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(57) Abrege/Abstract:
Conventional manufacturing method of a composite structure having a fiber reinforced member and a metallic sheet bonded each

other still has room for improvement in manufacturing cost and bonding strength. A manufacturing method of a composite
structure has following features: (a)preparing: a metallic sheet(s) having a through-hole(s) penetrating throughout the metallic
sheet(s) In its thickness direction; a prepreg(s) to constitute a fiber reinforced plastic sheet(s); a pair of dies for molding a composite
structure In a predetermined shape, whereln pair of dies can have a recess(es) arranged at a position(s) opposed to one side
opening(s) of the through-hole(s), the recess(es) having a larger diameter than the one side opening, and a patch member(s) to be
set at a position(s) opposed to the through-hole(s); (b)setting the prepreg(s) and the metallic sheet in the dies; (c)closing the dies,
whereln, upon closing, (ca)the prepreg(s) and the metallic sheet are molded to the predetermined shape, while surface-contacting
therebetween, (cb)at least one of the prepreg(s) and the patch member(s) Is extruded into the through-hole(s), so that the shaft
part is molded, and (cc)the patch member(s) forms at least part of a head part(s) in the recess(es), the head part(s) integrated with
the shaft part(s) and engaging with on the metallic sheet(s).
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ABSTRACT

Conventional manufacturing method of a composite structure
having a fiber reinforced member and a metallic sheet bonded each
other still has room for improvement in manufacturing cost and
bonding strength. A manufacturing method of a composite structure
has following features:
(a)preparing: a metallic sheet(s) having a through-hole(s) penetrating
throughout the metallic sheet(s) 1n 1its thickness direction; a
prepreg(s) to constitute a fiber reinforced plastic sheet(s); a pair of
dies for molding a composite structure in a predetermined shape,
wherein pair of dies can have a recess(es) arranged at a position(s)
opposed to one side opening(s) of the through-hole(s), the recess(es)
having a larger diameter than the one side opening, and a patch
member(s) to be set at a position(s) opposed to the through-hole(s);
(b)setting the prepreg(s) and the metallic sheet 1n the dies;
(c)closing the dies, wherein, upon closing,
(ca)the prepreg(s) and the metallic sheet are molded to the
predetermined shape, while surface-contacting therebetween,
(cb)at least one of the prepreg(s) and the patch member(s) 1s extruded
into the through-hole(s), so that the shaft part 1s molded, and
(cc)the patch member(s) forms at least part of a head part(s) 1n the
recess(ecs), the hcad part(s) integrated with the shaft part(s) and

engaging with on the metallic sheet(s).
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COMPOSITE STRUCTURE FORMED OF FIBER REINFORCED
PLASTIC SHEET AND METALLIC SHEET, AND MANUFACTURING
METHOD THEREOF
TECHNICAL FIELD

[0001]

The present disclosure relates to a composite structure formed
of a fiber reinforced plastic sheet and a metallic material sheet, and a
manutfacturing method thereof.

BACKGROUND
[0002]

Those kinds of composite structure and manufacturing method
thereof are known, for example, as disclosed in JPH6-101732A and
WO99/10168A.

(0004 ]

The following analysis 1s given by the present invention.

In those kind of the conventional manufacturing method as
described hereinabove, a molding process for molding a fiber
reinforced plastic mecmber and a bonding process of bonding a fiber
reinforced plastic member to a metallic sheet are separately
performed. Therefore, that kind of the conventional manufacturing
method still has room for improvement in terms of manufacturing cost
etc. (1.e., manufacturing cost and bonding strength between the fiber

reinforced plastic member and the metallic sheet). The present
invention 1s made 1n view of the circumstance etc. as exemplified

hereinabove.

SUMMARY OF THE INVENTION
10005 ]

To achieve the hereinabove object, 1n a first aspect, there 1s
provided a manufacturing method of a composite structure formed of
a fiber rcinforccd plastic sheet and a metallic material sheet, the
method comprising the processes as follows:

(1)preparing a pair of dies for molding a composite structure of a
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predetermined shape;

(2)preparing a metallic sheet(s) having at least one opening defined
by a through-hole(s) penetrating the metallic sheet(s) 1n a thickness
direction of the metallic sheet(s);

(3)setting a patch member(s) on one of the pair of dies, the patch
member(s) made of plastic and having a larger size than the
opening(s);

(4)setting a prepreg(s) to constitute a fiber reinforced plastic
sheet(s) and the metallic sheet(s) 1n the pair of dies 1n a manner that
the metallic sheet(s) 1s interposed between the prepreg(s) and the
patch member(s); and

(5)closing the pair of dies to joint-bond the prepreg(s), the metallic
sheet, and the patch member(s) to each other, thereby producing a
composite structure molded 1n the predetermined shape, wherein
(6)the one die of the pair of dies has a side surface recess(es)
receiving the patch member(s), the side surface recess(es) open
toward a removal direction of the composite structure after molded,
the pair of dies have a step difference profile(s) arranged on the inner
surface extending in a relative movement direction of the pair of dies,
the side surface recess(es) 1s defined by the step difference profile(s),
a shalt part(s) is molded in the through-hole(s) so that the shaft
part(s) 1s integrated with the prepreg, a head part(s) 1s molded in the
side surface rccess(cs) so that the hcad part(s) 1s integrated with the
shaft part(s) and has a larger diameter(s) than the opening(s), and a
thickness of the head part(s) 1s configured to be the same as a step
width of the step difference profile(s). At this time, a pressure
member(s) providcd on the other dies of the pair of dies, selectively
applies jointing pressure(s) on a corresponding portion(s) located
inwardly of the at least one opening so as to bond the prepreg(s) to

the patch member(s) through the onc opening(s).

CA 2905266 2017-12-11
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In a second aspect, there 1s provided a method of
manufacturing a composite structure formed of a fiber reinforced
plastic sheet and a metallic sheet, comprising: preparing: a metallic
sheet(s) having a through-hole(s) penetrating the metallic sheet(s) 1n
a thickness direction of the metallic sheet(s); a prepreg(s) 1n order to
constitutc a fibcr rcinforccd plastic sheet(s); a pair of dics for
molding a composite structure 1nto a predetermined shape, wherein
the pair of dies can have a side surface recess(es) arranged at a
position(s) opposed to one side opcning(s) of the through-holc(s), the
side surface recess(es) having a larger diameter than the one side
opening, and a patch member(s) to be set at a position(s) opposed to
the through-hole(s); setting the prcpreg(s) and the metallic sheet 1n
the pair of dies; and closing the pair of dies, wherein, upon closing,
the prepreg(s) and the metallic sheet are molded 1nto the
prcdctcrmined shape, while surfacc-contacting therebetween, at least
one of the prepreg(s) and the patch member(s) is extruded i1nto the
through-hole(s), so that the shaft part 1s molded, and the patch
member(s) forms at least part of a head part(s) in the side surface
recess(es), the head part(s) being integrated with the shaft part(s) and
engaging on the metallic sheet(s), wherecin the metallic sheet of the
composite structure has a step difference profile(s), and a thickness
of the head part(s) 1s configured to be the same as a step width of the

step difference profile(s).

CA 2905266 2017-12-11
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[0007]

In a third aspcct, therc 1s provided a composite structure
having a fiber reinforced plastic sheet and a metallic sheet,
comprising: a metallic sheet(s) having a plurality of through-holes
which are configurated to penetrate throughout 1n a thickness
direction of the metallic sheet and to open on one side surface and the
other side surface of the metallic sheet(s); a fiber reinforced plastic
sheet(s) bonded on the one side surface of the metallic sheet(s); a
plurality of plastic shaft parts disposcd in thc through-holc(s) and
integrated with the fiber reinforced plastic sheet(s); and a plurality
of plastic head parts distributedly arranged on the other side surface
and 1integrated with the plastic shaft parts, each of the plastic head
parts having a larger diameter on the other side of the metallic
sheet(s) than the opening of the through-hole to be engaged with the
metallic sheet(s), wherein the metallic sheet of the composite
structure has a step difference profile(s), and a thickness of the head
part(s) 1s configured to be the same as a step width of the step
difference profile(s).

[0007a]

In a further aspect of the 1nvention, there 1s provided a
composite structure having a fiber reinforced plastic sheet and a
metallic sheet, comprising: a metallic sheet(s) having a plurality of
through-holes which are configuratcd to penetrate throughout 1n a

thickness direction of the metallic sheet and to open on one side

CA 2905266 2017-12-11
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surface and the other side surface of the metallic sheet(s); a fiber
reinforced plastic sheet(s) bonded on the one side surface of the
metallic sheet(s); a plurality of plastic shaft parts disposed 1n the
through-hole(s) and i1ntegrated with the fiber reinforced plastic
sheet(s); and a plurality of plastic head parts distributedly arranged
on the other side surface and integrated with the plastic shaft parts,
each of the plastic head parts having a lager diameter on the other
side of the metallic sheet(s) than the opening of the through-hole to
be engaged with the metallic sheet(s).

0008 ]

Advantageous effects of Invention are mentioned below
without limitation. According to the first aspect, the molding the
fiber reinforced plastic sheet 1n a shape corresponding to the
predetermined shape, and the molding the composite structure in the
predetermined shape using joint-bonding the molded product or the
fiber reinforced plastic sheet to the metallic sheet are simultaneously
performed upon closing the pair of dies. In detail, the joint-bonding
the fiber reinforced plastic sheet (the prepreg) to the metallic sheet 1s
achieved by bonding the fiber reinforced plastics sheet (the prepreg)
to the patch member(s) through the opening(s) arranged on the
metallic sheet. Therefore, 1t 1s possible to satisfactorily reduce
manufacturing cost of the composite structure. Furthermore, the
patch member(s) has a larger size than the opening(s). Accordingly,
the composite structure can have satisfactorily joint-bonding
strength.

[0009]
In the first to third aspccts, the fiber reinforced plastic

sheet(s) (prepreg(s)) joint-bonding to one side surface of the metallic
sheet, the shaft(s) formed in the through-hole(s) 1n the metallic sheet,
and the head part engaging with (hooking on) the other surface side of
the metallic sheet are integrally molded, thereby the fiber reinforced

plastic sheet(s) is firmly bonded to the metallic sheet in a mechanical
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manner, and accordingly, the composite stricture has an 1mproved

Impact resistance.

BRIEF DESCRIPTION OF DRAWINGS
(0011]

Fig.1 1s schematic plan and cross-sectional views 1llustrating
an approximate configuration of a composite structure manutfactured
by a manufacturing method according to one example of the present
disclosure:

Fig.2 1s a perspective view viewed 1n a direction of an arrow B
in Fig.1(b);

Fi1g.3 1s a schematic perspective view viewed in a direction of
an arrow C 1n Fig.1(b);

Fig.4 1s a schematic view 1llustrating a first manufacturing
method according to the one example;

Fi1g.5 1s a schematic view 1llustrating the first manufacturing
method according to the one example;

Fig.6 1s a schematic view illustrating the first manufacturing
method according to the one example;

Fi1g.7 1s a schematic view illustrating the first manufacturing
method according to the one example;

Fig.8 1s a schematic view 1llustrating the first manufacturing
method according to the onc cxample;

F1g.9 1s a schematic view 1llustrating a second manufacturing
method according to the one example; and

Fi1g.10 1s a schematic view 1llustrating a third manufacturing
method according to the one example.

PREFERRED MODES
10011]

MODE 1: See the first aspect as herein-above mentioned.

[0012]
MODE 2: The one die of the pair of dies has a recess(es)

receiving the patch member(s), and the recess(es) 1s opened 1n a
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removal direction of the composite structure atter molding.

MODE 3: The pair of dies have a step difference profile(s)
arranged on the inner surface extending 1n a relative movement
direction of the pair of dies, and the recess(es) 1s defined by the step
difference profile(s).

MODE 4: The fiber reinforced plastic sheet(s) is joint-bonded
to one side surface(s) of the metallic sheet(s).

MODE 5: The fiber reinforccd plastic shcct(s) contains
continuous reinforce fiber.

MODE 6: As the prepreg(s), a prepreg(s) having a thickening
part(s) arranged on a position(s) opposed on the through-hole(s) is
prepared. The thickening part(s) 1s extruded 1into the
through-hole(s) so as to bond to the patch member(s) set in the pair of
dies.

MODE 7: The patch member(s) 1s set on the prepreg, instead of
being set on the pair of dies.

MODE 8: a shaft part(s) is molded in the through-hole(s) so
that the shaft part(s) 1s integrated with the prepreg, and a head or
engaging (hook) part(s) 1s molded 1in the recess(es) so that the head or
engaging(hook) part(s) is integrated with the shaft part(s) and has a
larger diameter(s) than the opening(s).

[0013]

In the Mode 2, the recess(es) receives the patch member(s).

I'herefore, setting the patch member(s) can be satisfactorily
performed.
In addition, the recess(es) i1s open toward a removal direction of the
molded composite structure. For this reason, removal of the molded
composite structure can be satistactorily performed.
[0014]

According to Mode 3, the patch member(s) is set on the inner

surface, the 1nner surface extending along the relative movement

direction of the pair of dies, and thereby, set of the patch member(s)
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and removal of the molded composite structure can be satisfactorily
pertformed.
[00135]

According to Mode 4, the fiber reinforced plastic sheet(s) 1s
joint-bonded to the one side surface(s) of the metallic sheet(s), so
that manufacturing cost and bonding strength, both can relating to the
case of molding the composite structure 1n a shape, can be
satisfactorily improved, compared with the conventional
manufacturing method.

[0016]

According to Mode 5, bonding the fiber reinforced plastic
sheet(s) containing continuous reinforcement libers (lfilaments) 1n
the metallic sheet(s) can be satisfactorily performed at a lower cost
and with a satisfactory boding strength.

[0017]

According to Mode 6, the prepreg(s) has a thickening
(thickened) part(s) serving as a second patch member.

[0018]

According to Mode 7, the dies can be formed in a simple
profile, since the patch member(s) 1s set on the prepreg(s).

[0019]
According to Mode 8, mechanical joint (engagement) between

the fiber reinforced plastic sheet and the metallic sheet 1s firm due to

integration of the prepreg, the shaft part and the head part.
[0020]

MODE 9: Scc¢ the first aspect as herein-above mentioned.

[0021]

MODE 10: In the above process (a), the patch member(s) 1s set
In the recess(es), and then, 1n the above process (¢), the prepreg(s) 1s
extruded 1nto the through-hole(s) to bond to the patch member(s) 1n
the recess(es) by closing of the pair of dies or associated with the

closing, and consequently, the shaft part(s) and the head(s) are
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formed.

MODE 11: In the above process (a), the patch member(s) 1s set
on the prepreg(s), and then, in the above process (c¢), the patch
member (s) 1s extruded into the through-hole(s) and further 1nto the
recess(es) by closing of the pair of dies or associated with the closing,
and consequently, the shaft part(s) and the head(s) 1s molded.

MODE 12: In the above process (a), the first patch member(s)
used as the patch member is set on the prepreg(s), and the second
patch member(s) used as the patch member 1s set 1n the recess(es),
and then, in the above process (c¢), the first patch member (s) 1s
extruded into the through-hole(s) to bond to the second patch
member(s) by closing of the pair of dies or associated with the
closing, and consequently, the shaft part(s) and the head(s) are
formed.

[10022]

Referring to Modes 9 to 12, the patch member(s) 1s set 1n/on
the die(s) or the prepreg(s), or both 1n/on the die(s) and the
prepreg(s). In onc casc of setting the patch member(s) 1n the die(s),
the recess(es) for receiving the patch member(s) may be provided
between the dies, in particular, between the metallic sheet and one
die of the dies. In the other case of setting the patch member(s)
in/on the prepreg(s), the prepreg(s) may be locally provided with the
thickened part(s), using a manner that the patch member(s) 1s
attached on the prepreg(s); or a laminating number of the prepreg
materials are locally increased. Such formed thickened part(s) serve
as the parch member. The patch member(s) may be also set on the
metallic sheet(s).

10023 ]

The selectiﬂ‘/ely extruding the patch member(s) or the thick

part(s) of the prepreg can be performed by closing of the pair of dies,

and additionally, the mold may be provided with a plunger mechanism,

or the mold contacting the prepreg may be provided with a step
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difference profile(s) and/or a convex(es).
(0024 ]

The patch member(s) can be set on a place(s) facing the one
side opening(s), the other side opening(s), or the both sides openings
of the through-hole(s) formed in the metallic sheet(s).

[0025]

Around the one side opening(s) or edge(s) of the
through-hole(s) 1n the metallic sheet(s), a counterbore(s) may be
formed. The counterbore(s) may be utilized for engaging (hooking)
the patch member(s), and/or utilized as a fit part(s) onto which the
plastic head part(s) fits.

[0026]

The recess(es) formed by the pair of dies can be formed in the
on¢ die, 1n particular, the onc dic disposed on the metallic sheet side,
and additionally may be formed utilizing the metallic sheet(s). The
recess(es) can be formed utilizing both a step difference profile(s)
formed on the one die and the other surface of the metallic sheet(s).
[0027]

Chemical bonding between one side surface of the prepreg(s)
(the fiber reinforced plastic sheet part(s)) and one side surface of the
metallic sheet can be provided through applying pressure and/or
heating, using a resin contained 1n the prepreg(s) and/or an adhesive

separately applied.
[0028]

The plastic shaft part(s) and the plastic head part(s) may

contain fiber, as well as the prepreg(s).
[0029]

[t 1s noted that each of the modes can be mutually is applied to

cach of the aspects.

DETAILED DESCRIPTION OF THE INVENTION
|0030]

Herecinafter, one excmplary cmbodiment will be explained,



10

15

20

25

30

CA 02905266 2015-09-10

10

referring to drawings. In addition, modifications and/or variations
are 1ndicated at the end of Description, since the understanding of the
explanation of the consistent one exemplary embodiment would be
disturbed when such modifications and/or variations are inserted 1n
the explanation of the one exemplary embodiment.
0031 ]<Constitution of Composite Structure>

Fig.1(a) 1s a schematic plan view 1llustrating an approximate
configuration of a composite structure manufactured by a
manufacturing method according to one exemplary embodiment, and
Fig.1(b) 1s a schematic cross-sectional view taken along a line A-A iIn
Fig.1(a). In the present exemplary embodiment, a composite
structure 10, which 1s used as a vehicle center pillar, is formed to be
integrated to a main body 11 made of a high-tension steel sheet as a
metallic sheet with a reinforcing member 12 made of a fiber
reinforced plastic (CFRP) sheet containing continuous carbon fiber
(long filament) by bonding those elements. [In the composite
structure 10, for weight-lighting components, the composite structure
10 1s only provided with the reinforcing member 12 on a longitudinal
center section of the composite structure 10 (see Fig.l1(a)), and on
one surface side of the main body 11, 1.e., inner side of a hat-shape in
the cross sectional view as shown 1n Fig.1(b), sincc the center section
needs high strength.
0032 ]

On a section where the reinforcing member 12 is bonded, 1.¢,
the longitudinal center section of the main body 10, a plurality of
openings 13 are formed, each of the openings 13 being defined by a
through-hole having a round shaped section. The openings 13 are
provided to penetrate throughout the main body 11 1n a thickness
direction. In addition, patch members 14 are provided so as to
oppose the reinforcing member 12 via the openings 13, respectively.
The patch members 14 are made of a short fiber reinforced plastic

CFRP having a matrix resin which 1s same¢ as a matrix resin used 1n
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11

the reinforcing member 12, and each of the patch members 14 1s
formed 1in a disk, having a larger outer-diameter than an
inner-diameter of the opening 13. The reinforcing members 12 and
the patch members 14 are firmly bonded e¢ach other, caused by fusion
of two matrix resins contained therein on an 1nner side of the
openings 13.
0033

Here, “a bottom part” of the as shown 1in Fig.1(b) 1s referred to
as “a bottom surface part 157, and a slope-like part adjacent to the
bottom surface 15”7 1s referred to as “a side surface part 167. As
shown in Figs.2 and 3, bonding parts between the reinforcing member
12 and the patch members 14 (i.e., the openings 13 as shown 1n
Fig.1(b)) are arranged in the longitudinal direction of the composite
structure 10 so as to represent a staggered arrangement on the bottom
surface part 15 and the side surface parts 16. In addition, a plurality
of step difference profiles 17 are formed on the side surface parts 16,
as shown in Fig.3. On the side surface parts 16, the bonding parts
between the reinforcing member 12 and the patch members 14 are
arraved along the step difference profiles 17.
10034] <Dies Construction>

Next, a dies construction used 1in a manufacturing method of
the composite structure 10 having the configuration herein-above

mentioned will be explained with referring to Fig.4. It 1s noted that
a prepreg 18 as shown 1n Fig.4 1s made of a CFRP sheet and used for

constituting the reinforcing member 12.
[0035]

In a female (outer) die 20, which 1s a stationary die, heaters 21
and coolers 22 are imbedded. The heaters 21 and coolers 22 are
arranged along an inner surface of an outer die forming part 23, 1.¢e., a
hat shaped space in a cross-sectional view, the space forming a
molding cavity, and the heaters 21 and coolers 22 are provided to heat

or cool the outer die 20 as desired, according to a process situation.
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The outer die forming part 23 is a space surrounded by an outer die
bottom surface 24 corresponding to the bottom surface part 15, and
outer die side surfaces 25 corresponding to the side surface parts 16,
respectively, the space bcing open toward an upper direction 1n Fig.4.
[0036]

The outer die bottom surface 24 1s provided substantially
orthogonal to a direction for removing the composite structure after
molding, wherein the direction is equtvalent to the upper direction in
Fig.4, and hereinafter referred to as “a removal direction”. The
outer die bottom surface 24 has bottom surface recesses 26 for
receiving (setting) the patch mcmbers 14. The bottom surface
recesses 26 are opened toward the above removal direction.

10037]

The outer die side surfaces 25 of the outer die are provided to
extend along the removal direction. On the outer die side surfaces
25, particularly, at positions corresponding to the step difference
profiles 17 of the main body 11, a plurality of counter step difference
profiles 27 are provided, respectively. The counter step difference
profiles 27 are step difference parts corresponding to the above step
difference profiles 17. On the other hand, on the outer die side
surfaces 25, particularly, at positions for receiving (be setting) the
patch members 14, side surface recesses 28 are provided for receiving
the patch members 14. The side surface recesses 28 are a U-shaped
channel extending from the counter step difference profiles 27 to the
outer die bottom surface 24 (on a bottom side in the figure), and have
stcp difference profiles which are opened toward the removal
direction shown in the cross-sectional view of Fig.4.

[0038]

A male (inner) die 30, which is a moving die, 1s removaly
located above the outer die 20 (a moving direction 1s cquivalent to “a
relative movement direction” of the present disclosure: the movement

direction being parallel to “the removal direction” as hereinabove
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mentioned.). The inner die 30 also has thc hcater 31 and the cooler
32 imbedded therein, likewise as the outer die 20
0039}

The inner die 30 has an inner die forming part 33 having a
projection part corresponding to the outer dic forming part 23. On
the inner die forming part 33, particularly, at positions corresponding

to the bottom surface recesses 26 when closing the dies, bottom

convexcs 34 are provided. Each of the bottom convexes 34 1s an
approximate cylindrical member having a smallcr diamcter than an
opening diameter of the opening 13. On the other hand, a plurality
of counter step difference profiles 36 are provided on the 1nner die
side surfaces 35 corresponding to the outer die side surfaces 25 when
closing the dies. The counter step difference profiles 36 arc step
difference parts corresponding to the step difference profiles 17
hereinabove mentioned, and disposed at positions corresponding to
the counter step differencce profiles 27 of the outer die 20 when
closing the dies. In other words, each of the counter step diffcrence
profiles 36 is formed in such a manner that the step differences 17 are
accommodated in a space defined between the counter step
differences 27 of the outer die 20 and the counter step difference
profiles 36 of the inner die 30 when closing.
(0040 |

In addition, the inner die 30 has plungers 37, cams 38, and
cylinder 39. The plungers 37 having cylindrical members with a
smaller diameter than the opening diameters of the opcnings 13 are
provided at positions corresponding to the openings 13 when closing
of the dies. Tip ends of the plungers 37 move back and forth, 1.¢.,

retract and projcct, following movement of the cams 38 or the

cylinder 39 driving the cams 38.

0041)

As hereinabove mentioned, the outer and inner dies 20,30 are

configured in such a manner that the prepreg 18, the main body 11,
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14

and the patch members 14 are set between those dies 20,30; and
subsequently those dies 20,30 are closed; thereby molding the
composite structure 10 in the predetermined shape hereinabove
mentioned, while forming (molding) the prepreg 18 into the shape of
the reinforcing member 12 hereinabove mentioned.
[0042]}<Manufacturing Method 1>

Hereinafter, a manufacturing method of the composite
structure 10 as shown in Figs 1-3 using the outer and 1nner dies 20,30
as shown in Fig.4 will be explained. The heaters 21 and coolers 22
arranged in the outer die 20, and the heaters 31 and coolers 32 are
properly controlled depending on whether the matrix resins contained
in the patch members 14 and the prepreg 18 are thermoplastic resin or
thermosetting resin. However, those elements are not the subject
matter of the present disclosure, and within well-known art, therefore,
explanation as to operation of those elements 1s omitted 1n order to
stmplify the description.

[0043]

First, the outer and inner dies 20,30 are prepared as shown in
Fig.4. The main body 11 having the openings 13 as hereinabove
mentioned 1s prepared. Furthermore, the patch members 14 are set
in the bottom surface recesses 26 and the side surface recesses 28 of
the outer die 20. The prepreg 18 and the main body 11 are set

between the outer and 1nner dies 20,30 so as to be interposed between

the prepreg 18 and the patch members 14.
10044 ]

Next, the outer and inner dies 20,30 are closed, as shown 1n
Fig.5. Thereby, the prepreg 18 1s molded into the hat shape as
hereinabove mentioned, 1.e., the reinforcing member 12 1s formed of
the molded prepreg. It i1s noted that, at this time, the plungers 37
have not vyet been projected, therefore, the prepreg 18 (the
reinforcing member 12) 1s not bonded to the patch members 14 on

sides of the side surface parts 16. On the other hand, on the bottom
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surface part 15, the bottom convexes 34 selectively apply bonding
pressures onto insides of the openings 13 wvia the prepreg 18,
respectively, when closing of the dies as shown (¢) of Fig.5. In
other words, on a laminater made or the prepreg 18, the main body,
and the patch members 14, the bonding pressures are selectively
applied at positions (sections) corresponding to the insides of the
openings 13. Thus, the prepreg 18 (reinforcing member 12) and the
patch members 14 arc bonded with each other through the openings
13.

[00435]

Subsequently, the plungers 37 project 1in the closing state, as
shown 1n Fig.6. On the side surface parts 16, thc projecting
plungers 37 selectively apply the bonding pressures onto the sections
of the above laminater corresponding to the i1insides of the openings
13, respectively. Thus, the prepreg 18 (reinforcing member 12) and
the patch member 14 are coupled. Thereby, the reinforcing member
12, the main body, and the patch members 14 are bonded each other to

form the composite structure 10.

0046]

Thereafter, the plungers 37 retract 1in the closing state, as
shown in Fig.7. Finally, the outer and 1nner dies 20, 30 are opened,

and the molded composite structure 10 1s removed, as shown 1n Fi1g.8.

10047

As shown 1n (a) and (c¢) of Fi1g.8, the bottom surface recesses
26 are delined by the recesses opened toward the removal direction,
respectively. As shown 1in (a) and (b) of Fig.8, the side surface
recesses 28 are defined by the step differences formed on the side
surfaces 25 of the outer die 20, the side surfaces 25 being included on
the inner surface of the outer die 20 and extending 1n the removal
direction, respectively. In summary, both the bottom surface
recesses 26 and the side surface recesses 28 are open toward the

removal direction. Therefore, 1t 1s easy to set the patch members 14
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and to remove the molded composite structure 10.
[0048]

As explained above, according to the manufacturing method
according to the one exemplary embodiment, the molding the prepreg
18 into the reinforcing member 12, and the bonding the reinforcing
member 12 to the main body 11 are simultancously and easily
performed through one molding cycle of the closing-opening of the
outer and inner dies 20,30. In addition, the reinforcing member 12
and the patch members 14 are bonded each other through the openings
13. In particular, each of the patch members 14 1s formed to have
the larger size (diameter) than the opening 13. Theretore, eave
structures made of outer edges of the patch members 14 provide
hooking parts for preventing delaminate between the main body 11
and the reinforcing member 12, respectively.  Thus, according to the
one exemplary embodiment, the bonding between the main body 11
and the reinforcing member 12 1s performed without using an
adhesive. Therefore, the bonding between the main body 11 and the
reinforcing member 12 1s performed at a lower cost and with a
satisfactory boding strength.

[0049]<Modifications>

Several representative modifications will next be exemplified.
In the following description of the modifications, component
members similar 1n structure and function to those of the
hereinabove-described exemplary embodiment are denoted by names
and rcfecrence numerals similar to those of the hereinabove-described
exemplary embodiment. The description of the component members
appearing 1n the hereinabove description of the embodiment can be
applied as appropriate, so long as no technical 1nconsistencies are
included. Neecdless to say, even modifications are not limited to
those described below. The constitution of the

hereinabove-described exemplary embodiment and the constitutions

of the modifications to be described bclow are entirely or partially
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applicable in appropriate combination, so long as no technical

Iinconsistencies are included.

[0050]

The present invention 1s not limited to the specitic
configurations of the exemplary embodiment described hereinabove.
For example, the patch member 14 may be made of the same
continuous fiber reinforced plastic CFRP as the reinforcing member
12. Alternatively, the patch member 14 may be only made of
synthetic resin which i1s the same as the matrix resin contained the
reinforcing member 14 or similar resin as the matrix resin (those
resin may have no reinforcing fiber). In addition, the shape of the
patch member 14 1s not limited to an approximate round shape, but
may be an approximate polygonal shape or elliptic shape.
Alternatively, the neighboring patch membcers 14 may be integrated
each other by connecting those members 14 with a rod member.
[0051]

In the exemplary embodiment described hereinabove,
“selective” bonding pressure 1s applied on the corresponding section
located inside or inwardly of the opening 13, thereby the prepreg 18
(reinforcing member 12) 1s more firmly bonded to the patch member

14

14, as compared with the case that “uniformly” bonding pressure 1s
applied between the main body member 11 and the prepreg 18

irrespective of the presence of the opening(s). It i1s not needed that

cach of the bottom convexes 34 or plunger 37 has a smaller diameter
as a wholc than the opening diameter of the opening 13. In other
words, 1t 1s enough that each of the bottom convexes 34 or plungers
37 has at least tip end having a smaller diameter than the opening
diameter of the opening part 13,
10052 ]

[n order to securely set the patch members 14 1n the side
surface recesses 28, the patch members 14 may be drawn by negative

pressures through passagcs, the passages being formed to open on(in)
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the side surface recesses 28. In order to prevent falling-off of the
patch members 14, on lower ends of the side surface recesses 28,
pawls arc provided to restrain the patch members 14 1in a manner that
the pawls do not prevent the removal of thc compositc structure 10
after molded, respectively. The plungers 37 may be a hydraulic type
device. Prior to setting the patch members 14, the main body 11 and
the prepreg 18 may be set between the outer and 1nner dies 20,30.
[0053]

Applicable object of the present disclosure 1s not limited to a
center pillar member for a vehicle. It 1s noted that the present
disclosure 1s very preterably applied to a vehicle body component, in
particular, a component made of a bonding structure of the high
tension steel (such as a product manufactured by die—quench method)
with the fiber reinforced plastic. The shape and configuration of the
composite structure 10 1s not specially limited. Instead of the
plungers 37, a convex(es) equivalent to the bottom convex(es) 34 may
be used, depending on the shape of the composite structure 10. The
pressure applyitng members, such as the plungers 37, etc., may be
provided on the outer die 20 or both the outer and inner dies 20,30,
(depending on a shape of the composite structure 10).

10054 ]

The fiber reinforced plastic sheet available according to the
present disclosure 1s not litmited to a continuous fiber (long filament)
FRP sheet. Therefore, the present disclosure is preferably applied
to a short tiber (filament) FRP sheet. It i1s noted that the prescnt
disclosure 1s particularly preferably applied to the mode that the

continuous fiber reinforced plastic sheet and the metallic sheet are
bonded each other. The reinforcing member 12 and the patch
members 14 may be made of the same material or different materials.
The present disclosure may be preferably applied to a structure
Including an adhesive layer interposed between the main body 10 and

the reinforcing member 12. The metallic sheet used 1n the present
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disclosurc 1s not limited to a stccl shect.
(0055 <Manufacturing Method 2>

Referring to Fig.9, Manufacturing Mcthod 2 will be explained
as one exemplary embodiment. In explaining Manufacturing Method
2., as to the common features between Manufacturing Mcthods | and 2,
the explanation of Manufacturing Method 1 can be suitably retferred
to. The Manufacturing Method 2 has processes as follows:
[0056][(a)process, see (1)process of Fig.9, see (11)process of Fi1g.9 as
to Dies 71,72}

A metallic sheet 41 having a plurality of through-holes 42
penetrating throughout the metallic sheet 41 in a thickness direction
of the metallic sheet is prepared. The plurality of the through-holes
42 are distributedly formed 1n the metallic sheet 41, depending on a
desired bonding strength or impact resistance.

[0057]

A preprecg 51 1s prepared 1in order to constitute a fiber
reinforced plastic sheet. On one surface ot the prepreg 51, patch
members 61 are positioned opposed to the through-holes 42, thereby
forming thickening parts 54. In other words, locally increasing a
stack mnumber of prepreg Sl-constituting-matcrials forms the
thickening parts 54. Therefore, on the prepreg 51, the thickened
parts can be protruded from the through-holes 42, respectively.
0058 ]

A pair of dies (71,72) for molding a composite structure 1n a
predetermined shape are prepared. The pair of dies (71,72) can have
recesses 73 opposed to one side openings 42a of the through-holes 472,
respectively. The one side openings 42a are positioned on a side of
the outcer dic 71 for holding the metallic sheet 41. On at least a
boundary surface between the recesses 73 and the openings 42a, cach
of the recesses 73 has a larger diamecter than the one side opening
42a.

(0059
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The recesses 73 arranged on the sides of the dies (71,72) are
defined by step difference profiles 71a,72a of the outer and inner dies
71,72, and the metallic sheet 41 held between the step difference
profiles 71a,72a. On a bottom side of the dies (71,72), the recesses
73 are formed on the outer dies 71.

[0060][(b)process, see (11)process of F1g.9]

The prepreg 5S1 and the metallic sheet 41 are set 1in/on the pair
of dies (71,72) in a manner that the patch members 61 (the thickness
parts 54) oppose to the through-holes 42, respectively. The metallic
sheet 41 1s hold on the outer die 71, whereas the prepreg sheet 51 1s
hold on the 1nner die 72
[0061][(c)process, see from (i1)process to (111)process of Fi1g.9]

The dies (71,72) are closed. In detail, the 1nner die 71 1s
pressed toward the outer die 72, so that the prepreg 51 and the
metallic sheet 41 are surface-contacted or bonded each other, thereby
integratedly molding the prepreg 51 and the metallic sheet 41 1nto a
predetermined shape. Simultaneously, the patch members 61 (the
thickening parts 54) are pressed to be extruded into the through-holes
42, and finally protrude in the recesses 73 via the one side openings
42a, respectively. In such a way, shaft pars 52 and head (engaging
or ecave) parts 53, which are made of a fiber reinforced plastic, are
formed to be integrated with the prepreg (sheet part or main body) 51.

Each of the head parts 53 has a larger diameter than an opening
diameter of the opening 42a, thereby engaging on one surface of the
metallic sheet 41. Each of the head parts 53 has a profile formed
following the shape of the outer die 71.

[0062]

The pair of dies (71,72) are opened (released from one another)
to produce a composite structure, and the produced composite
structure has chemical (engaging) bonding between one surfaces of
the metallic sheet 41 and the prepreg 51 each other, and mechanical

bonding using the shaft parts 52 and the head parts 53. Referring
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Fig.1(a), Fig.1(b), Fig.5(c), Fig.6(b), Fig.7(b) or Fig.8(b), and
Fig.8(c), it can be found that the composite structure 10 according to
the Manufacturing Method 2 has the same product (structure) and
properties as that according to Manufacturing Method 1.

[0063]

As above-mentioned 1n Manufacturing Method 1, the dies
(71,72) may be provided with heaters or c¢oolers 1n order to
plastically deform the prepreg 51 or the patch members 61, and/or to
perform heating or cooling treatment for curing them, depending on
characteristics of the prepreg 51 or the patch members 61.

10064 ]

Referring to (1)process of Fi1g.9, in Manufacturing Method 2,
the patch members 61 (the thickening parts 54) are set on a side of the
other side opening 42b of the through-holec 42, 1.¢., on a side of the
prepreg 51. In Manufacturing Method 1, the patch members 61 are
set on a side of the one side opening 42a of the through-hole 42, 1.¢.,
on a side of the metallic sheet 41 or the outer die 71. In
Manutacturing Method 3 herein-below mentioned, patch members are
set on both sides of the through-holes 42, respectively.

0065 ] <Manufacturing Method 3>

Referring to F1g.10, Manufacturing Method 3 will be explained
as one exemplary embodiment. In explaining Manufacturing Method
3, as to the common features between Manufacturing Methods 2 and 3,
the explanation of Manufacturing Method 2 can be suitably referred
to, whereas different fcaturcs between those Methods 2 and 3 will be
principally explained. The Manufacturing Method 3 has processes
as follows:

[0066] [(a)process, see (1)process of Fig.10, see (11)process of Fig.10
as to Dies 71,72]

As the prepreg member, first patch members 61 (the thickening

parts 54) are set on the prepreg 51, and a second members 62 are in

the recesses 73. The recesses 73 arc defined by step difference
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profiles 71a,72a of the outer and inner dies 71,72, and the metallic
sheet 41 held between both step difference profiles 71a,72a. The
recesses 73 arranged on a bottom side of the dies (71,72) are tormed
on the outer die 71.

[0067] [(b)process, see (11)process of Fig.10]

The prepreg 51, the metallic sheet 41, and the second patch
members 62 are set in the the dies (71,72) in a manner that the second
patch members 62 oppose to the first patch members 61 via the
through-holes 42, respectively.

[0068][(c)process, sec from (i1)process to (iii)process of Fig.10]

The dies (71,72) are closed. In detail, the i1nner die 71 1s
pressed toward the outer die 72, so that the prepreg 51 and the
metallic sheet 41 are surface-contacted or bonded e¢ach other, thereby
integratedly molding the prepreg 51 and the metallic sheet 41 1nto a
predetermined shape. Simultaneously, the first patch members 61
(the thickening parts 54) are pressed between the step difference
profiles 71a,72a to be extruded into the through-holes 42, and are
finally bonded to the second patch membecrs 62, rcspectively.  The
pair of dies (71,72) are opened to produce a composite structure 10
having the same structure as those manufactured by Manufacturing
Method 1 or 2.

[0069]

In Manufacturing Methods 1 to 3, another patch members may
be received 1n or fit onto the metallic sheet 41 (main body 11), 1n
particular, the through-holes 42 (openings 13) disposed 1in the
metallic sheet 41, respectively. In Manutfacturing Methods 1 to 3,
around an edge(s) of the through-hole(s) 42 (or opening(s)), a
counterbore(s) may be formed. The counterbore(s) may be utilized
for retaining a different patch member(s) before bonding, and/or
utilized as a fit part(s) onto which the (plastic) head part 53 fit(s)

after bonding.
(0070]
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Modifications and adjustments of the exemplary
embodiment(s) are possible within the scope of the overall disclosure
of the present disclosure and based on the basic technical concept of
the present disclosure. Various combinations and selections of
various disclosed elements (including <¢ach <e¢lement of <cach
exemplary embodiment, each element of each drawing, etc.) are
possible within the scope of the present disclosure. That 1s, the
present  disclosure of course includes wvarious variations and
modifications that could be made by those skilled 1n the art according
to the overall disclosure 1ncluding the technical concept.
Particularly, any numerical range disclosed herein should be
interpreted that any intermcdiatc valucs or subranges falling within
the disclosed range(s) are also concretely disclosed even without
explicit recital thercol.

(007 1]

The present application claims priority based on JP Patent
Application No.2013-050924, (which 1s filed 1n Japan on March 13,
2013, and hereinafter is so-called “the earlier application”™. A
critical date of entire disclosure of the earlier application i1s a filing
date (a priority date), as far as the earlier application, which 1s not
affected by any incorporated or changed portions 1n the present
application being later application at all. It is noted that, in the
prcsent application, a critical date of the entire disclosure 1ncluding
the incorporated or changed portions is an intcrnational filing date of

the present application.
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10 Composite (Hybrid) Structure
11 Base body (Base Part)
12 Reinforcing member

13 Opening

14 Patch Mcmber

18 Prepreg

20  Outer Mold

26 Bottom surface Recess
27 Step Difference Profile
28 Side Surface Recess

30 Inner Mold

34 Bottom Convcex

36 Step Difference Profile
37 Plunger

41 Metallic Sheet

42 Through-hole
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42a One Side Opening (Outer Opening)

42b Other Side Opening (Inner Opening)

51 Prepreg (Prepreg Main Body, Plate Part, Prcprcg shect part)
52 Shaft Part (Bridge Part)

53 Head Part (Engaging Part, Eave Part)

54 Thickening part (Patch member, First Patch Member)

61 Patch member, First Patch Member
62 Second Patch Member

71,72 Pair of Dies

71 Outer Mold (Lower Mold, Female Mold)
71a Step difference Profile

72 Inner Mold (Upper Mold, Male Mold)
72a Step difference Profile

73 Convex
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CLATMS:

1. A method of manufacturing a composite structure formed of a
fiber reinforced plastic sheet and a metallic sheet, comprising:
preparing a palr of dies for molding a composite structure of

a predetermined shape;

preparing a metallic sheet(s) having at least one opening

defined by a through-hole(s) penetrating the metallic sheet(s) in
a thickness direction of the metallic sheet (s) ;
setting a patch member (s) on one of the pair of dies, the patch

member (s) made of plastic and having a larger size than the

opening (s) ;

setting a prepreg(s) to constitute a fiber reinforced plastic
sheet (s) and the metallic sheet (s) in the pair of dies in a manner
that the metallic sheet (s) 1s i1nterposed between the prepreg(s) and
the patch member(s); and

closing the palr of dies, and simultaneously, selectively

applying pressure on a corresponding portion(s) located inwardly of

the at

east one opening so as to joint-bond the prepreg(s), the

metallic sheet and the patch member (s) to each other by bonding the
prepreg(s) to the patch member (s) through the at least one opening,

thereby producing the composite structure molded in the

predetermined shape; wherein

CA 2905266 2018-11-13
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the one die of the pair of dies has a side surface recess(es)
receiving the patch member(s), the side surface recess(es) open

toward a removal direction of the composite structure after molded,

the pair of dies have a step difference profile(s) arranged on
the inner surface extending in a relative movement direction of the

palr of dies,

the side surface recess(es) 1s defined by the step difference
profile(s),

a shaft part(s) is molded in the through-hole(s) so that the
shaft part(s) is integrated with the prepreg,

a head part(s) is molded in the side surface recess(es) so that
the head part (s) is integrated with the shaft part(s) and has a larger

diameter (s) than the opening(s), and

a thickness of the head part(s) 1s configured to be the same

as a step width of the step difference profile(s).

2. The manufacturing method of the composite structure according
to Claim 1, wherein

the fiber reinforced plastic sheet(s) 1s bonded to one side

surface(s) of the metallic sheet (s).

3. The manufacturing method of the composite structure according

to Claim 1 or 2, whereiln

CA 2905266 2018-11-13
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the fiber reinforced plastic sheet(s) contains continuous

reinforce fiber.

4 . The method of manufacturing a composite structure according to
any one of Claims 1 to 3, further comprising:

as the prepreg(s), preparing a prepreg(s) having a thickening
part (s) arranged at a position(s) opposed to the through-hole(s) ;
and

extruding the thickening part(s) into the through-hole(s) so

as to bond to the patch member(s) set in the pair of dies.

5. The manufacturing method of the composite structure according

to any one of Claims 1 to 3, wherein

the patch member (s) 1s set on the prepreg, instead of being set

on the pair of dies.

6. A method of manufacturing a composite structure formed of a
fiber reinforced plastic sheet and a metallic sheet, comprising:
preparing:

a metallic sheet (s) having a through-hole(s) penetrating

the metallic sheet(s) i1in a thickness direction of the metallic

sheet (sg) ;

a prepreg(s) 1in order to constitute a fiber reinforced

plastic sheet (s) ;

CA 2905266 2018-11-13
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a palr of dies for molding a composite structure into a
predetermined shape, wherein the pair of dies have a side surface
recess {es) arranged at a position(s) opposed to one side opening(s)
of the through-hole(s), the side surface recess(es) having a larger
diameter than the one side opening, and

a patch member(s) to be set at a position(s) opposed to

the through-hole(s) ;
setting the prepreg(s) and the metallic sheet in the palr of
dies; and
closing the pair of dies, wherein, upon closing,
the prepreg(s) and the metallic sheet are molded into the
predetermined shape, while surface-contacting therebetween,
at least one of the prepreg(s) and the patch member(s) 1is
extruded into the through-hole(s), so that the shaft part is molded,

and

the patch member (s) forms at least part of a head part(s)

in the side surface recess(es), the head part(s) being integrated

with the shaft part(s) and engaging on the metallic sheet(s), wherein
the metallic sheet of the composite structure has a step

difference profile(s), and

a thickness of the head part(s) is configured to be the same

as a step width of the step difference profile(s).

CA 2905266 2018-11-13
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7. The method of manufacturing a composite structure according to
Claim 6, wherein

the patch member(s) 1s set in the side surface recess(es), and
thereatter, upon closing the pair of dies, the prepreg(s) is extruded
into the through-hole(s) to bond to the patch member(s), thereby

molding the shaft part(s) and the head part(s).

8. The method of manufacturing a composite structure according to

Claim 6, wherein

the patch member (s) 1s set on the prepreg(s), and thereafter,
upon closing the pair of dies, the patch member(s) is extruded into
the through-hole(s), and further into the side surface recess(es),

thereby molding the shaft part(s) and the head part(s).

9. The method of manufacturing a composite structure according to

Claim 6, wherein

a first patch member(s) as the patch member(s) is set on the

prepreg(s), and a second prepreg(s) as the patch member(s) is sget

in the side surface recess(es), and thereafter,

upon closing the pair of dies, the first patch member(s) is
extruded into the through-hole(s) to be bonded to the second patch

member (s), thereby molding the shaft part(s) and the head part(s).

CA 2905266 2018-11-13
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10. A composite structure having a fiber reinforced plastic sheet

and a metallic sheet, comprising:

a metallilic sheet(s) having a plurality of through-holes which

are configurated to penetrate throughout in a thickness direction

of the metallic sheet and to open on one side surface and the other

side surface of the metallic sheet(s) ;

a fiber reinforced plastic sheet(s) bonded on the one side

surface of the metallic sheet (s);

a plurality of plastic shaft parts disposed in the
through-hole(s) and integrated with the fiber reinforced plastic
sheet (s) ; and

a plurality of plastic head parts distributedly arranged on the
other side surface and integrated with the plastic shaft parts, each
of the plastic head parts having a larger diameter on the other side
of the metallic sheet(s) than the opening of the through-hole to be
engaged with the metallic sheet(s), wherein

the metallic sheet of the composite structure has a step

difference profile(s), and

a thickness of the head part(s) is configured to be the same

as a step width of the step difference profile(s).

CA 2905266 2018-11-13
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