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{Abstract}

Provided is a structure manufacturing device (100)
including a constant-current power supply (10) that is
configured to apply a current having a predetermined current
value to a gap that is present between a composite material
(31) and a bolt (32), each having conductivity, and has a
higher electrical resistance than the composite material (31)
and the bolt (32) in order to decrease the electrical

resistance of the gap.
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¥ {DESCRIPTION}
{Title of Invention} STRUCTURE MANUFACTURING DEVICE AND

STRUCTURE MANUFACTURING METHOD

{Technical Field}
{0001}

The present invention relates to a structure
manufacturing device and a structure manufacturing method for
manufacturing a structure including a first conductive member

and a second conductive member each having conductivity.

{Background Art}
{0002}

A lightweight and high-strength material with high
durability has been required as an airframe material used for
the main wing, the integral tank, and the like of an aircraft.
For example, a lightweight metal material, such as an aluminum
alloy, is used as an airframe material. In addition, with a
recent increasing demand for these, a composite material
composed of a resin material reinforced with carbon fibers has
been used as an airframe material.

{0003}

Metal (e.g., titanium alloy) fasteners have been used for

joining airframe materials for main wings and the like to

structure members for its reinforcement. If a contact
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* resistance between a metal fastener and an airframe material
is high, a stroke current flowing through the fastener due to
a lightning strike may pass through the fastener without being
adequately guided to the airframe material, and may be guided
into the airframe, thereby causing a spark.
{0004}

PTL 1 discloses a conductive cap that is mounted so as to
cover a portion of a fastener penetrating through a structure
member such that an electric field is not concentrated on the
corners of the fastener, thereby suppressing sparks caused
when current due to a lightning strike flows through the

fastener.

{Citation List}
{Patent Literature}
{0005}

{PTL 1}

Japanese Unexamined Patent Application, Publication No. 2011-

195114

{Summary of Invention}
{Technical Problem}
{0006}
However, according to PTL 1, in which a conductive cap is

mounted covering the portion of the fastener penetrating
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through the structure member, an increase in the weight due to
addition of the cap is inevitable.

In addition, a substantial amount of work is needed for
quality management for, for example, the cap thickness that
ensures suppression of sparks.

{0007}

It is an object of the present invention, which has been
made in view of this backgrocund, to provide a structure
manufacturing device and a structure manufacturing method for
manufacturing a structure in which generation of sparks due to
lightning strikes is suppressed without increasing the weight

of the structure and work for quality management.

{Solution to Problem}
{0008}

To solve the above-described problem, the present
invention employs the following solutions.

A structure manufacturing device according to one aspect
of the present invention is a structure manufacturing device
for manufacturing a structure including a first conductive
member and a second conductive member each having
conductivity, including: a current application unit configured
to apply a current having a predetermined current value to a
gap portion that is present between the first conductive

member and the second conductive member and has a higher
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electrical resistance than the first conductive member and the
second conductive member in order to decrease the electrical
resistance of the gap portion.
{0009}

In the structure manufacturing device according to one
aspect of the present invention, application of the current
having the predetermined current value to the gap portion
present between the first conductive member and the second
conductive member of the structure decreases the electrical
resistance of the gap portion. Thus, the structure is
manufactured in which a stroke current flowing through the
second conductive member due to a lightning strike is easily
guided from the second conductive member to the first
conductive member.

Therefore, the structure can be manufactured in which
generation of sparks due to lightning strikes is suppressed
without increasing the weight of the structure and work for
quality management.

{0010}

In the structure manufacturing device according to one
aspect of the present invention, the first conductive member
may be composed of a metal or a composite material composed of
a resin material reinforced with carbon fibers, and the
current application unit may be configured to carbonize part

of the resin material or melt part of the metal in order to
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" decrease the electrical resistance of the gap portion.

With this configuration, part of the resin material
contained in the composite material in the first conductive
member 1s carbonized to decrease the electrical resistance of
the gap portion or part of the metal in the first conductive
member is melted, so that the structure can be manufactured in
which generation of sparks due to lightning strikes is
suppressed.

{0011}

In the structure manufacturing device with this
configuration, the second conductive member may be a fastening
member that is inserted in a fastening hole in the first
conductive member and couples the first conductive member and
another member with each other, and the gap portion may be a
gap formed between the fastening hole and the fastening
member.

Thus, part of the fastening hole formed in the first
conductive member 1s melted or carbonized and the electrical
resistance of the gap formed between the fastening hole and
the fastening member can be reduced.

{0012}

In the structure manufacturing, device according to one
aspect of the present invention, the current application unit
may be configured to apply the current having the

predetermined current value with a maximum value in the range
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Accordingly, the electrical resistance of the gap portion
can be decreased while suppressing damage to the first
conductive member and the second conductive member due to
current applied to the gap portion.

{0013}

In the structure manufacturing device with this
configuration, the current application unit may be configured
to apply the current having the predetermined current value
with a maximum value in the range of 1 kA to 5 KkA.

Accordingly, the electrical resistance of the gap portiocn
can be decreased as appropriate while further suppressing
damage to the first conductive member and the second
conductive member due to current applied to the gap portion.
{0014}

In the structure manufacturing device according to one
aspect of the present invention, the current application unit
may be configured to apply current such that the current
application time from the initiation to termination of current
application is in the range of 300 ps to 1 s.

Accordingly, the electrical resistance of the gap portiocn
can be decreased while suppressing damage to the first
conductive member and the second conductive member due to
extended current application time.

{0015}
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A structure manufacturing method according to one aspect
of the present invention is a structure manufacturing method
of manufacturing a structure including a first conductive
member and a second conductive member each having
conductivity, including: a current application step of
applying a current having a predetermined current value to a
gap portion that is present between the first conductive
member and the second conductive member and has a higher
electrical resistance than the first conductive member and the
second conductive member in order to decrease the electrical
resistance of the gap portion.

{0016}

In the structure manufacturing method according to one
aspect of the present invention, application of the current
having the predetermined current value to the gap portion
present between the first conductive member and the second
conductive member of the structure decreases the electrical
resistance of the gap portion. Thus, the structure is
manufactured in which a stroke current flowing through the
second conductive member due to a lightning strike is easily
guided from the second conductive member to the first
conductive member.

Therefore, the structure can be manufactured in which
generation of sparks due to lightning strikes is suppressed

without increasing the weight of the structure and work for
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{0017}

In the structure manufacturing method according to one
aspect of the present invention, the first conductive member
may be composed of a metal or a composite material composed of
a resin material reinforced with carbon fibers, and the
current application unit may carbonize part of the resin
material or melt part of the metal in order to decrease the
electrical resistance of the gap portion.

With this configuration, part of the resin material
contained in the composite material in the first conductive
member is carbonized or part of the metal in the first
conductive member is melted to decrease the electrical
resistance of the gap portion, so that the structure can be
manufactured in which generation of sparks due to lightning
strikes is suppressed.

{0018}

In the structure manufacturing method with this
configuration, the second conductive member may be a fastening
member that is inserted in a fastening hole in the first
conductive member and couples the first conductive member and
another member with each other, and the gap portion may be a
gap formed between the fastening hole and the fastening
member.

Thus, part of the fastening hole formed in the first
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" conductive member is melted or carbonized and the electrical
resistance of the gap formed between the fastening hole and
the fastening member can be reduced.

{0019}

In the structure manufacturing method according to one
aspect of the present invention, the current application step
may apply the current having the predetermined current value
with a maximum value in the range of 0.1 kA to 50 kA.

Accordingly, the electrical resistance of the gap portion
can be decreased while suppressing damage to the first
conductive member and the second conductive member due to
current applied to the gap portion.

{0020}

In the structure manufacturing method with this
configuration, the current application step may apply the
current having the predetermined current value with a maximum
value in the range of 1 kA to 5 KkA.

Accordingly, the electrical resistance of the gap portion
can be decreased as appropriate while further suppressing
damage to the first conductive member and the second
conductive member due to current applied to the gap portion.
{0021}

In the structure manufacturing method according to one
aspect of the present invention, the current application unit

may apply current such that the current application time from
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the initiation to termination of current application is in the

range of 300 us to 1 s.

Accordingly, the electrical resistance of the gap portion
can be decreased while suppressing damage to the first
conductive member and the second conductive member due to

extended current application time.
{0021a}

According to an embodiment, there is provided a structure
manufacturing device for manufacturing a structure including a
first composite material, a second composite material, and a
third composite material each having conductivity and being in a
plate-like shape, a first bolt through which the first composite
material and the second composite material are coupled with each
other, and a second bolt through which the second composite
material and the third composite material are coupled with each
other, the structure manufacturing device comprising: a current
application unit configured to apply a current having a
predetermined current value to a first gap portion and a second
gap portion, the first gap portion being present between the
first composite material and the first bolt and having a higher
electrical resistance than the first composite material and the
first bolt, the second gap portion being present between the
first composite material and the second bolt and having a higher
electrical resistance than the first composite material and the
second bolt, thereby decreasing the electrical resistances of
the first gap portion and the second gap portion; a first
constant-current path that electrically connects one end of the
current application unit to one end of the structure; and a
second constant-current path that electrically connects another

end of the current application unit to another end of the

CA 2980711 2020-02-19
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structure, wherein the current application unit is configured to
apply the current having the predetermined current value with a
maximum value in the range of 0.1 kA to 50 kA, and is configured
to apply the current such that the current application time from
the initiation to termination of current application is in the

range of 300 ps to 1 s.
{0021b}

According to another embodiment, there is provided a
structure manufacturing method of manufacturing a structure
including a first composite material, a second composite
material, and a third composite material each having
conductivity and being in a plate-like shape, a first bolt
through which the first composite material and the second
composite material are coupled with each other, and a second
bolt through which the second composite material and the third
composite material are coupled with each other, the structure
manufacturing method comprising: a current application step of
applying a current having a predetermined current value to a
first gap portion and a second gap portion, through a first
constant-current path that electrically connects one end of the
current application unit to one end of the structure and a
second constant-current path that electrically connects another
end of the current application unit to another end of the
structure, the first gap portion being present between the first
composite material and the first bolt and having a higher
electrical resistance than the first composite material and the
first bolt, the second gap portion being present between the
first composite material and the second bolt and having a higher
electrical resistance than the first composite material and the
second bolt, thereby decreasing the electrical resistances of

the first gap portion and the second gap portion, wherein the

CA 2980711 2020-02-19
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current application step applies the current having the
predetermined current value with a maximum value in the range of
0.1 kA to 50 kA, and applies the current such that the current
application time from the initiation to termination of current

application is in the range of 300 us to 1 s.5
{Advantageous Effects of Invention}

{0022}

The present invention can provide a structure manufacturing device
and a structure manufacturing method for manufacturing a structure in
which generation of sparks due to lightning strikes is suppressed

without increasing the weight of the structure and work for quality

management.
{Brief Description of Drawings}

{0023}

{Fig. 1} Fig. 1 is a schematic configuration view showing one embodiment

of a structure manufacturing device.
{Fig. 2A} Fig. 2A shows a plan view of the structure in Fig. 1.

{Fig. 2B} Fig. 2B shows a cross-sectional view of the structure in

Fig. 1 along line A-A in Fig. 2A

{Fig. 3} Fig. 3 is an enlarged view of the main part of Fig. 2B.

CA 2980711 2020-02-19
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‘{Fig. 4} Fig. 4 is a graph showing the relationship between
the current value that a constant-current power supply shown
in Fig. 1 applies to a structure, and the application time.
{Fig. 5} Fig. 5 is a diagram showing an end surface of a
composite material.

{Fig. 6} Fig. 6 is a schematic configuration view of a
structure manufacturing device with a modified structure.
{Fig. 7A} Fig. 7A shows a plan view of the structure in Fig.
6.

{Fig. 7B} Fig. 7B shows a cross-sectional view of the

structure in Fig. 6 along line B-B in Fig. 7A.

{Description of Embodiments}
{0024}

A structure manufacturing device 100 according to one
embodiment of the present invention will now be described with
reference to the drawings.

As shown in Fig. 1, the structure manufacturing device
100 is a device for manufacturing a structure 30 by applying
current to the structure 30 in which two plate-like composite
materials, a composite material 31 (first conductive member),
which is a resin material reinforced with carbon fibers, and a
composite material 33 (another member) are coupled with each
other with bolts 32 (second conductive members; fastening

members) and nuts 34.
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' {0025}

As shown in Fig. 1, the structure manufacturing device
100 includes a constant-current power supply 10 for applying a
current having an arbitrary set current value, and a constant-
current path 20 for electrically connecting the constant-
current power supply 10 to the structure 30.

The constant—-current path 20 includes a first constant-
current path 21 for electrically connecting one terminal of
the constant-current power supply 10 to one terminal of the
structure 30, and a second constant-current path 22 for
electrically connecting the other terminal of the constant-
current power supply 10 and the other terminal of the
structure 30.

The constant-current power supply 10 is a device
providing control such that current having the waveform
described below and shown in Fig. 4 is applied to the
structure 30 through the constant-current path 20.

{0026}

The composite materials 31 and 33 included in the
structure 30 are a carbon fiber reinforced plastic (CFRP)
which is a resin material reinforced with carbon fibers. The
resin material may be, for example, a thermosetting resin,
such as an unsaturated polyester or epoxy resin, or a
thermoplastic resin, such as polyether ether ketone (PEEK).

The composite materials 31 and 33 have carbon fibers as a



CA 02980711 2017-09-22

13

‘ reinforcing material and therefore have conductivity
sufficiently lower than that of metal. Alternatively, the
structure may be formed by adding conductive particles or
fibers to a resin material to increase the conductivity of the
composite materials 31 and 33.

{0027}

As shown in the plan view of Fig. 2A, the structure 30
includes the plate-like composite material 31, the plate-like
composite material 33, and the bolt 32 that couples them with
each other.

As shown in Fig. 2B which is a cross-sectional view along
line A-A in Fig. 22, the structure 30 is a structure in which
the composite material 31 and the composite material 33 are
coupled with each other with the bolts 32 inserted into
fastening holes 3la in the composite material 31 and fastening
holes 33a in the composite material 33 and fastened with the
nuts 34.

{0028}

The belts 32 and the nuts 34 are conductive members
formed of metal materials. The bolts 32 and the nuts 34,
which are composed of metals, have higher conductivity than
the composite materials 31 and 33.

The outer peripheral surface of the distal end portion of
each bolt 32 is male-threaded, and the inner peripheral

surface of each nut 34 is female-threaded. The bolt 32 is
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‘fastened with the nut 34 by fastening the male-thread in the
distal end portion of the bolt 32 with the female-thread on
the inner peripheral surface of the nut 34.
{0029}

Fig. 3 is an enlarged view of the main portion of the
structure 30 shown in Fig. 2B, in the state before application
of current from the constant-current power supply 10 in the
structure manufacturing device 100.

As shown in Fig. 3, a gap 35 (a gap portion) is formed
between the inner peripheral surface of the fastening hole 3la
formed in the composite material 31 and the outer peripheral
surface 32b of the bolt 32. Similarly, a gap 36 (a gap
portion) is formed between the inner peripheral surface of the
fastening hole 33a formed in the composite material 33 and the
outer peripheral surface 32b of the bolt 32.

The gap 35 is a portion that has a higher electrical
resistance than the composite material 31 and the bolts 32.
Similarly, the gap 36 is a portion that has a higher
electrical resistance than the composite material 33 and the
bolts 32.

{0030}

The structure 30 is used, for example, as an integral
tank which is a fuel tank integrated with the main wing of an
aircraft and has a wing structure that is a sealed structure

that does not leak a liquid fuel. In this case, a head 32a of
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‘the bolt 32 is exposed, forming a part of the skin of the main
wing. Accordingly, the head 32a of the bolt 32 having higher
conductivity than the composite material 31 tends to be struck
by lightning.

{0031}

When the head 32a of the bolt 32 is struck by lightning,
a stroke current flows through the bolt 32. In this case, no
sparks occur if a stroke current flows through the composite
materials 31 and 33. However, if the electrical resistances
of the gaps 35 and 36 are so high that stroke current does not
flow through the composite materials 31 and 33, sparks occur
at the distal end portion 32c of the bolt 32 and the corners
of the nut 34.

{0032}

Accordingly, in the structure manufacturing device 100
according to this embodiment, a current having a predetermined
current value is applied to the gaps 35 and 36 to decrease the
electrical resistances of the gaps 35 and 36 such that stroke
current easily flows through the composite materials 31 and
33, thereby suppressing generation of sparks.

Here, the predetermined current value is a current value
high enough to carbonize part of a resin material in the
composite material 31 defining the gap 35 and part of a resin
material in the composite material 33 defining the gap 36,

thereby decreasing the electrical resistances of the gaps 35
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and 36. In addition, this predetermined current value is a
current value sufficiently lower than a current value assumed
to be a stroke current due to a lightning strike, such that
the composite materials 31 and 33 are not broken down by the
current application.

{0033}

Fig. 4 is a graph showing the relationship between the
current value that the constant-current power supply 10 shown
in Fig. 1 applies to the structure 30, and the application
time.

In Fig. 4, the horizontal axis indicates the application
time lapsed from the initiation of current application across
the structure 30 by the constant-current power supply 10
through the constant-current path 20, and the vertical axis
indicates the value of the current applied by the constant-
current power supply 10 at each application time.

{0034}

As for the waveform of the current shown in Fig. 4, the
maximum current is Imax, and the current at 50 ps after the
initiation of current application is 0.9¢Imax.

Here, the Imax value set by the constant-current power
supply 10 satisfies the following equation (1).

0.1kA £ Imax £ 50kA (1)

In addition, it is more preferable that the Imax value

set by the constant-current power supply 10 satisfy the
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‘following equation (2).

1kA € Imax £ 5kA (2)
{0035}

As for the waveform of the current shown in Fig. 4, the
application time T from the initiation of current application
by the constant-current power supply 10 to the termination of
the current application preferably satisfies the following
equation (3). Here, s indicates second.

300 us < T < 1s (3)

Further, it is more preferable that the application time
T be set to about 500 us.

{0036}

A method of manufacturing the structure 30 with the use
of the structure manufacturing device 100 according to this
embodiment is implemented through the following steps.

First, the composite material 31 and the composite
material 33 are coupled with each other through the bolts 32
and the nuts 34, thereby forming the structure 30.

Second, a terminal of the composite material 31
corresponding to one terminal of the structure 30 is connected
to the first constant-current path 21, and a terminal of the
composite material 33 corresponding to the other terminal of
the structure 30 is connected to the second constant-current
path 22.

{0037}
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Third, the constant-current power supply 10 applies a
current having the waveform shown in Fig. 4 and applies a
current having a predetermined current value to the gaps 35
and 36 (current application step). Application of the current
having the predetermined current value to the gaps 35 and 36
carbonizes part of a resin material in the composite material
31 defining the gap 35 and part of a resin material in the
composite material 33 defining the gap 36, thereby decreasing
the electrical resistances of the gaps 35 and 36.

Through these steps, the structure 30 in which the
electrical resistances of the gaps 35 and 36 are reduced is
manufactured.

{0038}

As shown in Fig. 5, carbon fibers 31b are exposed on an
end surface, corresponding to a cut surface made by cutting,
of the composite material 31 composed of a resin material
reinforced with the carbon fibers 31b. Multiple carbon fibers
31b exposed on the end surface in this manner are separated
from each other without a contact. Accordingly, if a stroke
current flows through the composite material 31, discharge in
a gap (a gap portion) defined between the adjacent carbon
fibers 31b may cause a phenomenon (edge glow phenomenon) in
which sparks occur.

{0039}

In a method of manufacturing the structure 30 with the
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use of the aforementioned structure manufacturing device 100,
a current having the waveform shown in Fig. 4 is applied from
the constant-current power supply 10 to the structure 30.
Accordingly, part of a resin layer 31c between the adjacent
carbon fibers 31b exposed on the end surface of the composite
material 31 is carbonized, and the carbonized part of the
resin layer 3lc increases the conductivity of the adjacent
carbon fibers 31b and decreases the electrical resistance of
the gap between the adjacent carbon fibers 31b. Therefore, in
the event of a lightning strike, a phenomenon (edge glow
phenomenon) in which sparks occur due to discharge is
suppressed on the end surface of the structure 30.

{00401}

In the above description, the structure in which current
is applied from the constant-current power supply 10 of the
structure manufacturing device 100 is made by coupling the
composite material 31 and the composite material 33 with each
other through the bolts 32, but the structure may have another
form.

For example, as in the modifications shown in Figs. 6 and
7A, a structure 40 is applicable in which a composite material
43a and a composite material 43b are coupled with both ends of
the composite material 4la and a composite material 41b is
coupled with the end of the composite material 43b.

{0041}
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As shown in Fig. 7B, in the modified structure 40, the
composite material 4la and the composite material 43a are
coupled with each other through a bolt 42a inserted into a
fastening hole at one end of the composite material 4la and
fastened with a nut 44a. In addition, in the modified
structure 40, the composite material 4la and a composite
material 43b are coupled with each other through a bolt 42b
inserted into a fastening hole at the other end of the
composite material 41la and fastened with a nut 44b. 1In
addition, in the modified structure 40, the composite material
41b and the composite material 43b are coupled with each other
through a bolt 42c¢ inserted into a fastening hole at one end
of the composite material 41b and fastened with a nut 44c.
{0042)

As shown in Fig. 6, the first constant-current path 21 of
the structure manufacturing device 100 is connected to an end
of the composite material 43a, which is an end of the
structure 40, and the second constant-current path 22 of the
structure manufacturing device 100 is connected to an end of
the composite material 41b, which is an end of the structure
40.

In the structure manufacturing device 100, the constant-
current power supply 10 applies a current having a
predetermined current value to the structure 40 through the

constant-current path 20, thereby decreasing the electrical
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" resistances of a joint where the bolt 42a for the composite
material 4la is inserted, a joint where the bolt 42b for the
composite material 4la is inserted, and a joint where the bolt
42c for the composite material 41b is inserted.

{0043}

In this case, it is not necessary to provide separate
constant—-current paths to the joint where the bolt 42a for the
composite material 4la is inserted, the joint where the bolt
42b for the composite material 41z is inserted, and the joint
where the bolt 42c for the composite material 41b is inserted,
respectively. Accordingly, the electrical resistances in the
joint positions in the structure 40 including multiple jeoints
can be easily decreased using a relatively simple constant-
current path 20.

{0044}

The actions and effects provided by the structure
manufacturing device 100 according to this embodiment will be
described.

In the structure manufacturing device 100 according to
this embodiment, a current having a predetermined current
value is applied to the gap 35 (gap portion) present between
the composite material 31 (the first conductive member) of the
structure 30 and the bolt 32 (the second conductive member),
so that the electrical resistance of the gap 35 decreases.

Similarly, the current having the predetermined current value
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‘is applied to the gap 35 (gap portion) present between the
composite material 33 of the structure 30 and the bolt 32, so
that the electrical resistance of the gap 35 decreases. Thus,
the structure 30 is manufactured in which a stroke current
flowing through the bolt 32 due to a lightning strike is
easily guided from the bolt 32 to the composite material 31
and the composite material 33.

Therefore, the structure 30 can be manufactured in which
generation of sparks due to lightning strikes is suppressed
without increasing the weight of the structure and work for
quality management.

{0045}

In the structure manufacturing device 100 according to
this embodiment, the composite material 31 and the composite
material 33 are a material composed of a resin material
reinforced with carbon fibers. In addition, the constant-
current power supply 10 is configured to partially carbonize
the resin materials in the composite materials 31 and 33 to
decrease the electrical resistances of the gaps 35 and 36.

Thus, parts of the resin materials contained in the
composite materials 31 and 33 are carbonized to decrease the
electrical resistances of the gaps 35 and 36, so that the
structure 30 can be manufactured in which generation of sparks
due to lightning strikes is suppressed.

{0046}
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In addition, in the structure manufacturing device 100
according to this embodiment, the bolt 32 is a fastening
member that is inserted into the fastening hole 3la in the
composite material 31 so that the composite material 31 and
the composite material 33 (another member) can be coupled with
each other. Further, the gap 35 is formed between the
fastening hole 3la and the bolt 32.

Thus, part of the fastening hole 3la formed in the
composite material 31 is carbonized and the electrical
resistance of the gap 35 formed between the fastening hole 3la
and the bolt 32 can be reduced.

{0047}

In the structure manufacturing device 100 according to
this embodiment, the constant-current power supply 10 applies
a current with the maximum value in the range of 0.1 kA to 50
kA. It is more preferable that the maximum value of the
applied current be in the range of 1 kA to 5SkA.

Accordingly, the electrical resistance of the gap 35 can
be decreased while suppressing damage to the composite
material 31 and the bolt 32 due to current applied to the gap
35.

{0048}

In the structure manufacturing device 100 according to

this embodiment, the constant-current power supply 10 applies

current such that the current application time T from the
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initiation to termination of current application is in the
range of 300 pus to 1 s.

Accordingly, the current application time T is increased,
so that the electrical resistance of the gap 35 can be
decreased while suppressing damage to the composite material
31 and the bolt 32.

{0049}
{Other Embodiments}

In the above description, the composite material 31 and
the composite material 33 into which the metal bolt 32 is
inserted are carbon fiber reinforced plastics composed of
resin materials reinforced with carbon fibers, which is not
necessarily the case. For example, a metal such as an
aluminum alloy (not shown in the drawing) may be used instead
of a carbon fiber reinforced plastic.

Although a metal has higher conductivity than a carbon
fiber reinforced plastic, a metal may have sufficiently lower
conductivity than the bolt 32 when the surface of the metal is
oxidized. In this case, as with the aforementicned composite
material 31 and composite material 33, the head 32a of the
bolt 32 tends to be struck by lightning.

{0050}

When the head 32a of the bolt 32 is struck by lightning,

a stroke current flows through the bolt 32. 1In this case, if

the stroke current flows through the metal, no sparks occur.
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However, if the electrical resistances of the gaps 35 and 36
are so high that the stroke current does not flow through the
metal, sparks occur at the distal end portion 32c of the bolt
32 and the corners of the nut 34.
{0051}

Accordingly, in the structure manufacturing device
according to the other embodiment, a current having a
predetermined current value is applied to the gaps 35 and 36
to decrease the electrical resistances of the gaps 35 and 36
such that the stroke current easily flows through the metals,
thereby suppressing generation of sparks.

Here, a predetermined current value is a current value
high enough to melt part of the metal defining the gap 35 and
part of the metal defining the gap 36, thereby decreasing the
electrical resistances of the gaps 35 and 36. In addition,
this predetermined current value is a current value
sufficiently lower than a current value assumed to be a stroke
current due to a lightning strike, such that the metals are
not broken down by the current application.

{0052}

It should be noted that the value of the current applied
by the constant-current power supply in the structure
manufacturing device according to the other embodiment to the
structure in which the metals are coupled with each other may

be greater than the value of the current applied by the
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constant-current power supply 10 in the aforementioned
structure manufacturing device 100 to the structure 30 in
which the composite materials 31 and 33 are coupled with each
other. This is because the stroke current flows from the bolt
more easily and the risk of damage is lower even with a higher
current in the structure in which the metals are coupled with

each other.

{Reference Signs List}

{0053}

10 constant-current power supply (current application unit)
20 constant-current path

21 first constant-current path

22 second constant-current path

30 structure

31 composite material (first conductive member)

3la fastening hole

31b carbon fiber

31c resin layer

32 bolt (second conductive member; fastening member)
32a head

32b  outer peripheral surface

32c distal end portion

33 composite material (another member)

33a fastening hole
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\34 nut

35, 36 gap (gap portion)

40 structure

4la, 41b composite material (first conductive member)
42a, 42b, 42c bolt

43a, 43b composite material

100 structure manufacturing device



84076970
28

CLAIMS:

1. A structure manufacturing device for manufacturing a
structure including a first composite material, a second
composite material, and a third composite material each having
conductivity and being in a plate-like shape, a first bolt
through which the first composite material and the second
composite material are coupled with each other, and a second
bolt through which the second composite material and the third
composite material are coupled with each other, the structure

manufacturing device comprising:

a current application unit configured to apply a current
having a predetermined current value to a first gap portion and
a second gap portion, the first gap portion being present
between the first composite material and the first bolt and
having a higher electrical resistance than the first composite
material and the first bolt, the second gap portion being
present between the first composite material and the second
bolt and having a higher electrical resistance than the first
composite material and the second bolt, thereby decreasing the
electrical resistances of the first gap portion and the second

gap portion;

a first constant-current path that electrically connects
one end of the current application unit to one end of the

structure; and

a second constant-current path that electrically connects
another end of the current application unit to another end of

the structure, wherein

the current application unit is configured to apply the

CA 2980711 2020-02-19
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current having the predetermined current value with a maximum
value in the range of 0.1 kA to 50 kA, and is configured to

apply the current such that the current application time from
the initiation to termination of current application is in the

range of 300 us to 1 s.

2. The structure manufacturing device according to Claim 1,

wherein

the first composite material, the second composite
material, and the third composite material are a composite
material composed of a resin material reinforced with carbon

fibers, and

the current application unit is configured to carbonize
part of the resin material or melts part of the metal in order
to decrease the electrical resistances of the first gap portion

and the second gap portion.

3. The structure manufacturing device according to Claim 1 or

Claim 2, wherein

the first bolt and the second bolt are fastening members
that are inserted in fastening holes in the first composite
material, so that the second composite material and the third
composite material are coupled with the first composite

material, and

the gap portiocn is a gap formed between the fastening hole

and the fastening member.

4. The structure manufacturing device according to any one of
Claims 1 to 3, wherein the current application unit is

configured to apply the current having the predetermined

CA 2980711 2020-02-19
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current value with a maximum value in the range of 1 kA to

5 kA.

5. A structure manufacturing method of manufacturing a
structure including a first composite material, a second
composite material, and a third composite material each having
conductivity and being in a plate-like shape, a first bolt
through which the first composite material and the second
composite material are coupled with each other, and a second
bolt through which the second composite material and the third
composite material are coupled with each other, the structure

manufacturing method comprising:

a current application step of applying a current having a
predetermined current value to a first gap portion and a second
gap portion, through a first constant-current path that
electrically connects one end of the current application unit
to one end of the structure and a second constant-current path
that electrically connects another end of the current
application unit to another end of the structure, the first gap
portion being present between the first composite material and
the first bolt and having a higher electrical resistance than
the first composite material and the first bolt, the second gap
portion being present between the first composite material and
the second bolt and having a higher electrical resistance than
the first composite material and the second bolt, thereby
decreasing the electrical resistances of the first gap portion

and the second gap portion, wherein

the current application step applies the current having
the predetermined current value with a maximum value in the

range of 0.1 kA to 50 kA, and applies the current such that the

CA 2980711 2020-02-19
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current application time from the initiation to termination of

current application is in the range of 300 us to 1 s.

6. The structure manufacturing method according to Claim 5,

wherein

the first composite material, the second composite
material, and the third composite material are a composite
material composed of a resin material reinforced with carbon

fibers, and

the current application step carbonizes part of the resin
material or melts part of the metal in order to decrease the
electrical resistances of the first gap portion and the second

gap portion.

7. The structure manufacturing method according to Claim 5 or

Claim 6, wherein

the first bolt and the second bolt are fastening members
that are inserted in fastening holes in the first composite
material, so that the second composite material and the third
composite material are coupled with the first composite

material, and

the gap portion is a gap formed between the fastening hole

and the fastening member.

8. The structure manufacturing method according to any one of
Claims 5 to 7, wherein the current application step applies the
current having the predetermined current value with a maximum

value in the range of 1 kA to 5 kA.

CA 2980711 2020-02-19
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