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(57) Abrégée/Abstract:

Provided Is a vehicular bumper beam that is lightweight and highly strong. A vehicular bumper beam (1) is provided with a first
member (2) and a second member (3). The first member (2) includes a first top plate part (5), two first vertical wall parts (6), and
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(57) Abrege(suite)/Abstract(continued):
two first flange parts (7). The first top plate part (5) Is flat in a cross-section perpendicular to the longitudinal direction. The second

member (2) includes a second top plate part (4), two second vertical wall parts (8), and two second flange parts (9a, 9b). The
second top plate part (4) has a protrusion (20) that protrudes In the direction opposite the first top plate part (5). The two second
vertical wall parts (8) are connected to both side portions (4a, 4b) of the second top plate part (4), respectively. The two second
vertical wall parts (8) are disposed inside the first member (2) so as to respectively face the first wall parts (6) from a close distance.
The two second flange parts (9a, 9b) are connected to the two vertical wall parts (3), respectively, and disposed joined to the first

flange parts (7), respectively.
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ABSTRACT

A bumper beam for a vehicle that is lightweight and high in strength 1s
provided. A bumper beam (1) for a vehicle includes a first member (2) and a
second member (3). The first member (2) includes a first top panel part (5), two
first vertical wall parts (6), and two first flange parts (7). The first top panel part (5)
is flat in a cross section perpendicular to a lengthwise direction. The second
member (3) includes a second top panel part (4), two second vertical wall parts (8),
and two second tlange parts (9a, 9b). The second top panel part (4) includes a
protruding part (20) that protrudes toward a side opposite to the first top panel part
(5). The two second vertical wall parts (8) are connected to opposite sides (4a, 4b)
of the second top panel part (4), respectively. The two second vertical wall parts (8)
are disposed such that the second vertical wall parts (8) respectively face close the
first vertical wall parts (6) inside the first member (2). The two second flange parts
(9a, 9b) are disposed such that the second flange parts (9a, 9b) are connected to the
two second vertical wall parts (8) and joined to the first flange parts (7), respectively.
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DESCRIPTION
TITLE OF INVENTION
BUMPER BEAM AND VEHICLE
TECHNICAL FIELD
[0001]

The present disclosure relates to a bumper beam for a vehicle and a vehicle
equipped with the bumper beam. More specifically, the present disclosure relates to
a bumper beam for an automobile and an automobile equipped with the bumper

beam.

BACKGROUND ART
[0002]

A bumper beam is provided inside a bumper of a vehicle. This is to ensure a
safety of the vehicle by causing the bumper beam to bear a collision load at a time of
collision. There has been a need for bumper beams that are lightweight from
viewpoints of reducing CO2 and improving fuel efficiency. In order to achieve
weight reduction of bumper beams, it is necessary to reduce plate thicknesses of the

bumper beams while enhancing strengths of the bumper beams.
[0003]

High-strength bumper beams are disclosed in, for example, Japanese Patent
Application Publication No. 07-309184 (Patent Literature 1), Japanese Patent
Application Publication No. 06-328988 (Patent Literature 2), Japanese Patent
Application Publication No. 06-171441 (Patent Literature 3), and Japanese Patent
Application Publication No. 2011-111074 (Patent Literature 4).

[0004]

A bumper beam disclosed in Patent Literature 1 includes a reinforcing
member that is disposed in a box-shaped space formed of a plurality of members
joined together. The reinforcing member extends along a front-to-back direction of

a vehicle. Patent Literature 1 describes that accordingly the strength of the bumper
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beam 1s as high as that of a conventional bumper beam, a weight reduction and a low

cost can be achieved.

(0005]

A bumper beam disclosed in Patent Literature 2 has a box-shaped cross
section and includes a reinforcing member inside the box-shaped cross section. The
reinforcing member extends along a vertical direction of a vehicle. An upper wall
part and a lower wall part are therefore prevented from deforming outward when a
load is imposed in a front-to-back direction of the vehicle. Patent Literature 2
describes that this enhances strength of the bumper beam.

[0006]

A bumper beam disclosed in Patent Literature 3- includes a reinforcing
member in an inner space having a box-shaped cross section made by combining hat-
shaped press formed bodies. The reinforcing member extends along a vertical
direction of a vehicle. Patent Literature 3 describes that this enhances strength of
the bumper beam, and the bumper beam is prevented from deforming.

(0007]

A bumper beam disclosed in Patent Literature 4 includes a front
reinforcement member and a rear reinforcement member. The front reinforcement
member includes a front groove that is depressed from a front face side toward a rear
face side of the bumper beam. The rear reinforcement member includes a rear
groove that is depressed from a front face side toward a rear face side of the bumper
beam. The front groove is fitted to the rear groove. Patent Literature 4 describes

that this improves an energy absorption property of the bumper beam.

CITATION LIST
PATENT LITERATURE
(0008)

Patent Literature 1: Japanese Patent Application Publication No. 07-309184
Patent Literature 2: Japanese Patent Application Publication No. 06-328988
Patent Literature 3: Japanese Patent Application Publication No. 06-171441
Patent Literature 4: Japanese Patent Application Publication No. 2011-111074
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009]

The bumper beams of Patent Literatures 1 to 3 include, however, the
reinforcing members for ensuring safety of their vehicles. The bumper beams of
Patent Literatures 1 to 3 are therefore heavy. The rear reinforcement member of the
bumper beam of Patent Literature 4 includes the rear groove. The bumper beam of
Patent Literature 4 is therefore heavy by weights of walls of the rear groove.

[0010]
An objective of the present disclosure is to provide a bumper beam for a

vehicle that 1s lightweight and high 1n strength.

SOLUTION TO PROBLEM
[0011]

A bumper beam for a vehicle according to an embodiment of the present
invention includes a first member and a second member. The first member includes
a first top panel part, two first vertical wall parts, and two first flange parts. The
first top panel part 1s flat in a cross section perpendicular to a lengthwise direction of
the first member. Each of the two first vertical wall parts is connected to a
respective one of opposite sides of the first top panel part. Each of the two first
flange parts 1s connected to a respective one of the two first vertical wall parts. The
second member includes a second top panel part, two second vertical wall parts, and
two second flange parts. The second top panel part includes a protruding part that
protrudes toward a side opposite to the first top panel part. Each of the two second
vertical wall parts is connected to a respective one of opposite sides of the second top
panel part. The two second vertical wall parts are disposed such that each of the
second vertical wall parts faces close a respective one of the first vertical wall parts
inside the first member. The two second flange parts are disposed such that each of

the second flange parts is connected to a respective one of the two second vertical

wall parts and is joined to a respective one of the first flange parts.

ADVANTAGEOUS EFFECTS OF INVENTION
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[0012]
The bumper beam according to the present disclosure is lightweight and high

in strength.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

[FIG. 1] FIG. 1 is a cross-sectional view of a bumper beam according to the present
embodiment.

[FIG. 2] FIG. 2 1s a cross-sectional view of a bumper beam in a case 1.

[FIG. 3] FIG. 3 is a cross-sectional view of a bumper beam in a case 2.

[FIG. 4] FIG. 4 is a diagram illustrating deformation behaviors of the bumper beam
in the case 1, where an initial state is illustrated.

[FIG. 5] FIG. 5 1s a diagram illustrating a state where the deformation progresses
from the state illustrated in FIG. 4.

[FIG. 6] FIG. 6 1s a diagram 1llustrating a state where the deformation further
progresses from the state illustrated in FIG. 5.

[FIG. 7] FIG. 7 1s a load-deflection diagram of the case 1 and the case 2.

[FIG. 8] FIG. 8 1s a diagram schematically illustrating a deformation behavior of the

bumper beam.
[FIG. 9] FIG. 9 1s a plan view of the bumper beam.
[FIG. 10} FIG. 10 is a diagram illustrating a bumper beam in Inventive Example 1 of

the present invention.

[FIG. 11] FIG. 11 1s a diagram illustrating a bumper beam in Reference Example.

[F1G. 12] FIG. 12 1s a diagram illustrating a bumper beam in Comparative Example
1.

[FI1G. 13] FIG. 13 illustrates load-deflection curves of the bumper beams in Example
1.

[FIG. 14] FIG. 14 1s a diagram illustrating an angle of a protruding part of a bumper

beam in Example 5.

[FIG. 15] FIG. 15 is a diagram illustrating bumper beams in Comparative Examples
2 to 5.
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DESCRIPTION OF EMBODIMENTS
[0014]

A "lengthwise direction" of a member included in a bumper beam herein
means a vehicle width direction in a state where the bumper beam i1s mounted on a
front portion or a rear portion of a vehicle. A "length" of a member included in the
bumper beam herein means a length of the member in question in the lengthwise
direction. A "width" of a member included in the bumper beam herein means a
length of the member in a vehicle height direction in a state where the bumper beam
1s mounted on a front portion or a rear portion of a vehicle. A "height" of a member
included in the bumper beam herein means a length of the member in a vehicle
length direction in a state where the bumper beam is mounted on a front portion or a
rear portion of a vehicle.

[0015]

A "maximum allowable load" herein means a maximum load that is put on a
bumper beam when the bumper beam buckles.
[0016]

(1) A bumper beam for a vehicle according to the present embodiment
includes a first member and a second member. The first member includes a first top
panel part, two first vertical wall parts, and two first flange parts. The first top
panel part is flat in a cross section perpendicular to the lengthwise direction. Each
of the two first vertical wall parts is connected to a respective one of opposite sides
of the first top panel part. Each of the two first flange parts is connected to a
respective one of the two first vertical wall parts. The second member includes a
second top panel part, two second vertical wall parts, and two second flange parts.
The second top panel part includes a protruding part that protrudes toward a side
opposite to the first top panel part. Each of the two second vertical wall parts is
connected to a respective one of opposite sides of the second top panel part. The

two second vertical wall parts are disposed such that each of the second vertical wall

parts faces close a respective one of the first vertical wall parts inside the first

member. The two second flange parts are disposed such that each of the second

flange parts is connected to a respective one of the two second vertical wall parts and

s joined to a respective one of the first flange parts.
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[0017]

In the bumper beam according to the present embodiment, the second vertical
wall parts of the second member are disposed such that the second vertical wall parts
face the first vertical wall parts of the first member. In this case, when a collision
load is imposed on the bumper beam, the second member prevents the first member
from deforming. In addition, since the second top panel part includes the
protruding part, areas of the second top panel part except the protruding part deforms
to move toward the first vertical wall parts when the collision load is imposed on the
bumper beam. As a result, the first vertical wall parts are prevented from
deforming inward of the bumper beam. Accordingly, the strength of the bumper
beam according to the present embodiment remains high without an additional
reinforcing member. The bumper beam according to the present embodiment is
therefore lightweight and high in strength.

[0018]

(2) In the bumper beam according to the above (1), a ratio h1/H between a
height h1 of the second vertical wall parts and a height H of the first vertical wall
parts i1s preferably 0.1 or more to 0.5 or less.

[0019]

(3) In the bumper beam according to the above (1) or (2), gaps between a
respective one of the first vertical wall parts and a respective one of the second
vertical wall parts are preferably 0 mm or more to 10 mm or less.

[0020]

(4) In the bumper beam according to any one of the above (1) to (3), a ratio
w1l/W between a width wl of the protruding part of the second top panel part and a
width W of the first top panel part is preferably 0.1 or more to 0.7 or less, and a ratio
h2/h1 between a height h2 of the protruding part of the second top panel part and the

height hl of the second vertical wall parts of the second member is preferably 0.5 or
more to 1.1 or less.

[0021]
(5) In the bumper beam according to any one of the above (1) to (4), a

respective one of the first flange parts and a respective one of the second flange parts

are preferably joined by welding, adhesion, rivets, or use thereof in combination.
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[0022]
(6) In the bumper beam according to any one of the above (1) to (5), the first

member and the second member are made of steel plates, and the steel plates each
have preferably a tensile strength of 1 GPa or more.
[0023]

(7) The bumper beam according to any one of the above (1) to (6) further
includes a plurality of joints, each of the plurality of joints is provided between a
respective one of the first flange parts and a respective one of the second flange parts
preferably in an area within 15 mm of an edge of a side of one of the respective first
flange parts on first vertical wall parts. This is because the second member is more
prone to undergo out-of-plane deformation as the joints are away from the first
vertical wall parts, and an effect of preventing the first vertical wall parts from
deformation deteriorates.

[0024]

(8) In the bumper beam according to any one of the above (1) to (7), in the
cross section perpendicular to the lengthwise direction, an entire of the first top panel
part lies preferably on an opposite side of a line that connects midpoints of the first
vertical wall parts from the second member.

[0025]

(9) A vehicle, in which the bumper beam according to any one of the above
(1) to (8) 1s disposed, includes the bumper beam according to any one of the above
(1) to (8) 1n a front portion or a rear portion of the vehicle. In this case, the second

member of the bumper beam is disposed such that the second member lies distally on

the vehicle.
[0026]

An embodiment of the present invention will be described below in detail
with reference to the accompanying drawings. The same or equivalent elements
will be denoted by the same reference numerals and the description thereof will not

be repeated. A description is given of a case where a bumper beam according to the

present embodiment is applied to a front bumper of an automobile, as an example.
[0027]
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FIG. 1 is a cross-sectional view of a bumper beam according to the present
embodiment. FIG. 1 illustrates a cross section perpendicular to a lengthwise
direction of the bumper beam. Referring to FIG. 1, a bumper beam 1 is disposed
inside a bumper 10 of a vehicle. The bumper beam 1 includes a first member 2 and
a second member 3. The bumper beam 1 has a cross section shape illustrated in

FIG. 1, extending in the vehicle width direction.

[0028]

[First Member] '

The first member 2 includes a first top panel part 5, two first vertical wall
parts 6a and 6b, and two first flange parts 7a and 7b. The first top panel part 5 is
flat with respect to a cross section of the bumper beam 1 perpendicular to the
lengthwise direction. The first top panel part 5 being flat does not herein mean only
the first top panel part 5 being strictly flat and including neither unevenness nor
bendings. Being flat herein includes a case where, in a cross section of the bumper
beam 1 perpendicular to the lengthwise direction, an entire of the first top panel part
5 lies on a side opposite to the second member 3 of a line that connects a midpoint of
one first vertical wall part 6a in the vehicle length direction and a midpoint of

another first vertical wall part 6b in the vehicle length direction (rearward in the

vehicle length direction).

[0029]

When the bumper beam 1 deforms by a load exerted from the second member
3 to toward the first member 2, a tensile force is generated in the first top panel part 5
in the lengthwise direction. The tensile force generated in the first top panel part 5
depends on a cross-sectional area of the first top panel part 5 and a tensile stress that
1s generated in the first top panel part 5. In Patent Literature 4, a cross-sectional
area of a first top panel part 5 of the bumper beam is small (see FIG. 15), which will
be described in detail in Example 7. Therefore, in Patent Literature 4, the tensile
force generated in the first top panel part 5 is weak. Assuming that a plate thickness
1s the same in Patent Literature 4 and the present embodiment, a mass of the bumper
beam of Patent Literature 4 is heavier than that of the bumper beam of the present
embodiment by a protruding part 40 of the first top panel part 5 (see FIG. 15).

Accordingly, in a configuration of the bumper beam of Patent Literature 4, it is
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difficult to increase a maximum allowable load per unit mass. In contrast, since the
first top panel part 5 of the bumper beam 1 according to the present embodiment 1s
flat, it is possible to increase the maximum allowable load per unit mass.

[0030]

The two first vertical wall parts 6a and 6b include one ends that are connected
to opposite sides 5a and 5b of the first top panel part 5, respectively. The two first
vertical wall parts 6a and 6b include other ends that connect to the first flange parts
7a and 7b, respectively. A cross-sectional shape of the first member 2 is an open
cross-section in a hat shape. In other words, the first member 2 1s opened between
the two flange parts 7a and 7b. The first member 2 is made by, for example,
performing press forming on a metal plate. The first member 2 is not limited to this
and may be made of another starting material. For example, the first member 2 may
be made of a starting material other than metal, such as CFRP.

[0031]

[Second Member]

The second member 3 includes a second top panel part 4, two second vertical
wall parts 8a and 8b, and two second flange parts 9a and 9b. The second top panel
part 4 includes a protruding part 20 that protrudes toward a side opposite to the first
top panel part 5. The two second vertical wall parts 8a and 8b are connected to
opposite sides 4a and 4b of the second top panel part 4, respectively. When the
bumper beam 1 1s formed of the first member 2 and the second member 3, an
arrangement is as follows. The second vertical wall parts 8a and 8b are disposed.
such as to face the first vertical wall parts 6a and 6b, respectively. The second
vertical wall parts 8a and 8b are close to the first vertical wall parts 6a and 6b,
respectively. There may be gaps d between the second vertical wall parts 8a and 8b
and the first vertical wall parts 6a and 6b, respectively. The second vertical wall
parts 8a and 8b are disposed inside the first member 2. In other words, the second

vertical wall parts 8a and 8b are disposed between the first vertical wall parts 6a and
6b.

[0032]

There are two second flange parts 9a and 9b that connect to the second

vertical wall parts 8a and 8b, respectively. Between the second member 3 and the
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first member 2, joints 51 are provided. Specifically, the second flange parts 9a and
Ob are joined to the first flange parts 7a and 7b, respectively. The second member 3
connects to the first flange parts 7a and 7b. In other words, the first member 2 and
the second member 3 joined together form a closed cross section. The second
member 3 is made by, for example, performing press forming on a metal plate. The
second member 3 is not limited to this and may be made of another starting material.
For example, the second member 3 may be made of a starting material other than
metal, such as CFRP.

[0033]

Such a bumper beam 1 is disposed such that the second member 3 lies distally
on the vehicle. The disposition of the second member 3 of the bumper beam 1 that
lies distally on the vehicle refers to the orientation of the second member 3 indicating
how it 1s disposed. It does not mean that the second member 3 of the bumper beam
1 is exposed to an outside of the vehicle. For example, when the bumper beam 1 is
applied as a bumper beam of a front bumper of a vehicle, the second member 3 is
disposed such that the second member 3 lies on a front side of the vehicle. In this
case, the first member 2 is disposed such that the first member 2 lies on a rear side of
the vehicle. As the bumper beam 1 is mounted on a vehicle, perpendicular lines of
the first top panel part 5 of the first member 2 and the second top panel part 4 of the
second member 3 extend substantially along the vehicle length direction.
Perpendicular lines of the first vertical wall parts 6a and 6b of the first member 2
extend substantially along the vehicle height direction, respectively. This makes the
bumper beam 1 have a high energy absorption efficiency to a collision in the vehicle
length direction. Here, the energy absorption efficiency is a value obtained by
dividing an energy absorbed by a bumper beam to which a collision load is imposed
by a mass of the bumper beam. In other words, a bumper beam having a high
energy absorption efficiency is lightweight and high in strength. This regard will be
described below in detail.

[0034]
[Etfect Depending on Where Second Member Lies]
FIG. 2 and FIG. 3 are cross-sectional views of a typical bumper beam, which

includes no reinforcing member. As illustrated in FIG. 2, a second member 102 of
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a bumper beam 100 is a member having a simply flat shape. In other words, the
second member 102 does not include the second vertical wall parts 8a and 8b
(hereafter, collectively referred to as second vertical wall parts 8) and the second top
panel part 4, unlike the second member 3 according to the present embodiment
1llustrated in FIG. 1.

[0035]

There are two ways to dispose the bumper beam on a vehicle. First one is to
dispose the bumper beam such that the second member 102 lies distally on the
vehicle as illustrated in FIG. 2 (hereafter, referred to as a case 1). Second one is to
dispose the bumper beam such that a first member 101 lies distally on the vehicle as
illustrated in FIG. 3 (hereafier, referred to as a case 2). In order to understand basic
characteristics of the bumper beam, the present inventors investigated an energy

absorption efficiency through a dynamic three-point bending simulation in the case 1

and the case 2.
[0036]

In the case 1, a load P in a direction toward a top panel part 105 was imposed
on a lengthwise-direction center of the second member 102 across the second
member 102 in the vehicle height direction. In the case 2, a load P in a direction

toward the second member 102 was imposed on a lengthwise-direction center of the

top panel part 105 across the top panel part 105 in the vehicle height direction.

Then, detormation behaviors of the bumper beams were investigated. At this point,
a correlation between the load P and deflection was examined for each of the bumper
beams. Here, the deflection refers to a deflection of a portion on which the load P
was imposed. In the dynamic three-point bending simulation, a load imposing
speed was set at 9 km/h, and an inter-fulcrum distance was set at 800 mm. Results
of the simulation are illustrated in FIG. 4 to FIG. 7.
[0037]

FIG. 4 to FIG. 6 are diagrams illustrating deformation behaviors of the
bumper beam in the case 1. Deformation of the bumper beam proceeds in an order
illustrated in FIG. 4, FIG. §, and FIG. 6. Referring to FIG. 4 to FIG. 6, when the

load P was imposed on the second member 102, compressive forces act in

proximities to end portions X of vertical wall parts 106 along the lengthwise
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direction of the bumper beam (the vehicle width direction). Here, the compressive
forces refer to forces that tend to make each of the two vertical wall parts 106
contract in the lengthwise direction of the bumper beam. The action of the
compressive forces causes the end portions X of the vertical wall parts 106 on the
second member 102 side to move toward a center in the vehicle height direction.

As a result, the vertical wall parts 106 deform and finally buckle. When the vertical
wall parts 106 buckle, a height of the bumper beam is significantly reduced as

viewed in a cross section perpendicular to the lengthwise direction.
[0038]

FIG. 7 1s a load-detlection diagram about the bumper beams in the case 1 and

the case 2. An ordinate indicates the load, and an abscissa indicates the deflection.
In FIG. 7, a solid line indicates a result of the bumper beam in the case 1, and a
dashed line indicates a result of the bumper beam in the case 2. The load-deflection
diagram illustrated in FIG. 7 shows the followings. In the case 1, a maximum
allowable load is reached when the deflection is about 38 mm. The maximum
allowable load is about 62 kKN. When the deflection exceeds about 38 mm, the
vertical wall parts 106 buckle. In the case 2, a maximum allowable load is reached
when the deflection is about 42 mm. The maximum allowable load is about 50 kN.
When the deflection exceeds about 42 mm, the vertical wall parts 106 buckle.

From the above, it is understood that the maximum allowable load in the case 1 is

higher than the maximum allowable load in the case 2.
[0039]

In the bumper beam in the case 1, as illustrated in FIG. 4 to FIG. 6, the
compressive forces acting on the vertical wall parts 106 causes the end portions X to

move toward the center of the bumper beam in the vehicle height direction in an
early stage, which causes the vertical wall parts 106 to deform and buckle. In other
words, when the end portions X are prevented from moving, it 1s possible to prevent
the vertical wall parts 106 from buckling in an early stage. Hence, as illustrated in
FIG. 1, in the bumper beam | according to the present embodiment, the second
vertical wall parts 8 and the second top panel part 4 of the second member 3 are

disposed between the first vertical wall parts 6 of the first member 2 (inside the first

member 2).
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[0040]

[Effect Brought by Second Vertical Wall Parts]

Referring to FIG. 1, when a collision load 1s imposed on the bumper beam,
the bumper beam undergoes bending deformation. At this time, as described above,
the end portions X of the first vertical wall parts 6 move toward the center of the
bumper beam in the vehicle height direction. The bumper beam according to the
present embodiment includes the second vertical wall parts 8 of the second member 3
inside the first vertical wall parts 6. The movement of the end portions X of the
first vertical wall parts 6 thereby causes the edge portions X to come into contact
with the second vertical wall parts 8. This prevents the end portions X of the first
‘vertical wall parts 6 from deforming inward. As a result, the first vertical wall parts
6 are prevented from buckling, which increases the maximum allowable load of the
bumper beam.

[0041]

Based on Example 2 to be described later, a ratio h1/H between a height hl of
the second vertical wall parts 8 and a height H of the first vertical wall parts 6 is
preferably 0.1 or more to 0.5 or less. Here, the height H of the first vertical wall
parts 6 refers to a distance between the first top panel part 5 and the first flange parts
7. The height hl of the second vertical wall parts 8 refers to a distance between the

second top panel part 4 and the second flange parts 9a and 9b.
[0042]

When the ratio h1/H is small, areas of the second vertical wall parts 8 with
which the end portions X of the first vertical wall parts 6 and their peripheries come
into contact are small. It is therefore difficult to prevent the first vertical wall parts
6 from deforming. As a result, it is difficult to increase the maximum allowable

load of the bumper beam sufficiently. Accordingly, a lower limit of the ratio h1/H

1s preferably 0.1. More preferably, the lower limit of the ratio h1/H is 0.2.
[0043] |

The end portions X of the first vertical wall parts 6 are preferably configured
to come into contact with areas of the second vertical wall parts 8 that are close to the
second top panel part 4. This is because the end portions X of the first vertical wall

parts 6 are prevented from moving toward the center (inside) of the bumper beam by
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reaction force of the second top panel part 4. When the ratio h1/H 1s large, a
distance between the second top panel part 4 and the end portions X of the first
vertical wall parts 6 is long. When the end portions X of the first vertical wall parts
6 come into contact with the second vertical wall parts 8, reaction forces experienced
by the end portions X of the first vertical wall parts 6 from the second top panel part
4 are weak. As aresult, it is difficult to prevent the first vertical wall parts 6 from
deforming, which makes it difficult to increase the maximum allowable load of the
bumper beam sufficiently. Accordingly, an upper limit of the ratio h1/H is
preferably 0.5. More preferably, the upper limit of the ratio h1/H is 0.4.

[0044]

The second vertical wall parts 8 are disposed such that the second vertical
wall parts 8 are close to and face the first vertical wall parts 6. There may be the
gaps d between the first vertical wall parts 6 and the second vertical wall parts 8.
Based on Example 3 to be described later, the gaps d are preferably 0 mm or more to
10 mm or less. When the gap d 1s zero, that is, when there is no gap, the maximum
allowable load of the bumper beam becomes highest. On the other hand, in a case
where the first member 2 and the second member 3 are produced without providing
the gaps, a more strict dimensional accuracy is required for these members. In
consideration of productivity, the gaps d are acceptable to a certain extent. In
contrast, when the gaps d are too large, the end portions X of the first vertical wall
parts 6 come into contact with the second vertical wall parts 8 after the first vertical
wall parts 6 buckle. In other words, since the first vertical wall parts 6 and the
second vertical wall parts 8 are too far apart, the end portions X of the first vertical
wall parts 6 are not prevented from moving inward by the second vertical wall parts
8. In other words, it is difficult to increase the maximum allowable load of the
bumper beam. Accordingly, an upper limit of the gaps d is preferably 10 mm.
More preterably, the upper limit of the gaps d is 9 mm.

[0045]

The second flange parts 9a and 9b are preferably joined to the first flange
parts 7a and 7b at positions close to the first vertical wall parts 6a and 6b,
respectively. During bending deformation, the second top panel part 4 receives

compressive force in the lengthwise direction to undergo out-of-plane deformation in
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the vehicle length direction. As a result, when the second top panel part 4
undergoes the out-of-plane deformation forward in the vehicle length direction, the
first vertical wall parts 6a and 6b become difficult to come into contact with the
second vertical wall parts 8a and 8b, which makes it difficult to obtain an effect of
preventing the first vertical wall parts 6a and 6b from deforming tnward. This out-
of-plane deformation of the second top panel part 4 forward in the vehicle length
direction depends on a distance between the joints 51 in the vehicle height direction;
the longer the distance between the joints 51, the easier the out-of-plane deformation
is to occur. Hence, in order to exert a greatest possible effect of preventing the first
vertical wall parts 6a and 6b from deforming toward a bumper beam center side
(inward), it is preferable that the second flange parts 9a and 9b (hereafter,
collectively referred to as second flange parts 9) are joined to the first flange parts 7a
and 7b at positions close to the first vertical wall parts 6a and 6b, respectively. The
joints 51 are desirably provided in areas on the first flange parts 7a and 7b within 15
mm of the end portions of the first vertical wall parts 6a and 6b, respectively.

[0046]
' [Effect of Protruding Part]

As 1llustrated in FIG. 1, the protruding part 20 of the second top panel part 3
includes a flat portion 21 and wall portions 22a and 22b. FIG. 1 illustrates a case
where the wall portions 22a and 22b are parallel to the second vertical wall parts 8.
The wall portions 22a and 22b are however not necessarily parallel to the second
vertical wall parts 8. The pfotruding part 20 protrudes toward a side opposite to the
first top panel part 5 of the first member 2. In other words, when the bumper beam
1 1s mounted on a vehicle, the protruding part 20 protrudes outward from the vehicle.
[0047]

FIG. 8 is a diagram schematically illustrating a deformation behavior of the
bumper beam. When a collision load is imposed on the bumper beam, the flat
portion 21 of the protruding part 20 deforms in a direction heading rearward in the
vehicle length direction (see a solid-white arrow in FIG. 8). At this point, across a
center of the bumper beam in the vehicle height direction, the wall portion 22a lying
on a vehicle upper side deforms upward in the vehicle height direction, and the wall

portion 22b lying on a vehicle lower side deforms downward in the vehicle height
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direction (see solid arrows in FIG. 8). This causes areas of the second top panel
part 4 except the protruding part 20 (bottom faces 23 of the second top panel part 4)
to deform to move toward the first vertical wall parts 6. As a result, the first
vertical wall parts 6 are prevented from deforming inward of the bumper beam.

This prevents the first vertical wall parts 6 from buckling, which further increases the

maximum allowable load of the bumper beam.

[0048]

Based on Example 4 to be described later, a ratio wl/W between a width wl
of the protruding part 20 and a width W of the first top panel part 5 illustrated in FIG.
1 is preferably 0.1 or more to 0.7 or less. Here, the width W of the first top panel
part 5 refers to a distance between the first vertical wall parts 6. The width wl of
the protruding part 20 refers to a distance between the wall portions 22a and 22b of
the protruding part 20. In a case where the wall portions 22a and 22b are not
parallel to the second vertical wall parts 8, the width wl of the protruding part 20
refers to a distance between end portions of the wall portions 22a and 22b that lie on
an opposite side of the flat portion 21 (i.e., on an opening portion side of the
protruding part 20).

[0049]

A small ratio w1/W means that a width of the bottom faces 23 of the second
top panel part 4 in the vehicle height direction is larger than the width of the
protruding part 20 in the vehicle height direction. When the ratio w1/W is too
small, the bottom faces 23 of the second top panel part 4 easily deflect, and it is
difficult to sufficiently prevent the first vertical wall parts 6 from buckling.
Accordingly, a lower limit of the ratio wl/W is preferably 0.1. More preferably, the

lower limit of the ratio wl1/W is 0.2.
[0050]

When the ratio w1/W is too large, the width of the protruding part 20 in the
vehicle height direction is large, which makes it easy for the flat portion 21 of the
protruding part 20 to deflect in a collision load direction, and it is difficult to
sufficiently prevent the first vertical wall parts 6 from buckling. Accordingly, an

upper limit of the ratio w1/W is preferably 0.7. More preferably, the upper limit of
the ratio wl/W is 0.6.
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[0051]

Based on Example 6 to be described later, a ratio h2/h1 between a height h2
of the protruding part 20 and the height h1 of the second vertical wall parts 8 of the
second member 3 illustrated in FIG. 1 is preferably 0.5 or more to 1.1 or less. Here,
the height h2 of the protruding part 20 refers to a distance between the flat portion 21
of the protruding part 20 and the bottom faces 23 of the second top panel part 4.
[0052]

When the ratio h2/h1 is small, the height of the protruding part 20 is low, and
- the wall portions 22a and 22b of the protruding part 20 are difficult to deform. Asa
result, the protruding part 20 is difficult to deform even when the collision load is
imposed on the bumper beam, and it is difficult to prevent the first vertical wall parts
16 from deforming. Accordingly, a lower limit of the ratio h2/h1 is preferably 0.5.
More preferably, the lower limit of the ratio h2/h1 is 0.6.

[0053]

In a case where the ratio h2/hl is 1.0, the protruding part 20 starts to deform
at a very early stage of the collision, which is the most desirable case. In addition, a
ratio h2/h1 more than 1.0 to some extent is tolerable. When the ratio h2/h1 is more
than 1.0, the protruding part 20 starts to deform before a main body of the bumper
beam collides. A ratio 'h2/hl more than 1.0 is particularly recommended when there
are gaps between the first vertical wall parts 6 and the second vertical wall parts 8.
This 1s because the second vertical wall parts 8 approach the first vertical wall parts 6
when the main body of the bumper beam collides. An amount by which the ratio
h2/h1 1s more than 1.0 may be determined according to a size of the gaps between
the first vertical wall parts 6 and the second vertical wall parts 8. For example, an
upper limit of the ratio h2/h1 of 1.1 is tolerable.

[0054]

Now, the first flange parts 7 and the second flange parts 9 (see FIG. 1) are
joined by welding, for example. Examples of a method for the welding include spot
welding, plug welding, arc welding, laser welding, and the like. However, the first
flange parts 7 and the second flange parts 9 may not be joined only by welding.

The first flange parts 7 and the second flange parts 9 may be joined by mechanical

fasteners. Examples of the mechanical fasteners include rivets, bolts and nuts,
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screws, and the like. In addition, the first flange parts 7 and the second flange parts
O may be joined by adhesive. Moreover, the first flange parts 7 and the second

flange parts may be joined by using welding, mechanical fasteners and adhesive in
combination.
[0055]

As described above, the bumper beam according to the present embodiment is
disposed such that the second member 3 lies distally on the vehicle. For example,
as 1llustrated in FIG. 9, the bumper beam 1 bends in the lengthwise direction. In
this case, an outside arc of the bending bumper beam 1 (on a second member 3 side
fn FIG. 9) is disposed such that the arc protrudes outward from the vehicle. The
bumper beam 1 1s mounted on a crush box, front side members 30, or the like
disposed proximally on the vehicle. The bumper beam 1 is therefore provided with
mounting holes or the like on its face lying proximally on the vehicle (e.g., the first
top panel part 5). Essentially, even being unmounted, the bumper beam 1 allows
for determination as to which of the first member 2 and the second member 3 of the
bumper beam 1 is to lie distally on the vehicle when disposed.

[0056]

The embodiment described above is given of a case where the bumper beam
1s made of metal plates. Examples of the metal plates include steel plates,
aluminum plates, titanium plates, magnesium plates, copper plates, or nickel plates,
or alloy plates, multi-layered metal plates, or the like of these metals. Since the
present disclosure relates to a shape of the bumper beam, starting materials other

than metals, such as CFRP, may be used as long as the starting materials satisfy the

strength necessary for the bumper beam.
[0057]

In a case where the bumper beam according to the present embodiment is
applied to an automobile, it is preferable that the first member and the second
member are made of steel plates having a tensile strength of 1 GPa or more. In this
case, it 1s possible to further increase the strength of the bumper beam without

increasing the mass of the bumper beam, further increase a safety of an automobile

body and to achieve a weight reduction of the automobile body.
[0058]
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The embodiment described above is given of a case where the bumper beam
is provided in the front portion of the vehicle. In other words, a case where the
bumper beam according to the present embodiment is applied as a bumper beam of a
front bumper of an automobile is described. The bumper beam according to the
present embodiment is however not limited to the bumper beam of the front bumper.
The bumper beam of the present embodiment may be disposed in the rear portion of
the vehicle. In other words, the bumper beam of the present embodiment is
applicable to a rear bumper and the like. In both of the cases, the second member of
the bumper beam is disposed such that the second member lies distally on the
vehicle.

[Example 1]
[0059]

A load imposing simulation was conducted on bumper beams including
second members with different shapes, and their maximum allowable loads and
energy absorption efficiencies were examined.

[0060]

FIG. 10 to FIG. 12 illustrate models of the bumper beams used for studies in
Example 1. FIG. 10 illustrates the bumper beam in Inventive Example 1 of the
present invention. FIG. 11 illustrates a bumper beam in Reference Example. FIG.

12 illustrates a bumper beam in Comparative Example 1. As to dimensions of these

bumper beams, the height H of the vertical wall parts of the first member was set at
60 mm, the width W of the first top panel part was set at 80 mm, and the width W2
of the second member was set at 120 mm. In Inventive Example 1 of the present
invention and Reference Example, the gaps d between the first vertical wall parts and
the second vertical wall parts were set at 0 mm, and the height h1 of the second
vertical wall parts was set at 15 mm. In Inventive Example 1 of the present
invention, the height h2 of the protruding part was set at 15 mm, and the width wl of
the protruding part was set at 30 mm. In Inventive Exarriple | of the present
invention, Reference Example, and Comparative Example 1, the load P was imposed
on the center of the second member toward the first member. The first member and
the second member were supposed to be steel plates having a tensile strength of 1310

MPa and a plate thickness of 1.4 mm. As to the joint, spot welding was modeled, in
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which spot welds were provided in areas on the first flange parts 7a and 7b 10 mm
from the end portions of the first vertical wall parts 6a and 6b side. A diameter of

the spot welds was set at 4.7 mm, and pitches between centers of the spot welds were

set at 30 mm.
[0061]

FIG. 13 illustrates load-deflection curves of the bumper beams in Example 1.
In FIG. 13, a solid line illustrates a result of Inventive Example 1 of the present
invention, a broken line illustrates a result of Reference Example, and a dashed line
illustrates a result of Comparative Example 1. As illustrated in FIG. 13, a
maximum allowable load of the Inventive Example 1 of the present invention was
59.2 KN. A maximum allowable load of Reference Example was 51.5kN. A
maximum allowable load of Comparative Example 1 was 34.1 kN.
[0062]

Based on simulation results of Example 1, maximum allowable loads per unit
mass of the bumper beams and energy absorption efficiencies of the bumper beams
with their deflections reaching up to 60 mm were calculated. Results of the

calculation are shown in Table 1. The energy absorption efficiencies were

calculated based on energies that made their deflections reach 60 mm.
[0063]

[Table 1]
TABLE 1
MAXIMUM MAXIMUM ENERGY
ALLOWABLE | ALLOWABLE LOAD | ABSORPTION
LOAD PER UNIT MASS EFFICIENCY
(kN) (kN/kg) (kJ/kg)

Inventn{e Exax.nple I of the 599 14.0 0.59
present invention
Reference Example 51.5 12.8 0.51
Comparative Example 1 34.1 9.0 0.34

(0064]

As illustrated in Table 1, the maximum allowable load of the Inventive
Example 1 of the present invention was higher than the maximum allowable load of

Comparative Example 1. In addition, the energy absorption efficiency of Inventive
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Example 1 of the present invention was higher than the energy absorption efficiency
of Comparative Example 1.

[Example 2]

[0065]

In Example 2, by means of the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, maximum allowable loads were
examined with the height hl of the second vertical wall parts changed variously.

The simulation was conducted with three values of the ratio h1/H between the height
h1 of the second vertical wall parts and the height H of the first member: h1/H =
0.17, 0.25, and 0.50. Results of the determination are shown in Table 2.

[0066]
[Table 2]
TABLE 2
MASS MAXIMUM MAXIMUM ALLOWABLE LOAD
hl1/H (k) ALLOWABLE LOAD PER UNIT MASS
(kN) (kN/kg)
0.17 4.1 58 14.2
0.25 4.3 59.8 14.0
0.50 | 49 117
[0067)

As shown in Table 2, the maximum allowable loads of the bumper beams
used in Example 2 were all higher than the maximum allowable load 34.1 kN of the
bumper beam in Comparative Example 1 shown in Table 1. In addition, the
maximum allowable loads per unit mass of the bumper beam used in Example 2
were all higher than the maximum allowable loads per unit mass 9.0 kN/kg of the
bumper beam in Comparative Example 1 shown in Table 1.

[Example 3] .
[0068]

In Example 3, by means of the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, maximum allowable loads were
examined with the gaps d between the first vertical wall parts and the second vertical
wall parts changed variously. The simulation was conducted with two values of the

gapsd =0, 5 and 10 mm. Results of the determination are shown in Table 3.



CA 03073187 2020-02-14

-2 .

[0069]
[Table 3]
TABLE 3
q MAXIMUM ALLOWABLE LOAD
(kN)
0
5 55.9
10 48.6.
[0070]

As shown in Table 3, the maximum allowable loads of the bumper beams
used in Example 3 were all higher than the maximum allowable load 34.1 kN of the
bumper beam in Comparative Example 1 shown in Table 1.

[Example 4]
[0071]

In Example 4, by means of the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, maximum allowable loads were
examined with the width w1 of the protruding part of the second member changed
variously. The simulation was conducted with three values of the ratio wi1/W
between the width wl of the protruding part and the width W of the first top panel

part: wl/W =0.59, 0.41, and 0.19. Results of the determination are shown in Table
4,

[0072]
[Table 4]
TABLE 4
MASS MAXIMUM MAXIMUM ALLOWABLE LOAD
wl/W (kg) ALLOWABLE LOAD PER UNIT MASS
(kN) (kN/kg)

0.59 4.26 59.8 14.0
0.41 4.23 - 592 14.0
0.19 4.26 59.3 13.9

(0073]

As shown in Table 4, the maximum allowable loads of the bumper beams

used in Example 4 were all higher than the maximum allowable load 34.1 kN of the
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bumper beam in Comparative Example 1 shown in Table 1. In addition, the
maximum allowable loads per unit mass of the bumper beam used in Example 4
were all higher than the maximum allowable loads per unit mass 9.0 kN/kg of the
bumper beam in Comparative Example 1 shown in Table 1.

[Example 5]
[0074]

In Example 5, by means of the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, maximum allowable loads were
examined with an angle 0 of the protruding part of the second member changed
variously. Here, the angle 0 of the protruding part refers to acute one of angles
formed between the flat portion 21 of the protruding part and the wall portions 22a
and 22b of the protruding part (see FIG. 14). The simulation was conducted with

three values of the angle 6 = 90, 60, and 45°. Results of the determination are shown
in Table 3.

(0075]

[Table 5]

TABLE 5
6 MASS MAXIMUM ALLOWABLE LOAD
(°) (kg) (kN)

90 4.22
60 4.17 59.8
435 4.13 59.9

[0076]

As shown in Table 5, the maximum allowable loads of the bumper beams
used in Example 5 were all higher than the maximum allowable load 34.1 kN of the
bumper beam in Comparative Example 1 shown in Table 1.

[Example 6]
[0077]

In Example 6, by means of the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, maximum allowable loads were
examined with the height h2 of the protruding part of the second member changed

variously. The simulation was conducted with two values of the ratio h2/h1l
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between the height h2 of the protruding part and the height hl of the second vertical
wall parts: h2/h1 = 0.67 and 1.0. Results of the determination are shown in Table 6.

[0078]

[Table 6]
TABLE 6
MASS MAXIMUM MAXIMUM ALLOWABLE LOAD
h2/hi (kg) ALLOWABLE LOAD PER UNIT MASS
(KN) (kN/kg)

[0079]

As shown in Table 6, the maximum allowable loads of the bumper beams
used in Example 6 were all higher than the maximum allowable load 34.1 kN of the
bumper beam in Comparative Example 1 shown in Table 1. In addition, the
maximum allowable loads per unit mass of the bumper beam used in Example 6
were all higher than the maximum allowable loads per unit mass 9.0 kN/kg of the
bumper beam in Comparative Example 1 shown in Table 1. When the gaps d
between the first vertical wall parts and the second vertical wall parts are more than
zero, a ratio h2/h1 more than 1.0 to some extent is tolerable. From the results of

Example 3, the closer the gaps d come to zero, the more advantageous itis. Ina
case where the gaps d are more than zero, when the ratio h2/h1 is more than 1.0, the

second vertical wall parts 8 approaches the first vertical wall parts 6 when the main
body of the bumper beam collides, which is advantageous. For example, an upper

limit of the ratio h2/h1 of 1.1 1s tolerable.
[Example 7]
[0080]

In Example 7, maximum allowable loads and maximum allowable loads per
unit mass were compared between the model of Inventive Example of the present
invention illustrated in FIG. 10, as in Example 1, and a model of Comparative
Example having the same shape as that of the bumper beam described in Patent
Literature 4. In Example 7, the simulation was conducted with two values of the

height H of the first vertical wall parts: H= 40 and 60 mm.
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[0081]

FIG. 15 is a diagram illustrating bumper beams of Comparative Examples 2 to

5. As illustrated in FIG. 15, a first top panel part 5 of the bumper beams of

Comparative Examples 2 to 5 includes a protruding part 40 that protrudes toward a

second member 3 side.

In bumper beams of Comparative Examples 2 and 3, the

protruding part 40 of the first top panel part 5 was joined to a protruding part 20 of a

second top panel part 4.

In bumper beams of Comparative Examples 4 and 35, the

protruding part 40 of the first top panel part 5 was not joined to the protruding part

20 of the second top panel part 4.

In Example 7, tensile strengths of all models of

Inventive Examples of the present invention and Comparative Examples are assumed

to be 980 MPa.

In Inventive Example 2 of the present invention, Comparative

Example 2, and Comparative Example 4, the masses of their bumper beams were

equalized as much as possible by changing plate thicknesses of the models. In

Inventive Example 3 of the present invention, Comparative Example 3, and

Comparative Example 5, the masses of their bumper beams were equalized in the

SAmMeE manncr.

[0082]
[Table 7]
TABLE 7
HEIGHT PLATE
H THICKNESS I\%QS)S
(mm) (mm) B
. e — ————————————————— ettt
[nventive Example 2
of the present 40 1.4 4.33
invention
Inventive Example 3
of the present 60 1.5 5.20
invention
Comparative
Example 2 40 1.2 4.55
Comparative |
Example 3 60 1.2 5.45
Comparative
Examnle 4 40 1.2 4.55
Comparative
Example 5 60 1.2 5.45

[0083]

Results of Example 7 are shown in Table 7.

MAXIMUM MAXIMUM
ALLOWABLE | ALLOWABLE LOAD
LOAD PER UNIT MASS
(kN) (kN/kg)
22.4 5.17
42.7 8.21
23.2 5.10
42.4 7.78
22.3 4.55
37.7 6.92
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As shown in Table 7, the maximum allowable load per unit mass of the
bumper beam in Inventive Example 2 of the present invention was higher than the
maximum allowable loads per unit mass of the bumper beams in Comparative
Examples 2 and 4, which had the same height H as that of the bumper beam in
Inventive Example 2 of the present invention. Similarly, the maximum allowable
load per unit mass of the bumper beam in Inventive Example 3 ot the present
invention was higher than the maximum allowable loads per unit mass of the bumper
beams in Comparative Examples 3 and 5, which had the same height H as that of the
bumper beam in Inventive Example 3 of the present invention. It is inferred that
this is due to the following reasons.

[0084]

Referring to FIG. 15, when the bumper beam deforms, the first top panel part
5 is expanded in the lengthwise direction. In other words, a tensile force occurs in
the first top panel part 5 in the lengthwise direction. Tensile stresses occurring all
over the first top panel part 5 depends on distances from a neutral plane N that is
developed when the bumper beam is bent. This is because, an amount of
deformation increases at a longer distance from the neutral plane N of the bending of
the bumper beam toward the first top panel part 5 side, and a tensile stress increases
accordingly. The neutral plane N of the bending of the bumper beam lies at a same

position as a plane that is substantially defined by a line connecting midpoints of the

first vertical wall parts 6. The neutral plane N does not coincide with the plane
completely because the position of the neutral plane N can fluctuate to some extent

under a condition that a plate thickness of a plate material forming the bumper beam

1s nonuniform, or other conditions.
[0085]

The first top panel part 5 of the bumper beam of Patent Literature 4 includes
the protruding part 40 that extends inward of the bumper beam. As the protruding
part 40 becomes large, a cross-sectional area of the protruding part 40 increases. In
other words, a mass of the bumper beam increases. Meanwhile, in the protruding
part 40, a tensile stress occurring at a position becomes smaller as the position lies

closer to the neutral plane N. A tensile stress occurring in a member can be

determined by integrates the tensile stress with respect to a cross-sectional area of the
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member. When a collision load i1s imposed on the bumper beam, the first top panel
part 5 1s where a highest tensile stress occurs. The bumper beam of Patent
Literature 4 includes the first top panel part 5 that is smaller by the protruding part
40. In other words, the bumper beam of Patent Literature 4 has a small area where
the highest tensile stress of the bumper beam occurs. In addition, the bumper beam
of the Patent Literature 4 has a spot where a low tensile stress occurs when the
bumper beam deforms (the protruding part 40). A maximum allowable load per
unit mass of the bumper beam of the Patent Literature 4 is smaller than that of the
present embodiment. Conversely, spots of the protruding part 40 on a protruding
side of the neutral plane N of the bending of the bumper beam undergoes
compressive deformation. In this case, a flat portion 41 of the protruding part 40
undergoes out-of-plane deformation, and therefore compressive stresses occur only
In ridge portions 42 of the protruding part 40. In other words, areas where the
compressive stresses occur are small, and a compressive force occurring in the
protruding part 40 is small. As a result, the spots of the protruding part 40 on the
protruding side of the neutral plane N of the bending of the bumper beam are
difficult to contribute to an increase in the maximum allowable load.
[0086]

Therefore, although the bumper beam according to the present embodiment

may include the protruding part in the first top panel part 5, and the protruding part

extends inward the bumper beam, the bumper beam does not extend beyond the
neutral plane N of the bending of the bumper beam. The neutral plane N of the
bending of the bumper beam is substantially formed of a line that connects a
midpoint of one first vertical wall part 6a in the vehicle length direction and a
midpoint of another first vertical wall part 6b in the vehicle length direction (see FIG.
1). It 1s more desirable that, even with the protruding part extending inward of the
bumper beam, the protruding part of the first top panel part 5 does not come in
contact with a line that connects one of five equal points of the one first vertical wall
part 6a in the vehicle length direction, the one lying closest to the first top panel part
5, and one of five equal points of the other first vertical wall part 6b in the vehicle
length direction, the one lying closest to the first top panel part 5.

[0087]
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Essentially, the maximum allowable loads per unit mass of the bumper beams
in Inventive Examples of the present invention is larger than the maximum allowable
loads per unit mass of the bumper beams in Comparative Examples because the
bumper beams in Comparative Examples each had a heavy mass, included the first
top panel part in which areas of portions where tensile forces occur are large, and the

bumper beams in Inventive Examples of the present invention each had a light mass.

[0088]

The embodiment according to the present invention has been described above.
However, the aforementioned embodiment is merely an example for practicing the
present invention. Theretfore, the present invention i1s not limited to the
aforementioned embodiment, and the aforementioned embodiment can be modified
and implemented as appropriate without departing from the scope of the present

invention.

REFERENCE SIGNS LIST
[0089]

1 bumper beam
first member
second member

second top panel part

first vertical wall part
first flange part

2

3

4

5 first top panel part
6

7

8 second vertical wall part
0

second flange part

10  bumper

20 protruding part

21 flat portion of protruding part
22a,22b wall portion of protruding part

d gap between first vertical wall part and second vertical wall part
H height of first vertical wall part
hl height of second vertical wall part



CA 03073187 2020-02-14

- 20 .

h2 height of protruding part
W  width of first top panel part
wl width of protruding part

P collision load

X end portion of first vertical wall part
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CLAIMS

l. A bumper beam for a vehicle comprising: a first member including, in a cross
section perpendicular to a lengthwise direction, a first top panel part that is flat, two
first vertical wall parts each connected to a respective one of opposite sides of the
first top panel part and two first flange parts each connected to a respective one of
the two first vertical wall parts; and

a second member including, in the cross section perpendicular to the
lengthwise direction, a second top panel part that includes a protruding part
protruding toward a side opposite to the first top panel part, two second vertical wall
parts each connected to a respective one of opposite sides of the second top panel
part, the two second vertical wall parts being disposed such that the two second
vertical wall parts each faces a respective one of the first vertical wall parts inside the
first member, and two second flange parts that are disposed such that the second
flange parts each connected to a respective one of the two second vertical wall parts
and joined to a respective one of the first flange parts, wherein

gaps between a respective one of the first vertical wall parts and a respective

one of the second vertical wall parts are 0 mm or more to 10 mm or less.

2. The bumper beam for a vehicle according to claim 1, wherein a ratio h1/H

between a height hl of the second vertical wall parts and a height H of the first

vertical wall parts 1s 0.1 or more to 0.5 or less.

3. (Cancelled)

4. The bumper beam for a vehicle according to claim 1 or claim 2, wherein
a ratio wl/W between a width w1 of the protruding part of the second top
panel part and a width W of the first top panel part is 0.1 or more to 0.7 or less, and
a ratio h2/h1 between a height h2 of the protruding part of the second top

panel part and the height hl of the second vertical wall parts is 0.5 or more to 1.1 or

less.
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. The bumper beam for a vehicle according to claim 1, claim 2 or claim 4,
wherein a respective one of the first flange parts and a respective one of the second

flange parts are joined by welding, adhesion, rivets, or use thereof in combination.

6. The bumper beam for a vehicle according to claim 1, claim 2, claim 4 or

claim 5, wherein the first member and the second member are made of steel plates,

and the steel plates each have a tensile strength of 1 GPa or more.

7. The bumper beam for a vehicle according to claim 1, claim 2, claim 4, claim 5
or claim 6, further comprising:

a plurality of joints, each of the plurality of joints provided between a
respective one of the first flange parts and a respective one of the second flange parts
in an area within 15 mm of an edge of a side of one of the respective first vertical

wall parts.

8. The bumper beam for a vehicle according to claim 1, claim 2, claim 4, claim
5, claim 6 or claim 7, wherein in the cross section perpendicular to the lengthwise
direction, an entire of the first top panel part lies on an opposite side of a line that

connects midpoints of the first vertical wall parts from the second member.

9. A vehicle comprising the bumper beam for a vehicle according to claim 1,
claim 2, claim 4, claim 35, claim 6, claim 7 or claim 8 tn a front portion or a rear
portion of the vehicle, wherein

the second member of the bumper beam is disposed such that the second

member lies distally on the vehicle.
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