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(57) Abrege/Abstract:

There Is provided a cap capable of achieving enhanced safety by inhibiting the occurrence of sparks thereinside even If a lightning
current has flowed through a fastener, a fastening structure using the same, and an aircraft including the fastening structure. A cap
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(57) Abrege(suite)/Abstract(continued):

(27) according to the present invention Is attached so as to cover a portion of a fastener (15) that couples an upper skin (3) of an
aircraft and a stringer (11) located inside the upper skin (3), the portion projecting through the stringer (11), wherein an outer
surface (33) of the cap that comes into contact with an interior space of the upper skin (3) is a curved surface, and the cap Is made
of a conductive material.
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{Abstract}

There 1s provided a cap capable of achieving enhanced

safe

Cy by inhibiting the occurrence of sparks thereinside even

if a lightning current has flowed through a fastener, a

the

fastening structure using the same, and an aircraft i1ncluding

fastening structure. A cap (27) according to the present

F

invention 1s attached so as to cover a portion of a fastener

(12)

that couples an upper skin (3) of an aircraft and a

stringer (l11) located inside the upper skin (3), the portion

projecting through the stringer (1l1), wherein an outer surface

(33)

O

" the cap that comes into contact with an interior space

| T

e

of the upper skin (3) is a curved surface, and the cap 1s made

of a conductive material.




CA 02792105 2012-09-04

{ DESCRIPTION}

B

(Title of Invention}

L+]

CAP, FASTENING STRUCTURE USING TH:

SAME, AND AILIRCRAFT

L

INCLUDING THE FASTENING STRUCTUR!

{Technical Field}

{0001}

The present invention relates to a cap, a fastening

structure using the same, and an aircraft including the

fastening structure.

{Background Art}

{0002}

"

A skin constituting the body of an aircraft 1s reinforced

from 1nside with a structural member that i1is a frame member

formed in a grid configuration.

The skin and the structural member located inside the

skin are bonded with a fastener. Since the fastener 1is made

P

of a metal (for example, a titanium alloy), there i1is the

possibility that a bolt of lightning strike may pass through

-

the fastener and generate sparks internally.

{0003}

For this

reason, a structure for inhibiting a bolt of lightning from

passing though the fastener has been proposed, for example, as
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disclosed in Patent Literature 1.

In the structure disclosed 1n Patent Literature 1, an

insulating cap is mounted at the outer end of the head of a

fastener, and many structures have been proposed that inhibit

the passage of a bolt of lightning by devising the structure

of the fastener 1n this way.

{Citation List}
{Patent Literature}
{0004}

{PTL 1}

Japanese Unexamined Patent Application, Publication No. 2007-

126119

{Summary of Invention}

{Technical Problem}

{0005}

With the conventional structures in which a skin and a

structural member are coupled with a fastener, a corner 1s

P

present at a portion of the fastener that projects from the

structural member. Therefore, when a current flows through

the fastener, the electric field tends to be concentrated at

the corner. In the case where an aircraft has been struck by

.

lightning, once a current

flows through the fastener, electric

b

field concentration occurs at the corner even 1f inhibiting
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measures have been taken, and thus sparks tend to occur. For

example, when sparks occur 1in a fuel tank containing a

combustible such as a fuel inside, there is the possibility of

gho—.

explosion due to ignition of the fuel.

{0006}

In view of such circumstances, 1t is an object of the

present 1nvention to provide a cap capable of achieving

enhanced safety by inhibliting the occurrence of sparks

thereinside even 1f a lightning current has flowed through a

fastener, a fastening structure using the same, and an

aircraft 1ncluding the fastening structure.

{Solution to Problem}

{0007}

In order to solve the above-described problem, the

present i1nvention adopts the following means.

That 1is, a first aspect of the present invention 1is a cap

that 1s attached so as to cover a portion of a fastener that

couples a skin of an aircraft and a structural member located

inside the skin, the portion projecting through the structural

e

member, wherein an outer surface of the cap that comes into

contact with an interior space of the skin is a curved

surface, and the cap i1s made of a conductive material.

{0008}

The cap according to the first aspect of the present
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invention 1s made of a conductive material and 1s attached so

L

as to cover a portion of a fastener that couples a skin of an

aircraft and a structural member located inside the skin, the

portion projecting through the structural member. Therefore,

the stroke current passing through the fastener flows through

the interior of the cap. Thilis makes 1t possible to 1nhibit

concentration of the electric field at a corner of the

fastener that i1is located at the above-described portion.

Since the outer surface of the cap that comes i1into

contact with the interior space of the skin, for example, the

surface exposed inside a tank i1s a curved surface, there 1s no

corner on the outer surface of the cap that comes i1nto contact

with the interior space of the skin. Accordingly, a portion

where the electric field 1s concentrated 1s not present on the

F

outer surface of the cap, and 1t i1s therefore possible to

ity
p—

inhibit the occurrence of sparks caused by electric field

concentration.

—

For example, the use of thilis cap for a fuel tank

containing a combustible such as a fuel i1nside can suppress

the possibility of explosion due to i1gnition of the fuel

caused by the occurrence of sparks, and 1t 1s therefore

possible to achieve enhanced safety.

{0009}

In the above-described first aspect, 1t 1s preferable

that the cap includes a contact surface coming into contact
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with the structural member.

This allows the current flowing from the fastener to the

cap to flow through the contact surface to the structural

P
p—

member, and, therefore, the resistance of the current flowlng

.y
b

from the fastener to the structural member 1s effectively

lowered. When the resistance of the current flowing from the

fastener to the structural member 1s lowered, the current

value 1s decreased, and it 1s therefore possible to further

inhibit the occurrence of sparks.

The contact surface 1s in contact with the structural
member and thus does not correspond to the outer surface

coming into contact with the interior space of the skin, and,

therefore, a corner may be present.
{0010}

A second aspect of the present invention 1s a cap that 1is

F-

attached so as to cover a portion of a fastener that couples a

skin of an aircraft and a structural member located 1inside the

skin, the portion projecting through the structural member,

wherein the cap includes a contact surface comlng into contact

with the structural member and 1s made of a conductive

material.
{0011}

The cap according to the second aspect of the present

gr

invention 1is made of a conductive material and is attached to

so as to cover a portion of a fastener that couples a skin of
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an aircraft and a structural member located inside the skin,

the portion projecting through the structural member.

Therefore, the stroke current passing through the fastener

flows through the interior of the cap. This makes it possible

F

to inhibit concentration of the electric field at a corner of

the fastener that 1s located at the above-described portion.

Furthermore, since the current flowing from the fastener

to the cap flows through the contact surface to the structural

-

member, the resistance of the current flowing from the

fastener to the structural member 1s effectively lowered.

When the resistance of the current flowing from the fastener

to the structural member 1s lowered, the current value 1is

decreased, and 1t 1s therefore possible to further inhibit the

occurrence of sparks.

For example, the use of this cap for a fuel tank

contailning a combustible such as a fuel inside can suppress

the possibility of explosion due to i1gnition of the fuel

P

caused by the occurrence of sparks, and it is therefore

possible to achleve enhanced safety.

The contact surface 1s 1n contact with the structural

member and thus does not correspond to the outer surface

gl

coming 1nto contact with the 1interior space of the skin, and,

therefore, a corner may be present.
{0012}

A third aspect of the present invention 1s a fastening
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ﬂ
—

structure in which a skin of an aircraft and a structural

member located inside the skin are coupled by a fastener,

wherein a portion of the fastener that projects through the

structural member is covered by the cap according to the first

or the second aspect.
{0013}

With the fastening structure according to the third

P

aspect of the present invention, the portion of the fastener

that projects through the structural member i1s covered by the

cap according to the first or the second aspect, and it 1is

I}

therefore possible to inhibit the occurrence of sparks even 1i:

b

a stroke current flows through the fastener.

e

For example, the use of this fastening structure as a

fastening structure for a fuel tank containing a combustible

I

such as a fuel inside can suppress the possibility o:

explosion due to ignition of the fuel caused by the occurrence

e d
p—

of sparks, and it is therefore possible to achleve enhanced

safety.

{0014}

P

A fourth aspect of the present invention 1is an aircraft

in which a skin and a structural member located 1inside the

skin are at least partly fastened by the fastening structure

according to the third aspect.

{0015}

With the aircraft according to the fourth aspect of the
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present invention, a skin and a structural member located

inside the skin are at least partly fastened by the fastening

P

structure capable of inhibiting the occurrence of sparks.

Therefore, for example, the use of this fastening structure as

a fastening structure for a fuel tank containing a combustible

such as a fuel inside can suppress the possibility of

explosion due to ignition of the fuel caused by the occurrence

of sparks, and it is therefore possible to achieve enhanced

safety.

(Advantageous Effects of Invention}

{001lo}

'

According to the present invention, the cap 1s made of a

conductive material and is attached so as to cover a portion

of a fastener that couples a skin of an aircraft and a
structural member located inside the skin, the portion

projecting through the structural member. Therefore, the

stroke current passing through the fastener flows through the

interior of the cap. This makes it possible to inhibit

concentration of the electric field at a corner of the

fastener that is located at the above-described portion.

The outer surface of the cap that comes into contact wilth

H

the interior space of the skin, for example, the surface

exposed inside a tank is a curved surface, and/or the cap

includes a contact surface coming into contact with the
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structural member, and it is therefore possible to inhibit the

F

occurrence of sparks caused by electric field concentration.

For example, the use of this cap for a fuel tank
contalning a combustible such as a fuel inside can suppress

the possibility of explosion due to ignition of the fuel

caused by the occurrence of sparks, and it is therefore

possible to achieve enhanced safety.

{Brief Description of Drawings}

{0017}
{Fig. 1} \

FIG. 1 1s a perspective view illustrating the
configuration of a main wing provided with a fuel tank using a
fastening structure\according to one embodiment of the present
invention.

{Fig. 2}

FIG. 2 1s a cross-sectional view illustrating the
configuration of the fuel tank shown in FIG. '1 taken along the
arrow XxX-X.

{Fig. 3}
. FIG. 3 1s a cross-sectional view illustrating the

configuration of a fastening structure between an upper skin and

a stringer shown in FIG. 2.

{Description of Embodiments}
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{0018}

Hereinafter, a fastening structure according to one

P

embodiment of the present invention will be described 1n

detail with reference to FIGS. 1 to 3.

FIG. 1 is a perspective view 1llustrating the

configuration of a main wing provided with a fuel tank using a

fastening structure according to the present embodiment. FIG.

2 1is a cross-sectioconal view illustrating the configuration of

the fuel tank shown 1n FIG. 1 taken along the arrows X-X.

{0019}

As shown in FIGS. 1 and 2, a maln wing 1 1s provided
mainly with an upper skin (skin) 3, a lower skin (skin) D5,

spars (structural members) 7, ribs (structural members) 9, and

stringers (structural members) 11.

Furthermore, a fuel tank 13 1s provided integrally with

the main wing 1 in the interior, or in other words, the

p—

interior space of the main wing 1.

{0020}

The upper skin 3 and the lower skin 5 are thin plates

forming the outer shape of the main wing 1, and serve to bear

*

a part of tensile load and compressive load that act on the

main wing 1, together with the spars 7, the ribs 9, and the

stringers 11.

The upper skin 3 is a thin plate constituting the upper

face of the main wing 1, and the lower skin 5 is a thin plate
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—

constituting the lower face of the main wing 1.

The upper skin 3 and the lower skin 5 are made of, for

example, a carbon fiber reinforced plastic (CFRP) that uses an

epoxy-based resin as the base material and also uses carbon

fiber as the reinforcement fiber. The upper skin 3 and the

lower skin 5 may also be made of, for example, a metal such as

an aluminum alloy.

{0021}

As shown in FIGS. 1 and 2, the spars / are structural

members extending in the span direction of the main wing 1

(the direction perpendicular to the plane of paper in FIG. 2),

and are disposed extending between the upper skin 3 and the

lower skin bO.

AR |

In the present embodiment, a description will be given o:

an example in which the spars 7 are respectively disposed on

)

the leading edge LE side and the trailing edge TE side of the

maln wing 1.
{0022}

As shown in FIGS. 1 and 2, the stringers 11 are

-

structural members extending between a palr of the spars 7 1n

the span direction of the main wing 1 (the direction

perpendicular to the plane of paper in FIG. 2), and serve to

aid the spars 7 in the strength.

The spars 7 and the stringers 11 serve to transmit, to

the aircraft fuselage (not shown) to which the main wing 1 1s
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attached, the bending and torsion forces exerted on the main

wing 1 that act in the front-back direction and the up-down

direction.

{0023}

As shown in FIGS. 1 and 2, the ribs 9 are structural

fr—

members extending in the chord direction of the main wing 1

(the right-left direction in FIG. 2) and disposed extending

between the upper skin 3 and the lower skin 5. In other
words, the ribs 9 are structural members extending 1n a

direction substantially orthogonal to the spars 7 and the

stringers 11, and are plate-like members shaped so as tO have

the cross sectional shape of the main wing 1.

{0024}

The spars 7, the ribs 9, and the stringers 11 are made,

for example, of a metal such as an aluminum alloy.

Alternatively, they may be partly made of a metal, or may be

entirely made of a fiber reinforced plastic such as CFRP.

{0025}

The fuel tank 13 is a tank in which an aircraft fuel

(combustible) is stored, and its storage space 1s formed by

the interior of the main wing 1 partitioned by the upper skin

3, the lower skin 5, a pair of the spars 7 and a plurality of

the ribs 9 as shown in FIGS. 1 and 2. The fuel tank 13 1is an

integral tank that is formed integrally with the main wing 1.

Tnstalled in the interior of the fuel tank 13 are fuel
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pipes (omitted in the drawing) for receiving and supplying the

g

fuel and the wiring (omitted in the drawing) for a fuel

measurement system for measuring the fuel amount.
{00206}

The spars 7, the stringers 11, and the ribs 9 are

e

fastened to the upper skin 3 and the lower skin 5 with

vl

fasteners 15 made o:

|
O

a metal. The fasteners 15 may be made

of, for example, an aluminum alloy or titanium.

FIG. 3 1s a cross-sectional view 1llustrating the

configuration of a fastening structure 17 between the upper

skin 3 and a stringer 11 shown in FIG. 2.
{0027}

A fastener 15 includes a cylindrically extending shank
portion 19 and a head portion 21 disposed at one end of the
shank portion 19.

The head portion 21 has the shape of a truncated cone. A

small diameter portion of the head portion 1s configured to

connect to the shank portion 19 having a diameter

substantially the same as that of the small diameter portion

P

of the head portion. An external thread 23 1s engraved on the

other end side (the side opposite from the head portion 21) of

the shank portion 19.

{0028}

The fastener 15 is disposed such that the shank portion

19 is inserted into a through-hole formed in the upper skin 3
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and the stringer 11 and the head portion 21 1s embedded 1in the

upper skin 3.

The shank portion 19 is configured to project from the

pre——

stringer 11 into the interior space of the fuel tank 13. The

fastener 15 fastens the upper skin 3 and the stringer 11 by a

H

nut 25 being threadably engaged with the external thread 23 o:

the shank portion 19 and being thus moved toward the stringers

11.
{0029}
A cap 27 is provided that covers the portion of the

fastener 15 that is located inside the fuel tank 13, or 1in

other words, the portion projecting from the stringer 11

through the inside of the fuel tank 13, and the nut 25.

The cap 27 has the shape of a substantially spherical

body that is cut by a plane. This section plane constitutes a

contact surface 29 coming into contact with the stringer 11

serving as a structural member.

{0030}

A housing space 31 for housing the portion of the

fastener 15 that projects from the stringer 11 and the

entirety of the nut 25 is formed at the central portion of the

contact surface 29. The cap 27 is mounted 1n a state 1in which

the housing space 31 houses the portion of the fastener 15

that projects from the stringer 11 and the entirety of the nut

25 and that the contact surface 29 is in contact with the
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stringer 11. In other words, the cap 27 is attached so as to

F

cover the portion of the fastener 15 that projects through the

stringer 11 and the entirety of the nut 25.

{0031}

The outer surface 33 of the cap 27, excluding the contact

surface 29, faces the interior space of the upper skin 3, or

in other words, the interior space of the fuel tank 13.

During mounting of the cap 27, the outer surface 33 comes 1into

contact with the interior space of the upper skin 3. On the

other hand, the contact surface 29 is in contact with the

stringer 11, and thus will not come into contact with the

P

interior space of the upper skin 3.

The outer surface 33 forms a part of a substantially

spherical body, and therefore is a curved surface. The shape

F
—

of the outer surface 33 is not limited to a part of a

spherical body, and may be any suitable shape that constitutes

a curved surface.

-

Although a corner is formed at the boundary between the

contact surface 29 and the outer surface 33, this corner does

not correspond to the outer surface 33 coming into contact

with the interior space of the upper skin 3 because the

contact surface 29 is in contact with the stringer 11.

{0032}

The cap 27 is made of, for example, an aluminum alloy.

The material forming the cap 27 is not limited to an aluminum
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alloy, and may be any suitable conductive material.

In this case, 1t 1is preferable, in inhibiting the

occurrence of electrolytic corrosion, to use a material having

')

an electrical resistance substantially equal to that of the

gri=—

materials of the fastener 15 and the stringer 11.

{0033}

The cap 27 may also be attached by engraving an internal
thread in the housing space 31 and threadably engaging the

internal thread with the external thread 25 of the fastener 15

such that the contact surface 29 1s in firm contact with the
stringer 11.
When a gap is created between the contact surface 29 and

the stringer 11, a conductive grease may be interposed between

the contact surface 29 and the stringer 11 so as to ensure

conductivity.

Alternatively, a sealant may be 1nterposed between the

contact surface 29 and the stringer 11 so as to achieve

enhanced adhesiveness. In this case, for example, 1t 1s

preferable to provide the contact surface 29 with a projection

and firmly push the contact surface 29 so as to be embedded on

the stringer 11 side, thus ensuring conductivity.

{0034}

The fastening structure provided by the fastener 15
between the upper skin 3 and the lower skin 5, and the spars 7

and the ribs 9 includes the cap 27 described above.
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{0035}

An operation of the fastening structure 17 according to

the present embodiment configured as described above will now

be described.

When lightning strikes in the vicinity of the fastener

15, the stroke current flows through the fastener 15. The

stroke current flowing through the fastener 15 flows from the

fastener 15 to the stringer 11, while flowing from the

fastener 15 through the interior of the cap 27 to the stringer

11 via the contact surface 29.

{0036}

In this way, the stroke current flows from the fastener

15 through the interior of the cap 27 to the stringer 11, and

1t 1s therefore possible to inhiblt concentration of the

electric field at a corner of the fastener 15 located at this

portion, for example, the distal end of the external thread 23

or the end of the fastener 15.

Since the outer surface 33 of the cap 27 1s a curved

surface, there 1s no corner. Accordingly, the outer surface

33 of the cap 27 does not have any portion where the electric

field 1s concentrated, and 1t i1s therefore possible to inhibit
the occurrence of sparks caused by electric field

concentration.

{0037}

Further, since the stroke current that has flown from the
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fastener 15 to the cap 27 flows through the contact surface 29

to the stringer 11, the area to which the current 1is

transmitted is increased as compared with a structure only

including a path in which the current flows from the fastener

15 directly to the stringer 11. Accordingly, the resistance

of the current flowing from the fastener 15 to the stringer 11

is effectively lowered. When the resistance of the current

flowing from the fastener 15 to the stringer 11 1s lowered,

the current value is decreased, and it is therefore possible

to further inhibit the occurrence of sparks.

{0038}

Accordingly, it is possible to sufficiently suppress the

possibility of explosion due to ignition of the fuel caused by

_

the occurrence of sparks in the interior of the fuel tank 13,

thus enhancing the safety of the aircraft. Furthermore, since
the lightning protection structure for the fastener 15 and the
like can be made simple and more workable, it is possible tO

reduce the manufacturling costs.

{0039}

It should be appreciated that the present invention 1s

not limited to the embodiments described above, and various

modification may be made without departing from the gist o:

the present 1nvention.

For example, in the case where a wide contact surface 29

P

can be ensured and the resistance of the current flowing from
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B

the fastener 15 to the stringer 11 can be sufficiently

lowered, the outer surface 33 may have a corner.

{Reference Signs List}
{0040}

1 Main wing

3 Upper skin

5 Lower skin

] Spar

9 Rib

11 Stringer

15 Fastener

17 Fastening structure

27 Cap

29 Contact surface

33 Outer surface
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{CLAIMS}

{Claim 1}

A cap that is attached so as to cover a portion of a

b

fastener that couples a skin of an aircraft and a structural

member located inside the skin, the portion projecting through

the structural member,

wherein an outer surface of the cap that comes 1nto

contact with an interior space of the skin 1s a curved

surface, and

the cap is made of a conductive material.

{Claim Z}

The cap according to claim 1, wherein the cap 1ncludes a

contact surface coming into contact with the structural

member.

{Claim 3}

A cap that is attached so as to cover a portion of a

fastener that couples a skin of an aircraft and a structural
member located inside the skin, the portion projecting through
the structural member,

wherein the cap includes a contact surface coming 1into

contact with the structural member and is made of a conductive

material.
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{Claim 4}

21

r"“

A fastening structure in which a skin of an aircraft and

a structural member located i1nside the skin are coupled by a

fastener,

wherein a portion o

the structural member 1s

one of claims 1 to 3.

{Claim 5}

- the fastener that projects through

covered by the cap according to any

An aircraft in which a skin and a structural member

located inside the skin are at least partly fastened by the

fastening structure according to claim 4.
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