a forward-rearward or lat-
eral direction of the vehicle.
[0026] A structure of the pillar 10 will be described.
FIG. 2 is a schematic exploded perspective view of the
pillar 10. FIG. 3 is a cross sectional view of the pillar 10
at the most representative height position Z3, and FIG.
4 includes schematic cross sectional views of the pillar
10 at other height positions Z1, Z2, Z4, and Z5. In the
following description, a direction orthogonal to the longi-
tudinal direction (vehicle height direction) of the pillar 10
and to the thickness direction (vehicle width direction) of
the pillar 10, that is, the lateral direction of the vehicle;
that is, the left-right direction on the sheet in FIG. 3, will
be referred to as the "pillar width direction."
[0027] The pillar 10 includes an outer panel 12 and an
inner panel 14. The outer panel 12 has a horizontal cross
section of a substantially hat shape opened inwardly in
the vehicle width direction. The inner panel 14 is disposed
opposite the outer panel 12 to form a closed space elon-
gated in the height direction (hereinafter referred to as a
"pillar space") between the inner panel 14 and the outer
panel 12. End portions of the outer panel 12 in the pillar
width direction and end portions of the inner panel 14 in
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the pillar width direction are opposed to each other and
welded together.
[0028] A plurality of reinforcements are disposed within
the pillar space to increase the strength of the pillar 10.
Specifically, an outer R/F 16 (third R/F), an inner R/F 18
(first R/F), a foam 20, and a resin R/F 22 (second R/F)
are disposed within the pillar space.
[0029] The outer R/F 16 and the inner R/F 18 are metal
reinforcements. The resin R/F 22 (second R/F) has a
relatively high strength and is made of a resin which is
deformable in accordance with foaming deformation of
the foam 20, such as reinforced nylon, for example. The
foam 20 is made of a thermosetting foam having high
rigidity, such as an epoxy resin foam or a urethane foam.
The foam 20 is installed in the pillar 10 before foaming
and is heated during assembly of the pillar 10 or after
completion of assembly of the pillar 10 for foaming de-
formation.
[0030] As clearly shown in FIG. 2 and FIG. 4, the ar-
rangements and the horizontal cross sectional shapes
of these reinforcements 16, 18, 20, and 22 vary depend-
ing on the height positions. In the following description,
the structure of the pillar 10 at the most representative
height position Z3 will be described with reference to FIG.
3.
[0031] At the height position Z3, the outer panel 12 has
a horizontal cross section of a substantially hat shape
opened inwardly in the vehicle width direction. The inner
panel 14 has a horizontal cross section of a substantially
hat shape opened outwardly in the vehicle width direc-
tion. The outer panel 12 and the inner panel 14 are welded
together at both ends in the pillar width direction (corre-
sponding to brim portions of the hat shape).
[0032] The outer R/F 16 has a shape corresponding
to the outer panel 12; that is, a horizontal cross section
of a substantially hat shape opened inwardly in the ve-
hicle width direction. Both ends of the outer R/F 16 in the
pillar width direction (corresponding to the brim portions
of the hat shape) are interposed between the outer panel
12 and the inner panel 14 and welded together.
[0033] The inner R/F 18 is disposed inwardly of the
outer R/F 16 in the vehicle width direction, and has a
horizontal cross section of a substantially hat shape
opened inwardly in the vehicle width direction. The length
of the inner R/F 18 in the pillar width direction is shorter
than the length of the inner panel 14 in the pillar width
direction. Both ends of the inner R/F 18 in the pillar width
direction (corresponding to brim portions of the hat
shape) are welded to an inner surface of the inner panel
14 (corresponding to a top surface of the hat shape).
Thus, a section E1 having a substantially trapezoidal
cross section is formed between the inner R/F 18 and
the inner panel 14.
[0034] The foam 20 is disposed to cover the outer sur-
face of the inner R/F 18 in the vehicle width direction.
Therefore, the foam 20, similar to the inner R/F 18, has
a horizontal cross section of a substantially hat shape
opened inwardly in the vehicle width direction. The foam

20, in a substantially sheet form before foaming, is at-
tached to the inner R/F18. Then, the pillar 10 is heated
during assembly of the pillar 10 or after completion of
assembly of the pillar 10, thereby foaming the foam 20.
[0035] The foam 20 has a thickness which is set to
completely fill, after foaming, a gap between the top sur-
face of the hat shape of the inner R/F 18 and the top
surface of the hat shape of the outer R/F 16. Specifically,
assuming that the distance of the gap between the top
surface of the hat shape of the inner R/F 18 and the top
surface of the hat shape of the outer R/F 16 is T, the
thickness of the foam 20 is set to be less than T before
foaming and T or greater after foaming.
[0036] The resin R/F 22 is disposed to cover rising por-
tions of the hat shape of the foam 20. As illustrated in
FIG. 2, the resin R/F 22 is fixed to the foam 20 before
foaming so that the foam 20 and the resin R/F 22 are
integrally formed as a single component. The resin R/F
22, which is deformable in accordance with foaming de-
formation of the foam 20, can remain in intimate contact
with the foam 20 after foaming of the foam 20. In other
words, the foam 20 fills a space between the inner R/F
18 and the R/F 22 when the pillar 10 is completely as-
sembled. The interior of the pillar space includes a three-
layer structure 26 in which the inner R/F 18, the foam 20,
and the resin R/F 22 overlap in the thickness direction.
[0037] The three-layer structure 26 has a horizontal
cross section of a substantially hat shape that is opened
inwardly in the vehicle width direction. Portions of the
three-layer structure 26 corresponding to brim portions
of the hat shape are welded to the inner panel 14, and a
portion of the three-layer structure 26 corresponding to
the top surface of the hat is in intimate contact with the
outer R/F 16. The pillar space is thus divided, by the
three-layer structure 26, into three segments E1, E2, and
E3 at a height position near the height position Z3; a
honeycomb structure is formed within the pillar space.
[0038] The structure of the pillar space in a portion in
the longitudinal direction (around the height position Z3)
as illustrated in FIG. 3 will be described in comparison
with the related art. FIG. 9 is a horizontal cross section
of the pillar 10 disclosed in Patent Document 1. The pillar
10 illustrated in FIG. 9 includes the outer panel 12 and
the inner panel 14 facing each other. The pillar 10 further
includes a pillar space having a substantially rectangular
shape between the outer and inner panels 12 and 14.
The pillar 10 further includes the outer R/F 16 made of a
metal and the inner R/F 18 made of a metal within the
pillar space. Assembling this structure requires some gap
42 between the outer R/F 16 and the inner R/F 18. This
gap 42 allows easy assembly of the outer R/F 16 and the
inner R/F 18 without interference between these R/Fs 16
and 18.
[0039] However, this gap 42 would cause deformation
of the outer R/F 16 when a side collision load F is applied
to the outer R/F 16, further causing the outer R/F 16 to
experience buckling easily. To address this problem, it
is proposed to further provide an auxiliary R/F 40 made
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of a metal along the outer R/F 16 within the pillar space.
This auxiliary R/F 40 made of metal effectively prevents
buckling of the inner outer R/F 16, thus increasing the
strength of the pillar 10.
[0040] The metal R/F 40, however, further causes an
increase in the costs and weight. The pillar 10 of the
present embodiment therefore includes the three-layer
structure 26 including the inner R/F 18, the foam 20, and
the resin R/F 22, in place of the auxiliary R/F 40. This
structure prevents an increase in the weight and costs
and also enhances the strength of the pillar 10.
[0041] Specifically, the foam 20, when foamed and de-
formed, can easily come into intimate contact with an-
other member (the outer R/F 16), and can therefore form
a honeycomb structure by dividing the interior of the pillar
space into a plurality of segments: segments E1, E2, and
E3. The honeycomb structure further enhances the
strength of the pillar 10.
[0042] More specifically, the foam 20, which fills the
gap between the outer R/F 16 and the inner R/F 18, allows
the outer R/F 16, when subjected to the side collision
load F, to come into contact with the foam 20 immediately.
The side collision load F received by the outer R/F 16 is
then supported, via the foam 20, by the inner R/F 18.
This effectively reduces deformation and buckling of the
outer R/F 16.
[0043] However, buckling of rising portions 18a of the
hat shape of the inner R/F 18, caused by the side collision
load F, would deform the outer R/F 16. To reinforce the
rising portions 18a of the hat shape of the inner R/F 18,
the rising portions 18a of the hat shape are covered with
and reinforced by the foam 20. As it is assumed that the
foam 20 alone does not provide sufficient strength, the
pillar 10 of the present embodiment further includes the
resin R/F 22 which is in intimate contact with the foam
20 to reinforce the foam 20 and the inner R/F 18. While
the foam 20 is foamed and deformed when heated, the
resin R/F 22 can deform in accordance with the foaming
deformation to maintain the intimate contact with the
foam 20 after foaming of the foam 20, thereby reliably
reinforcing the foam 20. This can reliably prevent buck-
ling of the rising portions 18a of the hat shape of the inner
R/F 18 and deformation of the pillar 10.
[0044] The pillar 10 may be under a roof collision load
(a force in the vertical direction on the sheet in FIG. 3).
The pillar 10 of the present embodiment includes the in-
ner R/F 18 having one surface covered with and rein-
forced by the foam 20 and the resin R/F 22. This structure
increases the surface rigidity of the inner R/F 18 and en-
hances resistance against the roof collision load, which
further prevents deformation of the pillar 10.
[0045] Because both the foam 20 and the resin R/F 22
are lighter than the metal auxiliary R/F 40, the pillar 10
can have a lighter weight. For example, the total weight
of the foam 20 and the resin R/F 22 can be about a half
the weight of the metal auxiliary R/F 40.
[0046] Results of the strength tests will be described
with reference to FIG. 5 and FIG. 6. FIG. 5 shows the

results of strength tests against the side collision load,
and FIG. 6 shows the results of the strength tests against
the roof collision load. In FIG. 5, the horizontal axis indi-
cates displaced positions of a loader pressing the pillar
10 laterally, and the vertical axis indicates the reaction
force applied to the loader at that time. In FIG. 6, the
horizontal axis indicates displaced positions of a loader
pressing the pillar 10 from a top (roof) and the vertical
axis indicates the reaction force applied to the loader at
that time.
[0047] In FIG. 5 and FIG. 6, condition 1 (indicated by
a solid line) shows test results of the pillar structure illus-
trated in FIG. 3; that is, a structure not including the metal
auxiliary R/F 40 and including the foam 20 and the resin
R/F 22. Condition 2 (indicated by a dashed and single-
dotted line) shows test results of the conventional pillar
structure illustrate in FIG. 9; that is, a pillar structure in-
cluding the metal auxiliary R/F40. Condition 3 (indicated
by a dashed and double-dotted line) shows test results
of a structure including none of the auxiliary R/F40, the
foam 20, and the resin R/F 22.
[0048] As clearly shown in FIG. 5, it can be understood
that the structure under condition 3 not including the aux-
iliary R/F 40 nor the foam 20 has an entirely small reaction
force; the maximum reaction force under condition 3 is
lower than the maximum reaction forces under conditions
1 and 2 by about 10%. There is no significant difference
in the reaction force between condition 1 and condition
2. In particular, it can be recognized that the maximum
reaction force under condition 1 and the maximum reac-
tion force under condition 2 are substantially the same.
It can be understood from this fact that the structure under
condition 1 including the foam 20 and the resin R/F 22
has substantially the same strength against the side col-
lision load as the strength of the structure under condition
2 including the metal auxiliary R/F 40.
[0049] Similarly, as clearly shown in FIG. 6, it can be
understood that the structure under condition 3 not in-
cluding the auxiliary R/F 40 nor the foam 20 has an en-
tirely small reaction force; the maximum reaction force
under condition 3 is lower than the maximum reaction
forces under conditions 1 and 2 by about 20%. There is
no significant difference in the reaction force between
condition 1 and condition 2. In particular, the maximum
reaction force under condition 1 is slightly higher than
the maximum reaction force under condition 2. It can be
understood from this fact that the structure under condi-
tion 1 including the foam 20 and the resin R/F 22 has a
strength against the side collision load which is substan-
tially the same as or greater than the strength of the struc-
ture under condition 2 including the metal auxiliary R/F
40. As such, the structure illustrated in FIG. 3 can secure
a strength similar to that of the structure including the
metal auxiliary R/F 40 while avoiding an increase in the
weight.
[0050] The pillar 10 need not include the structure il-
lustrated in FIG. 3 along the entire length in the longitu-
dinal direction of the pillar 10 (vehicle height direction)
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and may include this structure only in a portion along the
longitudinal direction (around the height position Z3). The
pillar 10 may therefore include a portion having no inner
R/F 18 (around the height positions Z1 and Z5) or a por-
tion with the foam 20 not covering the rising portions of
the inner R/F 18 (around the height positions Z2 and Z4),
as illustrated in FIG. 4.
[0051] The structure of the rail 50 will be described.
The rail 50 is a body frame structure that forms, along
with the pillar 10, a side part of an automobile. The rail
50 is elongated in the lateral direction of the vehicle. FIG.
7 is a cross sectional view at position X3 in FIG. 1. In the
following description, the direction of the rail 50 in which
an outer panel 52 and an inner panel 54 face each other
will be referred to as a "rail thickness direction," and the
direction orthogonal to this rail thickness direction and to
the rail longitudinal direction will be referred to as a "rail
width direction."
[0052] The rail 50, similar to the pillar 10, includes the
outer panel 52 and the inner panel 54. The outer panel
52 has a horizontal cross section of a substantially cup
shape opened inwardly in the vehicle width direction. The
inner panel 54 is disposed opposite the outer panel 52
to form a closed space which is elongated in the vehicle
lateral direction (hereinafter referred to as a "rail space")
between the inner panel 54 and the outer panel 52. The
ends of the outer panel 52 and the ends of the inner panel
54 in the rail width direction are opposed to each other
and welded together.
[0053] The rail 50 includes, within the rail space, rein-
forcements to increase the strength of the rail 50. Spe-
cifically, the rail 50 includes, in the rail space, a metal rail
R/F 56 (first R/F), a foam 58, and a resin R/F 60 (second
R/F). The resin R/F 60 includes a resin which has a rel-
atively high strength and is deformable in accordance
with foaming deformation of the foam 58, such as rein-
forced nylon. The foam 58 includes a thermosetting high
rigidity foam, such as urethane foam. The foam 58 is
installed, before foaming, into the rail 50, and is heated
and foamed during assembly of the rail 50 or after com-
pletion of assembly of the rail 50.
[0054] The arrangements and cross-sectional shapes
of the rail R/F 56, the foam 58, and the resin R/F 60 vary
depending on the positions in the rail longitudinal direc-
tion. In the following description, the rail structure at the
most representative position will be described with ref-
erence to FIG. 7.
[0055] At the representative position, the outer panel
52 has a cross section of a substantially cup shape
opened inwardly in the vehicle width direction. The inner
panel 54 has a cross section of a substantially cup shape
opened outwardly in the vehicle width direction. The outer
panel 52 and the inner panel 54 are welded together at
their ends in the rail width direction.
[0056] The rail R/F 56 has a cross section having a
substantially cup shape opened inwardly in the vehicle
width direction. End portions of the R/F 56 in the rail width
direction are interposed between the outer panel 52 and

the inner panel 54 and welded.
[0057] The foam 58 is in intimate contact with the sur-
face of the rail R/F 56 facing inwardly in the vehicle width
direction. Further, the resin R/F 60 is in intimate contact
with the surface of the foam 58 facing inwardly in the
vehicle width direction. In other words, the rail space in-
cludes a three-layer structure 62 having the rail R/F 56
and the resin R/F 60 with the foam 58 filling the gap be-
tween the rail R/F 56 and the resin R/F 60. The rail space
is divided by this three-layer structure 62 into two seg-
ments: segment E4 and segment E5. The resin R/F 60
is attached to the foam 58 before foaming, and the foam
58 having the resin R/F 60 attached thereto is then at-
tached to the rail R/F 56 before foaming. During or after
completion of assembly of the rail 50, the rail 50 is heated
to foam and deform the foam 58. The resin R/F 60, which
has flexibility to follow the foaming deformation of the
foam 58, can remain in intimate contact with the foam 58
even after the foam 58 is foamed.
[0058] The structure of the rail space in a portion in the
longitudinal direction of the rail as illustrated in FIG. 7 will
be described in comparison with the related art. FIG. 10
is a cross sectional view illustrating an example conven-
tional rail 50. The rail 50 includes the outer panel 52 and
the inner panel 54 facing each other. The rail 50 further
includes a rail space of a substantially rectangular shape
between the outer and inner panels 52 and 54. The rail
50 further includes the rail R/F 56 made of metal within
the rail space. As the rail R/F 56 alone does not provide
sufficient strength, it has been proposed to further dis-
pose a metal auxiliary R/F 70 to reinforce the metal rail
R/F 56. The auxiliary R/F 70 has a cross section of a
substantially cup shape conforming to the rail R/F 56,
and is disposed within the recess portion formed by the
rail R/F 56 having a substantially cup shape. It is desirable
that the end portions of the auxiliary R/F 70 in the rail
width direction are welded to the rail R/F 56.
[0059] As described above, the auxiliary R/F 70 is dis-
posed within the recess portion formed by the rail R/F
56. Some types of vehicles may include the recess por-
tion of the rail R/F 56 having a width smaller than the tip
portion of a welding gun 100. The tip portion of such a
welding gun 100 cannot be inserted into the recess por-
tion of the rail R/F 56, resulting in failure to weld the aux-
iliary R/F 70.
[0060] The rail 50 of the present embodiment includes
the foam 58 and the resin R/F 60, in place of the metal
auxiliary R/F 70, to reliably reinforce the rail R/F 56 irre-
spective of the shape of the rail R/F 56. The foam 58 and
the resin R/F 60, which can be attached to the rail R/F
56 without using a welding gun, can be easily disposed
within the recess portion of the rail R/F56 irrespective of
the shape of the rail R/F56, to thereby easily reinforce
the rail R/F56.
[0061] Use of the foam 58 and the resin R/F 60, in
place of the metal auxiliary R/F 70, to reinforce the rail
R/F 56 significantly reduces weight and cost. For exam-
ple, the total weight of the foam 58 and the resin R/F 60
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can be reduced to about 65% of the weight of the auxiliary
R/F 70.
[0062] As described above, the rail 50, including the
three-layer structure 62 composed of the metal rail R/F
56, the foam 58, and the resin R/F 60, similar to the pillar
10, can sufficiently secure the strength of the rail 50 with-
out including the metal auxiliary R/F 70.
[0063] The rail 50 may include the structure illustrated
in FIG. 7 only along a partial length in the longitudinal
direction of the rail 50 (around position X3) rather than
along the entire length in the longitudinal direction (lateral
direction of the vehicle). Therefore, the rail 50 may in-
clude a portion in which the inner panel 54, the foam 58,
and the resin R/F 60 are layered (around position X2)
and a portion in which the foam 58 is disposed around
the corner between the rail R/F 56 and the inner panel
54 (around position XI), for example, as illustrated in FIG.
8.
[0064] In any case, as the body frame structure forming
the side part of an automobile includes, within the inner
space, a three-layer structure having a foam interposed
between the first R/F made of a metal and the second
R/F made of a resin, the strength of the body frame can
be kept high with reduced weight and cost.

Claims

1. A body frame structure forming a side part of an au-
tomobile, the body frame structure comprising:

an outer panel (12, 52);
an inner panel (14, 54) facing the outer panel
(12, 52) to form a closed space elongated in a
first direction between the inner panel (14, 54)
and the outer panel (12, 52);
a first reinforcement (18, 56) made of a metal,
the first reinforcement being disposed within the
closed space;
a second reinforcement (22, 60) made of a resin,
the second reinforcement being disposed within
the closed space; and
a foam (20, 58) disposed within the closed
space,
the closed space including, in at least a portion
in the first direction, a three-layer structure (26,
62) including the first reinforcement (18, 56), the
second reinforcement (22, 60), and the foam
(20, 58) filling a gap between the first reinforce-
ment (18, 56) and the second reinforcement (22,
60).

2. The body frame structure according to claim 1,
wherein
at least a portion of the closed space in the first di-
rection includes a honeycomb structure having two
or more segments separated by the three-layer
structure (26, 62).

3. The body frame structure according to claim 1 or 2,
wherein
the inner panel (14) and the outer panel (12) form a
pillar (10) extending in a height direction of the au-
tomobile,
the body frame structure further comprises a third
reinforcement (16) made of a metal, the third rein-
forcement being disposed within the closed space,
and
in at least a portion of the closed space in the first
direction, the third reinforcement (16) is disposed op-
posite the first reinforcement (18), with the foam (20)
being interposed between the third reinforcement
(16) and the first reinforcement (18).

4. The body frame structure according to claim 3,
wherein
in at least a portion of the closed space in the height
direction,
the first reinforcement (18) has a cross section hav-
ing a substantially hat shape with a center portion in
a pillar (10) width direction protruding toward the third
reinforcement (16), and
the foam (20) fills a gap between a top surface portion
of the hat shape of the first reinforcement (18) and
the third reinforcement (16).

5. The body frame structure according to claim 4,
wherein
in at least a portion of the closed space in the height
direction,
the foam (20) has a cross section of a substantially
hat shape that conforms to the first reinforcement
(18), and
the second reinforcement (22) covers a portion of an
outer surface of the foam (20) corresponding to a
rising portion of the hat shape.

6. The body frame structure according to claim 1 or 2,
wherein
the inner panel (54) and the outer panel (52) form a
rail (50) extending in a forward-rearward direction of
the automobile,
in at least a portion of the closed space in the first
direction, the first reinforcement (56) has a cross sec-
tion of a substantially cup shape with a center portion
in the rail width direction protruding toward the outer
panel (52), and
the foam (58) and the second reinforcement (60) are
disposed within a recess portion formed by the cup
shape of the first reinforcement (56).
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