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(57) Bending rigidity at each position in a vehicle
width direction of a bumper beam is set such that bending
moment generated on the bumper beam at the time when
a collision load in a direction toward a vehicle rear side
is applied to an extending section, which extends outward
in the vehicle width direction from a crash can fixed sec-
tion, is the highest in a vehicle width direction inner end
portion of the crash can fixed section on a side where
the collision load is applied and that the bending moment
is continuously reduced as a distance from the vehicle
width direction inner end portion 13 in the vehicle width
direction increases.



EP 3 932 749 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present invention relates to a vehicle front
body structure and a vehicle.

[Background Art]

[0002] As a conventional vehicle front body structure,
there is a structure that is provided with a crash box (here-
inafter referred to as a crash can in the present specifi-
cation or description) on a vehicle rear side in order to
absorb a collision load from a vehicle front side, and the
crush box is more easily deformed than a bumper.
[0003] For example, a front body structure disclosed
in Patent document 1 includes: a pair of side members
each of which extends in a vehicle longitudinal direction
(hereinafter referred to as front frames in the present
specification); a pair of crash cans each of which is fixed
to a front end of respective one of the front frames; and
a bumper that is fixed to a front end of each of the crash
cans and extends in a vehicle width direction. A reinforc-
ing member for reinforcing the bumper is accommodated
in each end portion of the hollow bumper.

[Prior Art Documents]

[Patent documents]

[0004] [Patent document 1] JP-A-2019-130972

[Summary]

[Problem to be solved]

[0005] In recent years, in the case of a small overlap
collision, that is, in the case where an object (an oncom-
ing vehicle, an on-road installed object, or the like) par-
tially collides with at least one of the end portions of the
bumper on an outer side of the front frame in the vehicle
width direction from the vehicle front side, it has been
requested, from a perspective of securing safety on the
inside of a cabin and the like, to transfer a collision load
to the crash can and the front frame while maintaining a
shape of the bumper to a certain extent without causing
buckling of the bumper, so as to absorb energy during
the collision by deformation of the crash can and the front
frame.
[0006] Here, when each fixed portion which is fixed to
the crash can in the bumper is considered, a distance
from a collision load application point in a vehicle width
direction end portion of the bumper to a vehicle width
direction inner end portion in the fixed portion of the
bumper is longer than that to a vehicle width direction
outer end portion thereof. Accordingly, when the collision
load in a direction toward a vehicle rear side is partially
applied to at least one of the vehicle width direction end

portions of the bumper, the vehicle width direction inner
end portion in the fixed portion of the bumper is most
likely to buckle.
[0007] In addition, in the structure of accommodating
the reinforcing member in each of the end portions of the
hollow bumper as described above, when the collision
load is applied to at least one of the vehicle width direction
end portions of the bumper, the reinforcing member turns
in the vehicle longitudinal direction in the bumper due to
the application of the collision load to an end portion of
the reinforcing member. As a result, the load in a buckling
direction is locally applied to the vehicle width direction
inner end portion in the fixed portion of the bumper from
an inner end portion of the reinforcing member, and thus
the vehicle width direction inner end portion in the fixed
portion of the above bumper is further likely to buckle.
[0008] In the case where the vehicle width direction
inner end portion in the fixed portion of the bumper buck-
les during the small overlap collision, it becomes difficult
to transfer the collision load to the crash can and the front
frame on a vehicle rear side of the bumper.
[0009] The present invention has been made in view
of the above circumference and therefore has a purpose
of reliably transferring a collision load to a crash can and
a front frame by suppressing a bumper beam from buck-
ling during a small overlap collision.

[Means for solving the Problem]

[0010] The above problem is solved by the invention
as defined in the independent claim.
[0011] Particularly, in order to solve the above prob-
lem, a vehicle front body structure according to the
present invention is a vehicle front body structure that
includes: a pair of front frames that are arranged away
from each other in a vehicle width direction and extend
in a vehicle longitudinal direction; a pair of crash cans
each of which is fixed to a front end of respective one of
the paired front frames and extends in the vehicle longi-
tudinal direction; and a bumper beam that is fixed to the
front ends of the paired crash cans and extends in the
vehicle width direction. The bumper beam includes, on
each side in the vehicle width direction: a crash can fixed
section that is fixed to the crash can; and an extending
section that extends outward in the vehicle width direction
from the crash can fixed section. Bending rigidity at each
position in the vehicle width direction of the bumper beam
is configured or set, or the bumper beam is configured,
such that bending moment generated on the bumper
beam at the time when a collision load in a direction to-
ward a vehicle rear side is applied to the extending sec-
tion is the highest in an vehicle width direction inner end
portion of the crash can fixed section on a side where
the collision load is applied and that the bending moment
is continuously reduced as a distance from the vehicle
width direction inner end portion in the vehicle width di-
rection increases.
[0012] A distance from a collision load application point
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is longer to the vehicle width direction inner end portion
of the crash can fixed section in the bumper beam than
to a vehicle width direction outer end portion. Thus, the
vehicle width direction inner end portion of the crash can
fixed section in the bumper beam is most likely to buckle
when the collision load in the direction toward the vehicle
rear side is applied to the extending section (that is, at
the time of a small overlap collision). Accordingly, since
the bending rigidity at each of the positions in the vehicle
width direction of the bumper beam is set as described
above, the bending moment generated on the bumper
beam is the highest in the vehicle width direction inner
end portion of the crash can fixed section on the side
where the collision load is applied (that is, the bending
rigidity of the bumper beam is the highest), and the bend-
ing moment is continuously reduced as the distance from
the vehicle width direction inner end portion in the vehicle
width direction increases (that is, the bending rigidity of
the bumper beam is continuously reduced). In this way,
the bumper beam can have such a bending moment char-
acteristic capable of suppressing stress concentration for
an entire width of the bumper beam including the vehicle
width direction inner end portion. As a result, it is possible
to suppress buckling of the bumper beam.
[0013] That is, in the above configuration, during the
small overlap collision, a difference in the rigidity between
the adjacent positions in the vehicle width direction of the
bumper beam is reduced while buckling of the vehicle
width direction inner end portion of the crash can fixed
section in the bumper beam is suppressed. In this way,
it is possible to suppress the stress concentration in the
bumper beam so as to suppress buckling of the bumper
beam, and it is possible to reliably transfer the collision
load, which is applied to the bumper beam, to the crash
cans and the front frames.
[0014] In the above vehicle front body structure, of
cross-sectional areas at the positions in the vehicle width
direction in the bumper beam, the cross-sectional area
of the vehicle width direction inner end portion of the
crash can fixed section is particularly the largest.
[0015] With such a configuration, since the cross-sec-
tional area of the vehicle width direction inner end portion
of the crash can fixed section is the largest, it is possible
to improve the bending rigidity of the vehicle width direc-
tion inner end portion, and it is thus possible to suppress
buckling of the bumper beam.
[0016] In the above vehicle front body structure, of
widths in the vehicle longitudinal direction at the positions
in the vehicle width direction in the bumper beam, the
width of the vehicle width direction inner end portion of
the crash can fixed section is particularly the greatest.
[0017] With such a configuration, since the width in the
vehicle longitudinal direction of the vehicle width direction
inner end portion of the crash can fixed section is the
greatest, it is possible to improve the bending rigidity of
the vehicle width direction inner end portion, and it is thus
possible to suppress buckling of the bumper beam.
[0018] In the above vehicle front body structure, of

heights at the positions in the vehicle width direction in
the bumper beam, the height of the vehicle width direction
inner end portion of the crash can fixed section is partic-
ularly the greatest.
[0019] With such a configuration, the height of the ve-
hicle width direction inner end portion of the crash can
fixed section is the greatest, it is possible to improve the
bending rigidity of the vehicle width direction inner end
portion, and it is thus possible to suppress buckling of
the bumper beam.
[0020] In the above vehicle front body structure, par-
ticularly, the bumper beam has a reinforcing member in
the bumper beam, the reinforcing member extending in
the vehicle width direction and having a U-shaped cross
section, and the U-shaped cross section is formed such
that an area defined by the U-shaped cross section is
the largest at the same position in the vehicle width di-
rection as the vehicle width direction inner end portion of
the crash can fixed section.
[0021] With such a configuration, in the configuration
that the bumper beam has the reinforcing member there-
in, the area defined by the U-shaped cross section of the
reinforcing member is the largest at the same position in
the vehicle width direction as the vehicle width direction
inner end portion of the crash can fixed section. In this
way, a reinforcing effect for the vehicle width direction
inner end portion of the bumper beam by the reinforcing
member becomes the highest. Thus, it is possible to im-
prove the bending rigidity of the vehicle width direction
inner end portion the most. As a result, it is possible to
further suppress buckling of the bumper beam.
[0022] In the above vehicle front body structure, par-
ticularly, the bumper beam has an upper surface and a
lower surface each of which extends in the vehicle width
direction, and at least one of the upper surface and the
lower surface is formed with a step section bent in a ver-
tical direction and extending in the vehicle width direction,
between the vehicle width direction inner end portions
on both of the sides in the vehicle width direction.
[0023] With such a configuration, at least one of the
upper surface and the lower surface of the bumper beam
is formed with the step section bent in the vertical direc-
tion and extending in the vehicle width direction, between
the vehicle width direction inner end portions on both of
the sides in the vehicle width direction. By this step sec-
tion, it is possible to reinforce the bending rigidity of the
bumper beam continuously in the vehicle width direction
and thus to reduce the difference in the rigidity between
the adjacent positions in the vehicle width direction of the
bumper beam. As a result, it is possible to further sup-
press the stress concentration in the bumper beam so
as to further suppress buckling of the bumper beam.

[Advantage]

[0024] According to the vehicle front body structure of
the present invention, it is possible to reliably transfer the
collision load to the crash cans and the front frames by
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suppressing the bumper beam from buckling during the
small overlap collision.

[Brief Description of the Drawings]

[0025]

[Fig. 1] Fig. 1 is a perspective view illustrating an
overall configuration of a vehicle front body structure
according to an embodiment of the present inven-
tion, in which the configuration of the front body struc-
ture is seen obliquely from the front and seen from
above.
[Fig. 2] Fig. 2 is a plan view of the front body structure
in Fig. 1.
[Fig. 3] Fig. 3 is a perspective view of the front body
structure in Fig. 1 in a state where a front plate of a
bumper is removed.
[Fig. 4] Fig. 4 is a perspective view of the front body
structure in Fig. 1 that is seen obliquely from behind
and seen from above.
[Fig. 5] Fig. 5 is an enlarged perspective view of the
front body structure in Fig. 1 in which the state where
the front plate of the bumper is removed is seen from
the front and above.
[Fig. 6] Fig. 6 is an enlarged perspective view of the
front body structure in Fig. 1 in which a bumper beam
of the bumper and peripheries thereof are seen from
behind and above.
[Fig. 7] Fig. 7 is a view in which the bumper beam in
Fig. 6 is seen from behind.
[Fig. 8] Fig. 8 is a bar graph illustrating distribution
of bending moment that is generated at each position
in the vehicle width direction of the bumper beam in
the case where a collision load of a small overlap
collision is applied to an extending section on a right
side of the bumper beam in Fig. 7, in which a bar
graph I represents distribution of the bending mo-
ment that is generated on the bumper beam in this
embodiment and a bar graph II represents distribu-
tion of the bending moment that is generated on a
conventional bumper beam, bending rigidity of which
is substantially uniform at each position in the vehicle
width direction as a comparative example.
[Fig. 9] Figs. 9(a) to (g) are cross-sectional views at
the time when the bumper beam in Fig. 7 is cut at
positions A to G.
[Fig. 10] Fig. 10 is an enlarged plan view of an end
portion of the bumper beam and a crash can in Fig. 2.
[Fig. 11] Fig. 11 is an enlarged plan view in which an
end portion of a reinforcing member accommodated
in the bumper in Fig. 10 is enlarged.
[Fig. 12] Fig. 12 is a perspective view of the reinforc-
ing member in Fig. 3.
[Fig. 13] Fig. 13 is an enlarged perspective view of
the crash can in Fig. 1.

[Embodiments for Carrying Out the Invention]

[0026] A detailed description will hereinafter be made
on a preferred embodiment of the present invention with
reference to the accompanying drawings. All of the fea-
tures as shown in the drawings may not necessarily be
essential.
[0027] A vehicle front body structure 1 according to this
embodiment illustrated in Figs. 1 to 6 is constructed of a
collection of components that are applied with a collision
load during a collision with an object (an oncoming vehi-
cle, an on-road installed object, or the like) from a vehicle
front side X1. More specifically, the vehicle front body
structure 1 includes: a pair of front frames 2, a pair of
crash cans 3, and a bumper. 4 including a bumper beam
5. A vehicle, particularly an automobile, contains the ve-
hicle front body structure 1.
[0028] Figs. 1 to 2 each illustrate a bracket 8 to which
a shroud of a radiator is attached. This bracket 8 may
not be provided since the bracket 8 is a component that
does not contribute to application of the collision load.
[0029] The paired front frames 2 are arranged away
from each other in a vehicle width direction Y and extend
in a vehicle longitudinal direction X. An attachment flange
9 for fixing the crash can 3 is particularly provided at a
front end 2a of each of the front frames 2. Meanwhile, a
rear end of the front frame 2 is particularly fixed to a ve-
hicle body component such as a hinge pillar, which is not
illustrated.
[0030] Each of the paired crash cans 3 is fixed to the
front end 2a of respective one of the paired front frames
2, and extends in the vehicle longitudinal direction X.
[0031] A front end 3a of the crash can 3 in this embod-
iment is fixed to the bumper beam 5 particularly by weld-
ing or the like, and an attachment flange 10 is particularly
provided at a rear end 3b thereof. The attachment flange
10 at the rear end 3b of the crash can 3 is particularly
superposed on the attachment flange 9 at the front end
2a of the front frame 2, and the attachment flanges 9, 10
are coupled to each other particularly by using a fastener
such as a bolt. In this way, the crash can 3 is fixed to the
front end 2a of the front frame 2.
[0032] In the present invention, a shape of the crash
can 3 is not particularly limited. For example, as illustrated
in Fig. 13, the crash can 3 may be a hollow cylindrical
body and have a cross-sectional shape of a cross. Fur-
thermore, a recessed section 3c to which the bumper
beam 5 can be fitted may be formed at the front end 3a
of the crash can 3.
[0033] The bumper 4 particularly includes: the bumper
beam 5 that is a body section of the bumper 4; and a
front plate 6 that is attached to a portion on the vehicle
front side X1 of the bumper beam 5. The bumper beam
5 and the front plate 6 are each manufactured particularly
by using a metal plate material such as steel.
[0034] The bumper beam 5 extends in the vehicle width
direction Y and is fixed to the front ends 3a of the paired
crash cans 3 particularly by welding or the like.
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[0035] As illustrated in Figs. 3 to 7, the bumper beam
5 is a long member that extends in the vehicle width di-
rection Y, and an intermediate region thereof in a vertical
direction Z particularly extends to a vehicle rear side X2.
In addition, as illustrated in Figs. 9(a) to (g), the bumper
beam 5 particularly has a substantially mountain-like
cross-sectional shape.
[0036] Further in detail, as illustrated in Figs. 9(a) to
(g), the bumper beam 5 particularly has at least one of:
an upper surface 5a; a rear surface 5b that extends down-
ward from a rear end of the upper surface 5a; a lower
surface 5c that extends forward from a lower end of the
rear surface 5b and is located below the upper surface
5a; and a pair of flange sections 5d each of which is
projected in the vertical direction Z from a front end of
respective one of the upper surface 5a and the lower
surface 5c. These upper surface 5a, rear surface 5b, low-
er surface 5c, and paired flange sections 5d constitute
the bumper beam 5 in a hat cross-sectional shape.
[0037] Further particularly, as illustrated in Figs. 6 to 7
and Figs. 9(a) and (b), in the bumper beam 5 of this em-
bodiment, at least one (both in this embodiment) of the
upper surface 5a and the lower surface 5c is formed with
step sections 5e, 5f each bent in the vertical direction Z
(in other words, bent in a step shape) and extending in
the vehicle width direction Y, between vehicle width di-
rection inner end portions 13 on both sides in the vehicle
width direction Y. Specifically, the upper surface 5a is
formed with the step section 5e that is bent downward
for reinforcement of the upper surface 5a. The lower sur-
face 5c is formed with the step section 5f that is bent
upward for reinforcement of the lower surface 5c.
[0038] As illustrated in Fig. 2, Fig. 4, Figs. 6 to 7, and
Fig. 10, the bumper beam 5 includes, on each of the sides
in the vehicle width direction Y: a crash can fixed section
11 that is fixed to the crash can 3; and an extending sec-
tion 12 that extends outward in the vehicle width direction
Y from the crash can fixed section 11.
[0039] In addition, as illustrated in Fig. 3, Fig. 5, Fig.
9, and Figs. 11 to 12, the bumper beam 5 particularly has
a reinforcing member 7 therein, and the reinforcing mem-
ber 7 extends in the vehicle width direction Y and has a
U-shaped cross section. The reinforcing member 7 is
manufactured particularly by using the metal plate ma-
terial such as steel and particularly has the U-shaped
cross section that is opened in the vehicle front side X1.
[0040] As illustrated in Figs. 9(a) to (g), the reinforcing
member 7 is particularly accommodated in a closed
space 15 that is formed by the bumper beam 5 and the
front plate 6.
[0041] The reinforcing member 7 is particularly fixed
to the upper surface 5a and the rear surface 5b of the
bumper beam 5 by welding or the like. For example, the
reinforcing member 7 only needs to be spot-welded to
the upper surface 5a and the rear surface 5b of the bump-
er beam 5 at a plurality of separate positions in the vehicle
width direction Y.
[0042] Next, a further detailed description will be made

on a characteristic for suppressing buckling of the bump-
er beam 5 according to this embodiment with reference
to Figs. 7 to 8.
[0043] Fig. 8 is a bar graph illustrating distribution of
bending moment that is generated at each position of the
bumper beam 5 in the vehicle width direction Y in the
case where a collision load CF of an overlap collision,
particularly a small overlap collision is applied to the ex-
tending section 12 on the right side of the bumper beam
5 in Fig. 7.
[0044] A bar graph I represents the distribution of the
bending moment that is generated on the bumper beam
5 in this embodiment, and a bar graph II represents the
distribution of the bending moment that is generated on
the conventional bumper beam, bending rigidity of which
is substantially uniform at each position in the vehicle
width direction as a comparative example.
[0045] Particularly, the "bending moment" represented
by each of the bar graphs I, II illustrated in Fig. 8 is rep-
resented by a moment value that is acquired by multiply-
ing a distance of each of the positions from an application
point (a position near a position G in Figs. 7 to 8) of the
collision load CF during the small overlap collision by the
actual load that is generated at each of the positions, in
other words, represents the allowable moment value at
each of the positions during the collision.
[0046] In this Fig. 8, the bending moment is measured
at the plurality of mutually separate positions (particular-
ly, 19 positions of BL-650 to BL650) in the vehicle width
direction Y of the bumper beam 5 in Fig. 7.
[0047] The positions A to G illustrated in Figs. 7 to 8
represent a plurality of positions near the crash can fixed
section 11 and the extending section 12 on a right side
from an intermediate position (the position A) in the ve-
hicle width direction Y of the bumper beam 5. In particular,
the position D is a position of the vehicle width direction
inner end portion 13 of the crash can fixed section 11,
the position F is a position of a vehicle width direction
outer end portion 14 of the crash can fixed section 11,
and the position G is a position within a range of the
extending section 12 that is located on an outer side of
the crash can fixed section 11.
[0048] As illustrated in Figs. 7 to 8, as a structure of
preventing buckling of the vehicle width direction inner
end portion 13 of the crash can fixed section 11 on the
side where the collision load is applied (more specifically,
the position D in Figs. 7 to 8) in the bumper beam 5 at
the time when the collision load CF in a direction toward
the vehicle rear side X2 is applied to the extending section
12 on one side in the vehicle width direction Y (more
specifically, the position near the position G in Figs. 7 to
8) during the small overlap collision, the bumper beam 5
in this embodiment has such bending rigidity that, as il-
lustrated in the bar graph I in Fig. 8, the bending moment
generated on the bumper beam 5 has a mountain-
shaped moment characteristic that continues gently with
the vehicle width direction inner end portion 13 (the po-
sition D in Figs. 7 to 8) being an apex.
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[0049] More specifically, the bending rigidity at each
of the positions in the vehicle width direction Y of the
bumper beam 5 in this embodiment is configured or set
such that the bending moment generated on the bumper
beam 5 at the time when the collision load in the direction
toward the vehicle rear side X2 is the highest in the ve-
hicle width direction inner end portion 13 of the crash can
fixed section 11 on the side where the collision load is
applied (the position D in Figs. 7 to 8) is applied to the
extending section 12 and that the bending moment is
continuously reduced toward the inner side and the outer
side in the vehicle width direction Y from the vehicle width
direction inner end portion 13 (the position D in Figs. 7
to 8) (in particular, see a gentle mountain-like shape that
is defined by connecting tops of the bar graphs I in a
group of the bar graphs I in Fig. 8). In this way, the bumper
beam 5 can have such a bending moment characteristic
capable of suppressing stress concentration for an entire
width of the bumper beam 5 including the vehicle width
direction inner end portion 13. As a result, it is possible
to suppress buckling of the bumper beam 5.
[0050] Meanwhile, the bar graph II in Fig. 8 represents
distribution of the bending moment that is generated on
the conventional bumper beam, the bending rigidity of
which is substantially uniform at each of the positions in
the vehicle width direction Y as the comparative example.
In the bar graph II, the bending moment is discontinuously
and rapidly reduced at the positions F, G near the appli-
cation point (the position near the position G in Figs. 7
to 8) during the small overlap collision when compared
to that at the nearby position E.
[0051] This rapid reduction in the bending moment at
the positions F, G in the bar graph II illustrated in Fig. 8
occurs when the bending moment that is high enough to
exceed the bending rigidity is locally applied to the vehicle
width direction inner end portion 13 of the crash can fixed
section 11 (the position D in Figs. 7 to 8), and buckling
thereof thereby occurs.
[0052] Thus, when the bar graphs I, II in Fig. 8 are
compared for investigation, such a conclusion can be
derived that, as illustrated in the bar graph I that repre-
sents the bending moment applied to the bumper beam
5 in this embodiment, when the bending rigidity at each
of the positions in the vehicle width direction Y of the
bumper beam 5 is set such that the bending moment is
the highest in the vehicle width direction inner end portion
13 of the crash can fixed section 11 (the position D in
Figs. 7 to 8) and the bending moment is continuously
reduced as the distance from the vehicle width direction
inner end portion 13 (the position D in Figs. 7 to 8) in the
vehicle width direction Y increases, it is possible to sup-
press buckling of the vehicle width direction inner end
portion 13 in the bumper beam 5.
[0053] Here, in order to improve the bending rigidity of
the vehicle width direction inner end portion 13 in the
bumper beam 5 as described above, the following spe-
cific characteristics are particularly provided in this em-
bodiment.

[0054] As illustrated in Fig. 9(d), of cross-sectional ar-
eas at the positions in the vehicle width direction Y in the
bumper beam 5, a cross-sectional area S1 of the vehicle
width direction inner end portion 13 of the crash can fixed
section 11 is the largest. In this way, cross-sectional sec-
ondary moment of the vehicle width direction inner end
portion 13 is increased, and thus the bending rigidity of
the vehicle width direction inner end portion 13 can be
improved.
[0055] Particularly, the cross-sectional areas at the po-
sitions in the vehicle width direction Y in the bumper beam
5 may be continuously reduced as a distance from the
vehicle width direction inner end portion 13 of the crash
can fixed section 11 in the vehicle width direction increas-
es.
[0056] As illustrated in Fig. 10, of widths in the vehicle
longitudinal direction X at the positions in the vehicle
width direction Y in the bumper beam 5, a width t1 of the
vehicle width direction inner end portion 13 of the crash
can fixed section 11 is the greatest. Also, in this way, the
cross-sectional secondary moment of the vehicle width
direction inner end portion 13 is increased, and thus the
bending rigidity of the vehicle width direction inner end
portion 13 can be improved.
[0057] Particularly, the widths in the vehicle longitudi-
nal direction X at the positions in the vehicle width direc-
tion Y in the bumper beam 5 may be continuously re-
duced as a distance from the vehicle width direction inner
end portion 13 of the crash can fixed section 11 in the
vehicle width direction increases.
[0058] Furthermore, as illustrated in Fig. 7, of heights
at the positions in the vehicle width direction Y in the
bumper beam 5, a height (that is, a width in the vertical
direction Z) of the vehicle width direction inner end portion
13 of the crash can fixed section 11 is the greatest. Also,
in this way, the cross-sectional secondary moment of the
vehicle width direction inner end portion 13 is increased,
and thus the bending rigidity of the vehicle width direction
inner end portion 13 can be improved.
[0059] Particularly, the heights at the positions in the
vehicle width direction Y in the bumper beam 5 may be
continuously reduced as a distance from the vehicle
width direction inner end portion 13 of the crash can fixed
section 11 in the vehicle width direction increases.
[0060] Moreover, as illustrated in Fig. 9(d), the U-
shaped cross section of the reinforcing member 7 is
formed such that an area S2 defined by the U-shaped
cross section is the largest at the same position (see a
position 16 in Figs. 11 to 12) in the vehicle width direction
Y as the vehicle width direction inner end portion 13 of
the crash can fixed section 11. In this configuration, a
width t2 in the vehicle longitudinal direction X is the max-
imum at the position 16 of the reinforcing member 7 il-
lustrated in Fig. 11. In this characteristic, cross-sectional
secondary moment of the reinforcing member 7 is in-
creased at the position corresponding to the vehicle width
direction inner end portion 13, and a reinforcing effect for
the vehicle width direction inner end portion 13 by the
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reinforcing member 7 is increased. Thus, it is possible to
improve the bending rigidity of the vehicle width direction
inner end portion 13.

(Characteristics of This Embodiment)

(1) 

[0061] The vehicle front body structure 1 according to
this embodiment includes: the paired front frames 2 that
are arranged away from each other in the vehicle width
direction Y and extend in the vehicle longitudinal direction
X; the paired crash cans 3 each of which is fixed to the
front end 2a of respective one of the paired front frames
2 and extends in the vehicle longitudinal direction X; the
bumper beam 5 that is fixed to the front ends 3a of the
paired crash cans 3 and extends in the vehicle width di-
rection Y. The bumper beam 5 includes, on each of the
sides in the vehicle width direction Y: the crash can fixed
section 11 that is fixed to the crash can 3; and the ex-
tending section 12 that extends outward in the vehicle
width direction Y from the crash can fixed section 11.
[0062] The bending rigidity at each of the positions in
the vehicle width direction Y of the bumper beam 5 is set
such that the bending moment generated on the bumper
beam 5 at the time when the collision load in the direction
toward the vehicle rear side X2 is applied to the extending
section 12 is the highest in the vehicle width direction
inner end portion 13 of the crash can fixed section 11 on
the side where the collision load is applied (see the po-
sition D of the bar graph I in Fig. 8) and that the bending
moment is continuously reduced toward the inner side
and the outer side in the vehicle width direction Y from
the vehicle width direction inner end portion 13.
[0063] The distance from the collision load application
point is longer to the vehicle width direction inner end
portion 13 of the crash can fixed section 11 in the bumper
beam 5 than to the outer end portion in the vehicle width
direction Y. Thus, the vehicle width direction inner end
portion 13 of the crash can fixed section 11 in the bumper
beam 5 is most likely to buckle when the collision load in
the direction toward the vehicle rear side X2 is applied
to the extending section 12 (that is, at the time of the
small overlap collision). Accordingly, since the bending
rigidity at each of the positions in the vehicle width direc-
tion Y of the bumper beam 5 is set as described above,
the bending moment generated on the bumper beam 5
is the highest in the vehicle width direction inner end por-
tion 13 of the crash can fixed section 11 on the side where
the collision load is applied (that is, the bending rigidity
of the bumper beam 5 is the highest), and the bending
moment is continuously reduced as the distance from
the vehicle width direction inner end portion 13 in the
vehicle width direction Y increases (that is, the bending
rigidity of the bumper beam 5 is continuously reduced).
In this way, the bumper beam 5 can have such a bending
moment characteristic capable of suppressing stress
concentration for an entire width of the bumper beam 5

including the vehicle width direction inner end portion 13.
As a result, it is possible to suppress buckling of the
bumper beam 5.
[0064] That is, in the above configuration, during the
small overlap collision, a difference in the rigidity between
the adjacent positions in the vehicle width direction Y of
the bumper beam 5 is reduced while buckling of the ve-
hicle width direction inner end portion 13 of the crash can
fixed section 11 in the bumper beam 5 is suppressed. In
this way, it is possible to suppress the stress concentra-
tion in the bumper beam 5 so as to suppress buckling of
the bumper beam 5, and it is possible to reliably transfer
the collision load, which is applied to the bumper beam
5, to the crash cans 3 and the front frames 2.

(2) 

[0065] As illustrated in Fig. 9(d), in the vehicle front
body structure 1 according to this embodiment, of the
cross-sectional areas at the positions in the vehicle width
direction Y in the bumper beam 5, the cross-sectional
area S1 of the vehicle width direction inner end portion
13 of the crash can fixed section 11 is the largest.
[0066] With such a configuration, since the cross-sec-
tional area S1 of the vehicle width direction inner end
portion 13 of the crash can fixed section 11 is the largest,
it is possible to improve the bending rigidity of the vehicle
width direction inner end portion 13, and it is thus possible
to suppress buckling of the bumper beam 5. In addition,
in this configuration, the bending rigidity can partially be
improved simply by increasing the cross-sectional area
S1 of the vehicle width direction inner end portion 13,
and it is possible to suppress manufacturing cost.

(3) 

[0067] In the vehicle front body structure 1 according
to this embodiment, as illustrated in Fig. 10, of the widths
in the vehicle longitudinal direction X at the positions in
the vehicle width direction Y in the bumper beam 5, the
width t1 of the vehicle width direction inner end portion
13 of the crash can fixed section 11 is the greatest.
[0068] With such a configuration, since the width t1 in
the vehicle longitudinal direction X of the vehicle width
direction inner end portion 13 of the crash can fixed sec-
tion 11 is the greatest, it is possible to improve the bend-
ing rigidity of the vehicle width direction inner end portion
13, and it is thus possible to suppress buckling of the
bumper beam 5. In addition, in this configuration, it is
possible to partially and reliably improve the bending ri-
gidity against the collision load from the vehicle front side
X1 simply by increasing the width t1 in the vehicle longi-
tudinal direction X of the vehicle width direction inner end
portion 13, and it is possible to suppress the manufac-
turing cost.
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(4) 

[0069] In the vehicle front body structure 1 according
to this embodiment, as illustrated in Fig. 7, of the heights
(that is, the widths in the vertical direction Z) at the posi-
tions in the vehicle width direction Y in the bumper beam
5, the height of the vehicle width direction inner end por-
tion 13 of the crash can fixed section 11 is the greatest.
[0070] With such a configuration, the height of the ve-
hicle width direction inner end portion 13 of the crash can
fixed section 11 is the greatest, it is possible to improve
the bending rigidity of the vehicle width direction inner
end portion 13, and it is thus possible to suppress buck-
ling of the bumper beam 5. In addition, in this configura-
tion, the bending rigidity can partially be improved simply
by increasing the height of the vehicle width direction
inner end portion 13, and it is possible to suppress the
manufacturing cost.

(5) 

[0071] In the vehicle front body structure 1 according
to this embodiment, as illustrated in Fig. 3, Fig. 5, Fig. 9,
and Figs. 11 to 12, the bumper beam 5 has the reinforcing
member 7 therein, and the reinforcing member 7 extends
in the vehicle width direction Y and has the U-shaped
cross section. The U-shaped cross section is formed
such that the area S2 (see Fig. 9(d)) defined by the U-
shaped cross section is the largest at the same position
(see the position 16 in Figs. 11 to 12) in the vehicle width
direction Y as the vehicle width direction inner end portion
13 of the crash can fixed section 11.
[0072] With such a configuration, in the configuration
that the bumper beam 5 has the reinforcing member 7
therein, the area S2 defined by the U-shaped cross sec-
tion of the reinforcing member 7 is the largest at the same
position in the vehicle width direction Y as the vehicle
width direction inner end portion 13 of the crash can fixed
section 11. In this way, the reinforcing effect for the ve-
hicle width direction inner end portion 13 of the bumper
beam 5 by the reinforcing member 7 becomes the high-
est. Thus, it is possible to improve the bending rigidity of
the vehicle width direction inner end portion 13 the most.
As a result, it is possible to further suppress buckling of
the bumper beam 5.

(6) 

[0073] In the vehicle front body structure 1 according
to this embodiment, as illustrated in Figs. 9(a), (b), the
bumper beam 5 has the upper surface 5a and the lower
surface 5c each of which extends in the vehicle width
direction Y. At least one (both in this embodiment) of the
upper surface 5a and the lower surface 5c is formed with
the step sections 5e, 5f each bent in the vertical direction
Z (in other words, bent in the step shape) and extending
in the vehicle width direction Y, between the vehicle width
direction inner end portions 13 on both of the sides in the

vehicle width direction Y.
[0074] With such a configuration, at least one of the
upper surface 5a and the lower surface 5c of the bumper
beam 5 is formed with the step sections 5e, 5f each bent
in the vertical direction Z and extending in the vehicle
width direction Y, between the vehicle width direction in-
ner end portions 13 on both of the sides in the vehicle
width direction Y. By these step sections 5e, 5f, it is pos-
sible to reinforce the bending rigidity of the bumper beam
5 continuously in the vehicle width direction Y and thus
to reduce the difference in the rigidity between the adja-
cent positions in the vehicle width direction Y of the bump-
er beam 5. As a result, it is possible to further suppress
the stress concentration in the bumper beam 5 so as to
further suppress buckling of the bumper beam 5.
[0075] Here, the step sections 5e, 5f can be provided
to only one of the upper surface 5a and the lower surface
5c. However, a configuration that the step sections 5e,
5f are provided to both of the upper surface 5a and the
lower surface 5c is preferred since the effect of reinforcing
the bending rigidity of the bumper beam 5 continuously
in the vehicle width direction Y is increased.

[Description of Reference Signs and Numerals]

[0076]

1 front body structure
2 front frame
3 crash can
4 bumper
5 bumper beam
7 reinforcing member
11 crash can fixed section
12 extending section
13 vehicle width direction inner end portion
14 vehicle width direction outer end portion

Claims

1. A vehicle front body structure (1) comprising:

a pair of front frames (2) that are arranged away
from each other in a vehicle width direction and
extend in a vehicle longitudinal direction;
a pair of crash cans (3) each of which is fixed to
a front end of respective one of the pair of front
frames (2) and extends in the vehicle longitudi-
nal direction; and
a bumper beam (5) that is fixed to the front ends
of the pair of crash cans (3) and extends in the
vehicle width direction, wherein
the bumper beam (5) includes, on each side in
the vehicle width direction: a crash can fixed sec-
tion (11) that is fixed to the crash can (3); and
an extending section (12) that extends outward
in the vehicle width direction from the crash can
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fixed section (11), and
bending rigidity at each position in the vehicle
width direction of the bumper beam (5) is con-
figured or set, or the bumper beam (5) is config-
ured, such that bending moment generated on
the bumper beam (5) at the time when a collision
load in a direction toward a vehicle rear side is
applied to the extending section (12) is the high-
est in a vehicle width direction inner end portion
(13) of the crash can fixed section (11) on a side
where the collision load is applied.

2. The vehicle front body structure (1) according to
claim 1, wherein
the bending rigidity at each position in the vehicle
width direction of the bumper beam (5) is configured
or set, or the bumper beam (5) is configured, such
that bending moment generated on the bumper
beam (5) at the time when the collision load in the
direction toward the vehicle rear side is applied to
the extending section (12) is the highest in the vehicle
width direction inner end portion (13) of the crash
can fixed section (11) on the side where the collision
load is applied and that the bending moment is con-
tinuously reduced as a distance from the vehicle
width direction inner end portion (13) in the vehicle
width direction increases.

3. The vehicle front body structure (1) according to
claim 1 or 2, wherein
of cross-sectional areas at the positions in the vehi-
cle width direction in the bumper beam (5), the cross-
sectional area of the vehicle width direction inner end
portion (13) of the crash can fixed section (11) is the
largest.

4. The vehicle front body structure (1) according to any
one of the preceding claims, wherein
of widths in the vehicle longitudinal direction at the
positions in the vehicle width direction in the bumper
beam (5), the width of the vehicle width direction in-
ner end portion (13) of the crash can fixed section
(11) is the greatest.

5. The vehicle front body structure (1) according to any
one of the preceding claims, wherein
of heights at the positions in the vehicle width direc-
tion in the bumper beam (5), the height of the vehicle
width direction inner end portion (13) of the crash
can fixed section (11) is the greatest.

6. The vehicle front body structure (1) according to any
one of the preceding claims, wherein
the bumper beam (5) has a reinforcing member (7)
in the bumper beam (5), the reinforcing member (7)
extending in the vehicle width direction and having
a U-shaped cross section, and
the U-shaped cross section is formed such that an

area defined by the U-shaped cross section is the
largest at the same position in the vehicle width di-
rection as the vehicle width direction inner end por-
tion (13) of the crash can fixed section (11).

7. The vehicle front body structure (1) according to any
one of the preceding claims, wherein
the bumper beam (5) has an upper surface (5a) and
a lower surface (5c) each of which extends in the
vehicle width direction, and
at least one of the upper surface (5a) and the lower
surface (5c) is formed with a step section (5e, 5f)
bent in a vertical direction and extending in the ve-
hicle width direction, between the vehicle width di-
rection inner end portions (13) on both of the sides
in the vehicle width direction.

8. A vehicle comprising the vehicle front body structure
(1) according to any one of the preceding claims.
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