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(54) FIBER-REINFORCED RESIN MEMBER

(57) Since a continuous fiber of a fiber-reinforced res-
in member (11) includes an axial fiber (19) aligned in the
axial direction and an axially right-angled fiber (20)
aligned at right angles to the axial direction, and the den-
sity of the axially right-angled fiber (20) of a first layer
(17) on the outer side of the corner part (13) is made
higher than the density of the axially right-angled fiber
(20) of a second layer (18) on the inner side of the corner
part (13), when an axial load is input and the fiber-rein-
forced resin member (11) breaks, the axially right-angled
fiber (20) disposed at high density in the outside first layer
(17) of the corner part (13) is actively stretched and
breaks, thereby enabling a large energy-absorbing effect
to be exhibited. Moreover, the fiber-reinforced resin
member (11) has a simple structure in which merely the
density of the axially right-angled fiber (20) in its interior
is changed, thereby minimizing any increase in the pro-
duction cost.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fiber-rein-
forced resin member that includes a fiber-reinforced resin
layer in which a continuous fiber is reinforced by a syn-
thetic resin, the fiber-reinforced resin layer having a cor-
ner part in an axially right-angled cross section, which is
orthogonal with respect to an axial direction thereof.

BACKGROUND ART

[0002] An energy-absorbing body in which a plurality
of fiber-reinforced resin members having fiber bundles
of continuous fibers embedded in a matrix resin are lay-
ered so that the directions of alignment of the continuous
fibers intersect each other, and the layers of the plurality
of fiber-reinforced resin members are stitched by a bind-
ing thread so that it extends through in the thickness di-
rection is known from Patent Document 1 below. This
energy-absorbing body breaks so as to separate into two
layers via a middle part in the thickness direction while
breaking the binding thread when a compressive load is
input, thereby exhibiting an energy-absorbing effect.

RELATED ART DOCUMENTS

PATENT DOCUMENTS

[0003] Patent Document 1: Japanese Patent No.
4133840

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, the above conventional arrangement
has the problems that not only does the production cost
increase due to the continuous fiber forming a three-di-
mensional woven fabric, but it is also necessary to in-
crease the number of binding threads in order to enhance
the energy-absorbing effect because of the energy-ab-
sorbing effect being exhibited by the binding threads be-
ing broken, thus increasing the number of stitching steps
and further increasing the production cost. Moreover,
when the number of binding threads is increased, it be-
comes difficult for the binding thread to break when a
compressive load is input, and the amount of energy ab-
sorbed when breaking so as to separate into two layers
via the middle part in the thickness direction increases,
but there is a possibility that the number of continuous
fibers aligned so as to intersect each other will decrease
and the strength of the energy-absorbing body itself will
deteriorate. Furthermore, since energy is absorbed by
separation into two layers via the middle part in the thick-
ness direction, the influence of the resin on the energy-
absorbing characteristics is large, and there is a possi-

bility that the energy-absorbing characteristics will be-
come unstable due to environmental factors such as tem-
perature change.
[0005] The present invention has been accomplished
in light of the above circumstances, and it is an object
thereof to provide a fiber-reinforced resin member that
can exhibit a large energy-absorbing effect when a com-
pressive load is input in the axial direction while having
a simple structure.

MEANS FOR SOLVING THE PROBLEMS

[0006] In order to attain the above object, according to
a first aspect of the present invention, there is provided
a fiber-reinforced resin member comprising a fiber-rein-
forced resin layer in which a continuous fiber is reinforced
by a synthetic resin, the fiber-reinforced resin layer com-
prising a corner part in an axially right-angled cross sec-
tion, which is orthogonal with respect to an axial direction
thereof, wherein the continuous fiber comprises an axial
fiber aligned in the axial direction and an axially right-
angled fiber aligned at right angles to the axial direction,
and density of the axially right-angled fiber on an outer
side of the corner part is made higher than density of the
axially right-angled fiber on an inner side of the corner
part.
[0007] Further, according to a second aspect of the
present invention, in addition to the first aspect, the fiber-
reinforced resin layer comprises a plurality of layers that
are layered, the synthetic resin of the layer disposed on
the inner side of the corner part is a difficultly expandable
thermoplastic resin that has high compressive strength,
and the synthetic resin of the layer disposed on the outer
side of the corner part is an easily expandable thermo-
plastic resin that has low compressive strength.
[0008] Furthermore, according to a third aspect of the
present invention, in addition to the second aspect, the
fiber-reinforced resin layer comprises a flat part that is
continuous with the corner part.
[0009] Moreover, according to a fourth aspect of the
present invention, in addition to any one of the first to
third aspects, the fiber-reinforced resin layer has the axial
fiber disposed adjacent to a bent part of the axially right-
angled fiber.
[0010] Further, according to a fifth aspect of the
present invention, in addition to any one of the first to
fourth aspects, the fiber-reinforced resin member has a
cross section that has a point-symmetric shape.
[0011] Furthermore, according to a sixth aspect of the
present invention, in addition to the first to fifth aspects,
in an axially end part of the fiber-reinforced resin member,
the layer disposed on the inner side projects further in
the axial direction than the layer disposed on the outer
side.
[0012] A first flat part 12 and a second flat part 14 of
an embodiment correspond to the flat part of the present
invention, a first corner part 13 of the embodiment cor-
responds to the corner part of the present invention, a
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first layer 17 of the embodiment corresponds to the layer
of the present invention that is layered on the outer side,
and a second layer 18 of the embodiment corresponds
to the layer of the present invention that is layered on the
inner side.

EFFECTS OF THE INVENTION

[0013] In accordance with the first aspect of the present
invention, the fiber-reinforced resin member includes a
fiber-reinforced resin layer in which a continuous fiber is
reinforced by means of a synthetic resin, the fiber-rein-
forced resin layer including a corner part in an axially
right-angled cross section, which is orthogonal with re-
spect to the axial direction. Since the continuous fiber
includes an axial fiber aligned in the axial direction and
an axially right-angled fiber aligned at right angles to the
axial direction, and the density of the axially right-angled
fiber on the outer side of the corner part is made higher
than the density of the axially right-angled fiber on the
inner side of the corner part, when an axial load is input
and the fiber-reinforced resin member breaks, the axially
right-angled fiber disposed in the outside layer of the cor-
ner part at high density is actively stretched and breaks,
thereby enabling a large energy-absorbing effect to be
exhibited. Moreover, the fiber-reinforced resin member
has a simple structure in which merely the density of the
axially right-angled fiber in its interior is changed, thereby
minimizing any increase in the production cost. Further-
more, since the resin has little influence on the energy-
absorbing characteristics, it is possible to obtain stable
energy-absorbing characteristics regardless of environ-
mental factors such as temperature change.
[0014] Furthermore, in accordance with the second as-
pect of the present invention, since the fiber-reinforced
resin layer includes a plurality of layers that are layered,
the synthetic resin of the layer disposed on the inner side
of the corner part is a difficultly expandable thermoplastic
resin that has high compressive strength, and the syn-
thetic resin of the layer disposed on the outer side of the
corner part is an easily expandable thermoplastic resin
that has low compressive strength, when the situation is
normal, while ensuring the strength of the fiber-reinforced
resin member by means of the inside layer of the corner
part, which has high compressive strength, the outside
layer of the corner part, which has low compressive
strength, breaks and expands on the input of an axial
load, thus breaking the axially right-angled fiber disposed
therein and thereby enabling an energy-absorbing effect
to be efficiently exhibited.
[0015] Moreover, in accordance with the third aspect
of the present invention, since the fiber-reinforced resin
layer includes a flat part that is continuous with the corner
part, when an axial load is input, the axial fiber of the flat
part first undergoes layer separation, thus triggering
breakage of the axially right-angled fiber of the corner
part and thereby promoting breaking of the axially right-
angled fiber.

[0016] Furthermore, in accordance with the fourth as-
pect of the present invention, since the fiber-reinforced
resin layer has the axial fiber disposed adjacent to a bent
part of the axially right-angled fiber, when an axial load
is input and the axially right-angled fiber breaks, lateral
movement of the axially right-angled fiber is prevented
by means of the axial fiber, thereby enabling the axially
right-angled fiber to be reliably broken.
[0017] Moreover, in accordance with the fifth aspect of
the present invention, since the fiber-reinforced resin
member has a cross section that has a point-symmetric
shape, the fiber-reinforced resin member is prevented
from tilting with respect to the axis when an axial load is
input, thus enabling the fiber-reinforced resin member to
break over a long distance in the axial direction and there-
by enhancing the energy-absorbing effect.
[0018] Furthermore, in accordance with the sixth as-
pect of the present invention, since in an axially end part
of the fiber-reinforced resin member, the layer disposed
on the inner side projects further in the axial direction
than the layer disposed on the outer side, when an axial
load is input the inside layer first breaks, and then the
outside layer breaks, thus enabling the amount of energy
absorbed to gradually increase and stable energy ab-
sorption to be achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

[FIG. 1] FIG. 1 is a perspective view of a fiber-rein-
forced resin member. (first embodiment)
[FIG. 2] FIG. 2 is an enlarged view of part 2 in FIG.
1. (first embodiment)
[FIG. 3] FIG. 3 is a diagram for explaining deforma-
tion of a cross section of a corner part when an axial
load is input. (first embodiment)
[FIG. 4] FIG. 4 is a diagram for explaining layer sep-
aration of a flat part when an axial load is input. (first
embodiment)
[FIG. 5] FIG. 5 is a diagram for explaining the direc-
tion of expansion of a first corner part and a second
corner part. (first embodiment)
[FIG. 6] FIG. 6 is a transverse sectional view of a
fiber-reinforced resin member. (second embodi-
ment)
[FIG. 7] FIG. 7 is a perspective view of a fiber-rein-
forced resin member. (third embodiment)

EXPLANATION OF REFERENCE NUMERALS AND 
SYMBOLS

[0020]

11 Fiber-reinforced resin member
12 First flat part (flat part)
13 First corner part (corner part)
14 Second flat part (flat part)
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17 First layer (layer that is layered on the outer side)
18 Second layer (layer that is layered on the inner

side)
19 Axial fiber
20 Axially right-angled fiber

MODES FOR CARRYING OUT THE INVENTION

[0021] A first embodiment of the present invention is
explained below by reference to FIG. 1 to FIG. 5.

FIRST EMBODIMENT

[0022] As shown in FIG. 1, a fiber-reinforced resin
member 11, which is used as an automobile frame, etc.,
includes a first flat part 12, a pair of first corner parts 13
and 13 that bend at right angles from the first flat part 12,
a pair of second flat parts 14 and 14 that are continuous
with the pair of first corner parts 13 and 13, and a pair of
flange parts 16 and 16 that bend at right angles, in op-
posite directions, from the pair of second flat parts 14
and 14, and has a hat-shaped cross section that is con-
stant in the axial direction.
[0023] FIG. 2 is an enlarged sectional view of the first
corner part 13 of the fiber-reinforced resin member 11;
the fiber-reinforced resin layer of the fiber-reinforced res-
in member 11 is formed as a bilayer by layering a first
layer 17 on the outer side in the bending direction of the
first corner part 13 and a second layer 18 on the inner
side in the bending direction of the first corner part 13.
[0024] The first layer 17 on the outer side of the first
corner part 13 is formed from one layer of axial fibers 19
disposed in parallel to each other and extending in the
axial direction, and two layers of axially right-angled fib-
ers 20 layered on opposite sides of the layer of axial fibers
19 and extending at right angles to the axial direction.
The axial fibers 19 and the axially right-angled fibers 20
are continuous fibers made of glass or carbon, and a
matrix resin is a polypropylene whose volume easily ex-
pands when crumpled due to its relatively low compres-
sive strength.
[0025] The second layer 18 on the inner side of the
first corner part 13 is formed from one layer of axial fibers
19 disposed in parallel to each other and extending in
the axial direction, and one layer of axially right-angled
fibers 20 layered on one side of the layer of axial fibers
19 and extending at right angles to the axial direction.
The axial fibers 19 and the axially right-angled fibers 20
are continuous fibers made of glass or carbon, and a
matrix resin is a nylon whose volume hardly expands
when crumpled due to its relatively high compressive
strength.
[0026] Therefore, in the first corner part 13, the density
of the axially right-angled fibers 20 in the outer side por-
tion in the bending direction (first layer 17) is high, and
the density of the axially right-angled fibers 20 in the inner
side portion in the bending direction (second layer 18) is
low.

[0027] In the explanation above, the fiber-reinforced
resin member 11 is a bilayer structure of the first layer
17 and the second layer 18, but the number of layers
layered is not limited to two layers and can be set freely.
Furthermore, the number of layers of the axial fibers 19
and the axially right-angled fibers 20 in the interior of the
first layer 17 and the second layer 18 is also any number.
Furthermore, the axial fibers 19 and the axially right-an-
gled fibers 20 may be interwoven or may be simply su-
perimposed on one another.
[0028] As is clear from FIG. 1, since a second corner
part 15 bends in the opposite direction with respect to
the first corner part 13, the first layer 17 is positioned on
the inner side in the bending direction, and the second
layer 18 is positioned on the outer side of the bend. There-
fore, in the second corner part 15, it is necessary for the
density of the axially right-angled fibers 20 of the second
layer 18 to be higher than the density of the axially right-
angled fibers 20 of the first layer 17. It is desirable to carry
out switching of the density of the axially right-angled
fibers 20 continuously between the first corner part 13
and the second corner part 15 so that the strength does
not suddenly vary in the second flat part 14 sandwiched
between the first corner part 13 and the second corner
part 15.
[0029] The operation of the embodiment of the present
invention having the above arrangement is now ex-
plained.
[0030] When a strong compressive load in the axial
direction is input into the fiber-reinforced resin member
11 due to a vehicle collision, etc., the matrix resin be-
comes crumpled due to buckling and is crushed, and the
cross section expands. FIG. 3 schematically shows ex-
pansion of a cross section of the first corner part 13; when
the cross section expands from the state shown by the
solid line to the state shown by the chain line, there is
hardly any increase in the peripheral length of the inner
side of the first corner part 13, whereas the peripheral
length of the outer side of the first corner part 13 increases
greatly.
[0031] As a result, the axially right-angled fibers 20 of
the first layer 17 on the outer side are strongly stretched
and made to break, thus absorbing collision energy. In
this process, since the axially right-angled fibers 20 of
the first layer 17 are disposed at a higher density than
that of the axially right-angled fibers 20 in the second
layer 18, it is possible to enhance the energy-absorbing
performance by increasing the number of axially right-
angled fibers 20 that break. Furthermore, since the axial
fibers 19 are disposed so as to be adjacent to the inner
side of a bent part of the axially right-angled fibers 20
that bends at right angles within the first layer 17 of the
first corner part 13, it is possible to prevent the axially
right-angled fibers 20, which have been stretched, from
moving toward the inner side in the bending direction by
means of the axial fibers 19, thereby promoting breaking
of the axially right-angled fibers 20.
[0032] Moreover, since the matrix resin of the first layer

5 6 



EP 3 009 467 A1

5

5

10

15

20

25

30

35

40

45

50

55

17 is a polypropylene that has a relatively low compres-
sive strength and whose volume easily expands when
crumpling, and the matrix resin of the second layer 18 is
a nylon that has a relatively high compressive strength
and whose volume hardly expands when crumpling, it is
possible to make the first layer 17 expand greatly when
an axial load is input, thus breaking effectively the axially
right-angled fibers 20 and thereby further enhancing the
energy-absorbing performance. Furthermore, since the
second layer 18, which does not actively contribute to
energy absorption, has high strength, the strength of the
fiber-reinforced resin member 11 can be ensured when
the situation is normal in the absence of a vehicle colli-
sion.
[0033] Moreover, as shown in FIG. 4, since, when an
axial load is input, the first flat part 12 and the second flat
part 14, which sandwich the first corner part 13, undergo
layer separation at the border between the first layer 17
and the second layer 18, this becomes a trigger, thus
promoting crumpling of the first corner part 13 and there-
by further enhancing the energy absorption.
[0034] Energy absorption in the first corner part 13 is
explained above, but the second corner part 15 also ex-
hibits an energy-absorbing performance in the same
manner. As shown in FIG. 5, since the hat-shaped cross
section fiber-reinforced resin member 11 includes the
first corner part 13 and the second corner part 15, which
expand in opposite directions, it is possible to efficiently
enhance the tensile strength of the axially right-angled
fibers 20 when an axial load is input, thereby enhancing
the energy-absorbing performance. The fiber-reinforced
resin member 11 has a simple structure in which merely
the density of the axially right-angled fibers 20 in its in-
terior is changed, thereby minimizing any increase in the
production cost. Furthermore, since the resin has little
influence on the energy-absorbing characteristics, it is
possible to obtain stable energy-absorbing characteris-
tics regardless of environmental factors such as temper-
ature change.
[0035] A second embodiment of the present invention
is now explained by reference to FIG. 6.

SECOND EMBODIMENT

[0036] The fiber-reinforced resin member 11 of the first
embodiment has a hat-shaped cross-sectional shape
that is not point-symmetric, but a fiber-reinforced resin
member 11 of the second embodiment has a substan-
tially S-shaped cross-sectional shape that is point-sym-
metric with respect to an axial center L.
[0037] In this way, the cross-sectional shape of the fib-
er-reinforced resin member 11 has point symmetry, and
it is thus possible to prevent the fiber-reinforced resin
member 11 from tilting with respect to the axial center L
when an axial load is input, thereby making the fiber-
reinforced resin member 11 crumple reliably throughout
a long stroke and enhancing the energy-absorbing per-
formance.

[0038] A third embodiment of the present invention is
now explained by reference to FIG. 7.

THIRD EMBODIMENT

[0039] In the third embodiment, a closed cross-section
is formed by joining a plate-shaped fiber-reinforced resin
member 21 between a pair of flange parts 16 and 16 of
a hat-shaped cross section fiber-reinforced resin mem-
ber 11. A second corner part 15 is connected to the flange
part 16, and since not very much energy-absorbing effect
due to breaking of axially right-angled fibers 20 can be
expected, a structure in which the density of the axially
right-angled fibers 20 on the outer side is made higher
than the density of the axially right-angled fibers 20 on
the inner side is applied only to a first corner part 13. In
an axially end part of the fiber-reinforced resin member
11, an axially end part of a first layer 17 is moved back
in the axial direction by a distance a more than an axially
end part of a second layer 18. That is, a region within the
distance a from the axially end part of the fiber-reinforced
resin member 11 is formed only from the second layer 18.
[0040] In accordance with the present embodiment,
when the fiber-reinforced resin members 11 and 21 crum-
ple due to an axial load, needless to say the first corner
part 13 exhibits the same energy-absorbing effects as
those of the first embodiment, but in addition thereto only
the second layer 18 exposed in the axially end part crum-
ples first, and then both the second layer 18 and the first
layer 17 crumple at the same time, thereby enabling sta-
ble energy absorption by gradually increasing the amount
of energy absorbed.
[0041] Embodiments of the present invention are ex-
plained above, but the present invention may be modified
in a variety of ways as long as the modifications do not
depart from the spirit and scope thereof.
[0042] For example, it is not always necessary for the
fiber-reinforced resin layer of the fiber-reinforced resin
member 11 to be divided into multiple layers, and it may
be one layer. That is, the density of the axially right-an-
gled fibers 20 should be higher for the outer side of the
corner part than the inner side of the corner part.

Claims

1. A fiber-reinforced resin member comprising a fiber-
reinforced resin layer in which a continuous fiber is
reinforced by a synthetic resin, the fiber-reinforced
resin layer comprising a corner part (13) in an axially
right-angled cross section, which is orthogonal with
respect to an axial direction thereof, wherein
the continuous fiber comprises an axial fiber (19)
aligned in the axial direction and an axially right-an-
gled fiber (20) aligned at right angles to the axial
direction, and density of the axially right-angled fiber
(20) on an outer side of the corner part (13) is made
higher than density of the axially right-angled fiber
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(20) on an inner side of the corner part (13).

2. The fiber-reinforced resin member according to
Claim 1, wherein the fiber-reinforced resin layer com-
prises a plurality of layers (17, 18) that are layered,
the synthetic resin of the layer (18) disposed on the
inner side of the corner part (13) is a difficultly ex-
pandable thermoplastic resin that has high compres-
sive strength, and the synthetic resin of the layer (17)
disposed on the outer side of the corner part (13) is
an easily expandable thermoplastic resin that has
low compressive strength.

3. The fiber-reinforced resin member according to
Claim 2, wherein the fiber-reinforced resin layer com-
prises a flat part (12, 14) that is continuous with the
corner part (13).

4. The fiber-reinforced resin member according to any
one of Claim 1 to Claim 3, wherein the fiber-rein-
forced resin layer has the axial fiber (19) disposed
adjacent to a bent part of the axially right-angled fiber
(20).

5. The fiber-reinforced resin member according to any
one of Claim 1 to Claim 4, wherein the fiber-rein-
forced resin member (11) has a cross section that
has a point-symmetric shape.

6. The fiber-reinforced resin member according to any
one of Claim 1 to Claim 5, wherein in an axially end
part of the fiber-reinforced resin member (11), the
layer (18) disposed on the inner side projects further
in the axial direction than the layer (17) disposed on
the outer side.

Amended claims under Art. 19.1 PCT

1. A fiber-reinforced resin member comprising a fib-
er-reinforced resin layer in which a continuous fiber
is reinforced by a synthetic resin, the fiber-reinforced
resin layer comprising a corner part (13) in an axially
right-angled cross section, which is orthogonal with
respect to an axial direction thereof, wherein
the continuous fiber comprises an axial fiber (19)
aligned in the axial direction and an axially right-an-
gled fiber (20) aligned at right angles to the axial
direction, and density of the axially right-angled fiber
(20) on an outer side of the corner part (13) is made
higher than density of the axially right-angled fiber
(20) on an inner side of the corner part (13).

2. (amended) The fiber-reinforced resin member ac-
cording to Claim 1, wherein the fiber-reinforced resin
layer comprises a plurality of layers (17, 18) that are
layered, the synthetic resin of the layer (18) disposed
on the inner side of the corner part (13) is a thermo-

plastic resin that has higher compressive strength
and is more difficultly expandable than the synthetic
resin of the layer (17) disposed on the outer side of
the corner part (13).

3. The fiber-reinforced resin member according to
Claim 2, wherein the fiber-reinforced resin layer com-
prises a flat part (12, 14) that is continuous with the
corner part (13).

4. The fiber-reinforced resin member according to
any one of Claim 1 to Claim 3, wherein the fiber-
reinforced resin layer has the axial fiber (19) dis-
posed adjacent to a bent part of the axially right-
angled fiber (20).

5. The fiber-reinforced resin member according to
any one of Claim 1 to Claim 4, wherein the fiber-
reinforced resin member (11) has a cross section
that has a point-symmetric shape.

6. (amended) The fiber-reinforced resin member ac-
cording to Claim 2 or Claim 3, wherein in an axially
end part of the fiber-reinforced resin member (11),
the layer (18) disposed on the inner side projects
further in the axial direction than the layer (17) dis-
posed on the outer side.
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