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(57) ABSTRACT

The present invention provides a foamed resin laminate
sound insulation board capable of exhibiting sound proofing
performance, which is free from restrictions of shape, appli-
cable place and weight, thinned as the whole laminated plate
to enhance plastic workability such as press work, and pro-
vided with sufficient vibration damping performance in a
final using state after heating foaming process. This foamed
resin laminate sound insulation board 1 is a laminated plate
comprising at least an unfoamed foamable resin 3a to be
foamed at a foaming temperature by heating and a hard plate
2.
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FIG 2 (a)
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FIG 4 (a)
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FIG, 6 (a)
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
U.S. application Ser. No. 11/822,396 filed Jul. 5, 2007, which
is a Divisional application of U.S. application Ser. No.
10/893,437 filed Jul. 19, 2004. Priority is claimed based on
U.S. application Ser. No. 11/822,396 filed Jul. 5, 2007, which
claims the priority of U.S. application Ser. No. 10/893,437
filed Jul. 19, 2004, which claims the priority of Japanese
Patent Application No. 2003-209552 filed Aug. 29, 2003, all
of which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a laminated board
comprising a hard plate of metal, industrial plastics or the like
and a foamed resin.

[0004] 2. Description of the Related Art

[0005] Conventionally, various structures have been pro-
posed as a laminate sound insulation board for giving damp-
ing performance and sound insulating performance to a hard
plate of metal, industrial plastics or the like.

[0006] Forexample, in a constraining type vibration damp-
ing structure in which a vibrating damping material is put
between the hard plate and a constraining plate having bend-
ing rigidity equal to the hard plate to form a laminated plate,
the laminated plate is manufactured by laminating the hard
plate and the constraining plate so that the vibration damping
material is interposed between them, and mutually adhering
the members in this state by heating or pressurization to
integrate them. This laminated plate is then made into a pre-
scribed shape by plastic forming such as press work.

[0007] In the above-mentioned constraining type vibration
damping structure, conventionally, a metal or the like has
been used as the constraining plate, but the use of a polymer
material such as resin is desired because the manufacture is
facilitated, and a low cost can be realized. However, when the
elastic modulus of the polymer material such as resin is
increased to obtain the rigidity equal to the hard plate, the
elongation is deteriorated to impair the moldability. There-
fore, in the use of the resin or the like as the retraining plate,
the vibration damping material and the constraining plate
must be adhered in the above manufacturing process afier the
hard plate is pressed into a prescribed shape.

[0008] On the other hand, in a vibration damping structure
in which a constraining or unconstraining (free) type vibra-
tion damping material is stuck to the hard plate to form a
laminated plate, sticking of a vibration damping material
having a thickness about 1-2 times the plate thickness of the
hard plate is needed to enhance the vibration damping per-
formance when a resin or the like as the vibration damping
material. Ifthe press work of the laminated plate is carried out
in the state where the vibration damping material is stuck
thereto, the shape and dimensional precision after press work
is seriously impaired. In this case, therefore, the work for
sticking the vibration damping material is carried out after the
hard plate is pressed into the prescribed shape.

[0009] However, the above-mentioned conventional lami-
nated plates of both the structures have the problem that the
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applicable place or shape is restricted because the resin is
adhered after pressing the hard plate into the prescribed
shape.

[0010] The conventional laminated plates further have the
problem that the large thickness as the whole laminated plate
makes it extremely difficult to press into a prescribed shape
after constituting the laminated plate.

[0011] In the manufacturing process of an automobile, for
example, the resin as the vibration damping material is set in
a prescribed position in the middle of assembling process
after the hard plate is made into a prescribed shape by press
work, and thermally fused by the heating of the following
baking finish process and the dead weight of the vibration
damping material. Therefore, the applicable position of the
resin is limited to the bottom upper surface, and it is difficult
to apply the vibration damping material to the side surface or
roof reverse side. Further, since the resin is pressed and
adhered by the dead weight, the adhesive force is weakened
when the weight of the resin is reduced.

SUMMARY OF THE INVENTION

[0012] In consideration of the above problems, the present
invention thus has an object to provide a foamed resin lami-
nate sound insulation board capable of exhibiting sound
proofing performance, which is free from restrictions of
shape, applicable place and weight, thinned as the whole
laminated plate to enhance plastic workability such as press
work, and provided with sufficient damping performance in a
final using state after a heating foaming process; and a method
for manufacturing the same.

[0013] Means for solving the problems in the present inven-
tion are described.

[0014] A foamed resin laminate sound insulation board
according to a first invention is a laminated plate comprising
at least an unfoamed foamable resin to be foamed at a foam-
ing temperature by heating and a hard plate.

[0015] A foamed resin laminate sound insulation board
according to a second invention is a laminated plate compris-
ing at least an unfoamed first foamable resin to be foamed at
a foaming temperature by heating, an unfoamed second
foamable resin to be foamed at a foaming temperature by
heating, and a hard plate.

[0016] In a foamed resin laminate sound insulation board
according to a third invention, the foaming temperature of the
first foamable resin is differed from that of the second foam-
able resin.

[0017] In a foamed resin laminate sound insulation board
according to a fourth invention, the melting point of the first
formable resin is differed from that of the second foamable
resin.

[0018] In a foamed resin laminate sound insulation board
according to a fifth invention, the laminated plate is formed by
laminating the foamable resin, the non-foamable resin not
foamable by heating, and the hard plate in this order.

[0019] In a foamed resin laminate sound insulation board
according to a sixth invention, the foamable resin is heated at
a temperature lower than the foaming temperature, and ther-
mally fused to form the laminated plate.

[0020] In a foamed resin laminate sound insulation board
according to a seventh invention, the non-foamable resin is
heated at a temperature lower than the foaming temperature,
and thermally fused to form the laminated plate.
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[0021] In a foamed resin laminate sound insulation board
according to an eighth invention, the melting point of the
non-foamable resin is higher than the melting point of the
foamable resin.

[0022] In a foamed resin laminate sound insulation board
according to a ninth invention, the non-foamable resin is a
thermosetting resin or thermoplastic resin.

[0023] In a foamed resin laminate sound insulation board
according to a tenth invention, the foamable resin is a thet-
mosetting resin or thermoplastic resin.

[0024] In a foamed resin laminate sound insulation board
according to an eleventh invention, the melting point of the
thermoplastic resin is 100-260° C.

[0025] In a foamed resin laminate sound insulation board
according to an twelfth invention, the foaming temperature is
set to 120-300° C.

[0026] In a foamed resin laminate sound insulation board
according to a thirteenth invention, the foamable resin is
made into a foamed resin by heating the foamed resin lami-
nate sound insulation board to the foaming temperature.
[0027] In a foamed resin laminate sound insulation board
according to a fifteenth invention, in the twelfth invention, the
foamable resin is made to the foamed resin by heating after
the foamed resin laminate sound insulation board is worked
into a prescribed shape.

[0028] A method for manufacturing a foamed resin lami-
nate sound insulation board according to a sixteenth invention
comprises a laminating process for laminating at least an
unfoamed foamable resin to be foamed at a foaming tempera-
ture by heating and a hard plate; and a process for integrating
the foamable resin to the hard plate at a temperature lower
than the foaming temperature of the foamable resin.

[0029] A method for manufacturing a foamed resin lami-
nate sound insulation board according to a seventeenth inven-
tion comprises the laminating process, the integrating pro-
cess, and a heating process for making the foamable resin to
a foamed resin by heating to the foaming temperature of the
foamable resin.

[0030] A method for manufacturing a foamed resin lami-
nate sound insulation board according to an eighteenth inven-
tion comprises the laminating process, the integrating pro-
cess, a molding process for working the laminate into a
prescribed shape in the integrated state, and the heating pro-
cess.

[0031] Inamethod for manufacturing a foamed resin lami-
nate sound insulation board according to a nineteenth inven-
tion, the heating process is carried out simultaneously with
the heating process of baking painting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic structural view of a foamed
resin laminate sound insulation board according to a first
embodiment of the present invention, wherein (a) shows the
state where a foamable resin is in an unfoamed state, and (b)
shows the state where the foamable resin is made to a foamed
resin.

[0033] FIG. 2 is a schematic structural view of a foamed
resin laminate sound insulation board according to a second
embodiment of the present invention, wherein (a) shows the
state where a foamable resin is in an unfoamed state, and (b)
shows the state where the foamable resin is made to a foamed
resin.
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[0034] FIG. 3 is a schematic structural view for describing
a manufacturing method according to a first embodiment of
the present invention.

[0035] FIG. 4 is a schematic structural view of a foamed
resin laminate sound insulation board according to another
embodiment of the present invention, wherein (a) shows the
state where a foamable resin is in an unfoamed state, and (b)
shows the state where the foamable resin is made into a
foamed resin.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] Preferred embodiments of the present invention are
further described in reference to accompanying drawings.
[0037] The schematic view of a foamed resin laminate
sound insulation board 1 as a first embodiment of the present
invention is shown in FIG. 1. This foamed resin laminate
sound insulation board 1 comprises, as shown in FIG. 1(a), a
foamable resin 3a to be foamed by heating to a foaming
temperature, a non-foamable resin 4 not foamable even by
heating, and a highly rigid hard plate 2 (e.g., steel plate,
aluminum alloy plate, etc.), which are laminated and inte-
grated in this order.

[0038] Inthe foamed resinlaminate sound insulation board
1, the foamable resin 3¢ and the non-foamable resin 4, and the
non-foamable resin 4 and the hard plate 2 are thermally fused
and adhered to each other by heating and pressurizing,
respectively. The temperature of the thermal fusion is set
lower than the foaming temperature of the foamable resin 3a,
preferably, the melting point of the foamable resin 34. The
adhering method is not limited by thermal fusion, and the
adhesion may be carried out, for example, by applying an
adhesive followed by pressurization.

[0039] Since the foamed resin laminate sound insulation
board 1 is heated at a temperature lower than the foaming
temperature of the foamable resin 3a, preferably, a tempera-
ture lower than the melting point of the foamable resin 3a, the
laminated plate is formed while the unfoamed state is held.
This foamed resin laminate sound insulation board 1 is heated
to the foaming temperature to make the foamable resin 34 to
a foamed resin 34, as shown in FIG. 1(5), whereby the thick-
ness can be increased.

[0040] In the above structure, since the whole laminated
plate can be thinned if the foamable resin 3a is held in the
unfoamed state, the foamed resin laminate sound insulation
board 1 can be formed into a prescribed shape by working
(plastic forming, e.g., press work, bending work, etc.).
Accordingly, the foamed resin laminate sound insulation
board 1 can be worked into a prescribed shape while ensuring
the dimensional and shape precision without restrictions of
shape, applicable place and weight. Further, the thickness of
the foamable resin 3q is increased by foaming, whereby the
rigidity imparting effect can be enhanced, so that the role of
the constraining plate of the constraining type vibration
damping structure can be sufficiently played. Consequently,
the vibration damping performance can be enhanced.

[0041] When the loss factor of the non-foamable resin 4 is
set to 0.05-5, vibration energy can be sufficiently absorbed,
and high vibration damping performance can be obtained as
the constraining type vibration damping structure. The melt-
ing point of the non-foamable resin 4 is preferably set higher
than the melting point of the foamable resin 3a, because the
laminate integrated state can be held even if heated to the
foaming temperature of the foamable resin 3a. Further, when
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a resin capable of forming closed cells by heating is used as
the foamable resin 3a, the reduction in equivalent elastic
modulus of the whole foamed resin can be confined to a
reduction inversely proportional to one power of the foaming
magnification even when foamed at a high magnification.
[0042] When a metal powder is added to the foamable resin
3a or the non-foamable resin 4, the sound insulating perfor-
mance can be enhanced because the density of the resin 3a, 4
is increased, and when a conductive material is used, the
weldability can be improved. When a lubricant is added to the
foamable resin 3a, the contact friction with a metal mold in
press molding can be reduced to prevent the rupture of the
resin. The same effect can be obtained also by sticking a film
exclusive for lubrication to the surface of the foamable resin
3a or applying a coating for lubrication thereto.

[0043] When the non-foamable resin 4 is a vibration damp-
ing resin, the vibration damping property can be further
imparted. The non-foamable resin 4 may be an adhesive layer
for integrating the foamable resin 3a to the hard plate 2.
[0044] The schematic view of a foamed resin laminate
sound insulation board 1 as a second embodiment of the
present invention is shown in FIG. 2. The foamed resin lami-
nate sound insulation board 1 comprises, as shown in FIG.
2(a), a first foamable resin 3a to be foamed by heating to a
foaming temperature, a second foamable resin 3¢ differed in
foaming temperature from the first foamable resin 3a, and a
highly rigid hard plate 2, which are laminated and integrated
in this order.

[0045] Inthis foamed resinlaminate sound insulation board
1, the first foamable resin 3a and the second foamable resin
3¢, and the second formable resin 3¢ and the hard plate 2 are
thermally fused and adhered to each other by heating and
pressurizing, respectively. The temperature of the thermal
fusion is set lower than the foaming temperature. The adher-
ing method is not limited by thermal fusion, and the adhesion
may be carried out by applying, for example, an adhesive
followed by pressurization.

[0046] Since the foamed resin laminate sound insulation
board 1 is heated and thermally fused at a temperature lower
than the foaming temperatures of the first foamable resin 3a
and the second foamable resin 3¢, the laminated plate is
formed while the unfoamed state is held. The foamed resin
laminate sound insulation board 1 is then heated to the foam-
ing temperature to make the first foamable resin 3a and the
first formable resin 35 to a first foamed resin 3¢ and a second
foamed resin 3d, respectively, as shown in FIG. 2(), whereby
the thickness can be increased.

[0047] At this time, the foaming temperatures of the first
foamable resin 3@ and the second foamable resin 3¢ are set so
that the foaming temperature of the second foamable resin 3¢
is lower than that of the first foamable resin 3a. The melting
point of the second foamable resin 3¢ is set lower than that of
the first foamable resin 3a. Accordingly, the first and second
foamable resins can be independently foamed: For example,
only the second foamable resin 3¢ is made into the foamed
resin 3d at a certain heating temperature, and the first foam-
able resin 3q is then made to the foamed resin 35 at a higher
heating temperature. The heating temperature for adhering
the second foamable resin 3¢ to the hard plate 2 is preferably
set to the foaming temperature capable of foaming the second
foamable resin 3c. In the use of a thermosetting resin as the
second foamable resin 3¢, for example, even if the second
foamable resin 3¢ is foamed by heating, and the first foamable
resin 3a and the second foamable resin 3¢ are then heated to
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the foaming temperature, the softening/fusing or new foam-
ing of the second foamable resin 3¢ which is made into the
foamed resin 34 is never caused. Accordingly, the first foam-
able resin 3a and the second foamable resin 3¢ can be inte-
grally held integrated as the foamed resin laminate sound
insulation board without being dropped out from the hard
plate 2.

[0048] It is also preferable to differ not the foaming tem-
perature but the melting point between the first foamable resin
and the second foamable resin. In this case, the melting points
of the first foamable resin 3a and the second foamable resin 3¢
are set so that the melting point of the second foamable resin
3¢ is higher than that of the first foamable resin 3a. The
second foamable resin 3¢ is laminated first on the hard plate,
and the first foamable resin 3a is then laminated and adhered
by heating. In the use of a thermosetting resin as the second
foamable resin 3¢, for example, the second foamable resin 3¢
is never softened even if heated, and the softening/fusing of
the second foamable resin 3¢ which is made into the foamed
resin 3d is never caused even if the first foamable resin 3a and
the second foamable resin 3¢ are then heated to the foaming
temperature. Accordingly, the first foamable resin 3a and the
second foamable resin 3¢ can be integrally held as the foamed
resin laminate sound insulation board without being dropping
out from the hard plate 2.

[0049] Further, The rigidity imparting effect is enhanced by
increasing the thickness of the first foamable resin 3a by
foaming, and the conversion efficiency to thermal energy
accompanied by shear deformation of the second foamed
resin is enhanced by increasing the viscosity of the second
foamable resin 3¢ and reducing the equivalent elastic modu-
lus in the foamed resin state, whereby an excellent constrain-
ing type vibration damping structure can be provided.

[0050] In the above structure, if the first foamable resin 3a
and the second foamable resin 3¢ are held in the unfoamed
state, the foamed resin laminate sound insulation board 1 can
be made into a desired shape by press work because the
thickness of the whole laminated plate is small. Therefore, the
foamed resin laminate sound insulation board 1 can be
pressed into the prescribed shape while ensuring the dimen-
sional and shape precision without restrictions of shape,
applicable place and weight. Further, the rigidity imparting
effect can be enhanced by increasing the thickness of the first
foamable resin 3a, so that the role of the constraining plate of
the constraining type vibration damping structure can be suf-
ficiently played. Consequently, the vibration damping perfor-
mance can be enhanced.

[0051] Whenthe loss factor of the second foamable resin 3¢
after foaming is set to 0.05-5, vibration energy can be suffi-
ciently absorbed, and high damping performance can be
obtained as the constraining type vibration damping struc-
ture. When a resin capable of forming closed cells by heating
is used as the first foamable resin 3¢ and the second foamable
resin 3¢, the reduction in equivalent elastic modulus can be
confined to a reduction inversely proportional to one power of
the foaming magnification even if foamed at a high magnifi-
cation.

[0052] When a resin capable of forming open cells by heat-
ing is used as the first foamable resin 3a and the second
foamable resin 3¢, the equivalent elastic modulus can be
remarkably reduced to provide an excellent constraining type
vibration damping structure. In addition to this, the foaming
magnification is adjusted to form a foamed resin having open
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cells, whereby sound absorbing property can be given, and
the sound absorbing performance can be thus enhanced in a
wide frequency range.

[0053] In addition, the sound isolation board with the opti-
mal sound absorbing performance according to the purpose
can be obtained by adjusting the foaming magnification of the
first foamable resin and the second foamable resin, using the
resin which can form open cells as the first foamable resin
which can be foamed by heating,

[0054] When a metal power is added to the first foamable
resin 3a or the second foamable resin 3¢, the sound insulating
performance can be enhanced because the density of the resin
3a, 4 is increased, and when a conductive material is used, the
weldability can be improved. When a lubricant is added to the
foamable resin 3a, the contact friction with a metal mold can
be reduced in press molding to prevent the rupture of the
resin. The same effect can be obtained also by sticking a film
exclusive for lubrication to the surface of the foamable resin
3a or applying a coating for lubrication thereto.

[0055] The manufacturing process of the foamed resin
laminate sound insulation board 1 will be then described in
reference to FIGS. 3(a)-(d).

[0056] A foamable resin film is formed first. Materials for
constituting the foamable resin 3a are mixed. The materials
include a resin and a foaming agent, and a material for impart-
ing adhesive strength, damping strength or lubricating prop-
erty or a metal powder is added thereto as occasion demands.
These materials are sufficiently kneaded, and then sheeted
into a foamable resin film, which is then wound in a coil
shape.

[0057] The melting point of the resin included in the mate-
rials is preferably set lower than the decomposing tempera-
ture of the foaming agent by 20-30° C. By doing this, the
foaming can be prevented even if the temperature of the resin
1s raised by the mixing.

[0058] A non-foamable resin film is then formed. Materials
for constituting the non-foamable resin 4 are mixed. The
materials include a resin, and a material for imparting adhe-
sive strength, damping strength or lubricating property or a
metal powder is added thereto as occasion demands. These
materials are sufficiently kneaded and then sheeted into a
non-foamable resin film, which is then wound in a coil shape.
[0059] The foamable resin film and the non-foamable resin
film may be rolled in a coil shape after mutually stuck and
integrated by thermal fusion or through an adhesive. In each
case, the film foamable resin 3a can be coiled since it is in an
unfoamed state with a small thickness. Therefore, the appli-
cable place is not limited because the films can be carried in
the coiled shapes and unwound from the coils in a construc-
tion site.

[0060] (Laminating Process)

[0061] The non-foamable resin film and foamable resin
film are unwound while unwinding the coiled hard plate 2, as
shown in FIG. 3(a) to laminate the non-foamable resin 4, the
foamable resin 3a and the hard plate 2 in this order.

[0062] (Laminate Integrating Process)

[0063] These materials are heated in the laminated state, as
shown in FIG. 3(b), and integrated by thermal fusion to form
the foamed resin laminate sound insulation plate 1. At this
time, pressurization may be carried out according to the heat-
ing. The adhering methodis not limited to thermal fusion, and
the adhesion and integration may be performed, for example,
by applying an adhesive followed by pressurization.
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[0064] The thermal fusing temperature of the foamable
resin 3a and the non-foamable resin 4 is set lower than the
foaming temperature. Therefore, the heating temperature for
thermal fusion can be set lower than the foaming temperature,
and the thermal fusion can be performed without causing the
foaming of the foamable resin 3¢ even if heated.

[0065] It is unnecessary that the hard plate 2, the non-
foamable resin film 4, and the foamable resin film 3a are
integrated at the same time as described above. The integra-
tion may be performed by adhering the non-foamable resin
film 4 to the hard plate 2, and then adhering the foamable resin
film 3a to the non-foamable resin film 4. According to this,
one laminating process can be more easily carried out
because the films are unwound from two coils, than inthe case
when the films are unwound from three coils.

[0066] When the foamable resin film and the non-foamable
resin film are coiled in one as a laminate integrated film, the
formable resin film 3a and the non-foamable resin film 4 can
be simultaneously laminated on the hard plate 2 by drawing
them from two coils.

[0067] (Molding Process)

[0068] The thus-manufactured foamed resin laminate
sound insulation board 1 is further pressed in the laminate
integrated state and made into a prescribed shape as shown in
FIG. 3(c). At this time, since the foamable resin 3a is in the
unfoamed state, it is easy to press with a small thickness.
Accordingly, the sound insulation board can be pressed into
the prescribed shape while ensuring the dimensional and
shape precision without restrictions of shape and applicable
place as the laminated board. The molding process is not
limited to press work, and plastic forming such as bending
work can be adapted. When requiring no working as the
application in a flat shape, this process may be omitted.
[0069] (Heating Process)

[0070] The foamable resin 3a is foamed and made into the
foamed resin 35 by heating to the foaming temperature as
shown in FIG. 3 (d). The foamable resin 3a is made into the
foamed resin 35 and increased in thickness, whereby the
bending rigidity can be enhanced.

[0071] The melting point of the non-foamable resin 4 is
preferably set higher than the foaming temperature. By doing
this, the laminate integrated state of the foamed resin 3, the
non-foamable resin 4, and the hard plate 2 can be held even
after the end of the heating process since the non-foamable
resin 4 is not melted even if the foamed resin laminate sound
insulation board 1 is heated to the foaming temperature.
[0072] Thenon-foamable resin 4 is preferably a thermoset-
ting resin. Since the non-foamable resin 4 is cured when the
foamed resin laminate sound insulation board 1 is heated to
the foaming temperature, the laminate integrated state of the
foamable resin 3a, the non-foamable resin 4 and the hard
plate 2 can be held, and a required sound insulating perfor-
mance can be obtained after the end of heating treatment.
Further, the non-foamable resin 4 is preferably a thermoset-
ting resin. Since it can be separated from the hard plate by
heating to a high temperature, the recyclability can be
enhanced.

[0073] The foamable resin 3a is preferably a thermoplastic
resin. When the foamed resin laminate sound insulation board
1 is heated to the foaming temperature, the softening of the
foamable resin 3a is thus progressed simultaneously with
decomposition and gas generation, and the foaming can be
sufficiently performed. Further, the foamable resin 3a is pref-
erably a thermosetting resin. In the combination of the first
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foamable resin, the second foamable resin and the hard plate,
when the thermosetting resin is used as one foamable resin
and heated to the foaming temperature, it is cured with foam-
ing. Accordingly, even if heated to the foaming temperature
of the other foamable resin, the one foamable resin (after
foaming) us never melted or foamed.

[0074] Themelting points of the first formable resin and the
second foamable resin are preferably differed to each other.
By doing this, since the second foamable resin is never soft-
ened even if heated to the foaming temperature in the use of a
thermosetting resin as the second foamable resin, the first
foamable resin and the second foamable resin can be held in
an integrated state without being dropping out from the hard
plate, and required sound proofing performance can be
obtained after the end of the heating treatment.

[0075] Examples of the thermoplastic resin constituting the
foamable resin 3a includes polyester, nylon, polyolefin, and
the like, and its melting point is preferably 100-260° C. since
the melting point of polyester terephthalate (PET) is 250-
260° C., the melting point ofnylonis 179-260° C., the melting
point of polyethylene is 100-140° C., and the melting point of
polypropylene is 160-170° C. The foamable resin 3a can be
foamed to form the foamed resin 35 by heating to 120-300° C.
A thermosetting resin is also usable when its melting point is
within the above range, and as the non-foamable resin 4, the
above resins can be used in the same manner.

[0076] The thermosetting resin to be used can be deter-
mined, in both uses as the foamable resin 3a and the non-
foamable resin 4, according to whether it is used as the foam-
able resin 3a or the non-foamable resin 4 and the temperature
condition to be used, and is not particularly limited. Polyure-
thane, thermosetting polyester resin or epoxy resin is prefer-
ably used. When the thermosetting resin is used as the foamed
resin 3b, its melting point is preferably 100-260° C. The
foamable resin 3a can be foamed into the foamed resin 35 by
heating to 120-300° C.

[0077] The above foaming temperature is preferably set to
120-300° C. Since the foamable resin in the present invention
is apt to deteriorate when heated at a temperature higher than
the melting point by about 40° C., it is necessary to set the
foaming temperature to not more than a temperature higher
than the melting point of the foamable resin by 40° C. at the
highest. The foamable resin 3@ can be foamed without dete-
rioration by heating to 120-300° C.

[0078] In the above embodiment, film sheet-shaped foam-
able resin and non-foamable resin are used in the laminating
process and laminate integrating process. This invention is
not limited by this, and either one of the foamable resin and
the non-foamable resin (in this case, the other may be a film
sheet) or the both can be applied to the surface of the hard
plate or the surface laminated with the film sheet in a dis-
solved state or in a state dissolved in a solvent by use of a roll
or spray. In this case, the laminating process and the laminate
integrating process are simultaneously carried out. When the
application is adapted. a drying process is preferably per-
formed after the application.

[0079] As described above, the foamed resin laminate
sound insulation board 1 of this embodiment comprises the
unfoamed foamable resin 3a to be foamed at its foaming
temperature by heating and the hard plate 2. The laminated
plate is pressed into a prescribed shape as the foamable resin
3a 1s held in the unfoamed state, and then heated to make the
foamable resin 3« to the foamed resin 35, whereby the thick-
ness can be increased. Therefore, the laminated plate before
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foaming can be thinned, and pressed into a prescribed shape
while ensuring the dimensional and shape precision without
restrictions of shape, applicable place and weight as the lami-
nated plate. Further, the rigidity imparting effect or vibration
damping performance can be also enhanced by increasing the
thickness of the foamable resin 3a by foaming.

[0080] In this embodiment, the foamed resin laminate
sound insulation board 1 comprising the foamable resin 3a,
the non-foamable resin 4 and the hard plate 2, which are
laminated in this order, is described, but the present invention
is not limited thereby. Namely, a foamed resin laminate sound
insulation board in which only the formable resin to be
foamed at the foaming temperature by heating is laminated
and integrated to the hard plate may be adapted. According to
this, the laminated plate before foaming can be thinned, and
the thickness of the foamable resin 3a is increased by foaming
without restrictions of shape, applicable place and weight,
whereby the rigidity imparting effect can be enhanced to
realize a non-constraining type vibration damping structure
capable of exhibiting sufficient vibration damping perfor-
marnce.

[0081] AsshowninFIG. 4(a), thenon-foamableresin 4, the
foamable resin 3a and the hard plate 2 may be laminated and
integrated in this order. The foamable resin 3¢ is heated to the
foaming temperature and made into the foamed resin 35,
whereby the elastic modulus can be reduced as the whole
foamed resin 35. The foamed resin 35 thus plays the role of an
air spring in the state interposed between the non-foamable
resin 4 and the hard plate 2, and a double wall structure can be
realized to obtain high sound insulating performance.

[0082] When the loss factor of the foamable resin 3a is set
to 0.05-5, vibration energy can be sufficiently absorbed to
suppress the resonance as the double wall structure in which
the non-foamable resin 4 and the hard plate 2 is connected to
the air spring. Accordingly, high sound insulating perfor-
mance can be obtained as the double wall structure. The cell
dimension is enlarged when the foamable resin 3a is made to
the foamed resin 35, whereby the elastic modulus can be
reduced as the whole foamed resin. Even if the cell dimension
cannot be enlarged, a resin capable of forming open cells by
heating is used as the foamable resin 3a, whereby the elastic
modulus can be remarkably reduced as the whole foamed
resin because cracking is caused between adjacent cells.

[0083] Further, since a friction or flow resistance is caused
when the internal gas in the bubbles flows in the crack gen-
erated between the adjacent cells to convert the vibrating
energy of the gas to a thermal energy, the sound absorbing
performance can be given. According to this, a foamed resin
having open cells is laminated on the surface of the hard plate,
whereby a foamed resin laminate sound insulation board
enhanced in sound absorbing property can be provided. Fur-
ther, the foamed resin having open cells is arranged between
a non-foamed resin or foamed resin having closed cells and
the hard plate, whereby a foamed resin laminate sound insu-
lation board having both excellent vibration damping prop-
erty and sound insulating property can be provided.

[0084] When alubricant is added to the non-foamable resin
4, the contact friction with a metal mold in press molding can
be reduced to prevent the rupture of the non-foamable resin 4.
The same effect can be obtained also by sticking a film exclu-
sive for lubrication to the surface of the non-foamable resin 4
or applying a coating for lubrication thereto.
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[0085] 1In the example of FIG. 4, a non-foamable material,
e.g., metal plate, metal foil or the like, can be used instead of
the non-foamable resin.

[0086] In the above-mentioned manufacturing process of
the foamed resin laminate sound insulation board 1, the heat-
ing process may be carried out simultaneously with a heating
treatment for baking finish. Since the mechanism or work for
the heating process for foaming the foamable resin is dis-
pensed with, the working efficiency can be enhanced to sig-
nificantly reduce the manufacturing cost.

[0087] Thesize and number of cells can be adjusted accord-
ing to the material of the foamable resin, the quantity of the
foaming gent, the progress of foaming, and the like, whereby
the thickness of the foamed resin or the damping performance
can be adjusted. These conditions are selected according to
the required performance of the laminated plate.

[0088] As described above, according to the first invention,
since the laminated plate can be thinned if the foamable resin
1s held in the unfoamed state, the laminated plate is made into
a prescribed shape by press work or the like, and then heated
to the foaming temperature to make the foamable resin to the
foamed resin, whereby the thickness can be increased. There-
fore, the laminated plate can be pressed into a prescribed
shape while ensuring the dimensional and shape precision
without restrictions of shape, applicable place, and weight,
and the rigidity imparting effect or vibration damping perfor-
mance can be enhanced by increasing the thickness of the
foamable resin to exhibit the sound proofing performance.
When a metal powder is added to the foamable resin, the
sound insulating performance can be enhanced because the
density of the resin is increased, and when a conductive
material, the weldability can be improved.

[0089] According to the second, third and fourth invention,
since the laminated plate can be thinned if the first foamable
resin and the second foamable resin are kept in the unfoamed
state, the laminated plate is made into a prescribed shape by
press work or the like, and then heated to the foaming tem-
perature to make the foamable resin to the foamed resin,
whereby the thickness can be increased. Therefore, the lami-
nated plate can be pressed into a prescribed shape while
ensuring the dimensional and shape precision without restric-
tions of shape, applicable place and weight, and the rigidity
imparting effect or vibration damping performance, sound
absorbing performance, and sound insulating performance
can be enhanced by increasing the thickness of the foamable
resin to exhibit the sound proofing performance. When a
metal, powder is added to the foamable resin, the sound
insulating performance can be enhanced because the density
of the resin is increased, and when a conductive material is
used, the weldability can be improved.

[0090] When, the foaming temperature of the first formable
resin and the second foamable resin are preferably differed to
each other. By doing this, the thermosetting resin is used as
one foamable resin and heated to the foaming temperature, it
is cured with foaming. Accordingly, even if heated to the
foaming temperature of the other foamable resin, the one
foamable resin (after foaming) us never melted or foamed.
[0091] When, the melting points of the first foamable resin
and the second foamable resin are preferably differed to each
other. By doing this, since the second foamable resin is never
softened even if heated to the foaming temperature in the use
of athermosetting resin as the second foamable resin, the first
foamable resin and the second foamable resin can be held in
an integrated state without being dropping out from the hard
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plate, and required sound proofing performance can be
obtained after the end of the heating treatment.

[0092] Further, a foamed resin having open cells is lami-
nated on the surface of the hard plate, whereby a foamed resin
laminate sound insulation board enhanced in sound absorbing
property can be provided. Further, the foamed resin having
open cells is arranged between a foamed resin having closed
cells and the hard plate, whereby a foamed resin laminate
sound insulation board having both excellent vibration damp-
ing property and sound insulating property can be provided.

[0093] Further, a resin capable of forming open cells by
heating is used as the first foamable resin and the second
foamable resin, the equivalent elastic modulus can be remark-
ably reduced to provide an excellent constraining type vibra-
tion damping structure. In addition to this, the foaming mag-
nification is adjusted to form a foamed resin having open
cells, whereby sound absorbing property can be given, and
the sound absorbing performance can be thus enhanced in a
wide frequency range.

[0094] According to the fifth and sixth inventions, the
foamable resin is heated to the foaming temperature and
made into the foamed resin, whereby the elastic modulus as
the whole foamed resin can be reduced. Since the foamed
resin (the foamable resin after foaming) plays the role of an
air spring in the state interposed between the non-foamable
material and the hard plate, a double wall structure can be
realized to obtain high sound insulating performance.

[0095] When the loss factor of the foamable resin is set to
0.05-5, vibration energy can be sufficiently absorbed, and the
resonance of the hard plate and the non-foamable resin can be
suppressed to obtain sufficient sound insulating performance.
The cell dimension is increased when the formable resin is
made to the foamed resin, whereby the elastic modulus can be
reduced as the whole foamed resin. Even if the cell dimension
cannot be increased, a resin capable of forming open cells by
heating is used as the foamable resin, whereby the elastic
modulus can be remarkably reduced as the whole foamed
resin, and the sound absorbing performance can be imparted
because cracking is caused between adjacent cells.

[0096] Further, when a non-foamable resin is used as the
non-foamable material, and a metal powder is added to the
non-foamable resin or formable resin, the sound insulating
performance can be enhanced because the density of the resin
is increased. When a conductive material is used, the weld-
ability can be improved. When a lubricant is added to the
non-foamable resin, the contract friction with a metal mold in
press molding can be reduced to prevent the rupture of the
non-foamable resin. The same effect can be obtained also by
sticking a film exclusive for lubrication to the surface of the
non-foamable resin or applying a coating for lubrication
thereto.

[0097] According to the seventh invention, the foamable
resin is increased in thickness, when heated to the foaming
temperature and made into the foamed resin, and high bend-
ing rigidity can be obtained so that the role of the constraining
plate of the retraiming type vibration damping structure can be
sufficiently played.

[0098] When the loss factor of the non-foamable resin is set
to 0.05-5, vibration energy can be sufficiently absorbed, and
high vibration damping performance can be obtained as the
retraining type vibration damping structure. When a resin
capable of forming closed cells by heating is used as the
foamable resin, the reduction in elastic modulus can be con-



US 2009/0040409 A1

fined to a reduction inversely proportional to one power of the
foaming magnification even when foamed at a high magnifi-
cation.

[0099] When a metal powder is added to the foamable resin
or the non-foamable resin, the sound insulating performance
can be enhanced because the density of the resin is increased,
and when a conductive material is used, the weldability can be
improved. When a lubricant is added to the foamable resin,
the contact friction with a metal mold in press molding can be
reduced to prevent the rupture of the foamable resin. The
same effect can be obtained also by sticking a film exclusive
for lubrication to the surface ofthe foamable resin or applying
a coating for lubrication thereto.

[0100] According to the eighth and twenty-third invention,
the foamable resin can be thermally fused as it is held in the
unfoamed state to form the laminated plate.

[0101] According to the ninth and twenty-fourth invention,
the non-foamable resin can be thermally fused as the foam-
able resin is held in the unfoamed state to form the laminated
plate.

[0102] According to the tenth and twenty-fifth invention,
since the non-foamable resin is not melted even if the foam-
able resin is heated to the foaming temperature, the laminate
integrated state of the foamable resin made to the foamed
resin, the non-foamable resin, and the hard plate can be held
even after the heating foaming treatment.

[0103] According to the eleventh and twenty-sixth inven-
tion, when a thermosetting resin is used as the non-foamable
resin, the laminate integrated state of the foamable resin, the
non-foamable resin and the hard plate can be held because the
non-foamable resin is not softened when heated once even if
the laminated plate is heated to the foaming temperature, and
a required sound preventing performance can be obtained
after the end of the heating treatment. In the laminated plate in
which the non-foamable resin, the foamable resin and the
hard plate are laminated in this order, sufficient rigidity can be
obtained as the constraining plate of the constraining type
vibration damping structure. When a thermoplastic resin is
used as the non-foamable resin, the recyclability can be
enhanced because it can be separated from the hard plate by
heating to a high temperature.

[0104] According to the twelfth and the twenty-seventh
invention, when a thermoplastic resin is used as the foamable
resin, the foamable resin can be sufficiently foamed, when
heated to the foaming temperature, since its softening is pro-
gressed simultaneously with decomposition and gas genera-
tion. Further, A thermosetting resin can be used as the foam-
able resin. In a combination of two or more foamable resins,
when the thermosetting resin is used as one foamable resin
and heated to the foaming temperature, it is not soft, and the
one foamable resin (after foaming) is thus never melted even
if heated to the foaming temperature of the other foamable
resin.

[0105] According to the thirteenth, fourteenth, twenty-
eighth and twenty-ninth invention, the foamable resin can be
foamed by heating at 120-300° C. Examples of the foamable
resin include polyesters, nylons, and polyolefins.

[0106] According to the fifteenth and thirtieth invention, a
foaming agent is mixed to the resin whereby the foamable
resin to be foamed by heating can be formed. In order to mix
the foaming agent, the melting point of the resin is set pref-
erably lower than the decomposing temperature of the foam-
ing agent by 20-30° C.

Feb. 12,2009

[0107] According to the sixteenth and thirty-first invention,
the foamable resin can be foamed without deterioration by
heating to 120-300° C.

[0108] According to the seventeenth, eighteenth, thirty-
second and thirty-third inventions, the foamable resin is made
to the foamed resin by heating, and the hard plate is reinforced
by the rigidity imparting effect, whereby high vibration
damping performance and sound insulating performance can
be obtained.

[0109] According to the nineteenth invention, the foamable
resin can be laminated and integrated in the laminating pro-
cess as it is held in the unfoamed state.

[0110] According to the twentieth invention, the foamable
resin is thereafter made into the foamed resin by heating in the
heating process, and the thickness is increased to enhance the
bending rigidity, whereby the vibrating damping perfor-
mance can be enhanced as the retraining type vibration damp-
ing structure, or the sound insulating performance can be
enhanced as the double wall sound insulating structure by
increasing the thickness with foaming to reduce the spring
constant. Therefore, the hard plate can be reinforced with the
foamed resin, or the vibration damping performance or sound
insulating performance as the laminated plate is enhanced,
whereby sound proofing performance can be exhibited.

[0111] According to the twenty-first invention, the lami-
nated plate is made into a prescribed shape by press work or
the like in the molding process, and the foamable resin is
made to the foamed resin in the heating process. Therefore,
the laminated plate can be worked into a prescribed shape
while ensuring the dimensional and shape precision without
restrictions of shape, applicable place, and weight, and the
vibrating damping performance and sound insulating perfor-
mance can be enhanced to exhibit sound proofing perfor-
mance.

[0112] According to the twenty-second invention, since the
mechanism or work for the heating process for forming the
foamable resin is dispensed with, the working efficiency can
be enhanced to significantly reduce the manufacturing cost.

What is claimed is:

1. A liquid crystal display device which having a plurality
of pixel region, each of the pixel region having at least two
electrode which drive a liquid crystal, the pixel region com-
prising:

a first electrode, a second electrode, a first switching ele-
ment, a second switching element, a capacitance signal
line, a first drain line, a second drain line, a gate line,
wherein

the first electrode is connected to the first switching ele-
ment and the first drain line through the first switching
element,

the second electrode is connected to the second switching
element and the second drain line through the second
switching element,

the first electrode and the second electrode are connected to
the same gate line through the first or second switching
element,

the first electrode and the second electrode are arranged in
the position which overlapped on the same capacitance
signal line.
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2. A liquid crystal display device according to claim 1,
wherein the capacitance signal line is arranged in parallel to
the gate line.

3. A liquid crystal display device according to claim 1,
wherein the first drain line is arranged next to the second drain
line of the adjoining pixel region.

4. A liquid crystal display device according to claim 1,
wherein a capacitance value between the first electrode and
the capacitance signal line is substantially equal to a capaci-
tance value between the second electrode and the capacitance
signal line.

5. A liquid crystal display device according to claim 1,
wherein the first electrode and the second electrode are
formed of a light transmitting conductive film,
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the overlapped area of the capacitance signal line and the
second pixel electrode differs from the overlapped area
of the capacitance signal line and the first pixel elec-
trode.

6. A liquid crystal display device according to claim 4,
wherein the second electrode is formed having a plurality of
slit, the first electrode is formed without a slit.

7. A liquid crystal display device according to claim 5,
wherein the overlapped area of the capacitance signal line and
the second pixel electrode is larger than the overlapped area of
the capacitance signal line and the first pixel electrode.

#® ok ok ok ok
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