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DESCRIPTION

AIRCRAFT WINDOW MEMBER, METHOD OF MANUFACTURING THE SAME. AND
AIRCRAFT WINDOW ASSEMBLY

Technilical Field

(0001 ]

The present invention relates to an ailrcraft window

p—

member, a method of manufacturing the same, and an aircraft

window assembly.

Background Art

[0002]

In order to ensure visilibility outside an ailrcraft for the
crew and passengers in the aircraft, aircraft window members
are frequently used for canopies and cabin windows, for
example. Endowing such aircraft window members with
electromagnetic-wave shielding properties has been examined 1n

F

order to avoid penetration of harmful electromagnetlic waves

from the outside of the alrcraft or to prevent electromagnetic

waves origlnating in the aircraft from leaking to the outside.

[0003]

A known example of such aircraft window members having

electromagnetic-wave shielding properties 1s described in

" Patent Document 1. Patent Document 1 discloses a
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manufacturing method i1n which a metal mesh for
electromagnetic-wave shielding is formed on a film and is then
attached to a window main body.

[0004]

Patent Document 1: Japanese Unexamlned Patent

Application, Publication No. 2005-104310 (FIG. 5)

Disclosure of Invention
[0005]
However, when polyethylene terephthalate (PET), which 1is

generally used for a resin film, 1s applied to the above-

mentioned ailrcraft window members, the following problems

arise.

Acryllic resin 1s used for the window main body of each of
the aircraft window members, and acrylic resin and PET have a
large difference 1n thermal expansion coefficient. Therefore,
when heat treatment is applied after the film i1s attached to
the window main body, wrinkles may occur due to the difference
1n thermal expansion coefficient. Furthermore, the film may
be peeled from the window main body during the operation of
the alrcraft because of a large temperature difference between
when 1t 1s on the ground and when it is flying, which is
undesirable 1n terms of durability.

[0006]

The present 1nvention has been made in view of those
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clrcumstances, and an object of the present invention iS to
provide an alrcraft window member excellent 1in durability, a
method of manufacturing the same, and an aircraft window
assembly.

[0007]

In order to solve those problems described above, the

alrcraft window member, the method of manufacturing the same,

and the aircraft window assembly of the present invention
employ the following solutions.

Specifically, an alrcraft window member according to the
present i1nvention 1ncludes: a film made of acrylic resin; a
conductive mesh which 1s formed on the film and in which a
conductive material i1s formed in a mesh shape so as to have

optical transparency for ensuring visibility and to have

electromagnetic-wave shielding properties; and a window main

body which 1s made of acrylic resin and to which the film on

which the conductive mesh is formed is attached.

[0008]

Since the window main body and the film are made of
acrylic resin, they have an equivalent thermal expansion
coefficient. Therefore, even when they are heated and cooled
during manufacturing, hardly any wrinkles occur. Furthermore,

although the alrcraft window member is exposed to a large

change 1n temperature during the operation of the aircraft,

since there is no difference in thermal expansion coefficient
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between the window main body and the film, peeling of the film
almost never occurs, thus improving the durability.

[0009]

Further, the alrcraft window member according to the

present i1nvention may have a configuration in which an

adhesive layer 1s formed between the film on which the

conductive mesh 1s formed and the window main body; and the

adhesive layer i1is made of urethane adhesive.

[0010]

Although polyvinyl butyral (PVB) is generally used as

adhesive for laminated glass used in vehicles etc., PVB is not

g—

preferable 1n terms of its adhesive strength with acrylic

resin. In contrast, urethane adhesive has sufficient adhesive
strength to bond the film made of acrylic resin to the window
main body made of acrylic resin. It is preferable that film-

like polyurethane be used as the urethane adhesive used in the

present 1nvention.

[0011]
Furthermore, according to the aircraft window member of

the present invention, the conductive mesh formed on the film

may be located between the film and the window main body.
[0012]
Since the conductive mesh formed on the film is located
petween the film and the window main body, the conductive

material of the conductive mesh and the adhesive layer are
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brought into direct contact. Urethane adhesive is used as the
adhesive layer, and the urethane adhesive does not include
plasticizer, unlike PVB. Therefore, a reaction does not occur
between the conductive material of the conductive mesh and the
adhesive layer, and there is no adverse influence on the
optlcal transparency of the window member.

[0013]

Furthermore, the aircraft window member according to the
present 1nvention may have a configuration in which the
conductive mesh 1s located above the window main body with the
film therebetween; and a protective laver is formed on the
conductive mesh 1n such a manner as to provide an exposed
region used for an electrical connection at an edge portion of

the conductive mesh.

[0014]

When the conductive mesh formed on the film does not face
Che window maln body but is located at the side opposite to
the window main body with the film therebetween, it is
necessary to lamlnate the protective layer to protect the

g

conductive mesh. If the exposed region which is not covered

with the protective layer is provided at the edge portion of
the conductive mesh when the protective layer is laminated, it
1s possible to obtain an electrical connection for
electromagnetic-wave shielding by using the exposed region for

the electrical connection.
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[0015]

Furthermore, an aircraft window assembly according to the
present i1nvention includes: any of the aircraft window members
described above; and a window frame which holds the aircraft

wlindow member.

100106]

g

Since any of the aircraft window members described above

1s i1ncluded, the aircraft window assembly excellent in
durability can be provided.

[0017]

Furthermore, an alrcraft-window-member manufacturing
method according to the present invention includes attaching a
film that 1s made of acrylic resin and that holds a conductive
mesh in which a conductive material is formed in a mesh shape
sO0 as to have optical transparency for ensuring visibility and
Lo have electromagnetic-wave shielding properties, to a window
main body made of acrylic resin.

[0018]

The alrcraft window member can be simply manufactured
just by attaching the film to the window main body. Even when
the window main body has a curved face, the film can be easily
attached thereto because the film has flexibility.

Since the window main body and the film are made of
acrylic resin, they have an equivalent thermal expansion

coefficient. Therefore, even when they are heated and cooled
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during manufacturing, hardly any wrinkles occur. Furthermore,
although the alrcraft window member is exposed to a large
change 1n temperature during the operation of the aircraft,
since there 1s no difference in the thermal expansion

po—
—

coefficient between the window main body and the film, peeling

of the film almost never occurs, thus improving the
durability.

[0019]

Furthermore, 1n the aircraft-window-member manufacturing
method according to the present invention, the film may be
attached to the window main body after an adhesive layer made
of urethane adhesive is provided on the window main body.

[0020]

Although polyvinyl butyral (PVB) is generally used as
adhesive for laminated glass used in vehicles etc., PVB is not
preferable in terms of its adhesive strength with acrylic
resin. In contrast, urethane adhesive has sufficient adhesive
strength to bond the film made of acrylic resin to the window

maln body made of acrylic resin.

[0021]

Furthermore, in the aircraft-window-member manufacturing
method according to the present invention, the film may be
attached to the window main body so as to locate the

conductive mesh between the film and the window main body.

[10022]
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Since the conductive mesh formed on the film is located
between the film and the window main body, the conductive
material of the conductive mesh and the adhesive layer are
brought 1nto direct contact. Urethane adhesive is used as the

adhesive layer, and the urethane adhesive does not include

plasticizer, unlike PVB. Therefore, a reaction does not occur
between the conductive material of the conductive mesh and the
adheslive layer, and there is no adverse influence on the
optical transparency of the window member.

[0023]

Furthermore, the aircraft-window-member manufacturing
method according to the present invention may have a
configuration in which the film is attached to the window main
body so as to locate the conductive mesh above the window main

body with the film therebetween; and a protective layer is

formed on the conductive mesh in such a manner as to provide

an exposed region used for an electrical connection at an edge
portion of the conductive mesh.

[0024]

Since the exposed region used for an electrical

connection is provided at the edge portion of the conductive
mesh, an electrical connection for electromagnetic-wave
shielding can be obtained.

[0025]

According to the present invention, the following
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advantages are obtained.

Since the window main body and the film are made of acrylic resin,

an aircraft window member having high durability can be provided.

Since urethane adhesive is used to bond the film and the window
main body, they can be firmly bonded. Even when the adhesive layer and the
conductive layer are brought into direct contact, the transmittance for ensuring

visibility is not reduced.

When the protective layer is laminated on the conductive mesh, the

exposed region is provided at the edge portion of the conductive mesh so as to

obtain an electrical connection. Therefore, electromagnetic waves can be reliably
shielded.

According to one aspect of the present invention, there is provided
an aircraft window member comprising: a film made of acrylic resin; a conductive
mesh which is formed on the film and in which a conductive material is formed in a
mesh shape so as to have optical transparency for ensuring visibility and to have
electromagnetic-wave shielding properties; and a window main body which is
made of acrylic resin and to which the film on which the conductive mesh is

formed Is attached.

According to another aspect of the present invention, there is
provided an aircraft-window-member manufacturing method comprising attaching
a film that is made of acrylic resin and that holds a conductive mesh in which a
conductive material is formed in a mesh shape so as to have optical transparency
for ensuring visibility and to have electromagnetic-wave shielding properties, to a

window main body made of acrylic resin.
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Qa

Brief Description of Drawilngs
[0026]
[FIG. 1} FIG. 1 1s a perspective view showling an
ailrcraft window member according to a first embodiment of the

present invention.

(FIG. 2] FIG. 2 is a partial cross—-sectional view
showlng an edge portion of the aircraft window member shown in
FIG. 1.

[FIG. 3] FIG. 3 1s a cross-sectional view showing part
of a process of manufacturing the aircraft window member shown

in FIG. 2.
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[FIG. 4] FIG. 4 1s a partial cross-—sectional view

showling an edge portion of an aircraft window member according

to a second embodiment of the present invention.

Explanation of Reference Signs:
[0027]

1, 1': aircraft window member

3: window main body

S>: film

7: conductive mesh

9: adhesive layer

11: protective layer

13: exposed region

Best Mode for Carrying Out the Invention

[0028]

Embodiments of the present invention will be described
below with reference to the drawings.
First Embodiment

A first embodiment of the present invention will be

described below with reference to FIGS. 1 to 3.

FIG. 1 shows an ailrcraft window member used for a cabin
window, for example. Note that an aircraft window member 1
shown 1in FIG. 1 is flat, but it may be curved depending on the

position at which it is installed.
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The aircraft window member 1 includes a window main body

3 serving as a base, a film 5 attached to the window main body
3, and a conductive mesh 7 formed on the film 5. With the
conductive mesh 7, the aircraft window member 1 has
electromagnetic-wave shielding properties and also has optical
Cransparency to ensure vislibilility. For example, the
transmittance for visible light is about 90%.

[0029]

FIG. 2 1s a partial cross-sectional view showing an edge
portion of the aircraft window member 1.

As shown 1n FIG. 2, the film 5 and the conductive mesh 7
are laminated 1n this order on the window main body 3, with an
adhesive layer 9 therebetween.

The window maln body 3 is made of acrylic resin, more

specifically, polymethyl methacrylate resin (PMMA).

The film 5 1s made of acrylic resin, more specifically,

polymethyl methacrylate resin (PMMA). In short, the same

material as for the window main body 3 is used for the film 5.

The thickness of the film 5 is 125 um, for example.
The conductive mesh 7 is formed in a lattice. A

preferable conductive material therefor is metal, and copper

1s used in this embodiment. The line width of the conductive
mesh 7 1s about 10 um, the thickness thereof is about 10 um,
and the pitch thereof is about 300 pm. Such a line width,

thickness, and pitch achieve both of electromagnetic-wave
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shlelding properties and visibility.

The adhesive layer 9 is made of urethane adhesive. Film-
li1ke polyurethane is used as the urethane adhesive. After
bonding, the adhesive layer 9 flows into the space between the
film 5 and the conductive mesh and directly contacts the
conductive material (copper) of the conductive mesh 7 to cover
the regilion therearound.

[0030]

Next, a method of manufacturing the aircraft window
member 1 having the above-described structure will be

described.

First, a copper thin film is laminated on one face of the
film 5 by a plating method, for example. The thickness of the
copper thin film is 10 um, for example. Then, a resist film
1s formed on the surface of the copper thin film. Next, the

resist film 1s exposed to light with a resist pattern and is

then developed to form a mesh-shaped mask on the surface of
the copper thin film. In this state, the copper is etched by

using etchant and then the resist pattern is removed, thereby

forming the mesh-shaped conductive mesh 7. 1In this way, the
film 5 having the conductive mesh 7 is obtained as indicated
by reference numerals 5 and 7 in FIG. 3.

After the adhesive layer 9, which is made of sheet-1like
urethane adhesive, 1s provided on the window main body 3, the

film 5 1s attached such that the conductive mesh 7 faces the
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window main body 3.

Next, heat treatment 1s applied by using an autoclave,
thereby hardening the adhesive layer 9 to fix the film 5 to
the window main body 3. The treatment conditions using the
autoclave are set as follows: the temperature is 85°C to 95°C,
the pressure 1s 1.03 MPa, and the treatment time is 1 hour.

The ailrcraft window member 1 is obtained after being
taken out from the autoclave and cooled.

The alrcraft window member 1, manufactured as described
above, 1s then fitted into a window frame or the like, thereby
obtalining an aircraft window assembly.

[0031]

According to the aircraft window member 1 of this

embodiment, the following advantages are obtained.

The aircraft window member 1 can be simply manufactured

just by attaching the film 5 on which the conductive mesh 7 1is

formed to the window main body 3. Even when the window main
body 3 has a curved face, since the film 5 on which the
conductive mesh 7 1s formed has flexibility, the film 5 can be
easlly attached to the window main body 3.

Since the window main body 3 and the film 5 are made of
acrylic resin to have an equivalent thermal expansion
coefficient, hardly any wrinkles occur on the film 5 even when
Chey are heated by the autoclave during manufacturing and

cooled thereafter.
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Although the aircraft window member 1 is exposed to a

large change 1n temperature during the operation of the

alrcraft, since there 1s no difference in thermal expansion
coefficient between the window main body 3 and the film 5,
peeling of the film almost never occurs, thus improving the
durability.

Since urethane adhesive is used as the adhesive layer 9,

1t 1s possible to firmly bond the window main body 3 and the

film 5, which are made of acrylic resin.

Since urethane adhesive does not include plasticizer,
unlike polyvinyl butyral (PVB), even when it directly contacts
the copper of the conductive mesh 7, a reaction does not occur

and there i1is no adverse influence on the optical transparency

of the window member.

[0032]
Second Embodiment

Next, a second embodiment of the present invention will

be described with reference to FIG. 4.
FIG. 4 1s a partial cross-sectional view showing an edge

portion of an aircraft window member 1' according to this

embodiment.

In this embodiment, unlike the first embodiment, when the
film 5 on which the conductive mesh 7 is formed is attached to
Che window main body 3, the conductive mesh 7 faces upward in

FIG. 4, 1nstead of facing the window main body 3. Therefore,
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the window main body 3, the adhesive layer 9, the film 5, and
the conductive mesh 7 are laminated in this order from the
bottom in FIG. 4. Since the materials and the shapes of the
window maln body 3, the adhesive layer 9, the film 5, and the
conductive mesh 7 are the same as those in the first
embodliment, a description thereof will be omitted.

[0033]

A protective layer 11 for protecting the conductive mesh
is laminated on the conductive mesh 7. A film made of acrylic
resin 1s used as the protective layer 11. The conductive mesh
7 and the protective layer 11 are bonded by polyvinyl acetate
adhesive.

An exposed region 13 which is not covered with the
protective layer 11 is provided at an edge portion of the
conductive mesh 7. The eprsed region 13 is used to obtain an
eXxternal electrical connection when the aircraft window member
1"is fitted into a window frame to form a window assembly.

[0034]

The aircraft window member 1' having the above-described
structure is manufactured as follows.

Since a process of forming the conductive mesh 7 on the

film 5 1s the same as that in the first embodiment, a
description thereof will be omitted.

The protective layer 11 is attached to the conductive

mesh 7 formed on the film 5.
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The film 5 on which the conductive mesh 7 is formed 1is
attached to the window main body 3. At this time, with regard
to the window main body 3 on which the sheet-like adhesive
layer 9 1s placed, the film 5 1s brought into contact with the
adhesive layer 9, with the conductive mesh 7 facing upward in

FIG. 4 instead of facing the window main body 3.

As 1n the first embodiment, the adhesive layer 9 is
thermally-hardened by the autoclave and cooled, thereby
obtalning the alrcraft window member 1°'.

The alrcraft window member 1' thus manufactured is then
fitted into a window frame or the like, thereby obtaining an
alrcraft window assembly.

[0035]

According to the aircraft window member 1' of this

embodliment, the following advantages are obtained in addition

to the advantages obtalned i1n the first embodiment.

Since the exposed region 13, which is not covered with
the protective layer 11, 1s provided at the edge portion of
the conductive mesh 7 when the protective layer 11 is
laminated on the conductive mesh 7, the exposed region can be
used for an electrical connection. Therefore, when the
alrcraft window member 1' is fitted into a window frame to
form an alrcraft window assembly, it is possible to obtain an
external electrical connection to reliably shield

electromagnetic waves.
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[0036]

In each of the embodiments described above, copper 1is
used as the material of the conductive mesh 7. However, the
present 1nvention 1s not limited to the use of copper. For
example, gold, silver, aluminum, nickel, titanium, or tin may

be used.
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CLAIMS
1. An alrcraft window member comprising:

a film made of acrylic resin;

a conductive mesh which is formed on the film and in
which a conductive material is formed in a mesh shape so as to
have optical transparency for ensuring visibility and to have
electromagnetic-wave shielding properties; and

a window main body which is made of acrylic resin and to
which the film on which the conductive mesh is formed is

attached.

2. An alrcraft window member according to claim 1, wherein:
an adhesilve layer is formed between the film on which the
conductive mesh 1s formed and the window main body; and

the adhesive layer is made of urethane adhesive.

3. An aircraft window member according to claim 2, wherein

Che conductive mesh formed on the film is located between the

film and the window main body.

4. An aircraft window member according to claim 1 or 2,

wherein:

the conductive mesh is located above the window main body

with the film therebetween; and

a protective layer is formed on the conductive mesh in
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such a manner as to provide an exposed region used for an
electrical connection at an edge portion of the conductive

mesh.

5. An alrcraft window assembly comprising:
an alrcraft window member according to any of claims 1 to
4; and

a window frame which holds the aircraft window member.

6. An aircraft-window-member manufacturing method comprising
attaching a film that is made of acrylic resin and that holds
a conductive mesh in which a conductive material is formed in
a mesh shape so as to have optical transparency for ensuring
visibility and to have electromagnetic-wave shielding

—a

properties, to a window main body made of acrylic resin.

7. An aircraft-window-member manufacturing method according
Co claim 6, wherein the film is attached to the window main
body after an adhesive layer made of urethane adhesive is

provided on the window main body.

8. An aircraft-window-member manufacturing method accordlng
to claim 7, wherein the film is attached to the window main

body so as to locate the conductive mesh between the film and

the window main body.
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9. An alrcraft-window-member manufacturing method according
to claim 6 or 7, wherein:
the film i1s attached to the window main body so as to

locate the conductive mesh above the window main body with the

film therebetween; and

a protective layer 1s formed on the conductive mesh in
such a manner as to provide an exposed region used for an

electrical connection at an edge portion of the conductive

mesh.
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