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VEHICLE BUMPER
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a vehicle bumper.

2. Description of Related Art

[0002]  Japanese Patent Application Publication No. 2009-101731 (P
2009-101731 A), for example, describes technology in which a crush box (an impact
absorbing portion) is provided between a front side member and a front bumper
reinforcement. More specifically, an end flange is fixed to a front end portion of the front
side member, and an end flange provided on a rear end portion of the crush box is fixed to
this end flange. Also, a connecting base portion of the front bumper reinforcement is
fixed (connected) to an end flange formed on a front end portion of the crush box.

[0003] .Also, a front bumper support is fitted to the exterior of the crush box.
This front bumper support is welded (connected) to an upper surface and a lower surface of
the front bumper reinforcement. Therefore, when an impact load is input to the front
bumper reinforcement when the vehicle is involved in a frontal collision, a portion of this
impact load is transmitted from the front bumper reinforcement to the crush box via the
front bumper support.

[0004] As described above, in this related art, there are a large number of
connecting sites, so stress may concentrate at these connecting sites when an impact load
input to the front bumper reinforcement is transmitted to the crush box. In this case, the
connecting sites may also fracture; so there is room for further improvement regarding this-

point.

SUMMARY OF THE INVENTION

[0005] The invention provides a vehicle bumper capable of efficiently
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transmitting an impact load input to a bumper reinforcement to an impact absorbing
portion.

[0006] One aspect of the invention relates to a vehicle bumper that includes a
bumper reinforcement that is arranged such that a length direction of the bumper
reinforcement is in coincidence with a vehicle width direction; and an impact absorbing
portion that extends from the bumper reinforcement toward a vehicle cabin inside. The
impact absorbing portion and the bumper reinforcement are formed in one piece, and the
impact absorbing portion is less rigid than the bumper reinforcement.

[0007]  In the vehicle bumper described above, the impact absorbing portion
extends from the bumper reinforcement toward the vehicle cabin inside. Also, the impact
absorbing portion and the bumper reinforcement are formed in one piece, and the impact
absorbing portion is less rigid than the bumper reinforcement.

(0008] By having the impact absorbing portion and the bumper reinforcement be
formed in one piece in this way, a member for connecting the impact absorbing portion to
the bumper reinforcement is not interposed therebetween.

[0009] For example, another member is interposed between the bumper
reinforcement and the impact absorbing portion. In this case, when an impact load is
input to the bumper reinforcement when the vehicle is involved in a frontal collision, stress
may concentrate at the connecting portion where the two members are connected, and this
connecting portion may fracture in some cases.

[0010] However, the generation of this stress concentration is able to be
suppressed because the intermediate member for connecting the impact absorbing portion
to the bumper reinforcement is unnecessary due to the fact that the two are formed in one
piece. As a result, the load transmission efficiency by which a load is transmitted from
the bumper reinforcement to the impact absorbing portion is able to be improved, so the
impact energy is able to be absorbed by the impact absorbing portion.

[0011] As described above, the vehicle bumper has the beneficial effect in which
it is able to efficiently transmit an impact load input to the bumper reinforcement, to the

impact absorbing portion.
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[0012] In the vehicle bumper described above, the impact absorbing portion may
also be provided with a widened portion that widens in the vehicle width direction, the
widened portion being provided on a bumper reinforcement side of the impact absorbing
portion.

[0013]  With this vehicle bumper, when the widened portion is provided in the
center in the vehicle width direction on the bumper reinforcement side, the impact load is
able to be transmitted to this widened portion when a front colliston (a pole frontal
collision) in a manner in which an impact load is input to the center portion of the bumper
reinforcement in the vehicle width direction from a pole such as a utility pole occurs.

[0014]  Also, when the widened portion is provided on the outside in the vehicle
width direction, the widened portion being provided on the bumper reinforcement side of
the impact absorbing portion, the impact load is able to be transmitted to this widened
portion when an oblique collision or a frontal collision (small overlap collision) of a
manner in which an impact load is input by a collision body toward the outside of the
bumper reinforcement in the vehicle width direction occurs.

[0015]  The vehicle bumper has} the beneficial effect in which it is able to improve
collision safety performance with respect to a collision in which the overlap amount of a
collision body with respect to the bumper reinforcement is small.

[0016]  In the vehicle bumper described above, the widened portion of the impact

absorbing portion may include a first widened portion provided on an outside in the vehicle

width direction on the bumper reinforcement side of the impact absorbing portion, and a

second widened portion provided on an inside in the vehicle width direction on the bumper
reinforcement side of the impact absorbing portion.

[0017] In the vehicle bumper described above, the widened portion of the impact
absorbing portion may widen in an arc shape from an outside wall of a front side member
toward an end portion of the bumper reinforcement in the length direction. Also, the
widened portion of the impact absorbing portion may protrude toward the outside in the
vehicle width direction from the outside wall of the front side member.

[0018] In the vehicle bumper described above, a thickness of an outside wall of
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the bumper reinforcement at a center portion of the bumper reinforcement in the length
direction may be thicker than the thickness of the outside wall of the bumper reinforcement
at an end portion of the bumper reinforcement in the length direction.

[0019] In this vehicle bumper, the thickness of the outside wall of the bumper
reinforcement at the center portion of the bumper reinforcement is formed thicker than the
thickness of the outside wall of the bumper reinforcement on the end portion of the bumper
reinforcement in the length direction, so the center portion of the bumper reinforcement in
the length direction is that much more rigid than the end portion of the bumper
reinforcement in the length direction. Therefore, the rigidity of the center portion (in the
length direction) of the bumper reinforcement is higher than the rigidity of the end portion
side, so deformation of the center portion of the bumper reinforcement is able to be
suppressed when a pole frontal collision occurs, for example.

[0020] The vehicle bumper has the beneficial effect in which it is able to improve
collision safety performance with respect to a collision in which a collision body collides
with the center portion of the bumper reinforcement in the length direction.

[0021] In the vehicle bumper described above, the thickness of the outside wall of
the bumper reinforcement may become continuously thinner from the center portion of the
bumper reinforcement in the length direction toward the end portion of the bumper
reinforcement in the length direction.

(0022} For example, if the thickness of the outside wall of the bumper
reinforcement becomes thinner in a stepped manner in the length direction of the bumper
reinforcement, the rigidity will change suddenly, so the bumper reinforcement may fracture
more easily starting at the portion where the rigidity suddenly changes when a frontal
collision occurs.

[0023] Therefore, with the vehicle bumper described above, -the bumper
reinforcement is formed such that the thickness of the outside wall of the bumper
reinforcement becomes continuously thinner from the center portion of the bumper

reinforcement in the length direction toward the end portion of the bumper reinforcement

.in the length direction. By having the thickness of the outside wall of the bumper
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reinforcement change continuously with respect to the length direction of the bumper
reinforcement in this way, the bumper reinforcement is able to be inhibited from fracturing
when a frontal collision occurs.

[0024] The vehicle bumper has the beneficial effect in which it is able to inhibit
the bumper reinforcement from fracturing when a frontal collision occurs.

[0025]  In the vehicle bumper described above, a sectional shape of the bumper
reinforcement when the bumper reinforcement is cut in a vehicle front-rear direction
orthogonal to the length direction of the bumper reinforcement may be a
rectangular-shaped closed sectional structure.

[0026] In the vehicle bumper described above, a weak portion that compresses
and deforms with respect to an impact force in a vehicle front-rear direction may be
formed on the impact absorbing portion.

[0027]  In the vehicle bumper described above, the weak portion may be formed
by a plurality of grooves formed extending in a direction orthogonal to the length direction
of the impact absorbing portion.

[0028]  In the vehicle bumper described above, the impact absorbing portion and
the bumper reinforcement may be formed in one piece by a free casting method in which a
mold is not used.

[0029]  In this vehicle bumper, the impact absorbing portion and the bumper
reinforcement are formed in one piece by a free casting method in which a mold is not
used, so the degree of freedom regarding the shape of the vehicle bumper improves.

[0030]  The vehicle bumper has the beneficial effect in which the number of parts
is able to be reduced by forming the impact absorbing portion and the bumper
reinforcement in one piece.

[0031] In the vehicle bumper described above, a'manufacturing apparatus in the
free casting method in which a mold is not used may be provided with an outside shape
determining member that forms an outside shape of a casting, and an inside shape
determining member that forms an inside shape of the casting. Also, a thickness of the

casting and a shape of the casting may be changed by changing a distance between the
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outside shape determining member and the inside shape determining member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a perspective view schematically showing a vehicle bumper according to
one example embodiment of the invention;

FIG. 2 is a partial sectional view taken along line 2 — 2 in FIG. 1;

FIG. 3 is a modified example of FIG. 2;

FIG. 4A is a plan view of a comparative example; and

FIG. 4B is a plan view of another comparative example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0033] A vehicle bumper according to one example embodiment of the invention
will now be described with reference to the accompanying drawings. The arrows FR, UP,
and RH shown as appropriate in the drawings indicate the directions of front, up, and right,
respectively, with respect to a vehicle to which a vehicle bumper 10 is applied.
Hereinafter, in descriptions using simply the front-rear, up-down, and left-right directions,
these will be indicated as front or rear in the front-rear direction of the vehicle, up and
down in the up-down direction of the vehicle, and left and right when facing forward,
unless otherwise specified.

[0034] (General outline of the vehicle bumper)

FIG. 1 is a perspective view of the general outline of the vehicle bumper 10, and FIG.
2 is a partial sectional view taken along line 2 — 2 in FIG. 1. As shown in FIGS. 1 and 2,
the vehicle bumper 10 is provided on a front side of a pair of front side members 12 that
are arranged such that a length direction of the front side members 12 is in coincidence the
vehicle front-rear direction. Each front side member 12 has a closed sectional structure in

which a sectional shape when the front side member 12 is cut in a vehicle width direction
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orthogonal to the length direction is generally rectangular. A generally rectangular flange
portion 14 is provided on a front end portion of each front side member 12.

[0035] Meanwhile, the vehicle bumper 10 is provided on a vehicle front portion,
and a bumper reinforcement 16 that forms a portion of the vehicle bumper 10 extends in
the vehicle width direction. A curved portion 16B that curves toward the rear as the
curved portion 16B extends toward the outside in the vehicle width direction is provided
on both end portions 16A of the bumper reinforcement 16 in the vehicle width direction.

[0036] Also, although not shown, a sectional shape of the bumper reinforcement
16 when cut in the vehicle front-rear direction orthogonal to the length direction of the
bumper reinforcement 16 is a generally rectangular closed sectional structure. As shown
in FIG. 2, a center portion 16C of the bumper reinforcement 16 in the length direction is
formed having a thicker outer wall than the end portions 16A in the length direction. The
thickness of this outer wall becomes continuously thinner from the center portion 16C of
the bumper reinforcement 16 in the length direction toward both end portion 16A sides in
the length direction.

[0037]  Also, an impact absorbing portion 18 is integrally formed with the bumper
reinforcement 16 (i.e., the impact absorbing portion 18 and the bumper reinforcement 16
are formed as one piece), on both end portion 16A sides of the bumper reinforcement 16 in
the length direction. Both impact absorbing portions 18 extend toward the rear (i.e., a
vehicle cabin inside) from both end portion 16A sides of the bumper reinforcement 16 in
the length direction.

[0038] The sectional shape of each impact absorbing portion 18 when the impact
absorbing portion 18 is cut in the vehicle width direction orthogonal to the length direction
thereof is a generally rectangular closed sectional structure. A weak portion 19 (see FIG.
1) that will compress and deform with respect to an impact force in the vehicle front-rear
direction is formed on each impact absorbing portion 18. A plurality of grooves 19A (see
FIG. 1) are formed in a direction substantially orthogonal to the length direction of the
impact absorbing portion 18 (i.e., to the vehicle front-rear direction), for example, as the

weak portion 19. With the grooves formed, when an impact load is transmitted to the
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impact absorbing portion 18, the impact absorbing portion 18 will compress and deform
starting at the grooves 19A, and as a result, the impact energy will be absorbed. The
weak portion 19 is omitted in FIGS. 2 to 4A and 4 B.

[0039] As shown in FIG 2, in this example embodiment, the impact absorbing
portion 18 has a widened portion 18A provided on the outside in the vehicle width
direction, on the bumper reinforcement 16 side of the impact absorbing portion 18. This
widened portion 18 A becomes wider in an arc shape while protruding farther outward than
an outside wall 12A of the front side member 12 toward the end portion 16A of the bumper
reinforcement 16 in the length direction from the outside wall 12A of the front side
member 12.

[0040] The impact absorbing portion 18 also has a widened portion 18B provided
on the inside in the vehicle width direction, on the bumper reinforcement 16 side of the
impact absorbing portion 18 . The widened portion 18B becomes wider in an arc shape
while protruding farther inward than an inside wall 12B of the front side member 12
toward the center of the bumper reinforcement 16 in the length direction from the inside
wall 12B of the front side member 12.

[0041]  Also, a generally rectangular flange portion 20 is provided on a rear end
portion of each impact absorbing portion 18. The flange portion 20 is able to abut against
the flange portion 14 provided on the front end portion of the front side member 12.
While the flange portion 14 is abutted against the flange portion 20, the impact absorbing
portion 18 (the bumper reiﬁnforcement 16 via the impact absorbing portion 18) is connected
to the front side member 12 via the flange portion 14 and the flange portion 20 by bolts 22
and nuts 24.

[0042] Here, the bumper reinforcement 16 is formed by a free casting method that
does not use a mold, using metal such as an aluminum alloy or a magnesium alloy. With
the free casting method, the manufacturing apparatus described in Japanese Patent
Application Publication No. 2013-193098 (JP 2013-193098 A) already submitted for
application by the applicant may be used.

[0043]  Although not shown, this manufacturing apparatus is provided with an
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outside shape determining member for determining the outside shape of a casting, and an
inside shape determining member for forming the inside shape of the casting, and the
thickness of the outside wall of the casting, as well as the shape of the casting, are able to
be changed by changing the distance between the outside shape determining member and
the inside shape determining member.

[0044] (Operation and effect of the vehicle bumper)

Typically, the bumper reinforcement 16 needs to have a predetermined strength and
rigidity because when an impact load is input to the bumper reinforcement 16, this impact
load needs to be transmitted rearward and in the vehicle width direction. That is, it is
necessary to inhibit deformation. In contrast, when an impact load is input to the impact
absorbing portion 18, the impact absorbing portion 18 needs to deform in order to absorb
the impact energy.

[0045] Therefore, as shown in FIG 4A, a bumper reinforcement 100 and an
impact absorbing portion 102 are formed by separate members, and both of these are fixed
together to form a single integrated merﬁber by fastening (at a fastening portion 108) a
flange portion 104 provided on a front end portion of the impact absorbing portion 102 to
the bumper reinforcement 100 by bolts 106 and nuts, not shown. However, the fastening
portion 108 changes shape suddenly, so stress tends to concentrate there more easily than
at other portions. Thus, when an impact load is input to the bumper reinforcement 100,
stress may concentrate at the fastening portion 108. If stress concentrates at the fastening
portion 108 in this way, the fastening portion 108 may fracture.

[0046] Also, aside from this, as shown in FIG 4B, there is also a structure in
which the impact absorbing portion 102 and the bumper reinforcement 100 are joined to
form a single integrated member by welding (at a joint 110). However, in this case as
well, the joint 110 changes shape suddenly, so stress tends to concentrate there more easily
than at other portions. Thus, when an impact load is input to the bumper reinforcement
100, stress may concentrate at the joint 110, and the joint 110 may fracture.

[0047]  However, in this example embodiment, the impact absorbing portion 18

and the bumper reinforcement 16 are formed in one piece, as shown in FIG. 2.  Therefore,



10

15

20

25

WO 2015/189679 PCT/IB2015/000894
10

in this example embodiment, an intermediate member for connecting the impact absorbing
portion 18 and the bumper reinforcement 16 together is not necessary, so the concentration
of stress described above is able to be inhibited.

{0048] As a result, the load transmission efficiency with which a load is
transmitted from the bumper reinforcement 16 to the impact absorbing portion 18 is able to
be improved, so the impact energy is able to be absorbed by the impact absorbing portion
18. Also, the intermediate member is not provided, so the number of parts is able to be
reduced. Consequently, man-hours are able to be reduced, and as a result, cost is able to
be reduced.

[0049]  Further, in this example embodimént, the impact absorbing portion 18 has
the widened portion 18A provided on the outside in the vehicle width direction, on the
bumper reinforcement 16 side of the impact absorbing portion 18. Therefore, an impact
load is able to be transmitted to the widened portion 18A when an oblique collision or a
frontal collision (small overlap collision) of a manner in which an impact load 1s input by a
collision body 26 toward the outside of the bumper reinforcement 16 in the vehicle width
direction occurs. Therefore, according to this example embodiment, collision safety
performance with respect to a collision in which the overlap amount of the collision body
26 with respect to the bumper reinforcement 16 is small is able to be improved.

[0050]  Also, the widened portion 18A becomes wider in an arc shape while
protruding farther outward than the outside wall 12A of the front side member 12 toward
the end portion 16A of the bumper reinforcement 16 in the length direction from the
outside wall 12A of the front side member 12. Having the widened portion 18A be
formed in an arc shape in this way enables the concentration of stress at the widened
portion 18A to be inhibited when an impact load is transmitted to the impact absorbing
portion 18. - Also, the widened portion 18A substantially inclines outward in the vehicle
width direction as the widened portion 18A extends toward the front side of the vehicle, so
the impact load is effectively transmitted to the widened portion 18A particularly when an
oblique collision occurs.

[0051]  Further, the impact absorbing portion 18 has the widened portion [8B
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provided on the inside in the vehicle width direction, on the bumper reinforcement 16 side
of the impact absorbing portion 18. Therefore, the impact load is able to be transmitted to
the widened portion 18B when a frontal collision (pole frontal collision) in a manner in
which an impact load is input to the center portion of the bumper reinforcement 16 in the
vehicle width direction from a pole 28 such as a utility pole occurs.

[0052] Also, the widened portion 18B becomes wider in an arc shape while
protruding farther inward than the inside wall 12B of the front side member 12 toward the
center of the bumper reinforcement 16 in the length direction from the inside wall 12B of
the front side member 12. Having the widened portion 18B be formed in an arc shape in
this way enables the concentration of stress at the widened portion 18B to be inhibited
when an impact load is transmitted to the impact absorbing portion 18.

[0053]  Providing the widened portions 18A and 18B on the bumper reinforcement
16 side of the impact absorbing portion 18 enables an impact load input to the bumper
reinforcement 16 to be more effectively transmitted to the front side member 12 side than
when the widened portions 18A and 18B are not provided. Of course, it is also possible
to provide only one of the widened portions 18A and 18B.

[0054] Also, in this example embodiment, the thickness of the outside wall of the
bumper reinforcement 16 at the center portion 16C in the length direction is formed thicker
than the thickness of the outside wall of the bumper reinforcement 16 on the end portion
16A sides in the length directipn. Therefore, the bumper reinforcement 16 is more rigid
at the center portion 16C in the length direction than it is on the end portion 16A sides in
the length direction. Therefore, deformation of the center portion 16C of the bumper
reinforcement 16 is able to be suppressed when a so-called pole frontal collision occurs,
for example.

[0055] Furthermore, in this example embodiment, the bumper reinforcement 16 is
formed such that the thickness of the outside wall thereof becomes continuously thinner
from the center portion 16C in the length direction toward the end portion 16A sides in the
length direction. For example, although not shown, if the thickness of the outside wall of

the bumper reinforcement 16 becomes thinner in a stepped manner in the length direction
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of the bumper reinforcement 16, the rigidity will change suddenly, so the bumper
reinforcement 16 may fracture more easily starting at the portion where the rigidity
suddenly changes when a frontal collision occurs.

[0056] However, in this example embodiment, the bumper reinforcement 16 is set
such that the thickness of the outside wall becomes continuously thinner from the center
portion 16C in the length direction toward the end portion 16A sides in the length direction,
as described above. By having the thickness of the outside wall of the bumper
reinforcement 16 change continuously with respect to the length direction of the bumper
reinforcement 16 in this way, the bumper reinforcement 16 is able to be inhibited from
fracturing when a frontal collision occurs.

[0057]  As described above, a plurality of grooves 19A are formed in a direction
substantially orthogonal to the length direction of the impact absorbing portion 18, for
example, as the weak portion 19. When this impact absorbing portion 18 is molded with
a die cast, for example, a slide die is needed when forming the grooves 194, so the die cast
itself ends up being that much larger. Therefore, if the impact absorbing portion 18 and
the bumper reinforcement 16 are formed in one piece, the die cast will end up being even
larger.

[0058] However, in this example embodiment, the bumper reinforcement 16 is
formed according to a so-called free casting method, so this kind of problem does not occur.
Also, with the impact absorbing portion 18, the grooves 19A are able to be formed easily
simply by bringing the outside shape determining member, not shown, closer to the inside
shape determining member. That is, the impact absorbing portion 18 and the bumper
reinforcement 16 are able to be formed in one piece by using a casting method according to
the free casting method.

[0059] In this example embodiment, the bumper reinforcement 16 on the front
side is described, but the structure of the example embodiment may also be applied to a
bumper reinforcement on the rear side.

[0060] While an example embodiment of the invention has been described, the

invention is not in any way limited to this example embodiment. Naturally, the example
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embodiment and the various modified examples may be used in any suitable combination,
and the invention may be carried out in any one of a variety of modes within the scope of

the invention.
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CLAIMS:

1. A vehicle bumper comprising:

a bumper reinforcement that is arranged such that a length direction of the bumper
reinforcement 1s in coincidence with a vehicle width direction; and

an impact absorbing portion that extends from the bumper reinforcement toward a
vehicle cabin inside,

wherein the impact absorbing portion and the bumper reinforcement are formed in

one piece, and the impact absorbing portion is less rigid than the bumper reinforcement.

2. The vehicle bumper according to claim 1, wherein
the impact absorbing portion is provided with a widened portion that widens in the
vehicle width direction, the widened portion being provided on a bumper reinforcement

side of the impact absorbing portion.

3. The vehicle bumper according to claim 2, wherein

the widened portion of the impact absorbing portion includes a first widened portion
provided on an outside in the vehicle width direction on the bumper reinforcement side of
the impact absorbing portion, and a second widened portion provided on an inside in the

vehicle width direction on the bumper reinforcement side of the impact absorbing portion.

4. The vehicle bumper according to claim 2 or 3, wherein

the widened portion of the impact absorbing portion widens in an arc shape from an
outside wall of a front side member toward an end portion of the bumper reinforcement in
the length direction; and

the widened portion of the impact absorbing portion protrudes toward the outside in

the vehicle width direction from the outside wall of the front side member.

5. The vehicle bumper according to any one of claims 1 to 4, wherein
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a thickness of an outside wall of the bumper reinforcement at a center portion of the
bumper reinforcement in the length direction is thicker than the thickness of the outside
wall of the bumper reinforcement at an end portion of the bumper reinforcement in the

length direction.

6. The vehicle bumper according to claim 5, wherein
the thickness of the outside wall of the bumper reinforcement becomes continuously
thinner from the center portion of the bumper reinforcement in the length direction toward

the end portion of the bumper reinforcement in the length direction.

7. The vehicle bumper according to claim 5 or 6, wherein
a sectional shape of the bumper reinforcement when the bumper reinforcement is cut
in a vehicle front-rear direction orthogonal‘ to the length direction of the bumper

reinforcement is a rectangular-shaped closed sectional structure.

8. The vehicle bumper according to any one of claims 1 to 7, wherein
a weak portion that compresses and deforms with respect to an impact force in a

vehicle front-rear direction is formed on the impact absorbing portion.

9. The vehicle bumper according to claim 8, wherein
the weak portion is formed by a plurality of grooves formed extending in a direction

orthogonal to the length direction of the impact absorbing portion.

10. The vehicle bumper according to any one of claims ! to 9, wherein
the impact absorbing portion and the bumper reinforcement are formed in one piece

by a free casting method in which a mold is not used.

11. The vehicle bumper according to claim 10, wherein

a manufacturing apparatus in the free casting method in which a mold is not used is
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provided with an outside shape determining member that forms an outside shape of a
casting, and an inside shape determining member that forms an inside shape of the casting;
and

a thickness of the casting and a shape of the casting are changed by changing a

distance between the outside shape determining member and the inside shape determining

member.
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