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(57) ABSTRACT 

Introduction guides 12 are provided above and below a sheet 
introduction opening portion of a pressure-reduced chamber 
10, and heating means 17 is provided between the introduc 
tion guides. Each resin sheet 3 is attracted and attached 
respectively to the circumferential Surface of a corresponding 
emboss roller 11 by reducing pressure. Pins 112 of the 
emboss roller 11 are truncated cone-shaped. The ratio of the 
total area of the lower bases of the pins 112 to the area of the 
circumferential surface of the emboss roller is 0.5 or more. 
The rising angle 0 of the pin side face, in the vertical plane 
including the central axis of the pins 112, is in the range from 
50 degrees to 70 degrees. Furthermore, a multilayered hollow 
structure plate 140 is formed by attaching non-air-permeable 
sheets 130 onto both the front and back of a core member 
obtained by fusing together hollow protrusions 112 in two 
thermoplastic resin sheets. A sound absorbing material 150 is 
provided on at least one of the front and back side thereof, and 
small holes 114a opened in the multilayered hollow structure 
plate are formed in liner portions 114 and the non-air perme 
able sheet 130 only in the positions that matches the liner 
portions 114. 
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HOLLOWSTRUCTURE PLATE, 
MANUFACTURING METHOD THEREOF, 

MANUFACTURING DEVICE THEREOF, AND 
SOUND ABSORBING STRUCTURE PLATE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 10/509,225, which is the National Stage of 
International Application No. PCT/JP03/03742, filed Mar. 
26, 2003. 

TECHNICAL FIELD 

0002 The present invention relates to hollow structure 
plates, methods and apparatuses for manufacturing the same, 
and Sound absorbing structure plates. 

BACKGROUND ART 

0003 Plastic hollow structure plates, such as flute-shaped 
plastic cardboards (product name: Danplate manufactured by 
Ube-Nitto Kasei Co., Ltd.), corrugated plastic cardboards, 
plastic structure plates in which columnar independent air 
compartments are formed (product name: Plapearl manufac 
tured by Kawakami Sangyo Co., Ltd.), are lightweight and 
have excellent water resistance, heat resistance, chemical 
resistance and other properties, and thus have conventionally 
been used in various applications such as building panels, 
containers, various boxes, and interior materials for, for 
example, houses, buildings, offices, and vehicles (e.g., see JP 
2000-326430A as a honeycomb structure plate). 
0004 Among these, hollow structure plates in which 
columnar independent air compartments (hereinafter, 
referred to as “hollow protrusions') are formed are known to 
have no difference in strength between the vertical and the 
horizontal directions, compared with corrugated plastic card 
boards or flute-shaped plastic cardboards. 
0005 Such a structure plate can be obtained by molding a 
thermoplastic resin sheet under a reduced pressure. In this 
structure, when it is attempted to increase the height of a 
hollow protrusion to increase the thickness, the wall portion 
constituting the hollow protrusion turns into a film, so that the 
strength cannot be maintained. If the thickness of the resin 
sheet is increased in order to solve this problem, then the 
weight is inevitably increased and the property of being light 
weight is impaired. Therefore, a technique disclosed in JP 
2000-326430A has been developed as a conventional art of 
the present invention. 
0006. In this technique, a plurality of hollow protrusions 
are projected in each of a pair of resin sheets, and the resin 
sheets are fused with the hollow protrusions facing each 
other, so that a hollow structure plate is obtained. By attaching 
the two sheets, the thickness can be made twice larger than the 
conventional thickness while the strength is maintained. Sub 
sequently after the formation of the hollow protrusions and 
the attachment process, a Smoothly planed board or the like is 
laminated on the opposite Surfaces of the two resin sheets, and 
thus a plate material product having a lightweight hollow 
structure can be obtained. 

0007. A method for manufacturing this structure, which is 
disclosed in the above-mentioned publication, is as follows. 
Two resin sheets extruded from a T-die are supplied between 
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a pair of emboss rollers in which a multitude of pins are 
projected from their outer circumferential portions, and the 
pressure inside the rollers is reduced and evacuated, so that 
the two resin sheets are molded so as to be pin-shaped under 
a reduced pressure. At the same time, the pins are brought in 
contact with each other with the rotation of the rollers so that 
the end faces of the hollow protrusions are thermally fused to 
become integral. In this state, the sheets are taken up by a 
take-up roller, and thus an integral hollow structure plate can 
be obtained. 

0008 However, the above-described manufacturing 
method has the following technical problems in terms of the 
shape or the properties, and cannot be adapted for manufac 
turing in practice. 

0009 First, often, the sheet cannot be attached onto the 
roller simply by evacuating the roller, and evacuation loss 
occurs, so that when forming hollow protrusions having a 
large height, molding is impossible. 

0010 Second, when the rollers are heated to a temperature 
at which the hollow protrusions of the resin sheets can be 
molded, the resin sheets get attached to the rollers, which 
makes mold release difficult. Even if mold-release is per 
formed Successfully, the shape is transformed because the 
temperature of the hollow protrusions is at least a melting 
point or more. On the other hand, if the molding temperature 
is too low, then the bottom surfaces of the hollow protrusions 
cannot be fused and joined together, even if they are in contact 
with each other. In such a case, the resin sheets are detached 
from each other at the joined portion when a bending load is 
applied to the obtained hollow structure plate, and thus the 
rigidity is decreased. Therefore, strict control of the tempera 
ture becomes necessary in order to obtain high quality hollow 
structure plates. 

0011 Furthermore, when the difference in the size (diam 
eter ratio) between the upper base and the lower base of each 
pin is Small, not only does the mold-release property deterio 
rate, but also the following problem occurs: in the molded 
hollow structure plate, the amount of resin for the hollow 
protrusions is increased and the balance with the liner portion 
in which no hollow protrusion is formed collapses, so that 
webbing occurs and thus the formativeness deteriorates. 
0012 Furthermore, the bending elasticity gradient of the 
hollow structure plate is improved as the interval between the 
pins is Smaller, but simply reducing the interval between the 
pins causes webbing in the hollow structure plate more easily, 
especially when the difference in the size between the upper 
base and the lower base of the pin is small. 
0013 Furthermore, such a hollow structure plate has a 
poor Sound absorbency, and it is necessary to attach a porous 
sheet-shaped member Such as an urethane foam sheet, a non 
woven fabric, and a woven fabric in order to improve the 
Sound absorbency. Furthermore, in a commonly used Sound 
absorbing material, the Sound absorbency depends greatly on 
the thickness thereof, so that for example, as the thickness of 
the porous sheet-shaped member becomes Smaller, the Sound 
absorbency, especially in the low or medium frequency 
region, becomes poorer. Moreover, rock wool, plaster boards 
and the like that are used as interior materials for houses Such 
as ceiling materials or wall materials are lightweight and have 
excellent Sound absorbency and thermal insulation perfor 
mance, but the rigidity and water resistance are poor. 
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0014. The present invention solves the above-described 
technical problems, and an object thereof is to provide a 
method and an apparatus for manufacturing a hollow struc 
ture plate that allow hollow protrusion processing and melt 
joining of two thermoplastic resin sheets that have been extru 
sion-molded to be performed reliably in a short time, and that 
facilitate the temperature control. 

0.015 Furthermore, the present invention solves the 
above-described technical problems, and an object thereof is 
to provide a technique that allows hollow protrusion process 
ing and melt joining of two thermoplastic resin sheets that 
have been extrusion-molded to be performed reliably in a 
short time and facilitates the temperature control, and that 
also enables manufacturing of a hollow structure plate having 
good flexural properties. 

0016 Furthermore, the present invention has an object of 
providing a lightweight hollow structure plate having excel 
lent strength, rigidity, heat resistance, and water resistance 
and high sound absorbency with an appropriate thickness 
without attaching a porous sheet-shaped member Such as an 
urethane foam, a non-woven fabric, and a woven fabric. Fur 
thermore, the present invention has an object of providing a 
hollow structure plate having high Sound absorbency 
throughout the audible range by combining the above-de 
scribed hollow structure plate and another sound absorbing 
material, without canceling out the effect of one another. 

DISCLOSURE OF INVENTION 

0017 (1) A hollow structure plate according to the present 
invention is a hollow structure plate formed by fusing a plu 
rality of hollow protrusions that are projected in each of two 
thermoplastic resin sheets with the hollow protrusions facing 
against one another. The hollow protrusions are truncated 
cone-shaped. A ratio of a total area of a lower base of each of 
the hollow protrusions to an area of a circumferential Surface, 
i.e., a ratio between the total area of the lower base (opening) 
portions of the hollow protrusions and the area of the liner 
portions in which the hollow protrusions are not formed, is in 
a range from 0.3 to 0.9. A rising angle of a side face of each of 
the hollow protrusions in a vertical plane including a central 
axis of the hollow protrusion is in a range from 50 degrees to 
70 degrees. 

0018 (2) A method for manufacturing a hollow structure 
plate according to the present invention comprises: introduc 
ing two thermoplastic resin sheets into a pressure-reduced 
chamber; attracting and attaching the resin sheets respec 
tively to a circumferential surface of each of a pair of upper 
and lower emboss rollers that are arranged rotatably in the 
pressure-reduced chamber to form a multitude of hollow 
protrusions on each of the resin sheets in accordance with a 
shape of a pin projected in each of the emboss rollers; and 
thermally fusing the end faces of the hollow protrusions in a 
position of a contact line, i.e., a contact point, of the emboss 
rollers. Introduction guides are arranged respectively above 
and below a sheet-introducing opening portion of the pres 
Sure-reduced chamber, each of the introduction guides being 
inclined toward a direction of the contact line, i.e., the contact 
point, of each of the emboss rollers. Heating means for ther 
mal fusion is provided between the introduction guides, the 
heating means being arranged in a non-contact manner 
between the resin sheets. Each of the resin sheets is attracted 
and attached respectively to the circumferential surface of 
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each of the emboss rollers under a reduced pressure by main 
taining opposing Surfaces of the resin sheets in the pressure 
reduced chamber at an atmospheric pressure and reducing a 
pressure at Surfaces opposite therefrom. 

0019. In the present invention, it is possible to provide 
means for inserting and guiding laterally-opposite side por 
tions of each of the resin sheets along opposite side portions 
of the emboss rollers, and/or to laminate a surface material on 
an upper and a lower surface of the hollow structure plate 
subsequently after the hollow structure plate is molded. 

0020. Another method for manufacturing a hollow struc 
ture plate according to the present invention comprises: intro 
ducing two thermoplastic resin sheets into a pressure-reduced 
chamber; attracting and attaching the resin sheets respec 
tively to a circumferential surface of each of a pair of upper 
and lower emboss rollers that are arranged rotatably in the 
pressure-reduced chamber to form a multitude of hollow 
protrusions on each of the resin sheets in accordance with a 
shape of a pin projected in each of the emboss rollers; and 
thermally fusing the end faces of the hollow protrusions in a 
position of a contact line, i.e., a contact point, of the emboss 
rollers continuously. Emboss rollers satisfying the following 
conditions are used: the pin is truncated cone-shaped; a ratio 
of a total area of a lower base of the pin to an area of the 
circumferential surface of the emboss roller, i.e., a ratio 
between the total area of the lower base (opening) portions of 
the hollow protrusions and the area of the liner portions in 
which the hollow protrusions are not formed, is in a range 
from 0.3 to 0.9; and a rising angle of a side face of the pin in 
a vertical plane including a central axis of the pin is in a range 
from 50 degrees to 70 degrees. 

0021 (3) An apparatus for manufacturing a hollow struc 
ture plate according to the present invention comprises: a 
pressure-reduced chamber that is evacuated to reduce a pres 
Sure inside; a pair of upper and lower emboss rollers that are 
Supported with bearings rotatably in the pressure-reduced 
chamber in a state in which circumferential surfaces of the 
rollers face a front opening portion of the pressure-reduced 
chamber, a pin provided on one of the rollers being brought 
into contact with a pin provided on the other via a resin sheet 
in a position of a contact line, i.e., a contact point; sheet 
introduction plates that are arranged respectively above and 
below the front opening portion, each of the sheet-introduc 
tion plates being inclined toward a direction of the contact 
line, i.e., the contact point, of each of the emboss rollers; a 
plurality of border rollers that are supported rotatably on an 
inner side of opposite side portions of the pressure-reduced 
chamber; a pair of border-roller receiving and quasi-sealing 
members that are opposed respectively to the border rollers 
with a small gap therebetween and that are arranged on both 
sides of each of the emboss rollers to quasi-seal both sides of 
the emboss roller in the pressure-reduced chamber; rear 
plates that are continuous toward a rear opening portion of the 
pressure-reduced chamber, each of the rear plates being 
arranged horizontally toward a direction of the contact line, 
i.e., the contact point, of each of the emboss rollers on the rear 
side thereof, and a heater for heating that is arranged between 
the introduction plates. Herein, the degree of the quasi-seal 
ing includes a degree very close to complete sealing, and it is 
preferable that the degree of the reduced pressure in the 
pressure-reduced chamber 10, which will be described later, 
is about 300 to 2000 mm H.O. 
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0022. Another apparatus for manufacturing a hollow 
structure plate according to the present invention comprises: 
a pressure-reduced chamber that is evacuated to reduce a 
pressure inside; a pair of upper and lower emboss rollers that 
are Supported with bearings rotatably in the pressure-reduced 
chamber in a state in which circumferential surfaces of the 
rollers face a front opening portion of the pressure-reduced 
chamber, a pin provided on one of the rollers being brought 
into contact with a pin provided on the other via two thermo 
plastic resin sheets in a position of a contact line, i.e., a contact 
point; and a heater for heating that is arranged at the front 
opening portion. The pin of each of the emboss rollers is 
truncated cone-shaped. A ratio of a total area of a lower base 
of the pin to an area of the circumferential surface of the 
emboss roller, i.e., a ratio between the total area of the lower 
base (opening) portions of the hollow protrusions and the area 
of the liner portions in which the hollow protrusions are not 
formed, is in a range from 0.3 to 0.9. A rising angle of a side 
face of the pin in a vertical plane including a central axis of the 
pin is in a range from 50 degrees to 70 degrees. 
0023 (4) A sound absorbing structure plate according to 
the present invention comprises a multilayer hollow structure 
plate constituted by attaching non-air-permeable sheets onto 
front and back sides of a core member obtained by fusing a 
plurality of hollow protrusions that are projected in each of 
two thermoplastic resin sheets with the hollow protrusions 
facing against one another. A small hole opened between the 
hollow protrusions, i.e., in the liner portions in which the 
hollow protrusions are not formed (which appear like 
recesses after the sheet is formed), on at least one of the front 
and back sides of the multilayer hollow structure plate is 
formed. 

0024. In the sound absorbing structure plate according to 
the present invention, it is possible to attach a sound absorb 
ing material, for example, a porous sheet Such as an urethane 
foam sheet, a non-woven fabric, and a woven fabric, onto the 
side on which the small hole is formed in the hollow structure 
plate, and/or to provide the hollow structure plate with a 
Metsuke (weight per unit area) of from 700 to 3000 g/m. 

BRIEF DESCRIPTION OF DRAWINGS 

0.025 FIG. 1 is an explanatory diagram showing a hollow 
structure plate of the present invention. 
0026 FIGS. 2(a) to 2(d) show preferable embodiments of 
a sound absorbing structure plate of the present invention. 
FIG. 2(a) is a cross-sectional view showing the state in the 
middle of manufacturing; FIG. 2(b) is a cross-sectional view 
showing a hollow structure plate that is an intermediate prod 
uct; FIG. 2(c) is a plan view of FIG. 2(b); and FIG. 2(d) is a 
cross-sectional view of a Sound absorbing structure plate that 
is a final product. 
0027 FIG.3 is a correlation diagram of the frequency and 
the reverberant absorption coefficient in Examples 1 to 5. 
0028 FIG. 4 is a correlation diagram of the frequency and 
the reverberant absorption coefficient in Examples 6 and 7. 
0029 FIG. 5 is a correlation diagram of the frequency and 
the reverberant absorption coefficient in Comparative 
Examples 1 and 2. 
0030 FIG. 6 is a correlation diagram of the frequency and 
the reverberant absorption coefficient in Example 6 and Com 
parative Example 2. 
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0031 FIG. 7 is an explanatory diagram showing the entire 
structure of an apparatus to which the present invention is 
applied. 
0032 FIG. 8 is a side-cross-sectional explanatory diagram 
of the manufacturing apparatus. 
0033 FIG. 9 is a cross-sectional explanatory diagram 
taken along line A-A of the drawings. 
0034 FIG. 10 is a cross-sectional explanatory diagram 
taken along line B-B of the drawings. 
0035 FIG. 11 is an enlarged view of a portion C of the 
drawings. 

0036 FIG. 12 is a perspective view of an emboss roller. 
0037 FIG. 13 is an enlarged explanatory diagram of a part 
of the emboss roller of FIG. 6. 

0038 FIG. 14 is an enlarged cross-sectional view of a step 
provided in a pin of the emboss roller. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.039 Hereinafter, preferred embodiments of the present 
invention will be described with reference of the accompany 
ing drawings in detail. 
0040. As shown in FIG. 1, the hollow structure plate of the 
present invention is formed by fusing a plurality of hollow 
protrusions (referred to as “pins' or "emboss pins' in the 
examples) 112, 112 that are projected (embossed) in two 
thermoplastic resin sheets 110, 110A with the end faces 
attached to each other, and characterized by the following: the 
pins 112, 112 are truncated cone-shaped; the ratio of the total 
area of the lower bases of the pins 112, 112 to the circumfer 
ential surface is in the range from 0.3 to 0.9; and the rising 
angle of the side face of each pin 112,112 in the vertical plane 
including the central axis of the pin 112, 112 is in the range 
from 50 degrees to 70 degrees. Such a hollow structure plate 
also can be constituted by attaching non-air-permeable sheets 
(not shown) made of thermoplastic resin sheets to liner por 
tions (i.e., portions between the pins 112, 112 in the thermo 
plastic resin sheets 110, 110a) 114, 114 on both the front and 
back sides thereof. 

0041 As the resin sheet 3 used in the present invention, 
polyolefin resin sheets, in particular, polypropylene sheets are 
preferable, but other thermoplastic resin materials in general 
can be applied, and setting of a relevant part of the apparatus 
can be changed, depending on various temperature character 
istics such as the melting point, the Softening point, and the 
glass transition temperature, or the properties of the material. 

EXAMPLE 1 OF THE HOLLOW STRUCTURE 
PLATE 

0042. A homopropylene sheet (melting point: 165° C., 
softening point: 120°C.) having a thickness of 0.5 mm and a 
Metsuke (weight per unit area) of 500 g/m in the melted state 
was placed on a vacuum molding plate having a width of 70 
mm and a length of 200 mm in which pins 11b, whose height 
is 5 mm and whose diameter of the upper base 11d is 2 mm 
and diameter of the lower base 11e is 8 mm, were arranged in 
a staggered lattice arrangement with a pin interval (interval 
between the rising portions 11g) of 2 mm, and vacuum mold 
ing was performed in off-line. The obtained two embossed 
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sheets were attached in Such a manner that the pins thereof 
were attached with an ultrasonic fusing apparatus. Using this 
as a core member, homopropylene sheets having a thickness 
of 0.25 mm and a Metsuke of 250 g/m were attached as face 
material to the front and the back of this core member. Thus, 
a hollow structure plate having a thickness of 10.5 mm and a 
Metsuke of 1500 g/m was obtained. Thereafter, a bending 
test was performed according to JIS K7203. Regarding the 
bending elasticity gradient, a load when a flexure of 1 cm 
occurred was obtained based on the straight portion of a 
load-flexure curve obtained by the above-described bending 
measurement, and this was taken as the bending elasticity 
gradient. 

EXAMPLE 2 OF THE HOLLOWSTRUCTURE 
PLATE 

0043. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 2 mm and diameter of the lower base 11e is 6 mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 2 mm. Thereafter, a bending test was performed. 

EXAMPLE 3 OF THE HOLLOWSTRUCTURE 
PLATE 

0044. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 2 mm and diameter of the lower base 11e is 6 mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 4 mm. Thereafter, a bending test was performed. 

EXAMPLE 4 OF THE HOLLOWSTRUCTURE 
PLATE 

0045. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 4 mm and diameter of the lower base 11e is 8mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 2 mm. Thereafter, a bending test was performed. 

EXAMPLES OF THE HOLLOWSTRUCTURE 
PLATE 

0046. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 2 mm and diameter of the lower base 11e is 10 mm, 
were arranged in a staggered lattice arrangement with a pin 
interval of 2 mm. Thereafter, a bending test was performed. 

EXAMPLE 6 OF THE HOLLOWSTRUCTURE 
PLATE 

0047 The pin was configured to have a step. A hollow 
structure plate was obtained in the same manner as Example 
1, using a vacuum molding plate having a width of 70 mm and 
a length of 200 mm in which pins 11b, whose height is 5 mm 
and whose diameters of the upper base 11d, the inner side of 
the intermediate state, the outer side of the intermediate stage, 
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and the lower base 11e are 1.5 mm, 3 mm, 5mm, and 6 mm, 
respectively, were arranged in a staggered lattice arrangement 
with a pin interval of 2 mm. Thereafter, a bending test was 
performed. 

COMPARATIVE EXAMPLE 1 OF THE HOLLOW 
STRUCTURE PLATE 

0048. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 4 mm and diameter of the lower base 11e is 6 mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 4 mm. Thereafter, a bending test was performed. 

COMPARATIVE EXAMPLE 2 OF THE HOLLOW 
STRUCTURE PLATE 

0049. A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 2 mm and diameter of the lower base 11e is 4 mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 4 mm. Thereafter, a bending test was performed. 

COMPARATIVE EXAMPLE 3 OF THE HOLLOW 
STRUCTURE PLATE 

0050 A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 6 mm and diameter of the lower base 11e is 8mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 4 mm. Thereafter, a bending test was performed. 

COMPARATIVE EXAMPLE 4 OF THE HOLLOW 
STRUCTURE PLATE 

0051 Molding was performed in the same manner as 
Example 1, using a vacuum molding plate having a width of 
70 mm and a length of 200 mm in which pins 11b, whose 
height is 5 mm and whose diameter of the upper base 11d is 4 
mm and diameter of the lower base 11e is 6 mm, were 
arranged in a staggered lattice arrangement with a pin interval 
of 2 mm. Webbing occurred, and a satisfactory hollow struc 
ture plate was not obtained. 

COMPARATIVE EXAMPLES OF THE HOLLOW 
STRUCTURE PLATE 

0052 A hollow structure plate was obtained in the same 
manner as Example 1, using a vacuum molding plate having 
a width of 70 mm and a length of 200 mm in which pins 11b, 
whose height is 5 mm and whose diameter of the upper base 
11d is 2 mm and diameter of the lower base 11e is 12 mm, 
were arranged in a staggered lattice arrangement with a pin 
interval of 2 mm. Thereafter, a bending test was performed. 
—Test Results— 

0053 Table 1 shows the results of the bending tests of the 
above examples and comparative examples. 
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TABLE 1. 

pin ratio of pin bending 
pin diameter (b) inter- total area of rising elasticity 

(upper base- val pin lower angle gradient 
lower base) (mm) base1 (°) (N/cm) 

Ex. 1 2-8 2 O.S8 61 530 
Ex. 2 2-6 2 O.S1 68 500 
Ex. 3 2-6 4 O.33 68 420 
Ex. 4 4-8 2 O.S8 68 430 
Ex. S 2-10 2 O.63 51 410 
Ex. 682 1.5-(3-5)-6 2 O.S1 530 
Com. Ex. 1 4-6 4 O.33 79 310 
Com. Ex. 2 2-4 4 O.23 79 340 
Com. Ex. 3 6-8 4 O.40 79 325 
Com. Ex. 4 4-6 2 O.S1 79 webbing 
Com. Ex. 5 2-12 2 O.74 45 28O 

*1 when taking the total area of an embossed sheet (one face) as 1. 
*2a pin having a step 

0054 The above results make it clear that the above-de 
scribed Examples have the effect of the present invention, as 
evident in contrast to the Comparative Examples. 
0.055 The present invention not only allows hollow pro 
trusion processing and melt joining of two thermoplastic 
resin sheets that have been extrusion-molded to be performed 
reliably in a short time and facilitates the temperature control, 
but also enables a hollow structure plate having good bending 
characteristics to be manufactured. 

0056 FIGS. 2(a) to 2(d) show preferable embodiments in 
which the hollow structure plate is used as a Sound absorbing 
structure plate of the present invention. The sound absorbing 
structure plate shown in these figures is provided with a 
hollow structure plate 140 and a sound absorbing material 
150. The hollow structure plate 140 is constituted by attach 
ing non-air-permeable sheets 130, 130A made of thermoplas 
tic resin sheets to liner portions (i.e., portions between the 
hollow protrusions 112, 112 in the thermoplastic resin sheets 
110, 110a) 114,114 of the core member 120 on both the front 
and back sides thereof. The core member 120 is formed by 
fusing a plurality of hollow protrusions (also referred to as 
“pins' or "emboss pins') 112, 112 that are projected 
(embossed) in two thermoplastic resin sheets 110 and 110A 
with their end faces attached facing each other. The sound 
absorbing material 150 is made of porous material that is 
attached to at least one of the two faces of the front and the 
back of the hollow structure plate 140. Small holes 114a, 
130a that are opened toward the closed spaces 142,142 in the 
hollow structure plate 140 are formed in the liner portions 114 
of the thermoplastic resin sheet 110 that is positioned on the 
side to which the sound absorbing material 150 is attached, 
and in the non-air permeable sheet 130 only at the positions 
that match the liner portions 114. 
0057 According to this embodiment, noise in a relatively 
high frequency band can be absorbed with the sound absorb 
ing material 150, and noise in a relatively low frequency band 
can be absorbed by achieving a resonant absorbing effect of 
the hollow portions (air layers) of the hollow structure plate 
140 that are opened through the small holes 130a and 114a. 
Thus, a sound absorbing structure plate having high absor 
bency throughout the audible range, without canceling out the 
effect of one another, can be obtained. 
0.058. In addition, since the thermoplastic resin sheets 110. 
110A are main members, the sound absorbing structure plate 
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is lightweight, and further, since the hollow protrusions 112, 
112 are fused with their end faces attached facing each other, 
the Sound absorbing structure plate has high strength and high 
rigidity. 

0059. There is no limitation regarding the thermoplastic 
resin that is the raw material for the core member 120. How 
ever, in view of the balance between the cost, the formability, 
the properties and other characteristics, polypropylene is 
preferable. There is no limitation regarding the raw material 
of the non-air-permeable sheets that are attached to both faces 
of the core member. However, in view of the balance between 
the cost, the formability, the properties, and other character 
istics, polypropylene is preferable. Moreover, fillers such as 
mica and talc or modifiers such as a flame retardant for pro 
viding flame resistance can be added to these raw materials. 
The sound structure plate can be provided with excellent 
recycling properties by using polypropylene. 

0060. It is preferable that the Metsuke (weight per unit 
area) of the hollow structure plate 140 is approximately from 
700 to 3000 g/m. When the Metsuke is too small, the thick 
ness of the hollow protrusions 112, 112 is too small and they 
are made into films, and therefore Sufficient strength and 
rigidity cannot be obtained. On the other hand, when the 
Metsuke is too large, the advantage of light weight may be 
impaired. The thickness is preferably, for example, approxi 
mately from 6 to 15 mm, depending on the application. The 
hollow protrusions 112, 112 of the thermoplastic resin sheets 
110, 110a constituting the hollow structure plate 140 are 
hollow conical in the figures, but may be hollow cylindrical. 

0061 As shown in FIG. 2(c), the small holes 114a, 130a 
are not necessarily provided in every interval between the 
hollow protrusions 112, and can be provided at an appropriate 
pitch. It is preferable that the hole diameter is from 0.3 to 7.0 
mm. When the diameteris Smaller than 0.3 mm, processing is 
difficult, and when it exceeds 7.0 mm, not only is processing 
difficult, but also does the rigidity deteriorate, because the leg 
portion of the hollow protrusion 112 is destroyed at the time 
of opening holes. More preferably, it is from +0.5 to 4.0 mm. 
Furthermore, there is no limitation regarding the number and 
the total area of the small holes. The hole diameter can be 
selected as appropriate within the above-described range, and 
can be adjusted in accordance with a specific frequency that is 
desired to be absorbed, depending on the application. The 
Small holes can be formed by a method having processing 
properties that can be selected as appropriate, Such as drilling, 
needling, and punching. 

0062. In FIG. 2, the small holes 114a, 130a are formed 
only in the liner portions 114 of the thermoplastic resin sheet 
110 positioned on the side (the upper side in FIG. 2) to which 
the sound absorbing material is attached and the non-air per 
meable sheet 130 that matches therewith, but they may be 
formed in the end faces and circumferential faces of the 
hollow protrusions 112 of the thermoplastic resin sheet 110. 
Moreover, the small holes 114a, 130a may also be formed in 
the liner portions 114 of the thermoplastic resin sheet 110A 
positioned on the side to which the Sound absorbing material 
is not attached (the lower side in FIG. 2) and the non-air 
permeable sheet 130A that matches therewith. In this case, 
the positions of the small holes 114a, 130a may be matched 
between both the front and back sides of the hollow structure 
plate 140, or do not have to be matched. The hole diameter 
and/or the pitch of all the small holes 114a, 130a in the 
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present invention do not necessarily have to be equal, and the 
Small holes may be arranged either regularly or irregularly. 
0063. In this embodiment, a multilayered hollow structure 
plate is configured by attaching the Sound absorbing material 
150 only on one face (the side on which the small hole 114a 
is formed in the liner portions 114 of the thermoplastic resin 
sheet 110) of the hollow structure plate 140. However, the 
sound absorbing material 150 may also be attached to the 
other face of the hollow structure plate 140. The sound 
absorbing material 150 is, for example, a foam member such 
as a sponge member having continuous air bubbles, and 
attaching a porous material Such as a non-woven fabric can 
further enhance the sound absorbing effect. 

EXAMPLE1 

0064. A homopolypropylene sheet (melting point: 165° 
C., softening point: 120°C.) having a thickness of 0.5mmand 
a Metsuke (weight per unit area) of 500 g/m in the melted 
state was placedon a vacuum molding plate having a length of 
1000 mm and a width of 1000 mm in which hollow protru 
sions (emboss pins), whose height is 5.5 mm and whose 
diameter of the upper base is 2 mm and diameter of the lower 
base is 6 mm, were arranged in a staggered lattice arrange 
ment with a pin interval of 2 mm, and vacuum molding was 
performed in off-line. The ends of the protrusions of the 
obtained two embossed sheets were thermally fused. Using 
this as a core member, homopolypropylene sheets having a 
thickness of 0.25 mm and a Metsuke of 250 g/m were 
attached as face material to the front and the back of this core 
member. Thus, a hollow structure plate having a total thick 
ness of 11.5 mm and a Metsuke of 1500 g/m was obtained. 
Thereafter, a hole-opening process was performed to one of 
the liner portions of the hollow structure plate such that holes 
of db 1.0 were formed at an equal pitch at an opening ratio of 
0.36%. The sound absorption coefficient of this perforated 
hollow structure plate of 1 x 1 m was measured in a small 
reverberant chamber (manufactured by Nittobo Acoustic 
Engineering Co., Ltd.). 

EXAMPLE 2 

0065. A hollow structure plate was obtained in the same 
manner as in Example 1, and then a hole-opening process was 
performed to one of the liner portions of the hollow structure 
plate such that holes of b2.5 mm were formed at an equal 
pitch at an opening ratio of 0.36%. The sound absorption 
coefficient of this perforated hollow structure plate was mea 
sured in a small reverberant chamber. 

EXAMPLE 3 

0.066 A hollow structure plate was obtained in the same 
manner as in Example 1, and then a hole-opening process was 
performed to one of the liner portions of the hollow structure 
plate such that holes of b4.0 mm were formed at an equal 
pitch at an opening ratio of 0.36%. The sound absorption 
coefficient of this perforated hollow structure plate was mea 
sured in a small reverberant chamber. 

EXAMPLE 4 

0067. A hollow structure plate was obtained in the same 
manner as in Example 1, and then a hole-opening process was 
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performed to one of the liner portions of the hollow structure 
plate such that holes of b2.5 mm were formed at an equal 
pitch at an opening ratio of 0.19%. The sound absorption 
coefficient of this perforated hollow structure plate was mea 
sured in a small reverberant chamber. 

EXAMPLE 5 

0068 A hollow structure plate was obtained in the same 
manner as in Example 1, and then a hole-opening process was 
performed to one of the liner portions of the hollow structure 
plate such that holes of b2.5 mm were formed at an equal 
pitch at an opening ratio of 0.66%. The sound absorption 
coefficient of this perforated hollow structure plate was mea 
sured in a small reverberant chamber. 

EXAMPLE 6 

0069. A hollow structure plate was obtained in the same 
manner as in Example 1, and thena Soft urethane foam having 
a thickness of 6 mm was attached as a sound absorbing 
material to the face having the holes of this hollow structure 
plate, so that a multilayered hollow structure plate was pro 
duced. Then, the Sound absorption coefficient was measured 
in a small reverberant chamber (t=1 means a thickness of 1 
mm). 

EXAMPLE 7 

0070 A hollow structure plate having holes was obtained 
in the same manner as in Example 2, and then an air-perme 
able Surface material having a thickness of 6 mm and a soft 
urethane foam (t=5) were attached as Sound absorbing mate 
rials to the face having the holes of this hollow structure plate, 
so that a multilayered hollow structure plate was produced. 
Then, the Sound absorption coefficient was measured in a 
small reverberant chamber. 

COMPARATIVE EXAMPLE 1 

0071. A hollow structure plate was produced in the same 
manner as in Example 1, and the Sound absorption coefficient 
was measured in a small reverberant chamber. 

COMPARATIVE EXAMPLE 2 

0072 The sound absorption coefficient of a soft urethane 
foam having a thickness of 6 mm was measured in a small 
reverberant chamber. 

COMPARATIVE EXAMPLE 3 

0073. A hollow structure plate was obtained in the same 
manner as in Example 1, and a multilayered hollow structure 
plate was produced by attaching a sound absorbing material 
made of a foam material under the same conditions as in 
Example 6, except that no holes were opened. Then, the sound 
absorption coefficient was measured according to the rever 
berant chamber method. The sound absorption coefficient in 
certain frequencies of Comparative Example 3 is shown in 
Table 2. 

0074 Table 2 show the results of measuring the reverber 
ant sound absorption coefficient of Examples 1 to 7 and 
Comparative Examples 1 to 3, and Table 3 shows the bending 
elasticity gradient. 
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TABLE 2 

Results of measuring the reverberant sound absorption coefficient 
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frequency Com. Com. Com. 
(Hz) Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex 7 Ex. 1 Ex. 2 Ex. 3 

200 -0.03 -0.03 0.10 —O.OS O.O8 O.16 O.O2 O.OO O.OS O.OS 
250 O.04 OO6 O.25 O14 O.16 O.18. O.14 O2O O.O8 O.O7 
315 —O.O7 -0.09 -0.06 -0.04 —O.O8 O.O1 —O.O1 O.06 - 0.06 -0.03 
400 —O.O2 O.O3 0.08 OO6 O.O2 0.17 O.21 O.12 O.O1 O.OO 
500 O.04 0.06 O.OS 0.11 O.OS 0.25 O.31 O.12 O.O2 O.O2 
630 O.14 0.2O O.26 O42 (0.1O O.S1 O.51 0.15 O.1O O.09 
800 O.28 0.42 O.SO 0.49 0.25 O.S3 O.S.S. O.10 O.09 0.10 

1OOO O49 O.SO 0.42 O.35 0.46 O.62 O.46 O.O7 O.14 0.15 
12SO O.63 0.46 0.28 O21 O.63 O.63 O.45 0.10 O.19 O.19 
1600 O.S6 0.31 O.17 O.13 O.S4 O.S4 O.41 OO6 0.34 0.33 
2OOO O4S 0.26 O.19 O.16 OSO O.S2 O.S2 0.13 O.S2 O.S2 
2SOO O.29 O.16 0.16 O.10 O.28 O.S7 O.S7 O.11 O.S2 O.SO 
3150 O.2O O. 10 O. 11 O.O8 O.12 O.S.S. O.6O O.O8 O.S7 O.S8 
4000 O.11 O.1O O.09 OOS O.14 O.69 O.66 0.09 O.69 O.70 
SOOO O.10 O.08 O. 12 O.O8 O. 11 O.78 O.78 O.12 O.75 0.74 

0075) this way, the Sound absorption performance is enhanced over 
a wide range of frequency bands. 

TABLE 3 007.9 Furthermore, it was also confirmed that the sound 
bending absorption coefficient of the multilayered hollow structure 

hole opening elasticity plate shown as Comparative Example 3, which was produced 
diameter ratio gradient by attaching a Surface material and a foam material without 
(mmdb) (%) (N/cm) note opening a hole in the hollow structure plate, was substantially 

Ex. 1 1.O O.36 600 equal to that of the soft urethane foam material of Compara 
Ex. 2 2.5 O.36 600 tive Example 2. 

E. : g 9. s 0080 Furthermore, Table 3 indicates that the bending 
Ex. S 2.5 O.66 590 elasticity gradient of the sound absorbing plate of the present 
Ex. 6 1.O O.36 610 Examples is large and exhibits relatively high rigidity. 
Ex. 7 2.5 O.36 600 
Com. O 600 Ex. 1, no hole 0081. As evident from the above description, according tO 
Ex. 1 the Sound absorbing structure plate of the present invention, 
Com. O 330 Ex. 2, PP sheet attached to the Sound absorbency can be provided with a small increase in 
Ex. 2 one face, R + foam the weight and without reducing the rigidity. Furthermore, the 

808 

Com. O 610 Com. Ex. 1 + foam material Sound absorbing characteristics for any frequency band can 
Ex. EX be provided by combining another sound absorbing material. 

0076 FIGS. 3 to 6 are correlation diagrams of the fre 
quency and the reverberant Sound absorption coefficient in 
Examples 1 to 7 and Comparative Examples 1 to 3. Tables 2 
and 3 and FIGS. 3 to 6 indicate the following. 

0077. In Examples 1 to 5, it was confirmed that noise in a 
relatively low frequency band can be absorbed. Furthermore, 
it was proved that the natural frequency can be changed by 
changing the size of the Small holes, the opening ratio, etc., 
and thus that the degree of freedom in designing for use as a 
Sound absorbing material is large. 

0078 For porous materials such as foam materials having 
continuous air bubbles and non-woven fabrics, the larger the 
thickness is, the higher the Sound absorption performance 
becomes. When there is a limitation of the thickness, the 
Sound absorption performance, especially in the low or 
medium frequency range, deteriorates. Therefore, as in 
Examples 6 and 7, a multilayered hollow structure plate is 
produced by attaching a relatively thin porous sheet as a 
Sound absorbing material to the face having holes of the 
hollow structure plate so that the merits of the two members 
are reinforced by each other. Thus, it has been proven that in 

Moreover, the sound absorbing structure plate can be 
recycled easily by selecting the material. As a result, the 
Sound absorbing structure plate can be used preferably as a 
sound absorbing interior material of building or vehicles. 
0082 The hollow structure plate or the sound absorbing 
structure plate of the present invention described above can be 
produced preferably with a manufacturing apparatus 
described below by a manufacturing method described below. 
0083 FIG. 7 shows the entire configuration of an appara 
tus to which the method of the present invention is applied. In 
FIG. 7, T-dies 2 are provided at each end of a pair of extruders 
1 that are arranged in parallel. As regards the thermoplastic 
resin sheets 3 extruded from the T-dies 2, protrusions of the 
resin sheets 3 are molded and the sheets are attached using a 
molding apparatus or a manufacturing apparatus of the 
present invention (hereinafter, referred to as a “manufactur 
ing apparatus', but both mean the same) 4 that performs both 
molding of protrusions and attachment. Thereafter, Surface 
materials 6 are laminated on the upper and the lower Surfaces 
thereof with a laminating apparatus 5, and the laminated 
sheets are taken up by a take-up device 7 at a predetermined 
speed. Then, the sheets are sequentially cut by a cutting 
device, which is not shown, so as to be completed as a prod 
uct. 
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0084 Among the above, the manufacturing apparatus 4 
that is the main part of the present invention is provided with, 
as shown in FIGS. 8 to 10, a pair of pressure-reduced cham 
bers 10 that are formed half-divided into the upper and the 
lower portions; emboss rollers 11 that are supported with 
bearings in the pressure-reduced chambers 10 and whose 
circumferential Surfaces face the side of opening portions 10a 
that are opened in the juncture position of the pressure-re 
duced chambers 10; sheet-introduction plates 12 that are 
arranged in the upper and the lower inner sides of the opening 
portions 10a and are inclined toward the direction of the 
contact line, i.e., a contact point, on the circumferential Sur 
face of the emboss roller 11 (hereinafter, referred to as “con 
tact point”); a plurality of border rollers 15 that are supported 
rotatably inside the opposite sides of the pressure-reduced 
chambers 10; a pair of border-roller-receiving and quasi 
sealing members 14 that are opposed to the border rollers 15 
with a small gap and are arranged on both the sides of each 
emboss roller 11 to quasi-seal both the sides of each emboss 
roller 15 in the pressure-reduced chambers 10; rear plates 16 
that are arranged horizontally toward the contact point direc 
tion in the back of the emboss rollers 12 and are continuous 
toward the rear opening portion 10b of each pressure-reduced 
chamber 10; and a heater for heating 17 having a triangular 
cross section that is provided between the introduction plates 
12. 

0085 Suction ports 10c for reducing pressure are opened 
on the upper and the lower portions of each of the pressure 
reduced chambers 10. The pressure-reducing suction ports 
10care connected to a vacuum pump, which is not shown, via 
a hose, which is also not shown, and the pressure-reduced 
chambers 10 are evacuated to reduce the pressure, so that an 
atmospheric pressure is present between the two resin sheets 
3 that are supplied toward the opening portion 10a, and the 
faces on the side of the emboss rollers 11 are in a reduced 
pressure, so that the difference in the pressure allows the two 
resin sheets 3 to be attracted to the surfaces of the two emboss 
rollers 11 and attached to the surfaces. 

0.086 In the two emboss rollers 11, as shown in FIG. 11, a 
multitude of pins 11b are projected in a vertically and hori 
Zontally regular manner on the Surface of the rollers 11 a made 
of metal Such as steel or aluminum die-cast. The shaft por 
tions 11c of the rollers 11a are in the outer side faces of the 
two pressure-reduced chambers 10, and are operated in coop 
eration with a gear or a timing pulley So as to be rotated in the 
opposite directions from each other toward the conveying 
direction of the resin sheets 3. One of the shaft portions 11c is 
driven to be rotated by a motor, which is not shown. This 
motor drives each emboss roller 11 to rotate at a speed that is 
in synchronization with the take-up speed of the take-up 
device 7. 

0087 Furthermore, in the emboss rollers 11, holes (not 
shown) having a diameter, for example, of about 2 mm (pref 
erably from 1 to 5 mm) are formed in the trough portion (flat 
portions other than the pins 11b) of the rollers 11a in order to 
prevent air accumulation from occurring between the resin 
sheets 3 and the emboss rollers 11. These holes are in com 
munication with the inside of the pressure-reduced chambers 
10. Thus, there is no difference in the degree of the reduced 
pressure between the inside of the pressure-reduced cham 
bers 10 and the inside of the emboss rollers 11, so that the 
resin sheets 3 can be attracted to the emboss rollers 11 uni 
formly. Therefore, the emboss rollers 11 allow the internal 
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portions to be hollow. The holes can be provided at such a 
ratio that one hole is formed for every 1.5 to 2 pins 11b; for 
example, holes can be provided in every trough portion 
formed with the pins 11b, or can be provided in such a ratio 
that one hole is formed for a plurality of trough portions. 
0088 Furthermore, the pins 11b are brought in contact in 
a line via the resin sheets 3 at the contact point of the upper 
and the lower emboss rollers 11, making thermal fusion pos 
sible by pressing to attach the resin sheets 3 with each other at 
this position. 

0089. The introduction plates 12 function to minimize the 
gap between the opening portion 10a and the resin sheets 6 
that are introduced therefrom and to maintain a reduced pres 
sure inside the pressure-reduced chambers 10. 
0090 The border-roller-receiving and quasi-sealing mem 
bers 14 function to convey the resin sheets 3 to the rear by the 
rotation thereof while holding the laterally-opposite side por 
tions of the resin sheets 3 in cooperation with the border 
rollers 15 and maintaining the state in which the resin sheets 
3 are pressed onto the emboss rollers 11. 
0091 The heater 17 for heating serves to heat the opposing 
surfaces of the two resin sheets 3 to a temperature higher than 
the temperature at which they are melted and extruded to 
increase the temperature so as to ensure thermal fusion with 
the emboss rollers 11. 

0092. In the above, the resin sheets 3 in a semi-melted state 
that are extruded from the T-dies 2 are brought in contact with 
the upper and the lower emboss rollers 11 and are attracted 
and attached thereto while the pressure is evacuated and 
reduced from the upper and the lower Surfaces in the manu 
facturing apparatus 4. As a result, a multitude of hollow 
protrusions 3a are formed in accordance with the shape of the 
pins 11b. Then, at the contact point of the emboss rollers 11, 
the respective pins 11a are brought in contact via the resin 
sheets 3, so that the end faces of the hollow protrusions 3a are 
thermally fused by thermo-compression by this contact. In 
other words, in this position, the contact Surfaces of the two 
resin sheets 3 are cooled and solidified because the heat of the 
contact surfaces is deprived of by the emboss rollers 11. On 
the other hand, the surfaces opposite thereto are heated by the 
heaterfor heating 17 and are melted. Thus, thermal fusion can 
be performed easily. 

0093. After fusion, the sheets are easily released from the 
pins 11b for the same reason, and are let out from the rear 
opening portion 10b of the pressure-reduced chambers while 
being guided by the rear plates 16 and further cooled. 

0094 For the resin sheets 3 used for the above molding, 
polyolefin resin sheets, in particular, polypropylene sheets are 
preferable, but other thermoplastic resin materials in general 
can be used simply by changing the setting of a relevant part 
of the apparatus, depending on the various temperature char 
acteristics such as the melting point, the softening point, the 
glass transition temperature or the properties of the material. 
0095 For example, when homopolypropylene (melting 
point: 165° C., softening point: 120° C.) is selected as an 
extrusion molding material, the Surface temperature after 
extrusion is preferably a setting temperature of approxi 
mately from 150 to 200°C. in the vicinity of the front opening 
portion 10a. When the temperature is lower than this setting 
temperature, the material is difficult to deform so that mold 
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ing under a reduced pressure cannot be performed. On the 
other hand, if the temperature is higher than the upper limit of 
the setting temperature, then the material is softened so that 
the shape-retaining properties of the resin sheets 3 deteriorate 
at the time of supply. Therefore, the temperature is set to be in 
the above-described range. 
0096. It is preferable that the heater temperature is from 
280° C. to 320°C., and the heater 17 for heating is provided 
away from the two resin sheets 3 by 0.1 mm to 2 mm, pref 
erably 0.3 to 1.2 mm, so that the resin sheets can be prevented 
from getting stuck to the rollers. 
0097. The degree of the reduced pressure in the pressure 
reduced chambers 10 is from 300 to 2000 mm H2O, prefer 
ably from 400 to 600 mm H2O, to facilitate molding under a 
reduced pressure. 

0098. The gap between the plates 12, 16 and the emboss 
rollers 11 is preferably as small as possible in order to main 
tain the reduced pressure, and can be set to 1 mm or less, and 
preferably about 0.2 mm. However, this value is set for the 
purpose of preventing the contact of the plates 12, 16 to the 
emboss rollers 11 and ensuring the degree of the reduced 
pressure as much as possible, and therefore the gap can be 
made Smaller, depending on the machine precision. 

0099 Each of the pins 11b of the emboss rollers 11 is 
truncated cone-shaped, as shown in the drawings. Practical 
sizes are preferably as follows: the difference in the size 
between the upper base and the lower base is 2 mm; the pin 
diameter is from 5 to 10 mm; the height is from 3 to 6 mm; and 
the pin pitch is from 10 to 15 mm. Thus, a hollow structure 
that is completed to be molded with these sizes has a thickness 
of from 6 to 12 mm, a weight of from 500 to 2,000 g/m, an 
in-plane compressive strength of from 0.5 to 1.5 MPa, a 
fracture load by bending of from 30 to 100 N. and a bending 
elasticity gradient of from 80 to 200 N/cm. Thus, a hollow 
structure having high strength for its thickness and its weight 
can be obtained. It should be noted that the in-plane compres 
sive strength is measured according to JIS Z 0401, and the 
fracture load by bending is measured according to JIS K 
7203. For the bending elasticity gradient, a load when a 
flexure of 1 cm occurred is obtained based on the straight 
portion of a load-flexure curve obtained by the above-de 
scribed bending measurement, and this was taken as the bend 
ing elasticity gradient. 

0100 Next, as shown in FIG. 7, the laminating apparatus 5 
includes calendar rolls 20 for transferring an adhesive 
sequentially to the surface materials 6 that are let out from 
stock rolls 6a, and a pair of laminate rollers 21 arranged in the 
upper and the lower portions in the conveying path of the 
molded hollow structure. In place of using the laminating 
means employing an adhesive, thermal adhesion or other 
adhering means can be selected as appropriate. 

0101 Any materials can be used as the surface material 6, 
as long as it can be used for the purpose of closing the hollow 
protrusions 3a. For example, polypropylene sheets, which are 
the same material, can be used, or various sheet materials for 
decoration can be used when the hollow structure plate is used 
as, for example, an interior material for vehicles such as a 
ceiling material. 

0102 The above-described laminating apparatus 5 is not 
always necessary, and a hollow structure that is molded in the 
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manufacturing apparatus 4 may be taken up as it is by the 
take-up device 7, and be made as an intermediate product. 
0.103 Here, a hollow structure was molded by selecting 
homopolypropylene (melting point: 165°C., softening point: 
120° C.) as an extrusion molding material, and setting the 
thickness of each resin sheet to 0.25 mm and the surface 
temperature after extrusion to about 180°C. in the vicinity of 
the front opening portion 10a of the pressure-reduced cham 
bers 10. The temperature of the heater was heated to 300° C. 
and was placed 0.7 mm away from the two resin sheets 3 to 
prevent the resin sheets from getting stuck to the rollers. The 
degree of the reduced pressure of the pressure-reduced cham 
ber 10 was 500 mm H2O, and the take-up speed of the take-up 
device was 1.0 m/sec. 

0104. A hollow structure after completion of molding had 
a thickness of 11.0 mm, a weight of 1,000 g/m, an in-plane 
compressive strength of 1.0 MPa, a fracture load by bending 
MD of 52 N and TD of 47N, and a bending elasticity gradient 
MD of 102N/cm and TD of 92N/cm. Thus, a hollow structure 
having high strength for its thickness and its weight was 
obtained. 

0105. On the other hand, when a hollow structure was 
molded using the same resin material and the same conditions 
but in a process in which heating with the heater 17 was 
omitted, the upper and the lower sheets were not attached or 
integrated, and therefore a desired hollow structure could not 
be obtained. 

0106 Thus, according to the present invention, hollow 
protrusion processing and melt joining of two thermoplastic 
resin sheets that have been extrusion-molded can be per 
formed reliably in a short time. Furthermore, the resin of the 
top portion of each hollow protrusion produced by using the 
technique of the present invention can be easily made thicker 
than the leg portion, so that the top portions of the hollow 
protrusions can be attached and joined stably, compared with 
hollow protrusions whose top portions are made of thin resin. 
0.107 In the above manufacturing apparatus, the pins 11b 
of the emboss rollers 11 are truncated cone-shaped (frustum 
of a cone), as shown in FIG. 13. The ratio of the total area of 
the lower bases 11e of the pins 11b, which are provided on the 
circumferential surface 11a of the emboss roller 11, to the 
area of the circumferential surface 11a of the emboss roller is 
in the range from 0.3 to 0.9. Moreover, the rising angle 0 of the 
pin side face 11 fin the vertical plane (sheet plane in FIG. 13) 
including the central axis 11h of the pin 11b (i.e., the angle 
formed with the contact point of the roller circumferential 
surface 11a at the rising portion 11g of the pin 11b) is in the 
range from 50 degrees to 70 degrees. 
0108. In other words, for example, when the height of the 
pin is 5 mm: the difference in the size between the upper base 
11d and the lower base 11e is approximately from 3 to 5 mm; 
the ratio in diameter between the upper base and the lower 
base is in the range from 3:5 to 1:5, and in particular, in the 
range from 1:2 to 1:4; and the angle forming a protrusion 11j 
of the pin is an obtuse angle. 
0.109 There is no limitation regarding the interval between 
the pins, but the smaller the interval is, the better the bending 
rigidity becomes. In the above-described range of the pin 
angle (from 50 to 70°), the interval between the pins is pref 
erably set in the range from 0 to 4.0 mm, and more preferably, 
in the range from 1.5 to 2.5 mm, in view of the production cost 
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(when the interval is Small, a large number of pins is neces 
sary), secondary processing (hole-opening processing when 
applied to a sound absorbing plate) or the like. 
0110. According to the above, the mold release property of 
the resin sheets 3 from the emboss rollers 11 is improved, and 
webbing does not occur even if the pin interval is reduced. In 
addition, the bending characteristics (in particular, bending 
elasticity gradient) of the produced hollow structure plate are 
improved. 

0111 Furthermore, as shown in FIG. 14, the pin 11b can 
be shaped to have a step. In other words, the pin 11b is formed 
so as to have a recess 11k on the side face 11f thereof. In this 
case, it is preferable that both the protrusion 11j and the recess 
11k, which are formed on the pin side face 11f. have obtuse 
angles. By doing this, the variation in the thickness between 
the produced hollow protrusions and the liner portions is 
reduced. Therefore, the bending elasticity gradient of the 
produced hollow structure plate is further improved. 

0112. It should be noted that it is also possible to provide 
a plurality of steps. Moreover, in the present invention, it is 
possible to configure the pin side face in the vertical plane 
including the central axis of the pin to be curved. 
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1-7. (canceled) 
8. A sound absorbing structure plate comprising 
a hollow structure plate constituted by attaching non-air 

permeable sheets onto front and back sides of a core 
member obtained by fusing a plurality of hollow protru 
sions that are projected in each of two thermoplastic 
resin sheets with the hollow protrusions facing against 
one another, 

wherein a small hole opened between the hollow protru 
sions on at least one of the front and back sides of said 
hollow structure plate is formed. 

9. A sound absorbing structure plate according to claim 8. 
wherein a Sound absorbing material is attached onto the side 
on which the small hole is formed in said hollow structure 
plate. 

10. A Sound absorbing structure plate according to claim 8. 
wherein said hollow structure plate has a Metsuke of from 
700 to 3000 g/m. 

11. A Sound absorbing structure plate according to claim 9. 
wherein said hollow structure plate has a Metsuke of from 
700 to 3000 g/m. 


