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Abstract

Provided is a joint and an aircraft structure wherein it is possible to
position a member relative to a preform with high accuracy. A groove into
which a plate member (30) is inserted is formed in a pi-shaped joint (20)
provided on the preform (21), and the preform (21) and the plate member (30)
are connected by being bonded. Moreover, a fitting shape (32A-1) into which
the plate member (30) is fitted is formed on the pi-shaped joint (20) on the
whole groove bottom face. Additionally, a fitting shape (32A-2) into which
the plate member (30) is fitted is formed on a portion of the groove bottom face.
Furthermore, fitting shapes (32B-1, 32B-2), into which the groove bottom face
that is formed on the pi-shaped joint (20) is fitted, are formed on the surface of
the plate material (30) that is fitted with the pi-shaped joint (20).
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JOINT, AND AIRCRAFT STRUCTURE

Technical Field
[0001]
The present invention relates to a joint, and an aircraft structure.

Background Art
(0002]

In the aviation field, the range of application of composite materials such
as, for example, carbon fiber reinforced plastics (CFRP) has extended to the
primary structure. Also, utilizing the advantage of light weight of composite
materials, 1t is desirable that joints do not use fasteners, in order to achieve
welght reduction of the structure.

The so-called pi (n) shaped joint in which a groove is formed and a
member (for example a plate member) is inserted into the groove is an example
of a joint.

[0003]

A plate member inserted into the joint is bonded using adhesive, and the

joint is also bonded to a preform using adhesive. In this way, plate members

are connected to a preform.

[0004]
Also, when assembling the structure, plate members that are joined to the

preform must be positioned with high accuracy. In other words, if the joint is
provided in advance on the preform, it is necessary to position the plate member
with respect to the joint with high accuracy.

[0005]

In Patent Document 1, a peg (projection) for positioning is provided on a
side face of a plate member, and a slot into which the peg is fitted is provided

on a side face of a joint, and positioning is carried out by inserting the plate
member so that the peg of the plate member is fitted into the slot of the joint.

Citation List

Patent Literature

[0006]
Patent Document 1: US Patent No. 8403586

Summary of Invention

Technical Problem
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(0007]

However, in the configuration disclosed in Patent Document 1, it 1s necessary
to provide the projection in the side face of the plate member, and provide the slot in the side

face of the joint, so the number of assembly operations is increased. Also providing the slot is

O not desirable from the point ot view of strength.

(0008]

With the foregoing in view, it is an object of the present invention to provide a
joint and an aircraft structure that enables a member to be positioned relative to a preform

without increasing the number of assembly operations and without reducing the strength.

10 Solution to Problem

(0009]

In order to solve the problem described above, the joint and the aircraft

structure according to the present invention utilize the following means.

[0010]

15 The joint according to a first aspect of the present invention 1s provided on a

preform, has a groove formed therein into which a member 1s inserted, and 1s for connecting

the preform and the member by bonding. A first fitting shape into which the member fits i1s

formed on the whole face of the bottom face ot the groove.

(0011]

20 The joint according to this aspect is provided on a preform, has a groove
formed therein into which a member 1s inserted, and is for connecting the preform and the

member by bonding. Note that the member 1s, for example, a plate member. The member 1s
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bonded to the joint by filling the gap between the member and the groove with adhesive. Also,

the joint 1s bonded to the preform with, for example, adhesive.

[0012]

[t 1s necessary that the member inserted into the joint 1s positioned with good

O accuracy.

Also, a first fitting shape into which the member fits 1s formed on the whole
face of the bottom face of the groove. In other words, a fitting shape into which the first fitting
shape fits is also formed on the member, and the first fitting shape on the bottom face of the
groove 1s fitted with the fitting shape of the member. In this way, the member is fitted only in

10 the position that corresponds with the first titting shape.
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Note that the first fitting shape is a shape that is symmetrical with

respect to the center of the groove width as axis, or a shape that is
asymmetrical.

[0013]

Therefore, according to the aspect as described above, the member can
be positioned with high accuracy with respect to the preform, without

Increasing the number of assembly processes, and without reducing the
strength.

(00147

In the aspect as described above, a second fitting shape into which the

member fits is formed on a portion of the bottom face of the groove.
[0015]

According to this aspect, the second fitting shape is the standard position
for positioning the member with respect to the longitudinal direction of the
groove, so the member can be positioned in the required position with respect to
the longitudinal direction of the groove. The shape of the second fitting shape

1s, for example, a protrusion shape or a slot shape.
[0016]

In the first aspect as described above, the first fitting shape may be

formed so that the position of the member is a prescribed position with respect
to the groove width.

[0017]

According to this aspect, the member can be positioned in the prescribed
position with respect to the groove width, The prescribed position is a
position in which, for example, the member does not touch the two faces that
form the groove, such as the center of the groove width.

[0018]

In the first aspect as described above, the joint may include: a main body
member in which the groove is formed; and a positioning member having the
fitting shape formed on a top face thereof, and the positioning member is

arranged in the main body member so that the top face thereof is a bottom face
of the groove, and the member is connected at the top face.

[0019]

According to this aspect, the joint is a so-called pi-shaped joint in which
the groove is formed, the member is connected to the groove, and the fitting

shape is formed in advance by the positioning member. Note that the main

body member may be configured as separate from the positioning member, or it
may be formed integrally therewith.



81794339

[0019a)

According to an embodiment, there is provided a joint provided in advance on
a preform and for connecting the preform and a member by bonding, the joint comprising: a
groove 1nto which the member is inserted; and a first fitting shape onto which the member fits,
the first fitting shape being formed on the whole face of a bottom face of the groove, wherein
the first fitting shape is formed asymmetrically about a center line of a width of the groove as

axis.

[0020]

The joint according to a second aspect of the present invention is a joint
provided on a preform, has a groove formed therein into which a member is inserted, and is
tor connecting the preform and the member by bonding. A first fitting shape is formed on a
bottom face of the groove to position the member with respect to the width direction of the

groove.

[0021]

In the second aspect as described above, a second fitting shape is formed on the
bottom face of the groove to position the member with respect to the longitudinal direction of

the groove.

10021a]

According to an embodiment, there is provided a joint provided in advance on
a pretorm and for connecting the preform and a member by bonding, the joint comprising: a
groove into which the member is inserted; and a first fitting shape being formed on a bottom
face of the groove to position the member with respect to a width direction of the groove,
wherein the first {itting shape is formed asymmetrically about a center line of a width of the

groove as axis.

CA 2919618 2019-02-01
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(0022]

T'he aircraft structure according to a third aspect of the present invention
includes: the joint as described above; and a member in which a fitting shape is formed, the
fitting shape fitting with the bottom face of the joint at a connection face with the joint, and

the member is connected by inserting into the groove of the joint and bonding.

[0022a]

According to an embodiment, there is provided a use of the joint as described

herein 1n an aircraft structure.

Advantageous Effects of Invention

10023]

The present invention has the advantageous effect that the member can be

positioned with high accuracy with respect to the preform.

Brief Description of Drawings

(0024]

FIG. 1 1s a perspective view illustrating a partially sectioned main wing of an

aircraft.

CA 2919618 2019-02-01
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FIG. 2 is a side view illustrating the configuration of a pi-shaped joint

according to an embodiment of the present invention.

F1G. 3 is a perspective view illustrating the configuration of a pi-shaped joint

according to an embodiment of the present invention.

FIG. 4 1s a side view illustrating the configuration of a pi-shaped joint

according to a first modification of the present invention.

FIG. 5 is a side view illustrating the configuration of a pi-shaped joint

according to a second modification of the present invention.

FIG. 6 is a perspective view illustrating the configuration of a pi-shaped joint

according to a third modification of the present invention.

Description of Embodiments

[0025]

An embodiment of the joint and aircraft structure according to the present

invention is described below with reference to the accompanying drawings.

[0026]

The joint according to the present embodiment is a so-called pi (7) shaped joint

(hereafter, "pi-shaped joint") 20 (see FIG. 2) provided on a preform, and in which a groove is
formed, a member being inserted into the groove, and is for connecting the preform and the

member by bonding.
[0027]

FIG. 1 is a perspective view illustrating a partially sectioned main wing 1 of an

aircratt.
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[0028]

The main wing 1 includes an upper skin 3, a lower skin 5, a forward spar 7, a

rear spar 9, and a plurality of ribs 11.

The upper skin 3 and the lower skin 5 configure the outer shape of the main
wing 1 and are thin plates also acting as aerodynamic surfaces. Along with the forward spar 7,
the rear spar 9, and stringers (not illustrated), the upper skin 3 and the lower skin 5 partially

bear tensile loads and compressive loads acting on the main wing 1.

10029]

As 1llustrated in FIG. 1, the forward spar 7 and the rear spar 9 are structural

members that extend in the lengthwise direction of the main wing 1, and are disposed between

the upper skin 3 and the lower skin 5.

A plurality of stringers, which are support members extending in the
lengthwise direction of the main wing 1, is disposed on the inside face of the upper skin 3 or

the lower skin 5, between the forward spar 7 and the rear spar 9.
[0030]

As illustrated in FIG. 1, the ribs 11 are structural members extending in the
widthwise direction of the main wing 1, and are disposed between the upper skin 3 and the
lower skin 5. In other words, the ribs 11 are structural members extending in a direction
roughly orthogonal to the forward spar 7 and the rear spar 9, and are plate-like members

formed in the shape of the cross-sectional shape of the main wing 1.
10031}

Here, a pi-shaped joint 20 according to the present embodiment 1s used for
example in the connection between the upper skin 3 and the forward spar 7 and the rear spar

9, the connection between the lower skin 5 and the forward
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spar 7 and the rear spar 9, the connection between the ribs 11 and the forward
spar 7 and the rear spar 9, and the like. Note that the pi-shaped joint 20 may
be used in structures other than the main wing 1 of an aircraft.

[0032]
FIG. 2 1s a side view illustrating the configuration of the pi-shaped joint

20 according to the present embodiment

[0033]
The pi-shaped joint 20 provided on a preform 21 is configured from a

main body member 24 in which a groove 22 is formed, and a positioning
member 26 (also referred to as a filler) with fitting shapes 32A-1, 32A-2 (see
also FIG. 3) formed on the top face 26A thereof.

T'he groove 22 of the pi-shaped joint 20 is formed by arranging two faces
of a pair of L-shaped members 28 from which the main body member 24 is
formed opposite each other, and configured so that the top face 26 A of the
positioning member 26 is the bottom face of the groove 22.

[0034]
The pi-shaped joint 20 1s, for example, used in the body structure of an

aircraft as described above, and a member (a plate member 30 as an example in
the present embodiment) that forms a part of the body structurc is inserted into
the groove 22. For example the forward spar 7 or the rear spar 9 is the
preform 21, and the rib 11 is the plate member 30.

Also the bottom face of the inserted plate member 30 is connected to the
top face 26 A of the positioning member 26.

[0035]
The fitting shapes 32A-1, 32A-2 (see also FIG. 3) which are described in

detail later are formed in advance in the top face 26A of the positioning member

26, and the position of the plate member 30 is fixed in the desired position by
the fitting shapes 32A-1, 32A-2. In other words, the positioning member 26

has the function of positioning the plate member 30.

[0036]
Also, the plate member 30 is bonded to the pi-shaped joint 20 by filling

the gap between the plate member 30 and the groove 22 with adhesive. On the
other hand, the pi-shaped joint 20 is bonded to the preform 21 with adhesive.
Note that there 1s no particular limitation on the method of bonding the preform
2] and the pi-shaped joint 20, and the method of bonding the pi-shaped joint 20
and the plate member 30.

In this way, the plate member 30 is bonded to the preform 21 by bonding

using the pi-shaped joint 20, and without using fasteners.
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[0037]

The material of the pi-shaped joint 20, the preform 21, and the plate
member 30 is a composite material, for example, carbon fiber reinforced plastic
(CFRP) or the like. In CFRP, carbon fiber is used as a reinforcing material,

and a synthetic resin is used as a matrix. Note that this is not a limitation, and
a metal such as aluminum alloy may be used as the material of the pi-shaped
joint 20, the preform 21, and the plate member 30.

[0038]

As 1llustrated in the enlarged view in FIG. 2, in the pi-shaped joint 20
according to the present embodiment, the bottom face of the groove 22
(hereafter referred to as the “groove bottom face™) is the top face 26A of the
positioning member 26. Therefore, the fitting shape 32A-1 into which the
plate member 30 fits is formed on the whole face of the groove bottom face.

In this way, the fitting shape 32A-1 is formed across the whole groove
bottom face, so the plate member 30 is positioned in plane. In other words,
the fitting shape 32A-1 positions the plate member 30 with respect to the width
direction of the groove 22.

[0039]

One example of the fitting shape 32A-1 according to the present
embodiment 1s a shape formed symmetrically about the center line CL of the
width of the groove 22 (hereafter, the “groove width) as axis, and in the
example illustrated in FIG. 2 is a V-shape.

This V-shaped fitting shape 32A-1 is formed along the longitudinal
direction of the groove 22.

Note that the whole face of the groove bottom face 22A includes
substantially the whole face, but the fitting shape 32A-1 need not be formed in a
portion of the groove bottom face 22A in the longitudinal direction. For
example the fitting shape 32A-1 need not be formed near both ends in the
longitudinal direction of the groove bottom face 22A, the fitting shape 32A-1

need not be formed near the center in the longitudinal direction of the groove
bottom face 22A, and the fitting shape 32A-1 need not be formed at a plurality

of locations in the longitudinal direction of the groove bottom face 22A.

[0040]
A titting shape 32B-1 corresponding to the fitting shape 32A-1 of the

groove bottom face 22A is formed in the plate member 30 in the connecting face
with the pi-shaped joint 20. In the example of FIG. 2, the fitting shape 32B-1
formed in the plate member 30 is also V-shaped. By making both fitting
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shapes 32A-1, 32B-1 V-shaped, the plate member 30 is smoothly fitted to the

groove bottom face 22A.

[0041]
Note that the fitting shape 32A-1 is formed so that the plate member 30

1s positioned in a prescribed position with respect to the groove width.

The prescribed position is a position such as, for example, the center in
the groove width, in which the plate member 30 does not contact the two faces
of the L-shaped members 28 that form the groove 22. When the plate member
30 contacts the two faces of the L-shaped members 28 that form the groove 22,

it 1s not possible to uniformly fill with adhesive on both sides of the plate

member 30.

[0042]
FIG. 3 1s a perspective view illustrating the configuration of the

pi-shaped joint 20 according to the present embodiment.

[0043]
As illustrated in FIG. 3, a fitting shape 32A-2 into which the plate

member 30 fits 1s formed in a portion of the groove bottom face 22A of the
pi-shaped joint 20 according to the present embodiment. One example of the
fitting shape 32A-2 according to the present embodiment is a slot shape.
[0044]

In this way, the fitting shape 32A-2 is formed in a portion of the groove
bottom face 22A, so the plate member 30 is positioned at a point. In other
words, the fitting shape 32A-2 is at a reference position for positioning the plate
member 30 with respect to the longitudinal direction of the groove 22, and

positions the plate member 30 with respect to the longitudinal dircction of the

groove 22.

[0045]
On the other hand, a fitting shape 32B-2 into which the fitting shape

32A-2 fits 1s formed in the plate member 30. The fitting shape 32B-2
according to the present embodiment has a protrusion shape that can fit with the
fitting shape 32A-2.
[0046]

Also the fitting shapes 32A-1, 32A-2 of the groove bottom face 22 A fit
with the fitting shapes 32B-2, 32B-2 of the plate member 30. In this way, the
plate member 30 is fitted in a position that coincides with the fitting shapes

32A-1, 32A-2 of the groove bottom face 22A.
[0047]
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Note that as an example there is one each of the fitting shapes 32A-2,

32B-2 illustrated in FIG. 3, but this is not a limitation, and for example two or
more may be formed at equal intervals. In addition, as one example the fitting

shapes 32A-2, 32B-2 are formed substantially in the center in the longitudinal

direction of the groove 22, but this is not a limitation, and for example they may

be formed near an end of the groove 22.

[0048]
In the example of FIG. 3, the L-shaped members 28 (main body member

24) and the positioning member 26 are separately configured, but the L-shaped
members 28 (main body member 24) and the positioning member 26 may be
formed integrally. Note that there is no particular limitation on the method of
forming the L-shaped members 28 and the positioning member 26 from which
the pi-shaped joint 20 is configured.

[0049]
As described above, the pi-shaped joint 20 according to the present

embodiment is provided on the preform 21, the groove 22 in which the plate
member 30 is inserted is formed therein, and by bonding to the preform 21 and

the plate member 30 connects the preform 21 and the plate member 30.
Moreover, the fitting shape 32A-1 into which the plate membecer 30 fits is formed

on the pi-shaped joint 20 on the whole groove bottom face 22A. Additionally,
the fitting shape 32A-2 into which the plate member 30 fits is formed 1n a

portion of the groove bottom face 22A.

On the other hand, the fitting shapes 32B-1, 32B-2 that 1t with the
groove bottom face 22A formed in the pi-shaped joint 20 are formed on the
plate member 30 at the joining face with the pi-shaped joint 20.

10050]

Therefore, the pi-shaped joint 20 according to the present embodiment
can arrange the plate member 30 in the required position with respect to the
groove width using the fitting shape 32A-1 of the groove bottom face 22A. In
other words, the plate member 30 is positioned with high accuracy with respect
to the groove width (the direction A in FIGS. 2 and 3) using the fitting shape
32A-1 of the groove bottom face 22A.

[0051]

Also, the pi-shaped joint 20 according to the present embodiment
positions the plate member 30 with high accuracy with respect to the
longitudinal direction of the groove 22 (the direction B of FIG. 3) using the

fitting shape 32A-2 of the groove bottom face 22A.
[0052]
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Also, by just inserting the plate member 30 into the pi-shaped joint 20
according to the present embodiment towards the groove bottom face 22A, the
plate member 30 is positioned with high accuracy with respect to the vertical
direction of the groove 22 (the direction C of FIGS. 2 and 3).

{0053]

Also, the pi-shaped joint 20 according to the present embodiment
prevents the plate member 30 from being connected to the pi-shaped joint 20 at
an inclination by fitting with the plate member 30 using the fitting shapes
32A-1, 32A-2.

[0054]

Furthermore, the fitting shapes 32A-1, 32A-2 are formed 1in advance on
the pi-shaped joint 20, and the fitting shapes 32B-1, 32B-2 are formed 1n
advance on the plate member 30. Therefore, by just inserting the plate
member 30 into the pi-shaped joint 20, the plate member 30 can be positioned,
so compared with the conventional method in which for example a positioning
peg is used, the process of assembling the structure can be simplified, and the
time required for assembly can be shortened.

[0055]
[First Modification]

Hereinafter, a first modification of the present invention will be
described.

10056]
FIG. 4 1s a side view of the pi-shaped joint 20 according to a first

modification of the present invention. Note that constituent parts in FIG. 4

that are the same as in FIG. 2 are given the same reference signs as in FIG. 2,

and their description 1s omitted.

[0057]
The fitting shape 32A-1 of the groove bottom face 22A according to the

first modification is formed asymmetrically about the center line CL of the

groove width as axis.
[0058]

As illustrated in FIG. 4, in the first modification, the fitting shape 32A-1
is formed in a circular arc-shaped (radiused shape) protrusion in substantially

the center, and on the two sides thereof i1s formed in a flat shape with different
heights.

On the other hand, a circular arc-shaped recess with flat shapes with
different heights on the two sides thereof is formed in the plate member 30 as
the fitting shape 32B-1 into which the fitting shape 32A-1 fits.
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[0059]
[Second Modification]
Hereinafter, a second modification of the present invention will be
described.
[0060]

FIG. 5 is a side view of the pi-shaped joint 20 according to the second
modification of the present invention. Note that constituent parts in FIG. 5

that are the same as in FIG. 2 are given the same reference signs as in FIG. 2,
and their description 1s omitted.

[0061]

The fitting shape 32A-1 of the groove bottom face 22 A according to the

second modification is formed asymmetrically about the center line CL of the
groove width as axis.

[0062]

As illustrated in FIG. 5, in the second modification, a slanting face
(tapered shape) 1s formed on a first side of the fitting shape 32A-1, and a flat

shape with a step is formed on a second side.

On the other hand, a slanting face is formed on one side, and a flat shape
with a step 1s formed on a second side in the plate member 30 as the fitting
shape 32B-1 into which the fitting shape 32A-1 fits.

[0063]

[ Third Modification]

Hereinafter, a third modification of the present invention will be
described.

[0064]

FIG. 6 1s a side view of the pi-shaped joint 20 according to the third
modification of the present invention. Note that constituent parts in FIG. 6

that are the same as in FIG. 3 are given the same reference signs as in FIG. 3,
and their description is omitted.

[0065]
As 1llustrated in FIG. 6, in the pi-shaped joint 20 according to the third

modification, a protrusion shape is formed in the positioning member 26 as the
fitting shape 32A-2.

On the other hand, a slot shape is formed in the plate member 30 as the
fitting shape 32B-2 into which the fitting shape 32A-2 fits.
[0066]

The present invention has been described using the above embodiments,

but the technical scope of the present invention is not limited to the scope of the
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embodiments as described above. Various modifications or improvements can
be made to the embodiments as described above within the range that does not
deviate from the intent of the invention, and these forms to which the

modifications or improvements have been added are also included within the

technical scope of the present invention.

[0067]
For example, in the embodiments as described above, the pi-shaped joint

20 was described for a form used in an aircraft structure, but the present
invention 1s not limited to this, and the pi-shaped joint 20 may be a form that is

used 1n structures other than an aircraft.

[0068]
Also, in the embodiments as described above, a form was described in

which the fitting shape 32A-1 and the fitting shape 32A-2 are formed in the
positioning member 26, and the fitting shape 32B-1 and the fitting shape 32B-2
are formed in the plate member 30, but the present invention is not limited to
this. For example, the fitting shape 32A-1 only may be formed in the
positioning member 26, and the ﬁtting shape 32B-1 only may be formed in the

plate member 30.

Reference Signs List

[0069]

1 Main wing

20 Pi-shaped joint

21 Preform

22 Groove

24 Main body member

26 Positioning member
30 Plate member
32A-1 Fitting shape
32A-2 Fitting shape
32B-1 Fitting shape
32B-2 Fitting shape
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CLAIMS:

1. A joint provided in advance on a preform and for connecting the preform and a

member by bonding, the joint comprising:
a groove into which the member is inserted; and

a first fitting shape onto which the member fits, the first fitting shape being

formed on the whole face of a bottom face of the groove, wherein

the first fitting shape is formed asymmetrically about a center line of a width

of the groove as axis.

2. The joint according to claim 1, wherein a second fitting shape onto which the

member fits 1s formed on a portion of the first fitting shape.

3. The joint according to claim 1 or 2, wherein the first fitting shape is formed so

that the member is positioned in a prescribed position with respect to the width of the groove.
4. The joint according to any one of claims 1 to 3, comprising:
a main body member in which the groove is formed; and

a positioning member having the first fitting shape formed on a top face

thereof, wherein

the positioning member is arranged in the main body member so that the top
face of the positioning member 1s the bottom face of the groove, and the member is connected

at the top face.

. A joint provided in advance on a preform and for connecting the preform and a

member by bonding, the joint comprising:

a groove into which the member is inserted; and

CA 2919618 2019-02-01
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a first fitting shape being formed on a bottom face of the groove to position the

member with respect to a width direction of the groove, wherein

the first fitting shape is formed asymmetrically about a center line of a width of

the groove as axis.

0. The joint according to claim 5, wherein a second fitting shape 1s formed on the
bottom face of the groove to position the member with respect to a longitudinal direction of

the groove.

7. Use of the joint of any one of claims 1 to 6 in an aircraft structure.

CA 2919618 2019-02-01
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