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(57) Abréegée/Abstract:
The objective of the present invention Is to provide an aircraft assembly system, an aircraft assembly method, and an aircraft

component positioning device with which It is possible to precisely dispose components on a plate-shaped member of an aircraft
without using a positioning jig. A positioning device (2) Is provided with: a detection unit (5) for detecting the position of a plurality of
first components installed on a plate-shaped member of an aircraft; a virtual position creation unit (6) for creating virtual positions
among the plurality of first components on the basis of the position of the detected first components; and a position determination
unit (/) for determining the installation positions of second components installed on the plate-shaped member on the basis of the
created virtual positions, the second components differing from the first components.
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Abstract

The object is to provide an aircraft component positioning device, an
aircraft assembly system, and an aircraft assembly method with which it is
possible to precisely dispose components on a planar member of an aircraft
without using a positioning jig. A positioning device (2) includes a detection
unit (5) that detects positions of a plurality of first components installed on a
planar member of an aircraft, a virtual position creation unit (6) that creates a
virtual position between the plurality of first components on the basis of the
positions of the plurality of first components that are detected, and a position
determination unit (7) that, on the basis of the virtual position that i1s created,
determines an installation position of a second component, different from the

plurality ot first components, that 1s installed on the planar member.
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AIRCRAFT COMPONENT POSITIONING DEVICE, AIRCRAFT ASSEMBLY
SYSTEM, AND AIRCRAFT ASSEMBLY METHOD

Technical Field
[0001 ]
The present invention relates to an aircraft component positioning device,
an aircraft assembly system, and an aircraft assembly method used when an

aircraft component 1s installed to another component.

Background Art
[0002]

Structural bodies provided in the fuselage, wings, and the like of an
aircraft have three-dimensional curved surfaces and combinations of
low-rigidity components in order to ensure the final rigidities of those structural
bodies. Thus during assembly, individual structural components are attached
to other components at predetermined positions using positioning jigs. A
positioning jig has, for example, a plurality of recessed portions defined therein.
Structural components are placed in the recessed portions, and the positioning
jig then approaches the other components on the basis of a reference point.  As
a result, the structural components are attached at the predetermined positions.
[0003]

If many structural components are to be positioned at the same time
using a positioning jig, there will be less space between the structural
components, which makes it difficult for the worker attaching the components
to work. Thus to improve the workability, the positioning jig 1s required to be
configured such that there are no narrow spaces that can be accessed by the

worker.

(0004 ]
Accordingly, the process for attaching components 1s typically divided

into multiple steps, and a different positioning jig is used in each step.  This

makes it possible to increase the spaces between the structural components.
Workpieces are moved to the dedicated positioning jigs provided for each step,
and after all the steps have been carried out, the workpieces are completed as
the final structural body. Because each workpiece are moved amongst a
plurality of jigs, the tolerances of the jigs accumulate with respect to workpiece
by the number of jigs that are used. This means that the quality of the

structural body ultimately assembled depends on the precision of the jigs.
[0005]
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Patent Document 1, indicated below, discloses technology for precisely

assembling large products such as large aircraft fuselages.

Citation List

Patent Document

[0006]
Patent Document 1: US Patent No. 6408517 specification

Summary of Invention
Technical Problem
10007]

To improve the quality of the structural bodies assembled, it 1s necessary
to use high-precision positioning jigs. However, making a high-precision jig
is difficult, and thus there 1s demand for other methods for improving the
quality of assembled products and improving productivity without using jigs.
In one such method, when coupling holes for coupling together components to
be attached are defined, the holes are precisely detined 1in the components and
the positioning is accomplished by aligning the coupling holes. However, 1n
the aircraft industry, there are many components subjected to sheet metal
processing, and it is difficult to ensure that the components themselves are

processed with precision. It is therefore difficult to position components with

precision using coupling holes.

[0008]
Having been achieved in light of such circumstances, an object of the

present invention is to provide an aircraft component positioning device, an

aircraft assembly system, and an aircraft assembly method with which it 1s

possible to precisely dispose components on a plate-shaped member ot an

aircraft without using a positioning jig.

Solution to Problem

[0009]

An aircraft component positioning device according to a first aspect of
the present invention includes a detection unit, a virtual position creation unit,
and a position determination unit. The detection unit detects positions of a
plurality of first components installed on a planar member of an aircratt. The
virtual position creation unit creates a virtual position between the plurality of
first components on the basis of the positions ot the plurality ot first

components that are detected. The position determination unit, on the basis of
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the virtual position that i1s created, determines an installation position of a

second component, different tfrom the plurality of first components, that is

installed on the planar member.

[0010]
According to this configuration, the installation position of the second

component, which 1s different from the plurality ot first components, 1s

determined to be at a virtual position including the plurality of first components
or a position separated from the virtual position by a predetermined distance, on
the planar member of the aircraft on which the plurality of first components are
installed. Accordingly, the second component can be precisely attached to the

planar member, without using a positioning jig.

10011]
In the above-described first aspect, the detection unit may detect an

installation hole, defined in the planar member, in which the second component
1s installed; and the position determination unit may determine the installation

position of the second component on the basis of the created virtual position

and the detected 1nstallation hole.

[0012]
In the above-described first aspect, the virtual position creation unit may

create two or more of the virtual positions on the basis ot at least three of first
components of the plurality ot first components; and the position determination
unit may determine the installation position of the second component on the

basis of the two or more created virtual positions.

[0013]
An aircraft assembly system according to a second aspect of the present

invention includes the above-described aircraft component positioning device

and an aitrcraft component attachment device that installs the second component
on the planar member on the basis of an installation position ot the second

component determined by the aircraft component positioning device.

[0014]
An aircraft assembly method according to a third aspect of the present

invention includes the steps of: detecting positions ot a plurality of first
components installed on a planar member of an aircraft; creating a virtual
position between the plurality of first components on the basis of the positions
of the plurality of first components that are detected; and determining, on the
basis of the virtual position that is created, an installation position of a second

component different from the plurality of first components and installed on the

planar member.
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|0015]
In the above-described third aspect, the method may further include a

step of installing the second component on the planar member on the basis of

the installation position of the second component that 1s determined.

Advantageous Effects of Invention
[0016]

According to the present invention, components can be disposed on a

planar member of an aircraft with precision, without using a positioning jig.

Brief Description of Drawings
[0017]
FIG. 1 is a block diagram illustrating an aircraft assembly system

according to an embodiment of the present invention.
FIG. 2 1s a flowchart illustrating operations of the aircraft assembly
system according to the embodiment of the present invention.

FIG. 3 is a side view 1llustrating a thin plate member and a structural

component placed on the thin plate member.

FIG. 4 is a plan view illustrating a structural component placed on a thin
plate member.

FIG. 5 is a plan view illustrating a structural component placed on a thin
plate member and an installation hole.

FIG. 6 is a flowchart illustrating operations in an example of the aircraft
assembly system according to the embodiment of the present invention.

FIG. 7 is a plan view illustrating a skin and structural parts constituting

an atrcraft fuselage.

Description of Embodiments
[0018]

Hereinafter, an aircraft assembly system according to an embodiment of
the present invention will be described.

An aircraft assembly system 1 assembles a fuselage, wings, or the like of
an aircraft.  Structural bodies such as the fuselage and the wings are
configured by combining a plurality of structural components. The fuselage,
the wings, and the like are configured by coupling together structural bodies
and a thin plate member (a skin). The aircraft assembly system 1 includes a
positioning device 2 that determines an installation position of a structural

component on the thin plate member, and an attachment device 3 that attaches
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the structural component to the thin plate member. In the following, a
structural component being attached to the thin plate member reters both to a
case where the structural component is attached directly to the thin plate

member and to a case where the structural component is attached to the thin

plate member with another component located therebetween.

[0019]
As illustrated in FIG. 1, the positioning device 2 includes a sensor unit 4,

a detection unit 5, a virtual position creation unit 6, a position determination
unit 7, and the like. The detection unit 5, the virtual position creation unit 6,

and the position determination unit 7 are realized by a control device such as a

computer that executes programs.

[0020]
The attachment device 3 is a robot, for example, and includes a sensor

unit 8, a detection unit 9, a gripping unit 10, a fastener joining unit 11, and the
like. Note that in the case where the attachment device 3 is a robot, the sensor
unit 4 or the like of the positioning device 2 may be provided 1in the robot.

The sensor unit 4 and the detection unit 5 of the positioning device 2 may then

also function as the sensor unit 8 and the detection unit 9 of the attachment

device 3. The detection unit 9 is realized by a control device such as a

computer that executes programs.

[0021]
The sensor unit 4 of the positioning device 2 is a laser rangefinder or an

imaging device such as a camera, for example. The sensor unit 4 measures the
distance to a subject, for example a structural component 13 already installed on
a thin plate member 12 of an aircraft, as illustrated in FIG. 2. The sensor unit

4 sends a result of the measurement to the detection unit 5. The sensor unit 4

may measure the distance to an installation hole 15, defined in the thin plate
member 12, for a structural component 14 to be newly installed (see FIGS. 2

and 5). Note that the thin plate member 12 is an example ot a planar member.

[0022]
The detection unit 5 detects the position of a subject, for example the

above-described structural component 13 that is already installed, on the basis
of distance information obtained as a result of the measurement performed by
the sensor unit 4. The detected position corresponds to position information
such as coordinate points relative to a given reference point (origin).
Meanwhile, a plurality of representative points may be extracted for a single
already-installed structural component 13, and the position of each

representative point may then be detected. Note that when the distance to the
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installation hole 15 defined in the thin plate member 12 is measured by the

sensor unit 4, the detection unit 5 detects the position of the installation hole 15.
[0023]

The virtual position creation unit 6 creates a virtual position between a
plurality ot subjects, for example, already-installed structural components 13.
The virtual position may be a virtual line or a virtual plane. In the case where
the position of a single representative point is detected for a single
already-installed structural component 13, a virtual line is created by
connecting the positions of two already-installed structural components 13.
Alternatively, in the case where the positions of two representative points are
detected tor a single already-installed structural component 13, a virtual plane
1s created by connecting the corresponding two positions of the two

already-installed structural components 13.

The virtual position creation unit 6 may create two or more virtual
positions (virtual lines or virtual planes) on the basis of at least three

already-installed structural components 13.
10024 ]

The position determination unit 7 determines, on the basis of the created
virtual position, the installation position of the structural component 14 to be
newly installed on the thin plate member 12. The position determination unit
7 may determine the installation position of the newly-installed structural
component 14 in light of the detected position of the installation hole 15 for the
newly-installed structural component 14. In the case where two or more
virtual positions are created, the position determination unit 7 determines the
installation position of the newly-installed structural component 14 on the basis
of the two or more virtual positions, by averaging two of the virtual positions,

for example.

[0025]
The sensor unit 8 of the attachment device 3 1s a laser rangefinder or an

imaging device such as a camera, for example. The sensor unit 8§ measures the

distance to a subject. The sensor unit 8 measures the distance to the
installation position of a newly-installed structural component 14, for example.
10026]

The detection unit 9 detects the position of a subject, for example, the
above-described newly-installed structural component 14, on the basis of

distance information obtained as a resuit of the measurement performed by the

sensor unit 8.
[0027]
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The gripping unit 10 grips the structural component 14 to be installed,
and moves the structural component 14 to the position where that component is
to be newly installed on the basis of the result from the detection unit 9 and the
virtual position determined by the positioning device 2. The gripping unit 10
releases the structural component 14 after the structural component 14 has been

fixed using a fastener.
10028]

The fastener joining unit 11 joins the structural component 14, which has
been moved to the position where that component is to be newly installed, to the

thin plate member 12 using a fastener. The fastener 1s a bolt, a rivet, or the

like.
[0029]

Next, an aircraft component assembly method will be described with
reference to the flowchart in FIG. 2, as well as FIGS. 3 and 5.

First, the sensor unit 4 of the positioning device 2 measures distances to
two structural components 13 already installed on the thin plate member 12
(step S1). The measurement results are then sent from the sensor unit 4 to the
detection unit 5. Then, the detection unit 5 detects the positions of the
already-installed structural components 13 (step S2). At this time, the

position of one or more representative points P 1s detected for each structural

component 13.
[0030]

Next, the virtual position creation unit 6 creates the virtual position such
as a virtual line or a virtual plane between the already-installed structural
components 13 on the basis ot the positions of the representative points P of the

two structural components 13 (step S3). In the example 1llustrated in FIG. 3, a

virtual plane V 1s created. At this time, two or more virtual positions may be
created on the basis of the positions of the representative points P of three or
more structural components 13, and an averaged virtual position may then be
created. For example, as illustrated in FIGS. 3 and 4, two virtual planes V1
and V2 are created on the basis of the positions of the representative points P of
three structural components 13. A virtual plane V3 1s then created 1n a
position obtained by averaging the two virtual planes V1 and V2.
[0031]

On the other hand, the structural component 14 to be newly installed 1s
gripped by the gripping unit 10 of the attachment device 3 to prepare for
installation.  After the virtual position has been created, the gripping unit 10

moves and places the structural component 14 to be newly installed at the
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virtual position determined as the position where the component 1s to be newly
installed. In the example illustrated in FIGS. 3 and 4, the newly-installed
structural component 14 is placed on the virtual plane V1, V2, or the virtual
plane V3 obtained as an averaged position. Then, the structural component 14

placed at the installation position 1s joined by the fastener joining unit 11 using

a fastener (step S4).

10032]
In the case where an installation hole 15 i1s already defined at the

installation position of the structural component 14 to be newly installed, the
distance to the installation hole 15 may be measured by the sensor unit 4, and
the position of the installation hole 15 may be detected by the detection unit 5.
At this time, the installation position of the newly-installed structural
component 14 is determined by the position determination unit 7 on the basis of
the detected position of the installation hole 15 and the created virtual position.
For example, as illustrated in FIG. 5, an installation position 15V for the
newly-installed structural component 14, which is located between the two
structural components 13, is determined so as to be located on the same axis as
the installation hole 15 (on an axis in an aircraft axial direction) with respect to
a direction parallel to the virtual plane V (a circumferential direction of the
fuselage skin, for example), and determined so as to be located within the

virtual plane V with respect to a direction perpendicular to the virtual plane V

(the aircraft axial direction).

Example

[0033]
Next, an example of a case where an aircraft fuselage 1s assembled will

be described with reference to FIGS. 6 and 7. The completed fuselage is
constituted of a skin 21 and a plurality of structural components. In the

following, the plurality of structural components are stringers, clips, shear ties,

and the like.
As 1llustrated in FIG. 7, when the assembly 1is started, the skin (thin plate

member) 21 1s fixed in a reference position by a jig 20 1n advance.

10034}
First, a stringer sub-assembly 22 is installed on the skin 21. The

stringer sub-assembly 22 is an assembly in which a plurality of clips 24 are
installed at, for example, equal intervals with respect to a stringer 23. Note
that some of the clips 24 are not illustrated in FIG. 7. Before the stringer
sub-assembly 22 is installed on the skin 21, the clips 24 are installed on the
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stringer 23 such that the stringer sub-assembly 22 is already in an assembled

state.
(0035]

One of the clips 24 installed in the stringer sub-assembly 22 is taken as a
master clip 24M. Then, positioning 1s carried out using the sensor unit 4 (or
the sensor unit 8) such as a laser rangefinder so as to position the master clip
24M at an attachment position on the skin 21 (step S11). Upon the master clip
24M being positioned at the attachment position, the stringer sub-assembly 22
1s fixed to the skin 21 using fasteners (step S12). By repeating this process for
a plurality of stringer sub-assemblies 22, the plurality of stringer
sub-assemblies 22 are fixed to the skin 21 with the respective master clips 24M

thereof aligned at the attachment positions.

[0036]
Next, the positioning device 2 measures distances to the clips 24 of two

adjacent stringer sub-assemblies 22, and detects the positions of those two clips
24 (step S13). A virtual plane 1s then created between the two clips 24 (step
S14). Thereafter, the attachment device 3 moves and places a shear tie 25,
which is to be newly installed, at the created virtual position. The shear tie 25
that has been placed 1s fixed to the skin 21 by the fastener joining unit 11,

This process 1s repeated for a plurality of clips 24, such that virtual planes are

created and shear ties 25 are joined at those virtual planes (step S15).

10037]
As a result, the newly-installed shear ties 25 are disposed at attachment

positions on the skin 21 with the clips 24 and the shear ties 25 aligned. Here,
the assembly process can be carried out precisely without using a conventional
positioning jig.

]0038]

In the case where another stringer sub-assembly 22B separate 1n the axial
direction is to be installed, one of the clips 24 of the other stringer
sub-assembly 22B may be taken as a sub-master clip 24S, and the other stringer
sub-assembly 22B separate 1in the axial direction may be installed on the basis

of the position of the master clip 24M of the one stringer sub-assembly 22 A and

the position of the sub-master clip 24S.

10039]
Although the foregoing embodiment describes a case where the

newly-installed structural component is installed at the same position as the

created virtual position, the present invention 1s not limited to this example.
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That is, the newly-installed structural component may be installed at a position

separated from the created virtual position by a predetermined distance.

Reference Signs List
[0040]
1 Aircraft assembly system
2 Positioning device
3 Attachment device
4. 8 Sensor unit
5, 9 Detection unit
6 Virtual position creation unit
7 Position determination unit
10 Gripping unit
11 Fastener joining unit
12 Thin plate member
13, 14 Structural component

15 Installation hole
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Claims

[Claim 1]
An aircraft component positioning device comprising:
a detection unit that detects positions of a plurality of first components

installed on a planar member of an aircraft;

a virtual position creation unit that creates a virtual position between the
plurality of first components on the basis of the positions of the plurality of first

components that are detected; and
a position determination unit that, on the basis of the virtual position that
is created, determines an installation position of a second component, different

from the plurality of first components, that is installed on the planar member.

[Claim 2]
The aircraft component positioning device according to claim 1, wherein
the detection unit detects an installation hole, defined in the planar
member, in which the second component 1s installed; and
the position determination unit determines the installation position of the

second component on the basis of the virtual position that 1s created and the

instaliation hole that 1s detected.

[Claim 3]

The aircraft component positioning device according to claim 1 or 2,
wherein

the virtual position creation unit creates two or more of the virtual
positions on the basis of at least three of first components of the plurality of first

components; and

the position determination unit determines the installation position of the
second component on the basis of the two or more virtual positions that are

created.

[Claim 4]

An aircraft assembly system comprising:

the aircraft component positioning device according to any one of claims 1
to 3; and

an aircraft component attachment device that installs the second
component on the planar member on the basis of an installation position of the

second component determined by the aircraft component positioning device.
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[Claim 5]

An aircraft assembly method comprising the steps of:

detecting positions of a plurality of first components installed on a planar
member of an aircraft;

creating a virtual position between the plurality of first components on the
basis of the positions of the plurality of first components that are detected; and

determining, on the basis of the virtual position that 1s created, an
installation position of a second component, different from the plurality of first

components, that is installed on the planar member.

[Claim 6]
The aircraft assembly method according to claim 5, further comprising a

step of installing the second component on the planar member on the basis of the

installation position of the second component that 1s determined.
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